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FOREWORD

In response to the Space Shuttle Approach and Landing Test (ALT) Orbiter

Avionics Flight Software requirements defined by NASA and documented in the Level

A Computer Program Development Specification (CPDS) the IBM Federal Systems Divi-

sion has developed this Detailed Design Specification (DDS).

DOCUMENT STRUCTURE

The System Software Design Specification (SSDS) replaces Part I, the Func-

tional Design Specification, and Part II the Detailed Design Specification of the

previous SSDS. In addition, the SSD8 is Volume ll of the total Flight _oftware

Design Documentation.

The SSDS is divided into the following parts:

Part 1 - Flight Computer Operating System (FCOS)

Part 2 - User Interface (UI)

Part 3 - System Control (SO).

A list of acronyms and abbreviations has been placed at the end of Volume II.

=
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i. INTRODUCTION

This document presents the FCOS detail design descriptions of modules to be

used for the Approach and Landing Test (ALT). The design presented reflects re-

quirements as specified in the Computer Program Development Specification Level A

(CPDS), Book I (Software), dated July 23, 1976 and all approved Change Requests.

The remainder of the INTRODUCTION, Section l, discusses the documents purpose

and Section 2 explains the format used to describe each module.

The MODULE DESCRIPTION Section, Section 3, contains the ALT detailed design

for each module in FCOS.

Appendices contain additional information concerning the FCOS design:

Appendix A contains a FCOS Requirements - Detailed Design Cross Reference.

Appendix B contains the FCOS resource allocation summary.

Appendix C contains the FCOS module list.

Appendix D contains a table of err0r conditions and the default system

action to be performed in FCOS.

Appendix E contains the data descriptors table.

Appendix F contains a table of modules which are 0PS dependent.

Appendix G cbntains the FCOS I/0 tables.

Appendix H contains a list of the FC0S Supervisor Calls.

Appendix I contains a description of the I/O profile.

A detailed knowledge of the HAL/S Realtime Statements and a general knowledge

of the AP-101 flight computer are assumed. The following list of documents con-

tain information regarding these topics:

• HAL/S Language Specification

• Interface Control Document: HAL/FCOS

• Space Shuttle Model AP-101 C/M Principles of Operation

IBM File #6246156A

• Advanced System/4 Pi Model AP-10! Computer Software Systems Manual,

IBM File #62280045



_m D

=-." ___
_--=--'_._'=- NAS 9-114444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part i

Date 2/28/77
Rev

Page 1-2
k.j

• FCOS User's Guide

1.1 PURPOSE

The Detail Design Specification provides explicit module descriptions of the

implementation of the FCOS requirements. The detailed breakout of the modules,

the detailed logic flows and the detailed data descriptions provide the final

level of design description preceding the actual program listing.

1.2 SCOPE

The Flight Computer Operating System (FCOS) is a permanently resident set of

software which manages the DPS computer hardware complex, allocates computer

resources to all Flight Software functions and provides control and service func-

tions to computing processes in the Flight Software. The FCOS can be divided into

three major areas:

Process Management is the control and allocation of all internal computer

resources. It includes a CPU scheduling algorithm, support for HAL/S realtime

statements, Time and Event Management services, support for software system status

monitoring.

!/0 Management controls the initiation and the response to the I/0 system

hardware, provides servicing of all the application program requests for I/0,

and provides processing of I0P hardware error interrupts and the detection and

processing of I/O transmission errors.

DPS Configuration Management is the FCOS software support for the control

of GPC and IOP Configuration changes. This includes control of internal configura-

tion of a single GPC as well as control over the configuration changes resulting

from internally detected hardware failures, software directive, or crew input,

support for memory overlays, main/mass memory modification, and I0P bus configura-

tion changes, and redundant computer management.
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2. FORMAT EXPLANATION

The individual detail design description of each module consists of a Module

Writeup which contains interfaces with other modules, a process description and

any limitations the processing may have. The input and output to the module is

presented in the Module Data Table and Module I/0 Table. Finally, the detailed

design is presented in the form of a structured control flow in the Module Control

Flow.

2.1 MODULE IDENTIFIERS

Several methods for referring to a program have been defined. The program

can be identified by its HAL/Assembler name, EnglishEquivalentName or its three

digit ID.

2.1.1 EnglishEquivalentNames

An EnglishEquivalent_Name is provided for each HAL/S or assembly language

program. Each name conforms to the following standards.

a. It shall be uniquely defined.

b. It shall not contain other than accepted English abbreviations, acronyms

defined in the Level A CPDS, or the acronyms Appendix to the SDDS.

c. It shall be concise.

d. It shall be indicative of its use.

e. Underscore connectors shall be used between words within the English

name. Each new word will begin with a capital letter.

Example:

i. Error__Logging__Routine

2. LDB Message Router

2.1.2 Module Identification (ID) Codes

All programs, procedures, and segments (where segments are convenient modu-

larizations of complex control flows) are identified by a numerical ID of the

format XXX.XX. These codes are utilized in the Source/Destination section of

the Data Table (see Section 2.3) and in the appropriate parts of the Control Flow

(see Section 2.4).
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The module ID's shall conform to the following standards:

a,

b.

A unique three digit code shall be invented for each Program and

Procedure. The numbers are assigned in the following way:

FCOS 100-199

200-299

300-399

UI h00-699

sc 700-999

Process Management

I/0 Management

Configuration Management

Segment ID codes shall consist of the same three digit prefix as

the module it is a part of, followed by a decimal and a two digit

number (e.g., ll2.01). Segments are numbered consecutively even

if they are referenced only by another segment.

2,2 MODULE WR!TEUPS

The title at the beginning of each section shall consist of the section number,

followed by the module EnglishEquivalentName, the module HAL/S or assembly langu-
age name and the module ID.

Example:

X.X.X.X. EnglishEquivalentName (MODULEI) (XXX)

Each module writeup is divided into the parts described below.

Function - This paragraph provides a very general description of the

functions performed by the module.

Control Interface - This paragraph identifies all known users of the

module and if SC or UI, its form of invocation. Priority and rate

parameters are specified as symbolic parameters defined inSoftware

Awareness Memo (SAM) 10.

a,

Example:

Control Interface

b,

i. Called by (ID) English_EquivalentName
(Assembler Name)

2. Hardware PSW swap because of _ _ interrupt

_- In most cases this is a reference to the module data table.

However= if special interfaces need to be described they are described
here.
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C,

d.

eo

f.

o

h.

Process Description - This is a narrative which functionally describes

the processing performed by the module as depicted in its Control

Flow. If data parameters are referenced, they are referenced by their

EnglishEquivalentNames.

Outputs - In most cases this is a reference to the module Data Table.

However, if special interfaces need to be described, they are described

here.

Module References - This section identifies all other modules which

this module references. Each module is identified by a line consist-

ing of the three digit ID, English_Equivalent__Name and HAL/S or

Assembly language name. Modules are CALLed or SCHEDULEd. It also
includes the FCOS service routine name of FCOS Supervisor Calls that

are invoked.

Example:

l.

2.

(001) Reset Event Processor (FPMRESET) is CALLed.

(002) Light__.and__A--larms_.Processing (DLA..LIGHT__ALJhRM__PROC)

is CALLed.

Module Attributes

This section specifies whether a module is a program or an external

procedure. An external procedure is a common subroutine which can

be invoked by a CALL from a N_L/S module. All other modules are

programs.

Template References - This section is not applicable to FCOS.

Error Handlin 6

This section describes the error handling techniques employed by this

module. For each error detected by this module, an explanation of the

error and the action taken by the module is provided. If the module

outputs an error message (via the User Interface Annunciation function),

because an error was detected in another FCOS module, the error is

briefly discussed and the error message number (see Appendix D) is

enclosed in parenthesis.
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i, Constraints and Assumptions - This section describes the programming

limitations to which this module is subject and delineates the assump-

tions which are reflected in the design of this module.

J • Detailed Implementation - This section is used to provide a text exten-

sion of the logic statements which are usually enclosed within a proces-

sing block of a Control Flow. These logic statements may be in HAL/S

form, but assembler language code is not allowed. The process block

contains a reference number which relates to a number in this section

of the module writeup.

2.3 MODULE DATA TABLE

All data input and output to a module or the hardware and internal parameters

necessary for the understanding of a processing event (i.e., all data referenced

in the control flow, narrative, or detailed implementation section) are itemized

in a tabular format (see Figure 2.3-1). Each item in the table is explained
below.

1 Name - The module EnglishEquivalent_Name along with the HAL/S or

assembler name in parenthesis•

Example:

2

MCDS Input Processor (DMI MCDS IN)

Configuration Management_SVCServiceRoutine (FCMSVC)

item Number - Items are sequentially numbered in the general order of

their appearance in the associated control flow•

3 Item - The English Equivalent Name assigned to the data in the Data

D--_scriptors Table Vsee AppendTx E).

Description ID - The ID assigned to the data in the Data Descriptors
Table (see Appendix E).

5 Activity Type - This column denotes the usage of the parameter. Codes

are :

I - An external memory location referenced by the module.

0 - An external memory location changed by the module.
L - Local variable

Z - COMPOOL constant

R - Input from hardware (FCOS only)

W - Output to hardware (FCOS only)

T - Temporary Variable (Variables used only within a HAL DO group)

Any number of activity types that apply are specified in this column.
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Source - A listing of the three digit ID's of all modules updating the

parameter or hardware source of the parameter. If more than four

modules update the parameter, a reference to the Data Descriptors Ap-

pendix is inserted instead of the list.

Destination - A listing of the three digit ID's of all modules refer-

encing the parameter or the hardware source to which the parameter is

being written. If more than four modules reference the parameter, a

reference to the Data Descriptors Appendix is inserted instead of the

list.

HAL/S Assembler Name - The HAL or Assembler name is used in coding.

(Include the HAL equate name in parenthesis where applicable).

UI/SC - Column is HALNAME.

FCOS - Column is assembler Name.

If no name is assigned the column is blank.

M_I - The Master Measurements List number in the requirements source.

If not specified the column is left blank.

l0 D - An 'X' is placed in the column if the parameter is available to be
downlisted.

ll C - An 'X' is placed in the column if the parameter is available to be

displayed on a CRT.

2.4 MODULE CONTROL FLOW

2.4.1 Flow Charts

System Software modules are documented by Structured Control Flows. Where

possible/practical, the structure of the flow follows the structure of the

program listing. Each page of flowcharting presents a complete picture of a pri-

mary processing objective with subsequent expansions of detail appropriately ref-

erenced. The expansion is accomplished either through a segment that is presented

in detail on later pages of the control flow or through a reference to the Detailed

Implementation section of the module writeup. The first page of each flow contains

one elliptical block specifying "Enter" and a block specifying "Return". Logic

flow is generally from top to bottom and left to right thus no arrowheads are

required on connecting lines. See Figure 2.4-1 for the Control Flow legend.

The initial page of the control flow is titled with the same title as the

module writup; that is English_Equivalent_Name and HAL/S or assembler name.

Example:

Figure X.X.X.X - English_Equivalent_Name (HAL_NAME)
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Subsequent pages of a flow have the same title as the initial page without

the HAL/S or assembler name. Additionally, they have a subtitle consisting of

an English Equivalent_Name for the segment and the ID defined in the process
box which references the segment.

Example:

Figure X.X.X.X-2 EnglishEquivalentName

English_Equivalent_Segment_Name (XXX.I)

kJ
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Terminal -- identifies _TER/RETURN point (such as

HAL/S executable units of comoilation and internal

procedures and functions)

Mathematical statement/process control block which

sometimes references another flow for a lower

level of detail

Decision statement block

Documentation Examples

Else

DO UNTIL p> ['_

I DO WHILE p_

l \p=atob /

If p true then do Q, and return in-line*.

(The word THEN is required.)

If p true then do Q and return in--line*, else

do r, and return in-line*.

Do Q until p true, then return in-line*.

Note: The decision on p is made after doing Q.

Do Q while p true, then return in-line*.

Note: The decision on p is made before doing Q.

Do Q while p increments from a to b, and return

in-line*.

V

DO CASE pE___

Do one of specified processes based on value of

p, and return in-line.* NOTE: Some identifica-

tion of each case choice is given on the line

leading into box, such as an index number, or
the word ELSE (for the branch taken if the case

index is outside its valid range).

* - Return in--line means return to "he statement

immediately below the decision. If there is

no such statement, retrace path to the last

p_r_vious decision and repeat this logic.

Figure 2.4-1. Control Flow Legend
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3. FCOS MODULE DESCRIPTIONS

Flight Computer Operating System

FCOS is that portion of the System Services software that has direct control

over the GPC and I0P hardware. It initiates and provides basic hardware control

services for System Control. It also provides general processing control, input

and output, and configuration management services to the User Interface, System

Control, and application software.

GPC/i0P Initialization

When power is applied to a GPC, one of the FCOS initialization sequences is

performed. First, if the entire GPC is to be reloaded, an IPL is performed after

power on in the HALT mode and software is automatically loaded from memory by the

hardware. The second is a SYSTEM RESET interrupt which corresponds to the normal

restart sequence. In this case, FCOS: (i) sychronizes the internal timers with

the MTU; and (2) initiates the System Control function.

At this time FCOS begins accepting interrupts associated with System Control

and/or software descendants. After each interrupt the highest priority process is

activated until a power-down interrupt occurs. At that time the hardware stores

the GPC status in main memory to be available at the next power'on interrup% Again

FCOS is started and one of the two initialization sequences executed.

Processing

FCOS processes all interrupts and returns GPC control to the highest priority

process. The only exception to the activation of the highest priority process is

when a lower priority process is holding a shared resource required by the highest

priority process. The shared resourc_could be either the execution of an exclusive

procedure, use of mass memory, or a data update block being executed by a process

that becomes a lower priorfty at the time of interrupt. If this occurs the lower

priority process is activated until the shared resource is released.

The processing of an interrupt within FCOS cannot be interrupted except by

Power Off, Machine Check, Instruction Monitor, and Program Interrupts. The seven

blocks shown in the flow (Figure 3-1) represent the prime GPC and the basic types of

interrupts. In the failure and processing exception cases, the FCOS performs one

of the following actions:
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Ignores the interrupt and continues.

Sends the indication to the application.

Forces close of the process associated with interrupt.

After each interrupt is processed FCOS again activates the highest priority

process on the ready queue. A process may be added to or removed from the ready

queue within a service request interrupt routine. The services are defined by

the real time statements of HAL/S and other functions of System Services.

GPC/IOP Configuration

The initial configuration allows System Control to access the DEU's and mass

memories. System Control activates User Interface functions which can recognize

user input that implies system reconfiguration. If it involves memory overlay and

bus reconfiguration within a single GPC or single set of redundant GPC's, User

Interface issues the request for FCOS to make the change. Otherwise the request

goes to the Reconfiguration function in System Control.

FCOS acquires the overlay from the specified mass memory or another GPC's

memory. Therefore, FCOS contains functions to both request and send requested

overlays via the h_/LDB buses.

The remainder of the Functional Description is divided into the three major

areas of FCOS (Figure 3-2):

a. Process Management - The allocation and control of internal computer

resources.

b, I/0 Manasement - The servicing of application process requests for

input/output and the control of the initiation of and response to the

interfaces of the I/O system hardware.

C. Configuration Management - The FCOS software support required for the
control of GPC and I0P configuration changes.
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3.1 PROCESS MANAGEMENT

Process Management is the control and allocation of computer resources to

application software. Process Management maintains a process run queue that is

ordered by predefined priorities of processes supplied to FCOS at process SCHEDULE

time. This queue contains control and status information for all currently sched-

uled processes and is the basis of the FCOS process switching and dispatching func-

tions. A process switch occurs whenever the active process goes into a wait state

or completes (normally or abnormally), or a higher priority process is readied.

When an interrupt occurs, after servicing the interrupt, the process dispatching

function allocates the CPU to the highest priority ready process.

Process Management includes FCOS support for HAL/S realtime statements. In-

cluded are Time and Event Management services such as the queuing of time/event

dependent requests and the activation of these requests when the time/event occurs.

Additional Time Management functions such as maintenance of software clocks, pro-

gram counters, GO/NO-GO timer, MTU and handling of application requests for date/
time are also provided.

Also supported is the capability to allow a cyclic process to be initialized

such that a predefined I/O operation will be automatically initiated by the FCOS

upon receipt of the timer interrupt that readies the process.

FCOS Process Management also includes support for error exception handling.

Application error recovery overrides are supported as well as system default re-

sponse actions when no application overrides exist. Figure 3.1 illustrates the

elements of Process Management and shows in which sections detailed descriptions
of these elements can be found.

The description of Process Management is divided into the following area:

a.

b.

c.

do

e,

u

Process Control - The allocation of the CPU to application processes

according to predefined rules.

Time Management - Software support for the program counters, the GO/NO-G0

timer, the Master Timing Unit (MTU support included in this area of FCOS

does not include input/output support), the software clocks, and the main-

tenance and activation of time-dependent requests.

Event Management - FCOS support for the changing of the status of application

event variables and the maintenance and activation of event dependent requests.

Process Error Management - FCOS support for the handling of error conditions

occurring during FCOS/application execution.

Idle Time Processor - A routine which approximates the amount of idle time

calculated hy the _ dut'r C_rcle
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3.I.i Process Control

Process Control consists of the interface between the HAL/S application

requests and FCOS, the servicing of process control related SVC requests, and the

allocation of control of the CPU to application processes. Figure 3.1.1-1 repre-

sents the control flow which occurs when a supervisor call (SVC) is issued.

The application program interfaces with FCOS services via the SVC instruction

which causes an interrupt with control being passed to the SVC Handler. The SVC

Handler routes the SVC parameter list associated with the request to the appro-

priate FCOS routine to service the request. After the SVC request has been

serviced, the Process Dispatcher passes control of the CPU to the highest priority

ready process. To indicate to the Process Dispatching function when a process

switch should occur, FCOS routines utilize the Process Switcher which indicates

in an FCOS control block (Communications Vector_Table)--when a process switch is to

occur. In cases when a process is readied, Process Switching is invoked to deter-

mine if the readied process is now highest in priority.

The main source of status and control information needed to perform Process

Control functions is the process run queue. The process run queue is a priority-

ordered queue of Process Control Tables (PCT). The ordering is based on pre-

assigned priorities communicated to FCOS at process SCHEDULE time. When a process

is scheduled, a PCT is initialized and maintained on the process run queue until

the process completes (normally or abnormally). A scheduled process may exist
in one of three states:

a. An active state in which the process has control of the CPU.

be A ready state in which the process is capable of utilizing the CPU but
does not have control.

C, A wait state in which the process must have some time pass, an event

occur, or its I/0 to complete before it becomes ready.

A process is said to be within an execution cycle after it has been readied

to begin a cycle and before it issues its CLOSE statement to complete the cycle.

The information saved in the PCT comes from two major sources: the SCHEDULE

Parameter_List and the Process Directory Entry (PDE) associated with the process
being scheduled. Each process which is to be scheduled must be known to FCOS

via a PDE (generated as a CSECT by the HAL/S compiler for each process).

In addition to information in the Process Control Table and the Process

DirectoryEntry, the FCOS Process Control functions maTntain status informatTon

in the Communications Vector Table (CVT). Contents of this table which are of

primary importance to Process Control are:

v
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k_j

A pointer to the beginning of the process run queue.

A pointer to the process control table of the active process.

A pointer to the process control table of the next to execute process.

FCOS routines manipulate the next-to-execute field to indicate when another

process (other than the active process) should be given control. Whenever this

next-to-execute field contains a PCT address, this PCT is the highest priority

ready process. After an interrupt has been serviced, control of the CPU is given
to a process other than the interrupted process when:

• The interrupted process has entered the wait state.

• The interrupted process has completed (normally or abnormally).

• The interrupted process is no longer the highest priority ready process.

The contents of the tables mentioned can be found in Appendix E. The remain-

der of the detailed description of Process Control is divided into the following
major areas (Figure 3.1.1-2):

a. SVC_Handler - Routing of Supervisor Call requests to appropriate FCOS
se_@ice routines.

b. Process_Scheduler - Servicing of an application SCHEDULE request.

Co Proeess_witcher - Determining whether a readied process is the highest

priority ready process.

do Process_Dispatcher - Passing control of the CPU to the appropriate

process.

e. WAIT._Processor - Servicing of an application request to delay proces-

sing.

f. UPDATE/EXCLUSIVE_Reserve_Processor and UPDATE/EXCLUSIVE Release Proces-

go

h.

le

so_!r- FCOS control of resources associated with UPDATE blocks and

EXCLUSIVE procedures.

CLOSE_Processor - Clean-up and/or reinitialization functions necessary

at the end of the current execution cycle of a process.

TERMINATE,_°roeessor - Servicing of an application request to terminate
itself or other process(es).

CANCEL_Processor - Servicing of an application request to cancel itself
or other process(es).
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J ,

k,

I.

m,

OPS_CANCEL_Processor - Servicing of an application request to cancel

all the processes within a major function except for the specified

process(es).

Seleet_I/O Processor - Servicing of an application request to associate

timer initiated I/O with a cyclic process.

Hybrid__ispatching__outine - Provides the applications with the capab_l-

ity to call application functions (HAL/S External Procedures) at a set

frequency and phase relationship and to provide active/inactive flags

for each function.

Chain.joCT_Routine_ Release PCT_Routine _ and Free..PCT.@Routine - PCT
handling routines.
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HAL/$

APPLICATION
PROGRAM

J

SVC Request

SVC_Handler

(FPMSVC}

(100)

SVC Service
Routine*

Process _

Dispatcher

(FPMDISP)

(103)

Highest

Priority
Ready
Process

Process_

Switcher

(FPMSWTCH)
(102)

"See Appendix H

Supenrisor Calls For
A List Of The SVC

Services.

Figure 3.1.1ol SVC Control Flow
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Management
3.1.2

Process

Management
3.1

Event

Management
3.1.3

Process Error

Management
3.1.4

SVC_Handler
(FPMSVC) (100)

3.1.1.1

Process_Scheduler

(FPMSCHED)

(101)
3.1.1.2

__[__

Process_ 1

Switcher
(FPMSWTCH)

(102)
3.1.1.3

WAIT_Processor
(FPMWAIT)

(lO4)
3.1.1.5

__[__

[Update/Exclusive_
Release_Processor

(FPMREL) (106)
3.1.1.7

Terminate_
Processor

(FPMTERM)
(108)
3.1.1.9

Cancel _Processor

(FPMCANCL)

(lO9)
3,1.1.10

Chain_PCT_

Routine

(FPMCHPCT)
(t31)
3.1.1.14

OPS_Cancel_
Processor

(FPMOPSCN)

(110)
3.t.1.11

Release_PCT_
Routine

(FPMRLPCT)

(132)
3.1.1,15

__[__
Select_t/O_
Processor

(FPMSlO)
(120}
3,t,1+12

m m

Free_PCT_

Routine

(FPMFRPCT)
(133)

3.1.1.16

Process_

Dispatcher

(FPMDISP)
(103)
3.1.1.4

Close_Processor
(FPMCLOSE)

(107)
3.1,1.8

Figure 3.1.1-2. ProcessControl Hierarchy Diagram
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3.1.1.1 SVC Handler (FPMSVC) (i00)

FPMSVC receives control whenever an SVC is issued. It passes the request to

the proper SVC routine for servicing.

a. Control Interface - Hardware PSW swap because of SVC interrupt.

b. Input - See Table 3.1.1.1-1.

Co Process Description - The SVC Handler intercepts all SVC's. The

address of the SVC parameter list which contains the SVC number

identifying the service being requested and other parameters needed

to service the request is located in the PSW_Interrupt_Code of the

SVCOld PSW. The SVC number is obtained from the parameter list

and according to this number, the appropriate FCOS module is invoked

to service the request. After the SVC request has been serviced, the

ActivePCT_Address and the NextToExecute_PCT_Address are compared

to determine whether the process issuing the SVC should be returned

control of the CPU (the fields are equal) or a process switch should

occur (the fields are not equal). The control flow for this module

is presented in Figure 3.l.l.l-1.

d_ Output - Register 0 contains the address of the SVC parameter list.
See Table 3.1.1.1-1.

e. Module References -

i,

2.
Appropriate SVC Service Routine is CALLed (See Appendix H).

(103) Process Dispatcher (FP_ISP) is CALLed.

f. Module Attributes - Program

g. Template References - N/A

h. Error Handlin 6 - None

it Constraints and Assumptions - The SVC number of the service is assumed

by the SVCHandler to be valid (No validity checking is performed).

J. Detailed Implementation -

1. Control is passed via a PSW load of the InterruptPSW Of Process.

2. The ProcessDispatcher passes control to the appropriate process;
therefore there is no return to the SVC Handler after the CALL.
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Enter )

1
Load Parameter

List Address
From PSW_

Interrupt-Code

Of SVC_Otd_
PSW

Save SVC_OId_PSW

In Interrupt_PSW_
Of_Process Field Of

PCT Pointed To By
Active_PCT_Address

Load SVC

Number From
Parameter List

Using SVC Number

Index Into SVC_
Entry_Point_

Table To Get

Service Module

Address 1

CALL

Appropriate
Service Module

l
i IF Active_PCT__

A-ddress = Next_

To_Execute_

PCT_Address _

.._._Return To )Interrupted
Process 11)

CA L L Process_

EIs__.._e Dispatcher
11021 (2) Figure

I3.1.1.4-11

Figure 3.1.1.1-1. SVC_Handler (FPMSVC)
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FPMSCHED processes an application request to add a process to the process run

queue.

aa Control Interface - CALLed by (lO0) SVC Handler (FPMSVC).
m

b. Input - See table 3.1.1.2-1.

Floating point registers 0, 1 contain the AT or IN time value if speci-

fied. The AT value will be specified in GMT; the IN value will be expres-
sed as a delta time value from current GMT.

Floating point registers 2, 3 contain the REPEAT EVERY or REPEAT AFTER

time value if specified. The time value will be expressed as a delta
time.

C.

Floating point registers 4, 5 contain the UNTIL time value if specified.

The UNTIL time value will be expressed as GMT. (All time will be double

precision in seconds and fractions of seconds to the nearest millisecond).

Process Description - The Process_Scheduler invokes the SVCSynchroniza-

tion_Processor to synchronize the redundant set GPC's. Upon _'eturn, the

Process__Scheduler obtains the address of the Schedule Parameter List from

the SVC 01d__PSW. If the Assigned PCT Address for thi_ process Tndicates

that th_ process is already scheduled_ no further processing is done (i.e.,

control is returned to the SVC__Handler). Otherwise the following proces-
sing is done.

An unused PCT, located by PCT_FreePool_Address, is initialized for the
process being scheduled using information from the Schedule Parameter

List and from the PDE for this process (indicated by Proces_ PDE Address).

If the SSIP_Schedule._Indicator shows that this is the SSIP p_oces--s which

is being scheduled, the SSIP_PCTIndicator is set.

If Cancellation Criteria and/or Initial Conditions have been specified,

necessary TQE's/--EQE's are initialized aid the Timer Queue Generator and/

or the Event_Queue..Generator are invoked to determi[e if The specified

conditions are met and to queue the appropriate queue elements if neces-

sary. If Cancellation_Criteria are already met and the "until event"

has not been specified, no further processing is done (since no queue

elements have been queued and no indications have been made denoting
the process as scheduled, nothing is necessary but to return to the SVC

Handler. Phased Scheduling is the adjustment of the start time of a cyclic

process so that the timer interrupts for its subsequent cycles have a

specified phase relationship to interrupts of other cyclic processes.

FCOS performs phased scheduling when the specified AT time has already
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d.

e.

passed for a REPEAT EVERY process. This processing is done in Timer

Queue_.Generator when invoked to process the AT time. If initial condi-

tions are not met, the Schedule_Wait Indicator is set.

If RepeatOptions are specified, the delta time specified in floating
point registers 2 and 3 is converted to FCOS fixed point time format by

invoking the Convert,.ToFixed_,Point Routine. The returned result is
placed in the Repeat Delta_Time in The PCT. For a process with the

REPEAT EVERY option, the TimerInitiatedI/0Table is examined to deter-

mine if the process is to have timer initiated I/O associated with it.

If so, the Time InitiatedI/OParameter List Address field of the PCT

is set to the ap--proprlate address. The--Time[_Queue_Generator is invoked

to queue the REPEAT EVERY TQE if the process PCT Wait Indicators are

zero.

Pre-allocated areas of memory are used as stacks (temporary storage areas)

by application processes. These areas are used as register save areas

when calling subroutines, as data storage areas, and as error environment

definition areas, When the Stack_Size/AddressIndicator indicates that

the process does not have a pre-assigned stack, the Process Scheduler

assigns one of sufficient size to the process from a pre-allocated pool

of stack areas starting at StackPool_Address. Whether or not a process

has a pre-assigned stack and the size of the area needed is determined

at compile and linkedit time.

When the PCT is initialized, it is placed into the PCT run queue at a

level reflecting the PCTPriority. If the process is not in a wait state

(PCT_WaitIndicators=0), the Process_Switcher is invoked to determine if

this process is now the highest priority ready process. If the process

is in a wait state, no further processing is done at this time. The

process will be readied by Time/Event Management, depending on the Initial

Conditions specified.

Output_ - See Table 3.1.1.2-1

Module References

i. (363) SVC_SynchronizationProcessor (FCMSSYNC) is CALLed.

, (131) Chain PCT Routine (FPMCHPCT) is CALLed.

3. (140) Timer_Queue_Generator (FPMS?4ENQ) is CALLed.

2. (160) ConvertToFixedPointRoutine (FPMCVTFX) is CALLed.

5. (173) Event QueueGenerator (FPMEVENQ) is CALLed.

6. (17h)

7. (102)

Event Evaluator (FPMEVAL) is CALLed.

Process Switcher (FPMSWTCH) is CALLed.

k_2

k_J
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f,

g.

h.

i.

J ,

Module Attributes - Program

Template References - N/A

Error Handlin 6 - None

Constraints and Assumptions - The Process Scheduler assumes that there

is a PDE existing for the process being scheduled. No check is made to

verify that the Process PDE Address is not zero.

Detailed Implementation

The number of entries in the Timer lnitiated_I/0_Table is currently

2. It is assumed that no more than 2 requests will be made to

associate I/0 with a process before issuing the SCHEDULE statement

for one or both of the associated processes. Once the SCHEDULE is

done for one of the processes, the entry in the Timer Initiated

I/0_Table is available for associating another proces_ with I/OU
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3.1.1.3 Process Switcher (FPMSWTCH) (102)

FPMSWTCH determines if a readied process is the highest priority ready process.

a. Control Interface -

b.

C.

d.

e.

f.

g.

h.

i.

J.

I,

2.

3.

5.

CALLed by (I01) Process Scheduler (FPMSCHED)

CALLed by (174) Event Evaluator (FPMEVAL)

CALLed by (142) TQE Expiration Processor (FPMIHPC2)

CALLed by (220) I/Ccompletion--Processor (FIOCMPLT)

CALLed by (280) Mass_Memory_Manager (FIO_@_GE)

In__n2_- - Register 0 contains the address of the input PCT. See

Table 3.1.1.3-1 for other input.

Process Description - The Process Switcher compares the PCT Priority

of the readied process (input PCTTto the PCT__Priority of t_e process

identified in the Next To Execute PCT__Address and�or to the PCT__Priority

of the process identified in the _ctive_PCT__Address. Since the priority

of the next to execute process is always greater than that of the current

process, there is not a need to check any further if the readied pro-

cess does not have a priority greater than the current process. If the

readied process is the highest in priority, the Next To Execute PCT

Address is set equal to the input PCT address. The control flow for this

module is shown in Figure 3.1.1.3-1.

Outputs - See Table 3.1.i.3-i.

Module References - NONE

Module Attributes - Program

Template References - N/A

Error Handling - NONE

Constraints and Assumptions - NONE

Detailed Implementation - NONE
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3.1. i.4 Process Dispatcher (FPMDISP) (103)

FPMDiSP determines the highest priority ready process and passes control of the

CPU to it.

a. Control Interface -

I.

2.

3.

4.

5.

6.

7.
8.

9.
i0.

CALLed by (i00) SVC_Handler (FPMSVC).

CALLed by (107) Close Processor (FPMCLOSE) at entry point FPMDISP2.

CALLed by (142) TQE_Expiration_Processor (FPMIHPC2).

CALLed by (180) Program lnterrupt_Handier (FPMIHPGM).

CALLed by (181) Instruction_Monitor_InterruptH_ndler (FPMIH!M).

CALLed by (220) I/0_Completion Processor (FiOCMPLT).

CALLed by (280) Mass__4emory_Manager (FIOMMMGR).

CALLed by (300) Software_System_Loader (FCMiNSSL).

CALLed by (305) Normal Initialization Processor (FCMNINIT).

CALLed by (320) 0verlay_Processor (FCMPOVLY).

b. _ - See Table 3.1.i. 4-1

C. Process Description - The Process Dispatcher saves the register contents

of the interrupted process in the Process_Control Table (PCT) indicated

by the Active_PCT_Address. If entry is from the Close_Processor or the

Normal Initialization Processor, this saving of registers is bypassed. The

highest priority ready process is then found beginning the search with either
the Next To Execute PCT Address or the Active PCT Address. Before control

is passed to the process found in the search, the application registers are

reloaded with the settings that were saved in its PCT.

It should be noted that there is always a special priority zero process

(Idle Time Processor) on the process run _ueue that is ready to be dispatched.

This process consists of a loop in which Idle_Time is incremented by an

amount which provides an approximation of the amount of time spent in this

process. Idle_Time will be used by the TQE_Expiration_Processor to compute

duty cycle. Thus when no other process is ready to be dispatched, the Idle_

Time Processor will be dispatched.

The control flow for this module is presented in Figure 3.1.1.4-1.

d. _ - See Table 3.1.I.4-1.

e. Module References - None.

f. Module Attributes - Program

g, Template References - N/A
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h. Error Handiin_ - None

i. Constraints and Assumptions - The appropriate interrupt old PSW must be

saved in the interrupted PCT indicated by the Active__PCT_Address by the

associated interrupt handler prior to executing FPMDISP.

J. Detailed Implementation -

I. Control is passed via a PSW load of the Interrupt_PSW Of Process.
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Interrupt_Register_7

Figure 3.1.1.4-1. Process_Dispatcher (FPMDISP)
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3.1.I.5 Wait Processor (FPMWAIT) (104)

v

FPMWAIT processes an application request to delay its processing.

a° Control Interface - CALLed by (i00) SVC Handler (FPMSVC)

b* Input - Floating point register 0,i will contain a delta time or

UNTIL time. Also, see Table 3.1.1.5-1.

Ct Process Description - The Wait Processor, upon receiving control from

the SVC Handler, calls the SVC Synchronization Processor for synchroni-

zation. Then, the Wait Processor determines the type of wait from the
WAIT-SVC Number from the WAIT SVC Parameter List whose address is in the

SVC Old P--SW. If a time wait _s be--ingrequested, the Timer Queue Generator

is called to set up a TQE to expire when the wait time is satisfied, and

the PCT Wait Indicators are set. If an event wait is requested, the

Event Queue Generator is called to set up an EQE to be monitored until
the event condition is satisfied and the PCT Wait Indicators are set.

If the PCT Wait Indicators indicate the wait condition is satisfied when

the Wait Processor receives control, the WAIT SVC is ignored. The

control flow for this module is shown in Figure 3.1.1.5-1.

d° Output - See Table 3.1.i.5-i.

e. Module References -

It

2.

3.

(363) SVC_SynchronizationProcessor (FCMSSYNC) is CALLed.

(140) Timer_Queue_Generator (FPMTMENQ) is CALLed.

(173) Event_Queue_Generator (FPMEVENQ) is CALLed.

f. Module Attributes - Program

g. Template References - N/A

h. Error Hand!in6 - None

i. Constraints and Assumptions - None

J. Detailed Implementation - None
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Figure 3,1,1.5-1, Wait_Processor (FPMWAIT)
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3.1.1.6 Update/Exclusive_Reserve__Processor (FPS£RES) (105)

FPMIRES processes application requests to use lock groups or EXCLUSIVE

procedures/functions.

a. Control Interface -

1. CALLed by (I00) SVC Handler (FPMSVC) at entry FSVC0016 for lock

group reservation.

2. CALLed by (I00) SVC Handler (FPMSVC) at entry point FSVC0015 for

EXCLUSIVE procedure/function reservation.

b. Input - Register 0 contains the address of the parameter list. Also,
see Table 3.1.1.6-1.

C. Process Description - The Update/Exclusive_Reserve_Processor, upon

receiving control from the SVC_Handier, attempts to give the requesting
(active) process exclusive control of the locks identified in Resource

Identification by placing the Active PCT Address in the appropriate

Lock_Group_Control_Words entry. If _not_er process has control of any

of the locks, that process is forced to complete its use of the lock

by temporarily raising the PCT_Priority of the holder of the resource

to the PCT_Priority of the requesting process. For lock group processing,

the process promoted is the process using the requested lock which is

the first one examined and in use. The Interrupt_PSW Of Process which
needs the lock is reset to cause it to reissue the reserve SVC. If the

requested resource identified in Resource Identification is available,

the SVC_Synchronization__Processor is called. The control flow for this
module is shown in Figure 3.1.1.6-1.

d. Out_ut - See Table 3.1.i.6-1.

e. Module References- (363) SVC_Synchronization_Processor (FCMSSYNC) is
CALLed.

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation - None
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Th----V------k
Word Pointed To _,
By Resource_ /

I,dentification ¢ y

C Return )

Then

Else

Perform Locks_
In_Use 105.1
Figure 3.1.1.6-3

CALL SVC_
Synchronization_
Processor (363)
Figure 3.3.5.4-1

L
Load SVC Param-
eter List Address
From SVC_OLD_
PSW And Then
Load The Address
In Resource_
Identification

r ,,] ,,,

Word Pointed
To By Resource_
Identification =
Active_PCT_
Address

Figure 3.1.1.6-2. Update/Exclusive_ Reserve_Processor_Entry_ FSVC0015
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Load Active_PCT_ 1

Address And Modify
The Interrupt_PSW_
Of_Process To Point
Back Two Halfwords

IF PCT_Priority
Of The Holder Of\

The Resource LT/_
PCT_Priority Of /

The Active Process/

Then
IF The Original_ k

P-riority Of The _I
Holder Of The /

Resource = 0 /

Then
Original_Priority
= PCT_Priority
Of The Holder Of
The Resource

I'_FPCT- \
I Wait_Indicators
I Of The Holder Of / I

I The Resource = y ]

Then

Else

PCT_Priority Of 1

The Active Process|
= PCT_Priority Of|
The Holder Of |

The Resource J

Next_To_Execute
_PCT_Address =
PCT Address Of
The Holder Of
The Resource

Next_To_Execute

_PCT_Address =
Next_PCT_Address
Of PCT Indicated

By Active_PCT_
Address

Figure 3.1.1.6-3. Update/Exclusive_Reserve_Processor_Locks_l n_Use (105.1)
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3.1.1.7 Update/Exclusive_ReleaseProcessor (FPMREL) (106)

FPMREL releases lock groups or EXCLUSIVE procedures/functions for use by

other processes.

a. Control Interface -

i. CALLed by (i00) SVC Handler (FPMSVC) at entry point FSVC0017 for

normal release of EXCLUSIVE procedure/function.

2. CALLed by (I00) SVC Handler (FPMSVC) at entry point FSCV0018 for

normal release of lock groups

, CALLed by (108) Terminate Processor (FPMTERM)

. CALLed by (182) Process_Error_Recovery_Processor (FPMSDERR)

, CALLed by (184) Forced Cease Processor (FPMFCLOS)

b. Input - Register 0 contains the address of the appropriate SVC parameter

list. Also, see Table 3.1.1.7-1.

C. Process Description - When called by FCOS programs other than the

SVC Handler to release resources (for example, when the process is

being terminated), the Release SVC Number is examined to determine

whether code or data is to be released and the proper block of code is

performed. The code to release data and the code to release code each

have entry points which receive control directly from the SVC Handler
when normal release SVC's are issued.

The Exclusive Release Processor releases EXCLUSIVE procedures/functions

by zeroing the EXCLUSIVE control word field which was pointed to by

the address in Resource Identification. The PCT of the process releasing

the resource is restored to its 0riginal_Priority if necessary. If the
process had been priority promoted, the Next To Execute PCT Address is

set to the PCT_Run_Queue_Address to force the dispatcher to the top of

the queue to find the process wanting the resource.

The UPDATE_BLOCK_Release_Processor releases lock groups by removing the
lock group identifiers in the Resource Identification from the Mask Of

Used_Lock_Groups. The PCT of the process releasing the resource is

restored to its Original__Priority if necessary (ff the process had been

priority promoted) and the Next To Execute PCT Address is set to the

PCT Run Queue__Address (if priority promotion had been performed).
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e,

f.

g.

h.

i.

J.

Module References - None

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None
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Enter

Load
Release_SVC
_Nu tuber

Release_SVC
_Number = 17

Then

Else

Perform
Exclusive_Release
_Processor (106.1)
Figure 3.1.1.7-2

Perform UPDATE !

_B LOCK_Release I
_Processor (106.2) I

Figure 3.1.1.7-3 J

Return )

Figure 3.1.1.7-1. Update/Ex cl usive_ Release_Processor ( FPM R E L)

<.J
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ENTRY )FSVC0017

Load The PCT Address
Of The Process Releasing
The Resource From The

Field Indicated By The
Address Contained In
Resource_Identification

Field Indicated
By Resource_
Identification = 0

Perform

Restore_Original
_Priority (106.3)
Figure 3.1.1.7-4

Return )

Figure 3.1.1.7-2. Update/Exclusive_Release_Processor
Exclusive_ Release_Processor (106.1 )
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ENTRY )FSVC0018

Load Resource_
Identification, Lock
_Group_Control_
Table_Address And
Then Mask_Of_
Used_ Lock_Groups

Remove Bits Indi-
cated In Resource_
Idenfication From
Mask_Of_Used_
Lock_Groups

Load PCT Address
From Lock_Group
_Control_Words
For The Process
Using The Lock
Being Released

Perform

Restore_Original
_Priority (106.3)
Figure 3.1.1.7-4

" RETURN

Figure 3.1.1.7-3. Update/Exclusive_Release_Processor
Update_Block_Release_Processor (106.2)
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Original_ Original_Priority
Priority # 0 Then, Original_

Priority = 0

Next_To_Execute

_PCT_Address =
PCT_Run_Queue
_Address

Figure 3.1.1.7-4. Update/Exclusive_Release-Processor
Restore_Original_Priority (106.3)
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3.1.1.8 Close Processor (FPMCLOSE) (107)

FPMCLOSE is executed at the end of each program's schedule cycle. It closes

the current execution cycle and initiates another cycle if necessary.

a. Control Interface-

i.

2.
CALLed by (i00) SVC Handler (FPMSVC)

CALLed by (184) Forced_Close_Processor (FPMFCLOS)

b. Input - See Table 3.1.1.8-1.

C. Process Description - The Close_Processor, upon receiving control,

CALLs the SVC_Synchronization_Processor for synchronization. If

Repeat_Options are zero (non-cyclic process) or if Cancelled PCT Indicator

is on then Clean Up processing is done. Clean Up consists o_ CA_Ling

the Free PCT Routine and the Event Evaluator if Process Event is non-

zero. If Repeat_Options are non-zero (cyclic process) and if Cancelled

PCT_Indicator is zero then PCT_Reinitialization processing is done for --

reentry to the process. According to Repeat0ptions specified at

schedule time, the process is placed in the wait state and if repeat

after is specified the Timer Queue Elament for its next execution is

set up. If the process must wait for its next cycle, a process switch

is indicated. The Close Processor exits by CALLing the Process_Dispatcher
directly, bypassing register save logic. The control flow for this

module is shown in Figure 3.1.1.8-1.

d. Output - See Table 3.1.1.8-1.

e. Module References -

I,

2.

3.

4.

5.

(363) SVC_Synchronization Processor (FCMSSYNC) is CALLed.

(103) Process Dispatcher (--FPMDiSP) is CALLed.

(133) Free PCT Routine (FPMFRPCT) is CALLed.

(174) Even_Ev_luator (FPMEVAL) is CALLed.

(140) Timer Queue Generator (FPMTMENQ) is CALLed.

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J o Detailed Implementation - The Process_Dispatcher is CALLed to dispatch
an application process; therefore, there is no return from this call.
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ENTRY )

CALL SVC_

Synchronization_
Processor (363)
Figure 3.3.5.4-1

Load Active_
PCT_Address
And PDE_
Address

Repeat_Options
= 00 O__RRCancelled
_PCT_lndicator =

Then

Else

Perform
Clean_Up (107.1)
Figure 3.1.1.8-2

Perform PCT_
Reinitialization
(107.2) Figure
3.1.1.8-3

CALL Process_

Dispatcher (103)
Figure 3.1.1.4-1

(1)

. Figure 3.1.1.8-1. Close_Processor (FPMCLOSE)
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CALL

Free_PCT_
Routine (133)
Figure 3,1.1.16-1

Load Process_
Event And Reset
Event_State = 0

LF _ Then
Event_Used_
Indicator _ 0

CALL Event_

Evaluator (174)
Figure 3.1.3.5-1

V

Figure 3.1.1.8-2. Close_Processor Clean_Up (107.1)
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Interrupt_PSW
_Of_Process =

Process_Entry_
Point

\
LF FCOS_ __ __

Assigned_Stack r--_
_Address = 0

Then

Else

Process_Interrupt

_Register_0 =
Stack_lnformatior

Process_Interrupt

_Register_0 =

FCOS_Assigned_
Stack_Address

Last_Error_

Group_Code

= 0 Program_

Interrupt_
Count = 0

LF Repeat_ X

Options = 11

(Repeat After) /

Then

Load TQE_Free_

Pool_Address, Set
TQE_Parent_PCT_

Address = Active_

PCT_Address, TQE_

Flags = 0, Set TQE_

Request_Type = 1,

Set TQE_Type_
Indicator = 7

CALL

Timer_Queue_

Generator (140)

Figure 3.1.2.1-1

I F Repeat_ X

Options = 10 Or _

11 (Repeat AfterJ

Or Every) /

Then Set Scheduled_

Wait_Indicator

=1

Figure 3.1.1.8-3. Close_Processor

PCT_Reinitialization (107.2)
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3.1.1.9 Terminate Processor (FPMTERM) (108)

FPMTERM immediately halts execution of the specified process(es).

a. Control Interface -

b.

C_

d.

e.

To

g.

h.

l, CALLed by (305) Normal_Initialization_Processor (FCMNINIT)

at the initial entry point.

, CALLed by (I00) SVC_Handler (FPMSVC) at entry point FSVC0003

for terminate with a list of processes.

, CALLed by (I00) SVC Handler (FPMSVC) at entry point FSVC0002

for terminate without a list of processes.

!n__n_- Bits 0-15 of register 0 contain either the address of the

SVC parameter list _or a CALL by the SVC_Handler) or the address of

the PCT to be terminated (for a CALL by Normal Initialization),

Process Description - The Terminate_ Processor, upon receiving control

from the SVC_Handler (with one or more processes to terminate), CALL's

the SVC_SynchronizationProcessor for synchronization. After that (and

upon receiving control from the Normal Initialization Processor), the

process(es) is/are terminated by setting the Terminated PCT Indicator

and CALLing the Free PCT Routine. If an UPDATE block o_ EX_LUS!VE

procedure is involved (Update/Exclusive Indicator is on) then Update/
Exclusive Release Processor is CALLed to release the resources. If

a process event is indicated (Event_UsedIndicator is on), then the
Event Evaluator is CALLed. The control flow for this module is

shown in Figure 3.1.1.9-4.

0ut_ut - See Table 3.1.I.9-1.

Module References -

i.

2.

3.

4.

(363) SVC_Synchronization_Processor (FCMSSYNC) is CALLed.

(106) Update/Exclusive_Release Processor (FPMREL) is CALLed.
(133) Free PCT Routine (FPMFRP_T) is CALLed.

(174) Event Evaluator (FPMEVAL) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handlin_ - None



_-_ _Asg.,,.,
sPAcES.OTT.EOR_,TE,AV,ON,CSSO_A.E

BOOK: ALT System Software Design Specification

Flight Software
Part I

Date 2/28/77
Rev

Page 3.t.t.9-2

i.

J.

Constraints and Assumptions - None

Detailed Implementation - None



•.=. - " " --_ NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software

Date -/2_/_7

Rev
Page :.::.: .,o_;

--I

it-

i11
-J

¢-c gq

E4 E4 ,_

o 8_ .

C3

I- o

t--

• o o ....... -- ,

_aLc ,J3

w

v

4 g
I.

N

_ Z

ill

I'-

5
z

oI _ _ =_ _ ,_ _ ._ o"

H

J



= ..... NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part i

Date 2/28/77
Rev

Page 3.1.1.9-4

Enter )

1
IPer or ITermination_
Of_Process (108.1)

Figure 3.1.1.9-4

(_ Return )

Figure 3.1.1.9-1. Terminate_Processor (FPMTERM)
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(_ ENTRYFSVC0003 )

CALL SVC_

Synchronization_
Processor (363)

Figure 3.3.5.4-1

I

I Load SVC_OId_

PSW (Parameter
List Address) And
Then The Ter-
minate_Process_
Count

I
D__OUNTI_______Lk

Terminate_

_Pr;cess_Count/
Load From !

Terminate_
Process_ List
(PDE Address
Of PCT To Term)

I
,F \ IPerform
P,ssigned_PCT _ Then ITermination-
_Address F_-lOf_Process (108.1

NE0 / I F!gure 3.,.1.9-4

RETURN )

Figure 3.1,1.9-2. Terminate_Processor

Terminate_Multiple_Processes

w
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ENTRY )FSVC0002

I
CALl_ SVC_ I
Synchronization_
Processor (363) I

Figure 3.3.5.4-1 I

Load Active_
PCT_Address

Perform
Termination_

Of_Process

(108.1)

Figure 3,1.1.9-4

I
RETURN )

Figure 3.1.1.9-3. Terminate_Processor

Terminate_ Requested_Process
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\
DO UNTI L

Previous_Stack_

f;me_Address/

I
Set Terminated_

PCT_lndicator
=1

I
CALL Free_

PCT_ Routine

(133) Figure
3.1.1.I6-1

I
Load PDE_

Address And
The Address Of

The Process_
Event. Reset

Event_State = 0

I
IF Event_ k Then

N0_ed- [ndicat°_

IF Local_ _ Then [

Data_Area_

Address NE O/ [

CALL Event_

Evaluator (174)

Figure 3.1.3.5-1

I_F Update/ ___

Exclusive_

Indicator = 1

i

Load The

Address Of

Release_SVC_

Parameter_List

CALL Update/

Exclusive_Release

_Processor (106)

Figure 3.t.1.7-1

Figure 3.1.1.9-4. Terminate_Processor
Termination_Of_Process (108.1)
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3.1.i.i0 Cancel Processor (FPMCANCL) (109)
m

FPMCANCL services an application request to remove specified processes

from the FCOS process run queue.

a. Control Interface - Called by the (!00) SVC Handler when a supervisor

call 4 or 5 is executed.

b. _- See Table 3.1.1.10-1

Co Process Description - The Cancel_Processor services all supervisor call

CANCEL requests. Upon receiving control it calls the SVC Synchronization_

Routine. If the Cancel SVC Number was a 4, it is a request to cancel the

current process which is pointed to by the Active_PCT_Address. Therefore,

the Cancel Processor sets the Cancelled_PCT_Indicator in its PCT.

If the Cancel SVC Number was a 5, a list of PDE addresses (Cancel Process_

List) was provided, and it indicates which processes to cancel. The

Cancel Processor steps through the list of PDE's and

1, Sets the Cancelled PCT Indicator in each PCT which has the

Scheduled Wait Indicator not equal to 0.

2. If the Scheduled Wait-lndicator is 0, the Cancel Processor

calls the Free PC--TRoutine to release the PCT. Tt then resets the

Process Event and calls the Event Evaluator if a process is waiting

for the event to change state.

The Cancel Processor then returns to the caller.

this module is presented in Figure 3.1.1.10-1.

The control flow for

d. _- See Table 3.1.i.I0-i

e. Module References -

l,

2.

3.

(363) SVC_Synchronization_Processor (FCMSSYNC) is called.

(133) Free PCT Routine (FPMFRPCT) is called.

(174) Even_Eva--luator (FPMEVAL) is called.

f. Modu]e Attributes - Program

g. Template References - N/A

h* Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation - None
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3.1. i. Ii OPS Cancel Processor (FPMOPSCN) (Ii0)

FPMOPSCN provides the applications with the capability to specify that

all but a list of processes for a certain major function should be cancelled.

a. Control Interface -

CALLed by (I00) SVC Handler (FPMSVC)
m

Register 0 contains the address of the OPS Cancel Parameter List.

See table 3.1.i.I!-i

c. Process Description -

_.e active Process Control Table (PCT) queue is scanned and the

Process_Directory E--ntry (P_E) for each PCT is located. As each

PDE is located, it is examined to'determine if it is associated

with the 0PS_Major3unction Id for which processes are to be

cancelled. If it is the PD__Address is compared with each PDE

address in the list of processes not to be cancelled. (Pointed to

by OPS_Process_List_Address) If the PDE is not in the list, the

process associated with the PDE is cancelled, unless the process

is currently within an execution cycle. If the process to be

cancelled is within an execution cycle, the PCT is updated to

indicate that the process is to be cancelled at close time. If

the process is not in an execution cycle, the Free PCT Routine

is called, and the Process_Event is set to false an--d t_e EVENT

Evaluator is called if necessary. The control flow for this

program is shown in Figure 3.1.I.ii-I.

d. Outputs -

See Table 3.!.i.ii-I.

e. Module References -

1. (133) Free PCT Routine (FPMFRPCT) is CALLed.

2. (174) Event Evaluator (FPMEVAL) is CALLed.
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f*

g.

h.

i.

J.

Module Attributes - Program

Template References - N/A

Error Handlin 6 - None

Constraints and Assumptions - None

Detailed Implementation - None
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3.1.1.12 Select_I/0_Processor (FPMSI0) (120)

The Select I/0_Processor is called to associate I/0 with a cyclic process.

The association takes place when the process is scheduled.

a. Control Interface - CALLed by (I00) SVC Handler (FPMSVC)

b. Input - See Table 3.1.1.12-1.

C° Process Description - On entry, the SVC Synchronization_Processor is

called to perform redundant set GPC synchronization.

The Time_Initiatedi/0Table is then examined to determine if an entry

already exists for the target PDE. If so, the existing entry is over-

layed by the new request and control is returned to the SVC Handler.

If no entry exists, the new request is stored in the first unused slot

in the Timelnitiated_I/0_Table or, if the table is full, in the first

slot of the table before returning to the SVC Handler.
m

Once a Time Initiated I/0_Table entry has been created for a process

(PDE), a SCHEDULE of the process will cause the I/0 operation to be

initiated each time the process begins an execution cycle. See the

Process Scheduler description for further information. The control

flow for this module is presented in Figure 3.1.I.12-i,

d. Outputs - See Table 3.1.1.12-1.

e_ Module References - (363) SVC_Synchronization Processor (FCMSSYNC) is
CALLed.

f. Module Attributes - Program

g. Template References - None

h. Error Hand!in_ - None

i. Constraints and Assumptions - None

j. Detailed Implementation - None
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3.1.1.13 Hybrid Dispatehing_Routine (#CFPMHYD)(130)

To Be Provided

-w-
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3.I.I.14 Chain PCT Routine (FPMCHPCT) (131)

FPMCHPCT determines where in the PCT run queue to place a newly created PCT

and chains it in the proper place.

a. Control Interface -

i.

2.

3.

CALLed by (i01) Process Scheduler (FPMSCHED)

CALLed by (280) MassMemory_Manager (FIOMMMGR)

CALLed by (320) 0verlayProcessor (FCMPOVLY)

b. Input - Register 0 contains the address of the new PCT.
3.1.i.t4-1.

See Table

C. Process Description - The Chain_PCT_Routine loads the PCT_Run_Queue_

Address to begin its scan of PCT's to determine where to chain the

newly created PCT. The PCT_Priority of the new PCT is compared to the

PCT_Priority of the PCT from the run queue. If the new PCT's PCT_Priority

is greater, the new PCT is chained into the run queue immediately

oreceding the PCT currently being processed. If the new PCT's PCT Priority

is not greater, the Next PCT_Address is loaded to continue the scan. This

process is repeated untiT a PCT is found which has a priority less than

the new PCT. When the new PCT has been chained into the PCT run queue,

it is removed from the free pool by updating the PCT Free Pool Address.

The control flow for this module is presented in Figu--re 3.--I.I.T4-I.

d. Output - Registers 0, i, 3, 4, and 5 are not preserved across a CALL
to this program. See Table 3.1.1.14-1.

e. Module Reference - None

f. Module Attributes - Program

g. Template Reference - N/A

h. Error Handlin 6 - None

i. Constraints and Assumptions - Attempts to chain a PCT with a priority

of 0 will have unpredictable results since the scan of the PCT run

queue will go past the end of the queue.

J. Detailed Implementation - N/A
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Enter )

Load PCT_

Priority Of
New PCT

l
Load PCT_
Run_Queue_
Address

1
Load PCT_
Priority Of First
PCT On Run
Queue

I
DO WHILE PCT k

_Priority Of New
PCT LE Last /

Loaded Priority /

1
Save Next_
PCT_Address
From New PCT

1
Next_PC'r_
Address Of New
PCT = Address Of
Last Run Queue
PCT Scanned

I
Next_PCT_
Address Of
Previously Scanned
PCT = Address Of

New PCT

I
PCT_Free_
Pool_Address =
Saved Next_PCT
_Address Field
Of New PCT

Load Next_
PCT_Address
To Get Next
PCT In Run
Queue

Save Previously
Scanned PCT
Address

__t__
Load PCT_

Priority Of Last
Loaded PCT

I

IF Original_ > IPriority NE 0
Load Original_
Priority

Return )
Figure 3.1.1.1¢1. Chain_PCT_Routine (FPMCHPCT)
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3.1.1.15 Release_PeT_Routine (FPMRLPCT) (132)

FPMRLPCT removes a PCT from the PCT run queue and adds it to the PCT free

pool.

a. Control Interface -

i. CALLed by (133) Free PeT_Routine (FPMFRPCT)

2. CALLed by (280) Mass,Memory_Manager (FIOMMMGR)

3. CALLed by (320) Overlay_Processor (FCMPOVLY)

bo In_n____- Register 5 contains the address of the PCT to be removed from

the queue. See Table 3.1.1.15-1.

C.

d,

Process Description - The Release_PCT_Routine scans the PCT run queue

beginning with the PCTRun-Queue_Address to find the location of the

input PCT in the queue and unchains it from the run queue. The input

PCT address is then stored as the PCT Free_Pool_Address and chained to
the other unused PCT's. The control _low for this module is presented

in Figure 3.1.1.15-1.

0ut_0_u_- Registers 0, i, 4, and 5 are not preserved across CALLs to

this program. See Table 3.1.1.15-1.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

j. Detailed Implementation - N/A
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Load Next_PCT

_Address From
Latest PCT
Scanned

Load PCT_

Free_Pool
_Address

Next_PCT_
Address Of Previous
Scanned PCT =

Next_PCT_Address
Of Latest PCT

Scanned

Save Previous

PCT Address

Next_PCT_
Address Of

Input PCT =
PCT_Free_

Pool _Address

PCT_Free_
Pool_Address =
Address Of

Input PCT

Figure 3.1.1.15-1. Release_PCT_Routine (FPMRLPCT)
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3.1.1.16 Free PCT Routine (FP_RPCT) (133)

FPMFRPCT terminates use of a PCT by coordinating the removal of associated

queue elements from their respective queues.

a. Control Interface -

le

2.

3.
4.

5-
6.

CALLed by (107) Close Processor (FPMCLOSE)

CALLed by (108) Terminate Processor (FPMTERM)

CALLed by (109) Cancel Processor (FPMCANCL)

CALLed by (II0) OPS Cancel Processor (FPMOPSCN)

CALLed by (142) TQE_Expiration_Processor (FPMIHPC2)

CALLed by (174) Event Evaluator (FPMEVAL)

b. Input - Register 0 contains the address of the PCT to be released.
See table 3.1.1.16-1.

C° Process Description - If the PCT Flags field of the input PCT indicate

that entry to the Free PCT Routine is not resulting from a close

of a non-cyclic procesS, t_e TQE_Dequeue_Processor and the EQE_Dequeue_

Processor are invoked to remove any outstanding TQE's/EQE's associated

with this process.

The I/O Termination_Processor is then invoked to either terminate

outstanding IOQE's for this process (if process is being terminated)

or flag outstanding IOQE's for this process to indicate invalid parent

PCT (if process is not being terminated).

The Release PCT Routine is then invoked to remove the PCT from the

PCT run queue and return it to the free pool.

The PDE Address of the input PCT is used to locate the process PDE in

order to zero the Assigned_PCT Address. If FCOS has assigned a tempo-

rary storage area to this process, the area is released for use by

other processes. If the PCT being released is indicated by the Next_

to_Execute_PCT_Address, the Next To Execute_PCT_Address is set to the

PCT_Run_Queue_Address.

The control flow for this module is presented in figure 3.1.1.16-1.

d. Output - See table 3.1.!.16-I.
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e,

fo

g.

h.

i.

J.

Module References -

i,

2.

3.

(132) Release PCT Routine (FPMELPCT) is CALLed.
w

(143) TQE__Dequeue__Processor (FPMTMDEQ) is CALLed.

(175) EQE_Dequeue_Processor (FPMEVDEQ) is CALLed.

(225) I/O_Termination__Processor (FIOPURGE) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - N/A
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CALL EQE_

Oequeue_
Processor (t 75)

Figure (3.1.3.6-1)

IF Outstanding_ k

IFO_Count Of

Input POT NE /

1
CALL Release_

PCT_Routine

(132) Figure
(3.1.1.15-1)

I
Load PDE_

Address Of

Input PCT

Assigned_PCT_
Address = 0

I
,_Fcos \ |
_'signed_

Stack_Address /

NE0 / I
I

I1= Input PCT k

Address = Next_
To_Execute_

PCT_Address if

I
Return )

CALL IO_

Termination_
Processor (225)

Figure (3.2.5-I)

Release Stack For

Use By Other
Processor

Next_To-

Execute PCT_

Address = PCT_
Run_Queue-

Address

Figure 3.1.1.16-1. Free_PCT_Routine (FPMFRPCT)
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3.1.2 Time Management

Time Management includes the FCOS support for all HAL/S realtime statements

which have time as a parameter, the FCOS support of the AP-101 GO/NO-G0 (Watchdog)

timer, the FCOS support of Master Timing Unit (MTU) updates, MTU/software clock

synchronization, the FCOS support of a software backup to the MTU, and the FCOS

support of timer initiated I/O.

In support of these functions, the FCOS builds table entries called Timer

Queue Elements (TQE's). A TQE contains information which identifies its purpos--e,

the time at which it is to expire or a time increment, and the process to which

it applies. When a TQE has been initialized with this information, it is said

to be "active". Active TQE's are chained together and arranged by time such

that the top TQE in the chain is next to expire. Active TQE's contain the time

at which they are to expire.

AP-101 Program Counter 2 (PC2) is used as an interval timer to cause inter-

rupts at the times specified in the active TQE's. PC2 is always set using the

top TQE in the active TQE chain. When PC2 expires, the information in the top

TQE is used to identify what action is to be taken.

The FCOS maintains a Greenwich Mean Time (GMT) clock as a software backup

to the MTU. The software GMT clock is also used to provide finer granularity and

faster response in the processing of HAL/S SCHEDULE and WAIT statements which

have time options. The software clock has microsecond granularity and is main-

tained in the CVT. The clock is updated using AP-101 Program Counter 1 and the
SSIP TOE interrupt (every 25th cycle).

The FCOS maintains a 16 bit GO/NO-G0(Watchdog) timer located in the IOP. The

FCOS loads the GO/N0-GO timer with 180 milliseconds every 160 milliseconds (every

hth SSIP cycle). This timer is used to detect possible software errors and hard-

ware failure. If an error condition occurs which prevents the FCOS from reloading

the timer, the timer will expire and the I0P will interrupt the GPC to notify FCOS

of the error. The user will be notified of the error, and the FOCS will attempt
to continue processing.

The SSIP TQE interrupt is also used to initiate updates to the software clock

and to initiate the FCOS duty cycle computation. Every twenty'fifth time the SSIP

TQE expires, bit ll of AP-101 Program Counter 1 (PC1) is ihterrogated (only bits

ll-31 of PC1 are used, bits 0-10 are always zero). If the bit is zero, it is

reset to 1 and 1.048576 seconds is added to the software clock. Since the soft-

ware clock is only updated periodically, current GMT or MET is determined by

summing the software clock value and the difference between the maximum PC1 value

and the current PC1 value. The FCOS duty cycle computation is also performed

every twenty-fifth SSIP TQE interrupt.
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Figure 3.1.2-2 presents the control flow of Time Management. Whenever a

request to perform an action at a time is made, a TQE is built and passed to the

Timer_Queue__Generator process to add the TQE to the active TQE chain.

The Timer Dequeue-processor is entered whenever a process is removed from the

process run queue.

Time Management is also entered whenever AP-lO1 program counter 2 expires.

The functional descriotion of Time Management presented in the following
paragraphs is divided into the following areas: (See Figure 3.1.2-1)

a,

b.

C.

d.

e.

f.

g.

h.

i.

J •

k.

1.

Timer__Queue Generator - The process of creating the active TQE chain.

GPC_Clock_Expiration_Processor - Results of a PC1 interrupt.

TQE_Expiration_.Processor - Results of a PC2 interrupt.

TQE_DequeueProcessor - Removing expired TQE's from the active TQE

chain.

Time/Date_ApplicationRequestsProcessor - Supplies time and date to

requesting applications.

MTU__Update__Processor - FCOS involvement in updates to the MTU.

MTU__RedundancyManager - Synchronization of MTU and software clocks•

Time Conversion_SVC.Services - Handles conversion SVC's.

Convert_ToFixed.Point_Routine and Convert_To_Floating_PointRoutine -

Conversion routines.

Current__GMTRoutine - Supplies current GMT.

Program_Counter2_UpdateRoutine - Updates PC2.

Fixed ToMTUFormatConversionRoutine and MTU To FixedFormat_

Conversion Routine - Conversion routines.
m

kJ

m.

n.

Chain TQE_Routine - Handles TQE's.

Expiration__TimeUpdateRoutine - Updates expiration time.
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(140) 3,1.2.1

Time/Date_

Application_
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Processor

(FPMTMHAL)

(144) 3.1.2.5

I
l Convert_To_

Fixed_Point_

Routine

(FPMCVTFX)

(160) 3.1.2.9

I Time

Management
3.1.2

I
I

I GPC_Clock_

Expiration_
Processor

(FPMIHPCI)

(141) 3.1.2.2

MTU_Update_
Processor

(FPMUPMTU)

(148) 3.1.2.6

Convert_To_

Floating_Point_

Routine

(FPMCVTFL)

(161) 3.1.2.10

1
Event

Management
3.1.3

TQE_Expiration
_Processor

(FPMIHPC2)

(142) 3.1,2.3

I

i MTU_

Redundancy_

Manager
(FPMMTURM)

(149) 3.1.2.7

Current_GMT_

Routine
(FPMGMTIM)

(162) 3.1.2.11

J
Process Error

Management
3.1.4

TQE_Dequeue_
Processor

(FPMTMDEQ)

(143) 3.1.2.4

Time_conversion

_SVC_Servicer

(FPMTMCVT)

(150) 3.1,2.8

Program_
Counter_2_

Update_ Routine

(FPMITUPD)
(163) 3.1.2.12

!

Fixed_To_

MTU_Format_

Conversion_
Routine

(FPMFXMTU)

(164) 3.1.2.13

I
MTU_To_Fixed

_Format_

Conversion_
Routine

(FPMMTUFX)

(165) 3.1.2.14

Chain_TQE_

Routine

(FPMCHTQE)

(166) 3.1.2.15

Expiration_Time

_Update_
Routine

{FPMUPTOX)

(167) 3.1.2.16

Figure 3.1.2-1. Time Management Hierarchy Diagram
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3.1.2.1 Timer Queue Generator (FPMTMENQ) (140)

Timer Queue_Generator places interval timer requests on the time queue.

a. Control Interface -

i.

2.

3.

4.

5.
6.

7.

CALLed by (I0i) Process_Scheduler (FPMSCHED)

CALLed by (104) Wait Processor (FPMWAIT)

CALLed by (107) CLOSE Processor (FPMCLOSE)

CALLed by (142) TQE_ExpirationProcessor (FPMIHPC2)

CALLed by (148) MTUUpdate_Processor (FPMUPMTU)

CALLed by (174) Event Evaluator (FPMEVAL)

CALLed by (280) Mass_MemoryManager (FIOMMMGR)

b. Input-

The top free pool Timer Queue_Element contains the queue request

information. For initial timer requests, the floating point

registers will contain the following:

FPRO,I - The Schedule At or Wait Until time of the Schedule

In or Wait Delta time.

FPR2,3 - The Repeat Every delta time.

FPR4,5 - The Schedule Until time.

See table 3.1.2.1-1.

c. Process Description

Establish addressability of the top free pool TQE from the TQE_Free

Pool Address. This TQE has been initialized by the caller of this

program. TQE__Flags is loaded and the case macro is executed based

on the TQEType_Indicator.

For a TQE_Type Indicator of I and 8 CT0X_or Repeat Every is performed

to compute TQETime of Expiration for a Repeat Every TQE. If the Cycle

Overrun Indicator is not on, then the Time lnitiatedl/O_Parameter_List

is check--ed for timer initiated I/0 and I/0 SVC Service_Processor is

CALLed if there is timer initiated I/0. The Repeat Delta_Time is

obtained from the PCT and Expiration Time Update Routine is CALLed to

update the TQE_Time of Expiration with the RepeatDeltaTime.
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For a TQE Type Indicator of 2 and 5 CTOX for Wait Schedule In is

performed to compute TQE_Time_of_Expiration for a Wait or Schedule

In TQE. Current time is obtained by Get Ton TQE_Time and uDdated

by CALLing Expiration_TimeUpdate_Routine.

For a TQE_Type_Indicator of 3 and 4 CTOX for Wait Until Schedule At

is performed to compute TQE_Time_of_Expiration for a Wait Until or a

Schedule At TQE. The time is obtained and converted to fixed point

format by Convert To Fixed_P0int_Routine and saved in TQETime of
Expiration.

For a TQE_Typelndicator of 6 CTOXfor_Schedule_Until is performed

to compute TQE Time of expiration for a Schedule Until TQE. The

time is converted by Convert To Fixed Point Routine and saved in TQE_
Time of Expiration.

For a TQEType_Indicator of 7 CTOX_for_RepeatAfter is performed to

compute TQE-Time of Expiration for a Repeat After TQE. Current time

is obtained by Get_Top_TQE_Time and saved in TQETime_of_Expiration.

The Repeat Delta Time is obtained from the PCT and added to TQE_Time

of_Expiration by Expiration_TimeUpdateRoutine.

For a TQEType_Indicator of 9 Queue_Mass_Memory_TQE is performed.

Current time is obtained by Get_Top_TQE_Time, updated by Expiration__

Time_Update_Routine and saved in TQE__TIme of Expiration.

For a TQE_TypeIndicator of i0 and 12 CT0Xfor_RuntimeGMT_Requests

is performed to compute TQE_Time of Expiration for a Runtime or GMT

update request. The coincident time is passed in the TQE_Parent

PCT Address. The coincident time is adjusted to the proper format

and saved in TQE Time of Expiration. Update Time is CALLed to add

in the Software Clock Offset to the TQE_Time of Expiration.

For a TQE_TypeIndicator of ii CTOX_forMET_Update is performed to

compute TQE_Time of Expiration for a MET update request. MTU_Update_

Time is obtained and saved in TQE Time of Expiration.

After TQE_Time of Expiration has been computed for the appropiate

TQE_Type_Indicator the return code is set to 2 and TQE Request Type

is checked to see if this is an initial TQE. If this is not an initial

TQE, Chain_TO__Poutine is CALLed to requeue the TQE to the chain.

Otherwise current time is obtained by Get-TopTQE_Time. Next, TQE

Time of Expiration is compared to current time. If TQE_Time of

Expiration is less than or equal to current time, then the TQE is

considered past due. If the TQE is not past due ADD TQE is CALLed to

add the TQE to the active TQE chain. If the TQE is past due, set

the return code to 4. If the TQE is a Schedule At and Repeat Every,

then it is Phase Scheduled.

k_#
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Phase Scheduling is the computation of a new Schedule At time which would

be the next repeat interval in the future for the process. Compute_New_
Time is called to handle this.

Compute_New At Time computes the new At time by figuring the number of

intervals between the old At time and the current time and adds one

repeat interval. If this time is in the future and the process is not

SSIP, one additional repeat interval is added. The control flow for this

module is shown in figure 3.1.2.1-1.

d,

e,

f.

g.

h.

i.

J.

Out _ut

Bits 16-31 of register 7 save area word contain the return code.

Explanation of return codes;

0 - Timer request successful, interval timer was updated.

2 - Timer request successful, interval timer was not updated.

4 - Timer request unsuccessful.

Also see table 3.1.2.1-i.

Module References -

i,

2.

3.

5.
6.

7.
8.

(160) Convert To Fixed Point Routine is CALLed.

(161) Convert To Floating_Point_Routine is CALLed.
(162) Current GMT Routine is CALLed.

(163) Program Counter_2_Update_Routine is CALLed.

(166) Chain TQE Routine is CALLed.

(167) Expiration_Time_Update_Routine is CALLed.

(200) I/0_SVC__Serviee_Processor is CALLed.

(201) Pre-Initialized_i/0_SVC_Processor (FIOSVCP) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handlin 6 - None

Constraints and Assumptions - None

Detailed Implementation -

i, CT is current time

INT is intervals

AT is the schedule AT time

RE is the repeat interval

2. CTOX means Compute Time of expiration
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I
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Return Code
=2

feE_
_Type = 0 /

/

2,5

Perform (2) i

CTOX_For_

Repeat_Every
(140.6)

Figure (3.1.2.1-7)
i

Perform (2) i

CTOX_For_Wait
_Until_Schedule

_At (140.3)

Figure (3.1.2.1-4)

Perform (2)
CTOX_For_

Repeat_After
(140.5)

Figure (3.1.2.1-6)

9

10,12

Perform (2)
Queue_Mass_

Memory_TQE

(140.7)
Figure (3.1.2.1-8)

i

__ Perform (2)

CTOX_For_MET

_Update (140.8)

Figure (3.1.2.1-9)

Then
CALL

Chain_TQE_
Routine (166)

Figure (3.1.2.15-1 )

Else

(_ Return )

Perform (2)
CTOX_For_

Wait_Schedule
_In (140.2)

Figure (3.1.2.1-3)
i m i

i

Perform (2)
CTOX_For_,
schedule_Until

(140.4) Figure
(3.1.2.1-5)

Perform (2)
CTOX_For_

Repeat_Every

(140.6) Figure
(3.1.2.1-7)

Perform (2)
CTOX_For_

Runtime_GMT

_Requests (t40.9)

Figure (3.1.2,1-10}

Perform Get_

Top_TQE_
Time (140.10)

Figure 3.1.2.1-11 )

I
T E_T,me\ i

--Of_Expiration _ Set
LE Top Active / I Return

TQE / i =4
I

Perform
Add_TQE (140.1)

Figure (3.1.2.1-2)
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Figure 3.1.2.1-1. Timer_Queue_Generator (FPMTMENQ)

t IIfThis IsA

| schedule At
| Request For

| A Repeat

| Every Process

Perform Compute
_New_At_Time

(140.11) Figure
(3.1.2.1-12)

I

i Perform

Add_TQE

(140.1) Figure
(3.1.2,1-2)
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LF NULL_ _ __
TQE_Indicator
And TQE_
Status = 0

CA'L I !
__TQE_ L.._.J
Routine (166) I |

Figure (3.1.2.15-1)l i

IF Top_TQE_he n

R3 = _Address/

l Set Off TQE_ !
Request_Type
Bit

CALL Program I

_Counter_2_
Update_Routine
(163) Figure
(3.1.2.12-1)

I
Set
Return Code
=0

L

Figure 3.1.2.1-2. Timer_Queue_Generator

Add_TQE (140.1)
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Perform Get_ !

Top_TQE_ |
Time (140.10) |
Figure (3.1.2.1-11 )1

I

Save Top TQE
Time In TQE
_Time_Of_
Expiration

CALl_ Convert_

To_Fixed_Point
_Routine (160)
Figure (3.1.2.9-1)

I
CALl_ Expiration [

_Time_Update
_Routine (167)
Figure (3.1.2.16-1)

Figure 3.1.2.1-3. Timer_Queue_Generator

CTOX_ For_Wait_Schedule_ I n (140.2)
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I CALL Convert_

To_Fixed_Point
_Routine (160)
Figure (3.1.2.9-1)

I,
Save Converted
Time In TQE_
Time_Of_
Expiration

Figure 3.1.2.1-4. Timer_Queue_Generator
CTOX_ For_Wait_Until_Schedu le_At (140.3)
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ii

!C '-- C°nvert-!To_ Fixed_Point
_Routine (160)
Figure (3.1.2.9-1)

!
Save Converted
Time In TQE_
Time_Of_
Expiration

Figure 3.1.2.1-5. Timer_Queue_Generator
CTOX_ For_Schedule_Until (140.4)
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Perform Get_ 1

Top_TQE_
Time (140.10)
Figure (3.1.2.1-i 1)

I
Save Top I

TQE Time In
TQE_Time_
Of_Expiration

!
Get Repeat_
Delta_Time
From PCT

I
IExpiration_

Time_Update
_Routine (167)
Figure (3.1.2.16-1)

Figure 3.1.2.1-6. Timer-Queue_Generator

CTOX- For_Repeat_After (140.5)
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,F \ IP0r'ormOe,_
- . & Then ITop TQE
TQE_Request )--=----4.,.. - .... -_ ^,

e 1 / iHme _/4U.lU)

-Typ = / [Figure(3.1.2.1-11)

-- ii |1

_le_Overrun_

_Indicator = 0/ !

!-
I Get Repeat_ !

I Delta_Time I

! Fr°mPCT I

_ALI- !

Expiration_ |
Time_Update |
_Routine (167) i

Figure (3.1.2.16-1) I

I F Time_ _,

_nitiated_l/O _ Then
_Parameter_
List_Address /

Is Not 0 /

Save Top
TQE Time In
TQE_Time_
Of_Expiration

iiiii

CALL IIO_ 1

SVC_Service
_Processor (200)
Figure (3.2.1.1-1)

Figure 3.1.2.1-7. Timer-Queue_Generator
CTOX- For_ Repeat_ Every (140.6)

k.j
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I Perform Get_ ]

Top_TQE_
Time (140.10)
Figure (3.1.2.1-11)

I
l Save Top

TOE Time In
TOE_Time_
Of_Expiration

I
CALL !

Expiration_
Time_Update
_Routine (167)
Figure (3.1.2.16-1)

Figure 3.1.2.1-8. Timer_Queue_Generator
Queue_Mass_Memory-TQE (140.7)
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Get MTU_
Update_
Time
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Update_Time
In TOE_Time_
Of_Expiration

Figure 3.1.2.1-9. Timer_Queue_Generator

CTOX_For_MET_Update (140.8)
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Count Is Odd

I
Get Coincident
Time From TQE_
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Address

I,
Adjust Coin-
cident Time To
Module 30

Subtract One
From TQE_
Half_Hour
_Count

Save Coincident i

Time In TQE_
Time_Of-
Expiration

1
Get Software-- !

Clock-Offset 1
I

CALL

Update_Time
(148.10) Figure
(3.1.2.6-11)

\
Figure 3.1.2.1-10. Timer_Queue_Generator

CTOX_For_Routine-GMT-Requests (140.9)
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I__FTQE At _,
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Address Is /Only TQE

Then

CALL Current_ J

GMT_Routine

(162) Figure
(3.1.2.11-1)

Figure 3.1.2.1-11. Timer_Queue_Generator
Get_Top_TQE_Time (140.10)
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Perform Get_
Top_TQE_
Time (140.10)
Figure (3.1.2.1-11 )

Save CT

(1)

w

CALL Convert_

To_Floating_
Point_Routine
(161) Figure
(3.1.2.10-1)

I
& Save ICompute

,.T-
I

CALL Convert_
To_Fixed_Point_
Routine (160)
Figure (3.1.2.9-1)
Convert AT

I
Save AT (1)!

i
CALL Convert_

To_Fixed_Point
_Routine 11601
Figure 13.1.2.9-1 )
Convert RE

I
Save RE i

(I) I!
I

!co-°u, NewIAT = RE x INT
+ RE

I

AT 6T CT

!

i tf NotSSIP PCT

AT = AT + R E I

AT = AT + RE i

Figure 3.1.2.1-12. Timer_Queue_Generator
Compute_New_At_Time (140.11 )
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3.1.2.2 GPC Clock_Expiration Processor (FPMIHPCI) (141)

GPCClock_Expiration_Processor handles PCI interrupts and reloads the POl
clock.

a, Control Interface - This processor gets control when a PCI interrupt

causes a PSW swap.

b. Input - See table 3.1.2.2-1.

C. Process Description - When a PCI interrupt occurs PCI Software

Portion is loaded with X'001F' and the GPC_Software_C_ock is u_dated
by 2.097152 seconds. The control flow for this module is shown

in figure 3.1.2.2-1.

=

d. Out__- See table 3.1.2.2-1.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation - None
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Enter )

Store X '001F'
At PC1_
Software_
Portion

I Update GPC_

Software_Clock

By 2.097152
Seconds

Return )

F igure 3.1.2.2-1. GPC_Clock_Expiration _Processor (FPM I HPC 1 )
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Y

3.1.2.3 TQEExpiration_Processor (FPMIHPC2) (142)

TQEExpirationProcessor is responsible for fielding GPC Program Counter 2
(PC2) interrupts and initiating the appropriate action based on the purpose of the

TQE to which the interrupt applies.

a. Control Interface - PSW swap from hardware via Program Counter 2 inter-

rupt.

bo Input - The top TQE in the active TQE chain is the TQE to which the

interrupt applies. See Table 3.1.2.3-1.

C. Process Description - Issue a Null Sync code and if a SVC Sync is in prog-

ress, then backup InterruptPSW of Process two halfwords and reset SVC

SyncInProgressIndicator. If SVC Sync is not in progress, then check

the I/0 SyncIn Progress Indicator. If I/0 Sync is in progress save

Program Counter2_01dPSW at the Interrupt_PSWofProcess in the PCT.

If the PC2 Software Portion is negative then this is a valid interrupt.

If the TQE Type Indicator is not SSIP and the RedundantSet SyncMask
is not zero then issue a Timer Sync code. If the RedundantSetSync

Mask is zero, CALL the TimerSynchronizationProcessor. Next loop

through the active TQE chain handling the expired TQEs by performing

TQE Case.

After handling the expired TQEs check the I/0 Sync In ProgressIndicator.

If not zero, zero I/0 SyncInProgressIndicator and CALL the I/0_

CompletionProcessor.

Finally control is relinguished by returning to the interrupted process

or CALLing the ProcessDispatcher to give control to the highest priority

PCT.

Expired TQEs are handled by TQECase who performs the following functions,

removes the expired TQE from the active TQE chain and adds it to the free

pool. If the TQE is active then the TQETime of Expiration is saved at

LastExpiredTQETime and control is passed to the appropriate subroutine

based on the TQE_TypeIndicator.

For a TQE_TypeIndicator of i, the Process SSIPTQE is performed. Normal_

SSIPSynchronizationProcessor is CALLed a_d the Go/NoGoPhaseCount is

decremented and checked. If the Go/No Go Phase Count is zero, then the

Go/NoGoClock_Value is reloaded and saved. The Duty_CycleComputation

Phase Count and perform ComputeDutyCycle. ComputeDutyCycle computes

the percent of CPU usage and performs SoftwareClock_Maintenance. Soft-
ware Clock Maintenance resets PC1 clock. If the PCT is not in a scheduled

wait, set The CycleOverrunIndicator and CALL ProcessErrorRecovery_



_m i B

-_---__.--=- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 1

Date 2/28/77
Rev

Page 3.1.2.3-2

Processor. If the PCT is in a scheduled wait, the PCT..Wait__Indicators

and CycleOverrunIndicator are zeroed and the PCT_Priority is checked

to see if a higher priority PCT is waiting to run, Then CALL Timer_

Queue_Generator to rechain SSIP TQE.

For a TQE_TypeIndicator of 2, 3 and 7, Process_WaitRepeat is performed.

Process_Wait..Repeat zeros the PCT_.WaitIndicators and CALLs the Process_
Switcher.

For a TQE_TypeIndicator of 4 and 5 ProcessScheduleTQE is performed.

If this is the SSIP PCT and TQE_TypeIndicator is 4 then set SSIP flag

in TQE__Flags and perform Process_SSIPTQE, else zero PCT_WaitIndicators.
If this is the SSIP PCT CALL Reset I0P Processor and CALL Normal SSIP

SynchronizationProcessor, If it is not the SSIP PCT and PCT Flags

indicate Repeat Every set TQE_Flags and CALL Timer Queue_Generator. Then
CALL Process Switcher.

For a TQE_TypeIndicator of 6, Schedule_UntilTQE is performed. Cancel-
led PCT Indicator is set to one and if the Scheduled Wait Indicator is

one, Free PCT Routine is CALLed. Then the EventFlag of Process Event
is set to"zer_and the Event Evaluator is CALLed. Then the retur--n code

is set to four.

For a TQE_TypeIndicator of 8, Repeat_eryTQE is performed. First a

check is made of the CycleOverrun_Indicator. If on, CALL Process_Error

Recovery_Processor. Otherwise zero PCT_Wait_Indicators and check the

priority of the PCT at Next_ToExecute_PCT_Address. Then Timer_Queue_

Generator is CALLED to requeue the TQE.

For a TQETypeIndicator of 9, MassMemoryTQE is performed to CALL the

MassMemoryManager.

For a TQE_TypeIndicator of l0 RUNTIMEUpdateTQE is performed. The time

source of the update is checked and the appropriate update time is obtained.

The TQE_Time of Expiration is adjusted and saved in the GPC..Software_
Clock.

For a TQE_Type_Indicator of II, MET UpdateTQE is performed. The MET_

Reference Time is obtained, modified, and saved. Perform Signal_Event
and set return code to four.

For a TQE_Typelndicator Of 12, GMT_Update_TQE is performed. MTUUpdate_
Time is obtained, modified, and saved at GPC Software Clock. PCI is reset

to its maximum value and the System_Reset_Emulatlon_Flag_Word is set.

Then the PSW is loaded with System_Reset_PSW.

kJ
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f

_L

do

e.

fg

g.

h.

i.

J.

Output - See Table 3.i.2.3-i.

Module References -

I.

2.

3.

2.

5.

6.

7.

8.

9.

I0.

ll.

12.

(102) Process Switcher (FPMSWTCH) is CALLed.

(103) Process Dispatcher (FPMDISP) is CALLed.

(133) Free PCT Routine (FPMFRPCT) is CALLed.

(120) TimerQueueGenerator (FPMTMENQ) is CALLed.

(163) Program Counter 2 Update Routine (FPMITUPD) is CALLed.

(174) Event Evaluator (FPMEVAL) is CALLed.
m

(182) ProcessErrorRecoveryProcessor (FPMSDERR) is CALLed.

(220) I/0CompletionProcessor (FIOCMPLT) is CALLed.

(222.5) Reset IOP Processor (FIORESET) is CALLed.

(280) MassMemory_Manager (FIOMMMGR) is CALLed.

(361) Normal SSIP_Synchroni zation Processor (FCMCSYNC) is CALLed.

(364) TimerSynchronizationProcessor (FCMTSYNC) is CALLed.

Module Attributes - Program

Template References - N/A

Error HandlinR - none

Constraints and Assumptions - none

Detailed Implementation - none
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Issue Null_Sync

Code_Sending_

Pattern

1
IF SVC_Sync__

_n_Progress_ )-------

Indicator NE 0 /
/

I
I_FPC2_ _

Software-

Portion Is

Negative

i

IF I/O_Sync_ k

In_Progress_ )

Indicator NE 0 /

t _

1
_. Return ._

Then

Reset

Interrupt_
PSW Of_

Process

Reset SVC_

Sync_ In_

Progress_
Indicator

Save Program_
Counter_2_OId_

PSW At Interrupt
_PSW_Of_

Process
"_1 IF I/O_Sync_

In_Progress_
Indicator = 0

Then

Then

Then

I_F TQE_Type

_Indicator

NE SSIP

I
Perform TQE_

Case (142.1)

Figure

(3.1.2.3-2)

I
oow.,,EToE-k
Expiration-Last

_Expired_TQE /

-Time LE 300 /

t_ Sec. -- /

[
Program_

Counter_2_

Update_ Routine

(163) Figure
(3J.2.12-1)

Zero I/O

_Sync_ln_

Progress_
Indicator

Load Interrupt_ I

PSW_Of_ I

Process To Return I

To Where I

Interrupted I

Then

Then
IF Red,lndant__

_t_Sync_ )

Mask NE 0 /

/
[

CALL Timer_

Synchronization

_Processor (364)

Figure (3.3.5.5-1)

Then
Perform TQE_

Case (142.1)

Figure (3.1.2.3-2)

CALL I/O_ J

Completion_

Processor (200)

Figure (3.2.4-1)

Then

Else
CALL Process_

Dispatcher (103)

Figure (3.1.1.4-1)

Figure 3.1.2.3-1. TOE,Expiration_Processor (FPMIHPC2)

Issue Timer

Sync Code
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Save New
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Address

Save New

Top_Free_
Pool_Address

I
LF TQE_

Status & Null_
TQE_lndicator
=0

Then

Save TQE_
Time_Of_

Expiration At
Last_Expired
_TQE_Time

I
TQE_Type
_Indicator
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Rev
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Perform

1 Process_SSIP-
TQE {142,2)
Figure
(3.1.2.3-3)

Perform

2, 3, 7 Process_Wait_
-- Repeat_TQE

(142,3) Figure
(3.1.2,3-4)

__ Perform

Process_
Schedule_TQE

(142.4) Figure
(3.1.2.3-5)

Figure 3.1.2.3-2.

8

11

12

TQE_ Expiration_Processor

TQE_Case (142.1)

Perform
6 Schedule_Until

_TQE (142.5)

Figure (3.1.2.3-6)

Perform Repeat
_Every TQE
(142.6) Figure
(3.1.2.3-7)

Perform Mass_

Memory_TQE
(142.7) Figure
(3.1.2.3-8)

i
Perform
Runtime_
Update_TQE
(142.8) Figure
(3,1.2.3-9)

Perform Met_

Update_TQE
(142.9) Figure
(3.1.2.3-10)

Perform GMT_

Update_TQE
(142.10)
Figure
(3.1.2.3-11 )
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CALL Normal_ I

SSIP_

Synchronization
_Processor (361)
Figure (3.3.5.2-1

I
Go/No_Go_

Phase_Count =
Go/No_Go_
Phase_Count
-1

I
IF Go/No_

Go_Phase_
Count = 0

[
Duty_Cycle_
Computation_
Phase_Count =

Duty_Cycle_
Computation_
Phase_Count- I

I

Phase_Count = y

I
[_FSchedu,ed-\_;it_Indicator_--

Then Reload
Go/No_Go
Clock_Valve

I Duty_Cycle_

Computation_
Phase_Count =

Then Duty _Cycle_

Computation_

Frequency

Then

CALL Timer_

Queue_
Generator {140)

Figure (3.1.2,1-1)

Else

Set Cycle_
Overrun_
Indicator

Zero PCT_
Wait_
Indicators

Save Go/No_Go

_Processing_
Frequency At
Go/No_Go_
Phase_Count

Perform Compute

_Duty Cycle
(142,12) Figure
(3.1,2.3-13)

I CALL Process_

Error_Recovery
_Processor (182)

Figure (3.1.4,3-1)

Zero Cycle_
Overrun_
Indicator

J ....

IF Next_To_

Execute_PCT_ _k

Address Priority _)_'-
IsLT SSIP /
Priority /

t Next_To_

Then Execute_PCT-
-- Address =

Address Of

SSIP PCT

d l F PCT_

P-riority Of PCTs

Are Equal /

Figure 3.1.2.3-3. TQE_ Expiration_Processor

Process_SSIP_TQE (142.2)

Then
CALL
Process_

Switcher (102)

Figure (3,1.1.3-1)
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Zero PCT
_Wait_
Indicators

CALL Process_
Switcher (1"02)
Figure (3.1.1.3-1)

Figure 3.1.2.3-4. TQE_ Expiration_Processor

Process_Wait- Repeat_TQE (142.3)

%
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Zero At
And In
PCT_

Flags

J_

Zero TOE_
Flags Except
TQE_Type
_ Indicator

IF SSIP_PCT__
_ndicator = 1 &

TQE_Type_

, Indicator = 4 /

Then

Else

TQE_Flags
= X '0001'

Zero PCT_
Wait_
Indicators

I
rssP PCT_

Indicator = 1

Perform Process
_SSIP_TQE

(142.2) Figure
(3.1.2.3-3)

Then
CALL Reset_
lOP_Processor

(244.5) Figure
(3.2.6.3-6)

IF PCT_
Else Flags

Indicate

Repeat Every

CALL Normal_
SSlP_
Synchronization
-Processor (361)
Figure (3.3.5.2-1)

Set TQE_
Flags =
Repeat Every

I
CALL Process_ I
Switcher (102) IFigure (3.1.1.3-1)

CALL Timer
Queue_

Generator (140)
Figure (3.1.2.1-1)

Figure 3.1.2.3-5. TQE-Expiration_Processor

Process_Schedule_TQE (142.4) _J
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Set Cancelled

_PCT_

Indicator = 1

I
IF Scheduled_ >

Wait_l ndicator

=1

CALL Free_

PCT_Routine

(133) Figure

(3.1.1.16-1)

Set

Return

Code

=4

i

Zero Event_

State Of

Process_

Event

I
IF Event_ >

Used_

Indicator

NE0

CALL Event_

Evaluator

(174) Figure

(3.1.3.3-1)

Figure 3.1.2.3-6. TQE_ Expiration_Processor
Schedule_Until_TQE (142.5)
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IF
Scheduled_
Wait_
Indicator = 0

CALL Timer_

Queue_
Generator (140)
Figure (3.1.2.1-1)

Set Cycle_
Overrun_
Indicator = 1

CALL Process_
Error_Recovery
_Processor (182)
Figure (3.1.4.3-1)

Elsie Zero

PCT_
Wait_ [

Indicators / Set Next_To_
Then I Execute_PCT_

r_l Address = Address

I ] ! Of Current POT

I IFNext_mo_ k l

-_xecute_PCT- _ I
Address Priority _-'- 1
Is Less Than / I

Current PCT / l "

I I IF Current And k

I I Next_To_ _ Then
L-- I Execute_Address
ElseI Priorities Are

Equal

CALL Process_
Switcher (102)
Figure (3.1.1.3-1)

V

Figure 3.1.2.3-7. TQE_ Ex pi ration_Processor

Repeat_Every_TQE (142.6)
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=

CALL Mass_
Memory_
Manager (280)
Figure
(3.2.9,1-1")

Figure 3.1.2.3-8. TQE_ Expiration_Processor
Mass_Memory-TQE (142.7)
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I F TQE_Type__

_ndicator NE _-

X '100A' /

Then

Else

Get MTU

_Update

_Time

Get ICC_

Internal_

Time Of

Prime GPC

i

Read

PC2

Get ICC_

Internal_

Time Of

Self GPC

Read

PC1

i

Compute
Difference Of

Prime And

Self GPC
Times

Adjust TQE_Time

_Of_Expiration

By Amount PC1
And PC2 Have

Drecremented

Add Difference

To TQE_Time

_Of_Expiration

Save TQE_Time

_Of_Expiration
In GPC_

Software_

Clock

Figure 3.1.2.3-9. TQE_ Expiration_Processor

RUNTIME_Update_TQE (142.8)
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Get Met_
Reference
_Time

Subtract
Met
Delta

i

Save New
Met_
Reference
_Time

\ Save Met_Reference
_Time At Prime_
GPC_Time_
Milliseconds And
Prime_GPC_

Time_Half_Hours.

I
Perform
Signal _Event
(142.11)
Figure
(3.1.2.3-12)

Set
Return
Code = 4

Figure 3.1.2.3-10. TQE_Expiration_Processor

MET_Update_TQE (142.9)
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Get MTU_

Update_

Time

Read

PC1

rain
A= X 'IFFFFF'

-PC1

I
Subtract A

From MTU_

Update_
Time

Save Time

At GPC_

Software_

Clock

J
Read

PC1

1
Reset PC1

To Maximum

Value

1
Set System_
Reset_

Emulation_

Flag_Word .

!
Load System
_Reset_PSW

k.j

Figure 3.1.2.3-11. TQE_ Ex piration_Processor
GMT_Update_TQE (142.10)
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lF Event_Used_ X
Indicator Of The

Event Indicated/_

By MET Request/

NEO /

Reverse Event_
State Of The

Event

CALL Event_

Evaluator (174)

Figure (3.1.3.3-1)

Reverse Event_

State Of The
Event

Figure 3.1.2.3-12. TQE_ Expiration_Processor
Signal_ Event (142.11 )
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Get Idle_

Time

Compute
GPC_

Duty_

Cycle

Set ICC_$tatus

_Flags, ICC_Duty

_Cycle And ICC
_GST_Status

Cycle-iimit / I

Zero
Idle_

Time

Then

Else

Set Duty_

Cycle_High
_Flag

Zero Duty_

Cycle_High

_Flag

Set Message
Error Bit In

FPMT_HDR_

Bits

Put Idle_Time_

Processor Address

In Interrupted_
PSW_Of_
Process

Perform

Software_ Clock

Maintenance

(142,13) Figure
(3,1.2.3-14)

Figure 3.1.2.3-13. TQE-Expiration_Processor
Compete_Duty_Cycle (142.12)
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\
IF PC1 LT \
X '0010 0000' /

Then Add
1.048576
To PC1

Figure 3.1.2.3-14. TQE- Expirat.ion-Processor

Software-Clock_Maintenance (142.13)
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3.I.2.4 TQE Dequeue Processor (FPMTMDEQ) (143)

TQE Dequeue Processor scans the active TQE chain for any TQE's associated
with the PCT being cancelled or t_rminahed.

a, Control Interface -

I. CALLed by (133) Free PCT Routine (FPMFRPCT).

b, _- Register 0 contains the address of the PCT being terminated,
See table 3.1.2.4-1.

Cl Process Description - Get Top_TQEAddress. Loop through the active TQE

chain comparing TQE Parent PCT Address with the PCT address in register

0 of the cancelled or terminating PCT. When an equal compare is found

or a TQE belonging to the PCT being terminated or cancelled, the TQE

is removed from the active chain. However, if the TQE at the Top TQE

Address belongs to the PCT being terminated of cancelled then it is not

removed from the chain. The TQE Status bit is set to one in the TQE

Flags saying this TQE is cancelled._

The control flow for this module is shown in Figure 3.I.2._-I.

do Output- A revised active TQE chain if a TQE belonging to the cancelled

or terminating PCT was found.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J . Detailed Implementation - None
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Get

Top_TQE_
Address

DO UNTIL All _ I

TQE's For The _ ! t_F TQE

Cancelled Or _ Address =
Terminated PCT/ Top_TQE_
Have Been / Address
Processed /

Then

Else

Mark TOE_

Flags As
Cancelled

Remove TQE
From The
Active Chain

Return _ )

Figure3.1.2.4-1. TQE_Dequeue_Processor(FPMTMDEQ)

w
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3.1.2.5 Time/Date__ApplicationRequestsProcessor (FPM_4HAL) (lh4)

Time/Date_ApplicationRequests_Processor services requests for RUNTIME,

CLOCKTIME, DATE, and Mission Elapsed time (MET). SVC 22.

a. Control Interface -

I. CALLed by (I00) SVC Handler (FPMSVC)

b. Input - Bits 0-15 of register 0 contain the address of the SVC para-

meter list. See table 3.1.2.5-1.

C. Process Description - For a Time/DateRequest_Type of 0 compute RUNTiME.

CALL Current__GMT_Routine to get current time and CALL Convert_To

Floating_Point_Routine to convert time to floating point format.

For a Time/Date_EequestType of 1 compute CLOCKTIME. CALL SVC

SynchronizationProcessor and get Last_Expired_TQE_Time. CALL Convert_

To_Floating_Point_Routine to convert time to floating point format.

For a Time/DateRequest_q_Jpe of 2 compute the DATE. Execute procedure

DateRequest which will get Last TQE_HalfHour_ount and subtract MET,

Reference_Ha!f Hour_Counter. ThTs result is converted to days and

Day_of Year of Lift0ff is added to it. The number of days is then

checked to see if th_ year end has been exceeded. If so the number of

days in the year is subtracted and the year incremented By One. The

date is then placed in register 5 of the application register set.

For a Time/Date Request_Type of other than O, I, or 2 compute the

Mission Elapsed time. Get Last_Expired_TQE_Time and subtract the MET
Reference Time. This result is then converted to floating point by

CALLing ConvertTo_FloatingPoint_Routine and saved in MET_Buffer

Address passed in the SVC parameter list.

The control flow for this module is shown in Figures 3.1.2.5-1 and

3.1.2.5-2.

d. _-

l. RUNTIME and CLOCKTIME (in seconds) are returned in floating point

registers 0 and i.

o DATE is returned in general purpose register 5 in the following
format.

Bits 0-15 - Year

Bits 16-31 - Day of the year
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g.

h.

i.

J.

3. MET (in floating point seconds) is stored in the location specified

in the SVC parameter list.

Module References -

I. (161) Convert To Floating Point Routine (FPMCVTFL) is CALLed.

2. (162) Current GMT" Routine--(FPMG[_LM) is CALLed.

3. (363) SVC_Sync--hron--lzationProcessor (FCMSSYNC) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None
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Figure 3.1.2.5-1. Time/Date_Application_ Request_Processor (FPMTM HAL)
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3.1.2.6 MTU_Update__Processor (FPMUFMTU) (148)

MTUUpdate_Processor supports user directed updates to the MTU and allows
all time sources to be set equal to the source currently selected by the prime

GPC. SVC 31.

a. Control Interface -

lo CALLed by (100) SVC_Handler (FPMSVC).

bo Input - Bits 0-15 of general purpose register 0 contain the address of

the MTUUpdate_Parameter__List.

C. Process Description - CALL SVC__Synchronization_Processor to sync on

SVC31. Save MTU_Update_CompletionEvent_Address and execute Determine_

Bus For Update to decide which MTU accumulator to write to. Save the

Device_ID_Number in the SVC 2_ I/O..SVC_Parameter_List and execute the

case macro to determine which MTUUpdate_Request_Type is to be processed.

For a MTUUpdate_RequestType of i MTUUpdate_Processor will perform

MET Reset. METReset initializes the I/0Buffer_Address, Operation_

Cod_ and the Event Address in the I/OSVC Parameter List. Then MET

Reset CALLs the I/___SVC_Service..Processor--to issue The I/O request.-0n

return from the I/OSVC_ServiceProcessor the Event..Address is zeroed.

For a MTU__UpdateRequest_Type of 2 perform MET_Update. METUpdate

initializes the I/O_Buffer Address and Operation__Code in the I/OSVC_

Parameter_List. Then Convert_ToBCD is executed to convert MTUUpdate

Coincident_Time from minutes to BCD f0rma_, Next Common_MET/GMTUpdate
Logic is executed to perform the common processing for a MET/GMT update.

Common MET/GMT_UPdate_Logic gets the MTUUpdate_Absolute_Time and CALLs

Convert..To_FixedPoint..Routine to convert MTU..Update_Absolute Time to

FCOS fixed point format. MTU__Update_Absolute Time is then Sav--ed in

MTU_Update_Time. The MTUUpdateAbsoluteTime is then converted to MTU

format by CALLing Fixed To MTU Format Conversion Routine. Next I/0

SVC Service Processor i_ C_LLe_ to pro--cess the I70 request.
w

On return from the I/O SVC Service Processor a TQE is obtained from the

TQE free pool at TQE Free_Pool_Address. The MTU..Update__Coincident Time

is stored into TQE Parent PCT Address of the TQE, and the MTU..Delta

Update_Time is obtained a_d converted to fixed point format by CALLi--ng

Convert To Fixed Point Routine. Then the TQE_Flags field is initialized

with a TQE_Type_Indicator specifying either a MET or GMT update.

Finally Timer_Queue__Generator is CALLed to enqueue the TQE.



=" _'-" -.-= NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

• Flight Software
Part i
Date 2/28/'77
Rev

Page 3.1.2.6-2

d,

e,

For a MTU Update Request_Type of 3 and 4 perform a GMT Update. GMT

Update initializes the ITOBuffer Address and 0perationCode in the--

I/O SVC Parameter List. The MTU Update Coincident Time is then con-
verted to BCD format by CALLing Convert To BCD. T_en the Common

MET/GMT Update_Logic is executed. (See--previous paragraph). --

For a MTUUpdate_Request_Type of 5 execute Accumulator_Sync. Accumula-

tor_Sync starts by initializing the I/O Buffer Address in the I/'O SVC_

Parameter List and getting the GST_Status_Flags to find the selected
time source.

If the selected time source is a MTU, then perform MTU-Time_Source.

MTU Time Source gets the address of the selected MTU buffer and CALLs

MTUTo_FixedFormat_Conversion_Routine to convert the MTU time to fixed

point format. MTU Time_Source computes the coincident time by rounding

the fixed point tim--eup to the nearest minute and saves it in MTU

Update Time. The coincident time is converted to BCD by Convert__o_BCD.

Next a TQE is obtained from the TQE Free Pool by getting the TQE address

from the TQEFreePool Address. The Coincident time computed by MTU

Time_Source is then sav--edin TQEParent_PCT_Address field of the TQE_

Finally the TQEFlags are se% with an accumulator sync TQE_Type_

Indicator.

If the selected time source is GPC prime time, then the I/O_Buffer_

Address and Operation Code are initialized in the I/OSVC_Parameter_

List, The I/O_SVC Service Processor is CALLed to execute the I/O

request. On retur_from I_OSVCService_Processor a TQE is obtained

from the TQEPoolAddress and Current GMT Routine is CALLed to get the

current time. The current time is st_red--into the TQE_ParentPCT_

Address field and Update Time is executed to add in the Software Clock_

Offset to the TQE Time of Expiration. Update Time is executed again to

add one additional minute to the TQETimeof_Expiration. Finally the

TQEFlags are initialized with the accumulator sync TQETypeIndicator.

After handling the selected time source Accumulator_Sync continues by

initializing the I/0 Buffer Address and OperationCode again. The

Event_Address is also zeroed. Next the TQE Time of Expiration is con-

verted to MTU format by CALLing Fixed ToMTUFormat_Conversion Routine.

Then I/OSVC_Service_Processor iS CALLed to process the I/O request

followed by a CALL to Timer Queue_Generator to enqueue the TQE.

The control flow for this module is shown in figure 3.1.2.6-1.

Output - See table 3.1.2.6-i. A MTU I/0 request and a TQE for the

update request.

Module References -

i. (140) Timer Queue_Generator (FPMTMENQ) is CALLed.

k_2

k./
2. (160) Convert To Fixed Point Routine (FPMCVTFX) is CALLed.
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fl

g.

h.

i.

J.

.

5.

(162) Current GMT Routine (FPMGMTIM) is CALLed.

(16_) Fixed To MTU FormatConversion Routine (FPMFXMTU) is CALLed.

(165) MTU To Fixed Format Conversion Routine (FPMMTUFX) is CALLed.

. (200) I/O_SVC Service Processor (FIOSVC) is CALLed. Each time

this routine Ts calle[ it is entered at a secondary entry point

FIOSVCI.

7. (363) SVC_Synchronization_Processor (FCMSSYNC) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

I. If no bus was available, accumulator i is assumed. The I/0

requests will be issued by MTU_Update_.Processor but no I/O will be

started by I/0 management.
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_SVC_Parameter
_List
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Figure 3.1.2.6-1. MTU_Update_Processor (FPMUPMTU)
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3.1.2.7 MTU Redundancy_I_anager (FPMMTURM)(149)

The MTU_Redunadancy_Manager is responsible for keeping internal GMT synchronized
with the MTU or with the prime GPC's internal time if the MTU is unavailable or out

of tolerance. The MTU Redundancy Manager also supports internal GMT (RUNTIME)

initialization, and time tagging of applications data.

a. Control Interface -

2.

CALLed by (i00) SVC Handler (FPMSVC)

CALLed by (220) 1/O--CompletionProcessor (FIOCMPLT)

b. Input-

Bits 0-15 of general purpose register 0 contain the address of the

SVC parameter list.

See Table 3.1.2.7-1.

Co Process Description - There are two entry points for the MTU_Redundancy_
Manager. The second entry point, FPMMTURI, bypasses a CALL to SVC

SynchronizationProcessor. The MTU RM Request_Type is obtained and
the case macro is executed.

For a _fU RM Request_Type of i the first GPC is initialized by Initialize
First GPC. MTU Comfaultl Word2 is obtained to determine the lowest

valid MTU accumulator. If there is a valid MTU, then MTU To Fixed

Format Conversion Routine is CALLed to convert MTU time to fixed point
format. The Bias time is added to the converted time and saved at

Last_Expired_TQE_Time. PCI is read and the amount of time PCI has

decremented is saved in three places, GPC_SoftwareClock, ICC_Prime_

Time, and MET Reference Time.

For a MTU RM Request Type of 2 a secondary GPC is initialized by

performing Initialize_Secondary_GPC. ICC_Prime_Time of the prime
GPC is obtained and ICC Prime Time of the secondary GPC is subtracted

and saved in the secondary GPC Software Clock. Next Current GMT

Routine is CALLed to obtain the current time and saved in Last_Expired_

TQE_TIME. Get the selected time source in from the primary GPC and

save that time source in the secondary GPC Status_ Flags. Finally
Prime GPC Time Milliseconds and Prime GPC Time Half Hours is obtained

and saved in MET Reference Time.

For a MTU RM Request__Type of 3 Time_Management_Processing is performed.

First, MTU i BiteWord, MTU_2_Bite_Word, and MTU 3 Bite_Word are

saved at MTUI_BTU_Bite, MTU2_BTU_Bite, and _,FfU3__BTU_Bite. Then the

GST Status_Flags are checked to see if a new time source has been selected.
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If a new time source has been selected, the ICC update flag is set and

the new time source is set in the GST Status_Flags. If a new time

source was not selected, then zero all bits except the selected time

source in GST_Status__Flags.

If the selected time source is a MTU then perform Find_Valid_MTU.

Find Valid MTU loops through the three MTUs or until a valid MTU is
founT. Eac--hMTU is checked for an I/0 error. If all MTUs had I/O

errors, then save that status in MTU Accumulator_G0/NO GO Status

word. If a valid MTU is found then CALL MTU_To_Fixed_Format_Conversion_

Routine converts MTU time to fixed point format and Compute Delta is

performed to compute the difference between the MTU time and ICC Prime
Time. If this difference is less than or equal to KI (580 _sec)7 then

the MTU is considered good and this status is saved in the MTU_Accumulator_

Go/'No GO Status word. If all MTUs fail the KI and I/0 error tests, then

force select GPC prime time. Zero GPC prime time indicator in the MTU_

Accumulator_Go/No Go Status word.

If the time source is GPC prime time, then get ICC Prime Time for the

prime and current GPC and perform Compute__Delta. If the computed delta is

greater than KI , then set the time source to GPC my time and set MTU

Accumulator_Go/No Go Status to show GPC prime time failed.

Compute and save the SoftwareClockOffset.
Offset to the GPC Software Clock.

Add the Software Clock

If a new time source has been selected, then save it in GST Status_Flags.

Set ICC update flag and annunication flag to indicate an automatic time

source selection.

For a MTU RM Request_Type of 4 Time_Tagging is performed. Time is

obtained from Last_Expired_TQE__Time and Convert To FloatingPoint_
Routine is CALLed to convert time to floating point format. The time

in floating point is then saved 8 halfwords before the Address of I/0_

Buffer. Also the time source ID is stored into the transaction status

word.

d. 0ut___- See Table 3.1.2.7-1. The following outputs are possible:

i.

2.

3.

4.

5.

RUNTIME maybe initialized.

An application time tag.
A new 0FST to be used in computing RUNTIME.

A change in time source selection.

An error message if the source selection changed.
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eo

f°

g.

h.

i.

J.

Module References -

lo

2.

3.
4.

5.

(161) Convert To Floating__Point Routine is CALLed.

(162) Current GMT_Routine is CA_Led.

(165) MTU To Fixed Format Conversion Routine is CALLed.

(174) Event Evalua_or is--CALLed. --

(363) SVC__Synehronization_Processor is CALLed.

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

SWC

GPCpT

GPCMy

KI

= Software Clock

= GPC prime time

= GPC my time

= delta computed by Compute Delta
= Bais time (580_sec)
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Entry )FPMMTUR1

CALL SVC_
Synchronization
_Processor (363)

Figure (3.3.5.4-1)

v

Get MTU_RM

_Request_Type

DO CASE k

On MTU_RM_ )

Request_Type /

Return )

I

1

2

3

4

Perform I

Initialize_ First
_GPC (149.1)
Figure (3.1.2.7-2)

Perform Initialize
_Secondary_
GPC (149.2)
Figure (3.1.2.7-3)
ii

Perform Time_

Management_
Processing (149.3)
Figure (3.1.2.7-4)

Perform Time_ !

Tagging (149.4)
Figure (3,1.2.7-5)

- Figure 3.1.2.7-1. MTU_Redundancy_Manager (149.0)
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Get MTU_
Comfaultl _
Word2

I
Determine
Lowest Valid
MTU

I
&

If There Is

2A Valid
MTU

Then
CALL MTU-
To_Fixed_
Format_Conversion
_Routine (265)
Figure (3 1 2 14-1)

I
Add In Bias ]Time

I
Save Time
In Last_
Expired_
TQE_Time

I
Read IPC1

|_
Subtract The
Amount Of
Time PC1
Decremented

I

i Save Time In I
GPC_ Software
_Clock

I

I Save Time In I
ICC_Prime_
Time

1
Save Time
In MET_
Reference_
Time

Figure 3.1.2.7-2. MTU_Redundancy_Manager
Initialize_First_GPC (149.1)
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Get Prime
GPC Time From
ICC_Prime_
Time

I
Get My GPC I
Internal_Time I_Microseconds &
Internal_Time_
Half_Hours

I

I swc = swc + (1)1
(GPCpT I

- GPCMy) I

__ I

Save GPC_ I

Software-Clock I

CALL Current_
GMT_Routine
(162) Figure
(3.1.2.11-1)

I
Save Current
Time At Last
_Expired_
TOE_Time

Set Selected
Time Source
In GST_

Status_ Flags

[
Get Prime_GPC
_Time_Milli-
seconds & Prime
_GPC_Time_

Half_Hours t

i I ii

Reference_
Time

Figure 3.1.2.7-3. MTU_Redundancy_Manager
Initialize_Secondary_G PC (149.2)
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Bite_Word MTU_
3_Bite_Word At
MTU1 _BTU_Bite

MTU2_BTU_Bite
MTU3_BTU_Bite

IF A New
Ti me_Sou rce

Is Selected

Then

Else

Set

ICC Update

Flag

Zero All Bits
In GST_Status

_Flags Except
Selected Time
Sou rce

H Set New

Ti me _Sou rce
In GST_

Status_Flags
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IF The
Time_Source

Is A MTU

Then I

Source Is

GPCPrime / I

l
Save
Software_

Clock_Offset

I
Add Software_

Clock_Offset To
GPC_Software
_Clock

I
IF A New k
Time_Source_

Has Been /
Selected

I

Perform Find_

Valid_MTU

(149.5) Figure
(3.1,2.7-6)

Get

ICC_Prime
_Ti me

Save GST_

Status_ Flags

H Perform H

Compute_Delta IF
(149.6) Figure I_1 GT KI

(3.1.2.7-7) (2)

k Then ISet MTU_

Accumulator_
Go/No_Go_Status

J I Time_Source =

/ IGPC My Time

HH Set Annunciation

Set Flag To Indicate
ICC Update Automatic Source
Flag Selection

Figure 3.1.2.7-4. MTU_Redundancy_Manager

Time_Management_Processing (149.3)
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Get Time
From Last_

Expired_
TQE_Time

1
l CALL Convert_

To-_JIoati ng_

Point_Routine

(161) Figure
(3.1.2.10-1)

I
Save Time 8

Halfwords Before
Address_Of_

/O_Buffer

I
Save Time
Source In
Transaction
Status Word

Figure 3.1.2.7-5. MTU_Redundancy_Manager

Time_Tagging (149.4)

T
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ooFROM(13)kI
O"_il--_a Iid MTU

Is Found Or All / I

AreTested / I

|,CALL !

/M-f-O--T°- I I
Th-- | Fixed_Format_ I !

L_LI C°nversi°n- I--H

1Routine (165) | /

|Fi_lure (3.1.2.14-I)] |

IF MTU_ >

Comfaultl _

Word2 Shows

No I/O Error

EI-__ Save MTU_

Accumulator_

Go/No_Go_
Status

Perform

Compute_
Delta (149.6)

Figure (3.1.2.7-7) }-! 'Fi-AI L E K1

Save MTU_
Accumulator_

Go/No_Go_
Status

I _ThenlZeroGPc I i

IF All MTUs _ IPrime Time In I I
Failed I/O And _--IMTU_Accumulator H

Bias Test / I -G°/N°-G°- I I

/ iS'at°' II

Set Time_

Source As
GPC Prime

Ti me

Figure 3.1.2.7-6. MTU_Redundancy_Manager

Find_Valid_MTU (149.5)
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Subtract ICC_
Prime_Time
From R4 And R5

!
Delta Is GF
Half Hour

Then I Set Delta =

I Half Hour

Figure 3.1.2.7-7. MTU_Redundancy_Manager
Compute_Delta (149.6)
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3.1.2.8 Time Conversion SVC Services (FPMTMCVT) (150)

Time Conversion SVC Services is a time conversion routine which will convert

time in MTU format or fixed point format to floating point format and store the

converted time at an address specified by the caller.

ae Control Interface

I. CALLed by (i00) SVC Handler (FPMSVC).

b, _- Register 0 contains the address of the Time Conversion

parameter_list. See table 3.1.2,8-1.

e. Process Description - Time Conversion SVC Services checks the Time =

Conversion_RequestType. -- -- --

For a Time Conversion Request Type of I, time is converted from MTU

format to floating point format in the following manner. The Time

Conversioninput__Address containing the time is obtained, and MTU-T--o

Fixed Format Conversion Routine is CALLed to convert the time to fixed

point. Next, the Convert To FloatingPoint_Routine is CALLed to con-
vert time to floating point.

For a Time Conversion Request Type of other than l, time is converted

from fixed point to floating point in the following manner. The Time

ConversioninputAddress containing the time is obtained, and the

Convert To FloatingPoint_Routine is CALLed to convert the time.

The time now in floating point format is now stored at the Time

Conversion__OutputAddress specified in the SVC parameter list.

The control flow for this module is shown in figure 3.1.2.8-1.

d. _- See table 3.1.2.8-1.

e. Module References -

i,

2.
(161) Convert To Floating_Point Routine (FPMCVTFL) is CALLed.

(165) MTU-To_FixedFormat_Conve_sionRoutine (FPMMTUFX) is CALLed.

f, Module Attributes - Program

g. Tempiate References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J, Detailed Implementation - None
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_ nter )

I F Time.__

Conversion- \

Request_ /

Type = 1 /
/

..!
Store

Converted

Time At

Time-

Conversion

Output_

Address

Then

Else

CALL MTU_

To_Fixed

Format_

Conversion_

Routine (165)

Figure

3.1.2.14-1

CALL Convert

_To_Floating

_Point_

Routine (161)

Figure

3.1,2.10-I

CALL Convert
_To_Floating

_Point_

Routine (161)

F igure

3.1.2.10-I

Figure 3.1.2.8-1. Time_Conversion_SVC_Services (FPMTMCVT)
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3.1.2.9 Convert To Fixed Point Routine (FPMCVTFX) (160)

Convert To Fixed Point Routine converts time from floating point to fixed

point format.

a. Control Interface -

I,

2.

3.

CALLed by (140) Timer Queue Generator (FPMTMENQ).

CALLed by (148) MTU_J_date__rocessor (FPMUPMTU).

CALLed by (10]) Process Scheduler (FPMSCHED>.

b. Input, - Bits 0-15 of register 4 will contain the even register number

of the even/odd pair of floating point registers which contain the

time to be converted.

C. Process Description - Convert "o Fixed_Point_Routine first checks
register 4 to see which ns!_' of floating point registers contains the

time to be converted. _f register 4 is invalid then floating point

register 0 is zeroed and used. The valid settings for register 4 is

0, 2, h and 6.

Next the time is divided by a half hour to determine the number of
half hour intervals. The number of half hour intervals is converted to

fixed point.

Then the fractional half hour portion is computed and converted to

fixed point.

The final output is, register h contains the half hour portion in micro-

seconds and register 5 the number of half hour multipules.

The control flow for this module is shown in figure 3.1.2.9-1.

d, Output - General purpose register h will contain a fractional portion of

the converted time, up to 30 minutes, in microseconds. General purpose

register 5 will contain the number of half hour intervals.

e. Module References - None

f, Module Attributes - Program

g. Template References - N/A

h. Error Handling - None
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i.

J.

Constraints and Assumptions - It is the callers responsibility to

initialize register 4 and load an even/odd pair of floating point

registers prior to calling this routine.

Detailed Implementation - None

k_J
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3.1.2.10 Convert To Floating Point_Routine (FPMCVTFL) (161)

Convert To FloatingPointRoutine converts time in fixed point format to

time in floating point format.

a. Control Interface -

1. CALLed by (140) Timer_QueueGenerator (FPMTMENQ).

2. CALLed by (!4_) Time/DateApplicationRequestsProcessor (FPMTMHAL).

3. CALLed by (149) MTURedundancy_Manager (FP_).
_. CALLed by (150) Time Conversion SVC Services (FPMTMCVT).

b. Input - General registers 4 and 5 contain the time to be converted to

floating point format.

Register 4 has up to 30 minutes in microseconds.

Register 5 has the number of half hour multipules.

c. Process Descriptio n - Convert half hour multipules in register 5 to
seconds. Convert microseconds in register 4 to seconds. Add the two

results such that time will be in floating point register 0 in seconds.

The control flow for this module is shown in figure 3.1.2.10-1.

d. Outputs - Time in seconds in floating point register 0.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Hand!in 6 - None

i. Constraints and Assumpations - General registers 4 and 5 are destroyed
and not restored.

J. Detailed Implementation - None
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Enter

Convert Registers
4 And 5 To
Seconds In

Floating Point

_1_
Sum The Two
Conversions In

Floating Point
Register 0

(_ Return )

Figure 3.1.2.10-1. Convert-To-Floating_Point_Routine (FPMCVTFL)
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3.1.2.11 Current_GMT_Routine (FPMGMTIM) (162)

Current GMT Routine computes the current mission elapsed time (MET).

a. Control Interface -

io

2.

3.
4.
5.

6.

CALLed by (140) Timer QueueGenerator (FPMTMENQ).

CALLed by (144) Time/D--ateApplication Requests Processor (FPMTMHAL).

CALLed by (148) MTU_Update__Processor TFPMUPMTU_.

CALLed by (149) MTU Redundancy Manager (FPMMTURM).
CALLed by (205) IOO--Disoatcher--(vIOPDlSP).

CALLed by (183) Process Error Logger (FPMERLOG).

b. Inout - See table 3.1.2.11-1.

C , Process Description - Current G_.__Routine reads PCI. The PCI value is
then subtracted from X'IFFFFF T, the maximum value for PC], to get a

delta time. This delta time is then added to Software_Clock 30 Minute

Portion. If the Software Clock 30 Minute Portion then exceeds a half
__ .m

hour, then subtract a half hour and add one to the Software_Clock__

Half Hour Counter. Now the current time is in registers 0 and i to

be used by the caller.

d.

eo

f.

g.

h.

i.

J.

The control flow for this module is shown in figure 3.1.2.11-1.

Output - Register 0 and 1 contain the current time. Register 0 has the

30 minute elapsed time in microseconds, and register i has the half

hour multipules.

Module References - None

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None
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Add Delta Time
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I
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Figure 3.1.2.11-I. Current-GMT_Routine (FPMGMTIM)
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3. i.2.12 Program Counter_2_Update_Routine (FPMITUPD) (163)

Program Counter 2 Update Routine computes timer intervals and attempts to

update Program Counter 2 (interval timer).

a. Control Interface -

i.

2.
CALLed by (140) Timer Queue_Generator (FPMTMENQ).

CALLed by (142) TQEExpirationProcessor (FPMIHPC2).

b. Input - Bits 0-15 of register 3 contain the address of the top active

TQE.

See table 3.1.2.12-1.

C. Process Description - Read Program Counter I and compute the PC2 value,

time difference, between PC1 and the Time of Expiration Half Hour of

the TQE at Top_TQEAddress. If the PC2 value is greater than 15

minutes, then set PC2 value time to l0 microseconds and the return code

to 4. Update PC2 with the computed PC2 value. The Control flow for

this module is shown in figure 3.1.2.12-1.

d.

eo

f.

g.

h.

i.

0ut_ut - PC2 will be updated and buts 16-31 of register 7 will contain

one of the following return codes.

0 - PC2 has been updated.

4 - Time has already passed.

Module References - None

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

J. Detailed Implementation - None
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__ Figure 3. i ,2. i2-1. Program_Counter_2_Update_Routine (FPM ITUPD)



_J



v

- =__=__
--_= _--- NAS 9.14444
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

• Flight Software
Part i

Date 2/28/77

Rev

Page 3.1.2.13-I

3.1.2.13 Fixed To MTU_Format_ConversionRoutine (FPMFXMTU)(16h)

Fixed To MTU Format_Conversion Routine converts time in fixed point to MTU

format.

a. Control Interface -

i. CALLed by (148) MTU_Update_Processor (FPMUPMTU)

b. Input - General purpose register 0 contains the address of the location

to receive the time in MTU format. General purpose registers 4 and 5

contain the time to be converted.

Cl

d.

Process Description - Extract the number of days from fixed point time

and convert to MTU format. Repeat this procedure for following units

of time; hours, minutes, seconds, and milliseconds. After each of

three half words of MTU time have been developed they are stored at

the location specified by the address in general purpose register 0.

For a format of MTU time see data descriptor table @006. The control

flow for this module is shown Tnfigure 3.1.2.13-1.

Output - Time in MTU format stored at the address passed in general

purpose register 0.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handlin_ - None

i. Constraints and Assumptions - None

J. Detailed Implementation - None
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Enter

Convert Day
Portion Of
MTU Time

)

Convert Hour J

Portion Of
MTU Time

1_
Convert Minute
Portion Of
MTU Time

Convert Second
Portion Of
MTU Time

i

_1
Convert

Millisecond
Portion Of
MTU Time

Return )

Figure 3.1.2.13-1. Fixed_To_MTU_Format_Conversion_Routine (FPMFXMTU)
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3.1.2.14 MTU To Fixed_FormatConversion_Routine (FPMMTUFX) (165)

MTU To Fixed Format Conversion Routine converts time in MTU format to fixed

point format used by FCOS.

a. Control Interface -

lo

2.

3.

CALLed by (148) MTU_Update_Processor (FPMUPMTU)

CALLed by (149) MTU_Redundancy__Manager (FPMMTURM)

CALLed by (150) Time Conversion SVC Processor (FPMTMCVT)

b, !n_- Bits 0-15 of general purpose register 0 contain the address of
the time in MTU format. See table 3.1.2.14-1.

C. Process Description - Convert MTU-DAYS and MTU HOURS to number of

half hours. Add number of half hours from MTU HOURS and MTU DAYS.

Convert MTU MINUTES to binary minutes. If the number of minutes is

greater than 30 then, subtract 30 minutes and add one to the half

hour count. Convert binary minutes to microseconds. Convert and add
MTU Milliseconds to microseconds.

The control flow for this module is shown in figure 3.1.2.14-1.

d, Output - On exit from MTU To FixedFormat_Conversion_Routine register 4

will contain the microsecond portion of the converted time and register

5 contains the number of half hour multipules.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation - None
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Enter )

1

I Convert MTU_

Days To
Half Hours

,.,

Convert MTU_

Hours To

Half Hours

J

Sum Half

Hours Of

Previous

Conversions

Convert MTU_

Minutes

L
If Minutes

Are GT 30

l

Subtract 30

Minutes And

Add One To

Half Hour Count

Convert Minutes
To Microseconds

1
Convert And

Add MTU_

Milliseconds To
Microseconds

I
(Return)

Figure 3.1.2.14-1. MTU_To_Fixed_Format-Conversion-Routine (FPMMTUFX)
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3.1.2.15 Chain__TQE__Routine (FPMCHTQE)(166)

Chain TQE__Routine inserts TQEs into the TQE chain in the proper position.

a. Control Interface -

I. CALLed by (140) Timer__QueueGenerator (FPMTMENQ)

b. In__%p_U_-

Register 3 contains the address of the New TQE to be added to the

chain.

Register 4 contains the microsecond portion of the time of expiration.

Register 5 contains the half hour multipules of the time of expiration.

See table 3.1.2.15-I.

c. Process Description - This module will add a TQE to the TQE chain in

the proper place. If the time of expiration of the New TQE is less

than that of the first TQE in the chain, then the New TQE w_ll be

added as the first TQE in the chain. Otherwise Chain__TQERoutine will

loop through the TQE chain until it finds a TQE whose time of expira-

tion is greater than that of the New TQE. The New TQE will then be

removed from the free pool, added to the chain, and the TQE__FREE__POOL

ADDRESS will be updated.

The control flow for this module is shown in figure 3.1.2.15-1.

d. _t___- A new TQE in the TQE chain.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation -

i. 'New TQE' is the TQE being added to the chain.
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Enter )

=

Load Top_TQE

_Address To

Get First TOE
In Chain

1
If TQE_Time_

Of_Expiration Of_

New TOE I1)Is
LT TQE_Time_ _

O'T_Expiration Of_

,,First TQE /

Then

Else

Set Top_TQE_
Address =
Address Of New

TQE

DO UNTIL _ --

fSE _Of_ 
Expiration Of New_

TQE LT TQE_ }______.
Time_--_Of /

Expiration Of jf

TQE In Chain

Then

Else

Insert New TQE
Into TOE Chain

Save Current
TQE And Get

Next TOE From

Next_TOE_
Address

Update TQE_
Free_Pool__
Address

tl I i

Return )

Figure 3.1.2.15-1. Chain_TQE_Routine (FPMCHTQE)
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3,1.2.16 Expiration_Time_UpdateRoutine (FPMUPTOX)(167)

The Expiration_TimeUpdateRoutine updates the TQE_Time_of_Expiration fields

in the Timer_Queue_Element.

a. Control Interface -

i. CALLed by (140) Timer_QueueGenerator (FPMTMENQ)

b. Input -

Register 3 address of Timer_Queue_Element to be updated.

Register 4 half hour portion of update time in microseconds.

Register 5 multipules of half hour update time.

See table 3.1.2.16-I.

C,

d.

e,

f.

g.

h.

i.

J.

Process Description - Add update time to TQE_Timeof_Expiration. If

the Time of Expiration__Half_Hour exceeds 30 minutes then subtract 30

minutes from Time of Expiration Half Hour and add one to Time of

Expiration_Half_Hour_Mu!tipules. Store the updated TQE__Time_of_

Expiration in the Timer_Queue_Element.

The control flow for this module is shown in figure 3.1.2.2-1.

Output- See table 3.1.2.16-1.

Module References - None

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None
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Enter

I
Add Update

Time To TQE_

Time_Of_

Expiration

If Time_Of_ k

Expiration_ _

Half_Hour GT f

30 Minutes-

I
Store Updated

Time In

Timer_ Queue

_Element

Subtract 30

Minutes From

Time_Of_

Expiration_

Half_Hour

Add 1 To

Time_Of_

Expiration_

Half_Hour-

Multiples

Figure 3.1.2.16-1. Expiration_Time_Update_Routine (FPMUPTOX)
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3.1.3 Event Management

FCOS Event Management is responsible for evaluating event conditions used

in application process' SCHEDULE and WAIT statements, for retaining the event

conditions for future evaluation if they are not immediately satisfied, and for

changing event variable states.

Event Management retains event conditions for future evaluation in table

elements called EventQueue_Elements (EQE's). An EQE contains flag bits to

indicate the purpose of the EQE, a pointer to the Process Control_Table (PCT)

of the process to which the EQE applies, and the event condition to be evaluated.

EQE's which are retained for futureevaluation are said to be in the active EQE

pool.

However, FCOS only supports the following types of event expressions:

i. Expressions containing a single Event__Variable with/without "NOT"

2. Expressions containing more than one Event_Variable connected by all

"OR" operators.

3. Expressions containing more than one EventVariable connected by all

"AND" operators.

There are two types of events, normal events and process events. Normal

events are declared and controlled by an application process. Process events are

created automatically by the HAL/S Compiler for every scheduleable process. A

process event is true when the process is in the FCOS process run queue and false

at all other times.

Figure 3.1.3-2 shows an interface flow of FCOS Event Management. Whenever

a SCHEDULE or WAIT SVC is issued that has event options, the appropriate FCOS

processor builds an EQE and calls the Event Queue Generator to place the EQE

in the active EQE pool. The EventQueue_Generator first calls the Event Evaluator
to determine if the event condition has been satisfied. If the event condition

has been satisfied, the EQE is not added to the active EQE pool. If the event

condition has not been satisfied, the EQE is added to the active pool for future
evaluation.

The application process can change an event state by issuing a SET, RESET,

or SIGNAL SVC, by requesting that an event be SET when an I/O request has com-

pleted, or by requesting that an event be SET, RESET, or SIGNALed when an error

condition occurs. In each of the cases, the appropriate FCOS processor will

perform the requested action and then will call the Event Evaluator to evaluate

any retained EQE which references the affected event variable.



= _--_ "_'_" NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part i

Date 2/28/TT

Rev

Page 3.1.3-2

Whenever a process is scheduled, the FCOS Process_Scheduler sets the process

event for the process to TRUE and the Event__Evaluator is called to evaluate any

retained EQE's which reference the event. Whenever a process is removed from the

process run queue via a CLOSE, CANCEL, or TERMINATE SVC, or as a result of

SCHEDULE cancellation conditions being met, the process event for the process is

reset to FALSE, and the Event Evaluator is called to evaluate any retained EQE's

which reference the affected process event.

Anytime a retained EQE is evaluated and found to be satisfied or the process

to which a retained EQE applies is removed from theprocess run queue, the EQE

Dequeue__Processor is called to remove the EQE from the active EQE pool.

The functional description of the Event Management presented in the following

paragraphs is divided into the following areas: (Figure 3.1.3-i)

a, Set Event Processor - Sets event to true state.

b. Reset Event Processor - Resets event to false state.

C. Signal_Event_Processor - Signals event true.

d.

e.

Event_Queue_Generator - The process of adding an EQE to the active

EQEpool.

Event Evaluator - Evaluation of EQE's in the active EQE pool.

f. EQE_Dequeue__Processor - Removing a satisfied EQE from the active

EQE pool.
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Process

Management
3.1

1

Process
Control
3.1.1

Ti me

Management
3.1.2

Event

Management
3.1.3

Process Error
Management
3.1.4

Set_Event_
Processor
(FPMSET) (170)
3.1.3.1 I Reset_Event_

Processor
(FPMRESET)
(171) 3.1.3.2

Signal _Event_
Processor
(FPMSIGNL)
(172)
3.1.3.3

Event_Queue_
Generator

(FPMEVENQ)
(173) 3.1.3.4

lli

I Event_ I

Evaluator |
(FPMEVAL) |
(174) I

3.1.3.5 ]

EQE_ Dequeue
Processor
(FPMEVDEQ)
(175)
3.1.3.6

Figure 3.1.3-1. Event Management Hierarchy Diagram

T
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3.1.3.1 Set Event Processor (FPMSET)(170)

The Set_Event_Processor services the HAL/S SET instruction by changing an
Event Variable to the TRUE state.

a, Control Interface - CALLed by (i00) SVC Handler (FPMSVC).

b. In__n_- See Table 3.1.3.1-1.

C, Process Description - This program is CALLed by the SVC Handler when an

application process executes the SET instruction.

On entry, redundant set computers are synchronized by CALLing the

SVC_Synchronization_Processor.

After synchronization, the Event Variable is located, and, _f TRUE,

the Set_Event_Processor immediately returns to the SVC Handler.

Otherwise, the Event_Variable is set TRUE and, if there is an appli-

cation process whose execution depends on the TRUE state of the

EventVariable, the Event__Evaluator is CALLed.

The Set Event Processor then returns to the SVC Handler.

The control flow for this module is sho_m in Figure 3.1.3.1-1.

d. Outputs - An Event_Variable may be set TRUE.

e. Module References -

I,

2.
(363) SVC Synchronization Processor (FCMSSYNC) is CALLed.

(174) Event Evaluator (FPMEVAL) is CALLed.

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling- None

i. Constraints and Assumptions - None
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kJ

J , Detailed Implementation -

i. An Event Variable is set TRUE by changing its low order bit to

'i'. No other bits are modified.

2, If a process' execution depends on the TRUE state of the

Event Variable, the high order 15 bits of the Event_Variable

will be non zero.
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I

. nter )

I
l CAL____.LLSVC_

Synchronization

_Processor (363)

Figure (3.3.5.4-1)

1
Get Set_Event_Parameter

_List Address From PSW

_Interrupt_Code Field Of

SVC_OId_PSW

Get Set_Event

_Address From

Set_Event_

Parameter_List

i
I_FFEvent_

Variable Is

False (Event_

State = 0)

Return )

Set The Event_

Variable (Event

_State = 1) (1)

I

CALL Event_

Evaluator (174)

Figure (3,1.3.5-1)

i
- i ....... '

Figure 3.1.3.1-1. Set_Event_Processor (FPMSET)



..... NAS9-14444
SPACESHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part i

Date 2/28/77
Rev

3.1.B.2-i

3.1.3.2 Reset Event Processor (FPMRESET) (171)

The Reset_Event_Processor services the HAL/S RESET instruction by changing
an Event Variable to the FALSE state.

a. Control Interface - CALLed by (100)SVC_Handler (FPMSVC).

b. _- See Table 3.1.3.2-1.

Co Process Description - This program is CALLed by the SVC Handler when

an application process executes the RESET instruction.

On entry, redundant set computers are synchronized by CALLing the

SVC_Synchronization_Processor.

After synchronization, the Event_Variable is located, and, if FALSE,

the Reset_Event__Processor immediately returns to the SVC__Handler.

Otherwise, the Event Variable is reset to FALSE and, if there iS an

application process whose execution depends on the FALSE state of

the EventVariable, the Event__Evaluator is CALLed.

The Reset Event Processor then returns to the SVC Handler.

The control flow for this module is shown is Figure 3.1.3.2-1.

d. Outputs - An Event-Variable may be reset FALSE.

e. Module References -

I,

2.
(363) SVC__Synchronization_Processor (FCMSSYNC) is CALLed.

(174) Event Evaluator (FPMEVAL) is CALLed.

f. Module Attributes - Program

g. Te__m_p!ateReferences - N/A

h. Error Handlin_ - None

i. Constraints and Assumptions - None _

J. Detailed Implementation -

i.

2,

An Event_Variable is reset FALSE by zeroing the low order bit.
No other bits are modified.

If a process' execution dependends on the FALSE state of the Event

Variable_ the high order 15 bits of the Event Variable will be

non zero.
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Enter )

L
CALL SVC

Synch ron ization
_Processor (363)
Figure (3.3.5.4-1)

7

I Get Reset_Event

_Parameter_ List
Address From PSW
_Interrupt_Code
Field Of SVC_

OId_PSW

1
Get Reset_Event
_Address From
Reset_Event_
Parameter_ List

I
IF Event_ k

Variable Is
TRUE (Event /

_State

Return )

Then Reset The Event_
Variable (Event_
State = 0) (1)

1
_ AProce.' \
Execution Depends _
On The FALSE
State Of The jV
Event_Variable /

(2) /

Then CALL Event_

Evaluator (174)
Figure (3.1.3.5-1)

Figure 3.1.3.2-1. Reset-Event.Processor (FPM R ESET)
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3.1.3.3 Signal_Event_Processor (FPMSIGNL) (172)

The Signal_Event__P_rocessor services the HAL/S SIGNAL instruction by momentarily

reversing an Event State.
m

a. Control Interface - CALLed by (i00) SVC Handier (FPMSVC)

b. Input - See Table 3.1.3.3-1.

c. Process Description -

This program is CALLed by the SVC_Handler when an application process
executes the SIGNAL instruction.

On entry, redundant set computers are synchronized by CALLing the

SVC__Synchronization_Processor.

Afer synchronization, the Event Variable to be SIGNALed is examined.

If there is no application process whose execution depends on the state

(TRUE or FALSE) of the Event_Variable, the Signal_Event_Processor
immediately returns to the SVC Handler.

m

Otherwise, the Event State is reversed (TRUE becomes FALSE, FALSE becomes
TRUE) and the Event Evaluator is CALLed.

On return from the Event Evaluator the Event State is restored to its

original condition and the Signal Event Processor returns to the SVC__
Handler.

The control flow for this module is shown in Figure 3.1.3.3-1.

d. Outputs - None

e. Module References -

l,

2.
(363) SVC_Synchronization Processor (FCMSSYNC) is CALLed.

(174) Event Evaluator (FP--MEVAL) is CALLed.

f. Module Attributes - Program
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g,

h.

i.

J.

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

i, If a process 'execution depends on the Event Variable, the

high order 16 bits of the Event Variable will be non zero.

. A TRUE Event Variable will be reset.

A FALSE Event Variable will be set.

k_J
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Enter )

CALL SVC

Synchronization-
Processor (363)

Figure (3.3.5.4-1)

Get Signal_Event
_Parameter_List

Address From PSW

_Interrupt_Code
Field Of SVC_

OId_PSW

Get Signal_Event
_Address From

Signal_Event_
Parameter_ List

I
IF A Process' k

Execution Depends

On The Event_

Variable To Be /

Signaled (1) ,/

Return )

Then
Reverse The

Event_State (2)

I CALL E"_vent_Evaluator (174)

Figure (3.1.3.5-1)

I
Restore The
Event_State To

Its Original
Condition

Figure 3.1.3.3-1. Signal_Event_Processor (FPMSIGNL)
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3.1.3.4 Event Queue_Generator (FPMEVENQ) (173)

The Event Queue Generator is called to add an EQE to the active EQE pool.

a. Control Interface -

2.
CALLed by (i01) Process Schedule (FPMSCHED)

CALLed by (104) Wait Processor (FPMWAIT)

b. Input - See Table 3.1.3.4-1.

c. Process Description -

The top free EQE is initialized by the Process_Scheduler when the ON,

WHILE, or UNTIL event condition options of the HAL/S SCHEDULE statement

are used, and by the Wait_Processor when the FOR event condition option
of the HAL/S WAIT statement is used.

The Event_Queue_Generator is called to add the EQE to the active EQE

pool. The event expression in the EQE will then be evaluated each time

an Event Variable in the expression changes states (TRUE to FALSE,
FALSE to--TRUE) until the expression is satisfied. At that time

appropriate action based on the EQE Type will be taken and the EQE will

be returned to the EQE free pool.

Before adding the EQE to the active EQE pool, the event expression in

the EQE is evaluated.

If the event expression contains only one Event_Variable, the Event

Queue Generator evaluates the expression itself and sets flags in the

EQE identifying the ExpressionType to facilitate future evaluation.

If there is more than one Event_Variable in the event expression, the

Event_Evaluator is called to evaluate the EQE.

If the EQE was not satisfied and not flagged NULL, it is removed from

the EQE free pool and becomes a member of the active EQE pool. An

EQE is flagged NULL by the Process Schedule when a non-cyclic process
is scheduled with an UNTIL or WHIL_ event condition. The Process

Scheduler does not wan_ the EQE added to the active active EQE pool,
but wants to know if the EQE is satisfied.
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d,

e.

f.

g.

h.

i.

Active EQE's are not chained to each other, but may be linked to the

Event Variables used in the EQE event expression.

When an EQE is added to the Active EQE pool, the Event Used_Indicator

portion of the Event_Variables referenced in the EQE is modified. The
Event Used Indicator will be modified to either point to the EQE or

contain a count of the EQE references to the Event Variable.

After adding the EQE to the active EQE pool or if the EQE was satisfied

or NULL, the Event_Queue_Generator return to the calling process with

a return code indicating its evaluation of the EQE.

The control flow for this module is shown in Figure 3.1.3.4-1.

Outputs - See Table 3.1.3.4-1.

Module References -

I. (174) Event Evaluator (FPMEVAL) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions -

The Event_Queue_Generator in the FCOS is limited to the following types

of event expressiona:

i, Expressions containing a single Event_Variable with or without the
"NOT" operator,

, Event expressions which contain more than one Event_Variable

connected by all "OR" operators,

, Event expressions which contain more than one Event__Variable

connected by all "AND" operators.

kj
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J , Detailed Implementation -

l, The calling process has initialized the top free pool EQE for

input to the Event_Queue__Generator.

2o When an EQE is initialized it is assumed that there are five Event

Variables in the event expression. The EventQueue__Generator

zeroes the first unused Event__Variable pointer in the expression

to simplify later event expression evaluation.

, All EQE's except SCHEDULE WHILE EQE's are satisfied when the

event condition is satisfied. SCHEDULE WHILE EQE's are satisfied

when the event condition is not satisfied.

A SCHEDULE WHILE EQE is satisfied when the event condition it

contains is not satisfied. Therefore, a SCHEDULE WHILE EQE

containing only one event will have its TRUE/FALSE single Event

Variable flags set to indicated the EQE is satisfied when its

event expression is not satisfied.

o When there are multiple EventVariables in an event expression, the

number of EventVariables in the expression can be determined by

dividing the Count of Operators plue one by two. See the constraints

and assumptions above.

o An EQE is flagged NULL when only an evaluation of the EQE is

desired. An EQE is flagged NULL by the Process Scheduler when
a non-cyclic process is scheduled with WHILE or UNTIL event

condition cancellation criteria.

, One process is dependent on the event variable if the Event Used

Indicator contains an address rather than a count (Event_Used --
Indicator > 64).
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3.1.3.5 Event Eva!uator (FP[TEVAL)(174)

The Event Evaluator is called to evaluate active EQE's when an Event Variable

changes states and initiates the appropriate action based on the EQE type when it

finds the EQE is satisfied.

The Event Evaluator is also called by the Event_queue_Generator to evaluate

EQE's which have more than one Event_Variable in an event expression.

a. Control Interface -

I

2

3
4

5
6

7.
8

9
i0

II

12

13
lh

15.

CALLed by (i01) Process_Scheduler (FPMSCHED)

CALLed by (107) Close Processor (FPMCLOSE)

CALLed by (108) Terminate Processor (FPMTERM)

CALLed by (109) Cancel Processor (FPMCANCL)

CALLed by (ii0) OPS Cancel Processor (FPMOPSCN)

CALLed by (142) TQEiExpirat--ion_Processor (FPMIHPC2)

CALLed by (170) Set_Event Processor (FPMSET)

CALLed by (171) Reset Event Processor (FP_ESET)

CALLed by (172) Signa__Even__Processor (FPMSIGNL)

CALLed by (173) Event_Queue_Generator (FPMEVENQ)

CALLed by (182) Process_Err,r Recovery_Processor (FPMSDERR)

CALLed by (220) I/0_Completion_Processor (FiOCMPLT)

CALLed by (280) Mass_Memory_4anager (FIO_94MGR)

CALLed by (320) Overlay_Processor (FCMPOVLY)

CALLed by (149) MTURedundancy_Manager (FP_I_M)

b, Input - Register 0 bits 0-15 are zero if called by the Event,Queue

Generator. Otherwise Register 0 bits 0-15 contain an Event Variable

address. Also, see Table 3.1.3.5-1.

Co Process Description - _en called to evaluate a specific EQE, the Event

Evaluator does the evaluation and returns to the calling program with a

return code. When nassed an Event Variable address, the Event Evaluator

locates all EQE's which use the Event Variable and evaluates t_em.

Finding an EQE which is satisfied will result in action indicated by

the EQE_Type. The following is a summary of the action taken and the

processes called for each type of EQE when it is found to be satisfied:

1. SCHEDULE UNTIL or SCHEDULE WHILE - If the process to which the

EQE applies is in an execution cycle, set the Canceled _CT In-

dicator in the process' PCT and dequeue the EQE. If the process

to which the EQE applies is not in an exection cycle, remove the

PCT from the run queue, turn off its Process Event, evaluate any

EQE's which use the Process Event, and take appropriate action

and dequeue the EQE.

Evaluation of EQE's which use the Process_Event is delayed. The

Event Evaluator nrocesses all EQE's for a given Event Variable and

then checks for any Process Events which have changed. It then
orocesses each Process Event in the same manner.
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C_.

e,

f.

g.

h.

i.

J °

2. SCHEDULE O_ - The PCT Wait Indicators are turned off. If the

PCT is a R_EAT EVERY PCT, a REPEAT EVERY TQE is created and

added to the T@_ chain by calling the Timer_Queue__Generator

program. The EQE is removed from the active EQE cool by calling

the E__Dequeue__rocessor. The Process Switcher is then called.

, WAIT FOR - The PCT_Wait_Indicators are turned off and the EQ_
is removed from the active EQE pool. T_e Process Switcher is
then called.

Outputs - See Table 3.1.3.5-1. A return code is passed to the Event

Queue_Generator to indicate if the EQ_ was satisfied.

Module References -

l ,

2.

3.

(140) Timer,Queue_Generator (FPMTMENQ) is CALLed.

(175) EQE_De_ueue_Processor (_P_VDEQ) is CALLed.

(102) Process Switcher (FPMSWTCH) is CALLed.

(133) Free PC_-Routine (FPMFRPCT) is CAILed.

Module Attributes - Program.

Template References - N/A

Error Handlin6 - None.

Constraints and Assumptions - The Event Evaluator in the FCOS is limited

to the following types of event expressions:

1 • Expressions containing a single Event Variable with or without
"NOT"the _ operator,

2. Event erpressions which contain more than one Event Variable

connected by all "OR" operators,

o Event expressions which contain more than one Event Variable

connected by all "fuND" operators.

Det ailed Implement ation -

l, The top free EQE !_as been initialized by the Schedule Processor

or the Wait Processor.

2. This loop processes all EQE's vhich reference the input Event

Variable as well as all EQE's which reference any Process Events

which may be reset. Process_Events are reset when a process is
cancelled.

k_W
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.

An Event Variable points to the EQE which references it unless

there is more than one EG_ reference. In that case the Event

Variable contains a count of EQE references. Active EQE's

are not chained to each other so the Event Evaluator will search

through all EQE's until it finds all EQE references to the Event
Variable.

If a SCHEDULE WHILE or SCHEDULE UNTIL EQE is satisfied a process

may be cancelled. _ghen a process is removed from the run queue

its Process Event is reset, if any EQE references the Process

Event, it will be evaluated after all EQE's for the current

Event Variable have been evaluated.

Process_Events are remembered by the Event Evaluator by saving

the EQE which caused the _rocess Event to be reset in a temporary

EQE chain. The Process-Event is--located using the EQE_Parent
PCT Address.

A SCHEDULE T_ILE EQE is satisfied vhen the event ex?.ression it

contains is not satisfied. Therefore, the return code is chan_ed

to ref!@ct the opposite of the evaluation performed.

The Process Event is the first halfword of a PDE. Therefore,

getting the PDE Address is equivalent to getting the Process

Event address.
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_j

i

Get Address Of
PCT To Be
Readied From
EQE_Parent_
PCT_Address

I
_ TheEQEIsA\
Schedule On EQE_
(Option_Event_ /

Type = I000) /
I

Jill i

Zero PCT Wait
Flags (PCT_
Wait_Indicators
= 0)

|.

Zero Outstanding
Initiation EQE
Flag In
Outstanding_
EQE_lndicators

Then

IF The PCT Is

A Repeat Every
PCT (Repeat_
Options = 10)

Then

Get The Address
Of The First
Free TQE From
TQE_Free_Pool
_Address

[ ,
Initialize The TQE
TQE_Parent_PCT_Address =
EQE-Parent_PCT_Add ress

TQE_Flags = 0
TQE_Type_lndicator = 0008

I iii

CALL Timer_
Queue_
Generator (140)
Figure (3.1.2.1-1)

V

CALL EQE_
Dequeue_
Processor (175)

Figure (3.13.4-1)

m

CALL Process_ [

_er (102) I

Figure (3,1.13-1 )1

Figure 3.1.3.5-3. Event_Evaluator

PCT_Ready_Processing (174.2)
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Get Address Of

PCT To Be

Cancelled From

EQE_Parent_

PCT_Address

IF The PCT Is \

In An Execution

Cycle (Schedule_
Wait_Indicator J

=0) f

Then
Indicate PCT Is

Cancelled

(Cancelled_PCT

_Indicator = 1)

CALL EQE_

Dequeue_
Processing (175)

Figure
(3.1.3.4-1 )

_] IF The PCT Has

Initiation _k

Conditions

Outstanding J

(Initial_ J

Conditions NE OOy

I
I F The PCT Was\

N-ot Cancelled

(Cancelled_

PCT_lndicator /

=0) /

Then

i IF The EOE Was\

A-Schedule Until

EQE (Option_ /_

Event_Type

= 0010) /

Then

Locate The

PCT's Process_

Directory_Entry

Turn Off The

Process_Event

(Event_State =

0)

I
IF A Process'

Execution Depends_

On The Process_ _1___._

Event (Event_ /
Used_Indicator

NE 0) /

I
CALL Free_PCT

_Routine (133)

Figure
(3.1,I.16-1)

Then

Else

Allow The PCT To

Execute One Cycle

But Flag It
Cancelled

(Cancelled_PCT_

Indicator = 1)

_L
CALL EQE_

Dequeue_

Processing (175)

Figure
(3.1.3.4-1)

Put The EOE In

The Temporary
Process Event

Chain (4)

CALL EQE_

Oequeue_

Processing (175)

Figure

(3.1.3.4-1)

Z

Figure 3.1.3.5-4. Event_Evaluator

PCT_Cancel_Processing (174.3)
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Get The Address
Of The First EQE
In The Temporary
Process Event Chain

From Temporary_
Process_Event_
Chain_Address

Remove The EQE
From The Chain
(Temporary_
Process_Event_
Chain_Address =
Next_EOE_Address)

Get EQE_Parent
_PCT_Address
From The EQE

1
CALL EQE_ ]

Dequeue_
Processing
(175) Figure

(3.1.3.4-1) ,

I ..
Get The PCT
PDE Address
From PDE_
Address (7)

Figure 3.1.3.5-5. Event_Evaluator
Process_Event_Selection (174.4)
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3.1.3.6 EQE_Dequeue_Processor (FPMEVDEQ) (175)

The EQU_Dequeue_Processor is CALLed to remove an EQE from the active EQE

pool and return it to the EQE free pool.

a. Control Interface -

i.

2.

CALLed by (174) Event Evaluator (FPMEVAL)

CALLed by (133) Free PCT Routine (FPM_RPCT)

b. _-

I. When CALLed by the Event Evaluator Register 0 bits 0-15 contain

the address of the EQE to be dequeued. Register 0 bits 16-31 are

zero.

2. When CALLed by the Free_PCT_Routine Register 0 bits 0-15 contain
the address of the PCT whose EQE's are to be dequeued. Register
0 bits 16-30 are zero while bit 31 is set to one.

e. Process Description - When CALLed by the Event Evaluator the EQE

Dequeue_Processor immediately starts dequeueing the input EQE.

When CALLed by the Free._PCT Routine the EQE Dequeue Processor determines

the number of outstanding E--QE's from the in-put PCT a_d examines all

active EQE's until the outstanding EQE's are found and dequeued.

To dequeue an EQE, each Event Variable referenced by the EQE is up-

dated to reflect the dequeueing of the EQE. The 0utstanding_EQE_Indi-

cators in the input PCT are updated, the EQE is indicated to be free,

and the EQE is added to the top of the EQE free pool.

Return is to the calling program. The control flow for this module

is presented in Figure 3.1.3.6-1.

d. Outputs - See Table 3.1.3.4-1

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None
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J. Detailed Implementation -

1. Bit 31 of the Register 0 is examined.

given above.
See Ynput description

kj
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\
Cleanup: DO UNTIL _,
All Five Event_Varia- 2ble Pointers In The

EQE Have Been
Processed

LF The Event_
Variable Pointer

Is Zero

I

Get The !
Event_

Variable

I

>
I_F The Event_
Used_Indicator Con-

tains An EQE Address
(Event_Used_Indicator
GT 56)

I

Restore The I
Updated Event

Variable

Then EXIT

Cleanup Loop

Then Zero The Event
_Used_Indicator

Else
Decrement The

Event_Used_

Indicator By One

\
I_F The EQE Is A \
Cancellation EQE (Op- ?tion_Event_Type =
0100 Or 0010)

I
Zero EQE_Type
Zero EQE_Parent
_PCT_Address

Then

Else

Zero PCT Out-

standing_EQE_
Indicators Flag

Indicating Can-
cellation EQE

Zero PCT Out-

standing_EQE
_Indicators Fiag
Indicating Initiation
EQE

Get EOE_Free

_Pool _Add ress

1
Return The EQE To The Top Of The I

EQE Free Pool (Next_EQE_Address I= EQE_Free_Pool_Address; EQE_
Free_Pool_Address = Current EQE

Address)

Figure 3.1.3.6-2. EQE_Deq ueue_Processor

EQE_Dequeue (175.1)
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3.1.4 Process Error Management

Process Error Management provides FCOS support for the handling of error

conditions which occur during FCOS or application execution.

Errors that occur are categorized under the following group numbers:

Group 2 for FCOS detected software errors

Group 3 for Program Interrupts
Group 4 for HAL/S - FC defined errors

Group 6 for application defined errors.

All errors are assigned codes. Errors within group 2 are assigned codes by

FCOS. Group 3 errors are defined per AP-101 interrupt code. Group 4 errors are

HAL/S defined. Group 6 are defined by application software via ON ERROR statements.

The application programmer has the capability of overriding the FCOS system

default action via the ON ERROR statement. The compiler processes these state-

ments and stores the appropriate information in the error environment of the

process which resides in the stack area of the process. FCOS examines this error

environment when processing errors.

If the application programmer has not specified otherwise, FCOS performs

system defined default actions when errors occur. These system default actions

have no relation to the group assignments but are based on severity of the error

and information available to FCOS at time of the error. The FCOS ground rule in

performing default actions is always to attempt to continue execution within the

constraints which exist at the time of error. System default recovery is not

unique for each error but consists of four basic approaches:

a. Ignore the error and continue processing.

b. Force close hhe application process and continue processing.

C, Ignore the error and continue processing until the number of errors

encountered in this process reaches the maximum allowed. If this

maximum is reached, the process is force closed.

d. Discontinue current FCOS processing and dispatch the highest priority

ready application process.

FCOS error annunciation is accomplished by setting indicators which are

associated with cases in which FCOS needs error annunciation performed. These

indicators are interrogated by the System Control GPC_Switch_Monitor (Vol. 2,

Part 3, Section 3.2.1), and appropriate error annunciation is performed.
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The interface flow for application related errors is shown in Figure 3.1.4-2,

Application-related errors include machine checks, instruction monitor interrupts

and program interrupts occurring during application execution, and application
errors detected by FCOS. The FCOS routines that detect these errors (in the

case of error interrupts, this is the FCOS routine which gets control as a result

of the interrupt) call the Process_Error_Recovery_Processor to perform the

appropriate actions based on the error environment of the process in error. Event

Management services, Process Control services, and the Process_Error_Logger are

called as necessary by the Process Error Recovery_Processor. This routine returns
to the calling FCOS routine after The error has been processed.

FCOS errors are handled within the Program_Interrupt-_Handler and the

InstructionMonitor_Interrupt_Handler. In this case, the ProcessErrorLogger is

called directly by these programs. FCOS queue overflow results in a protection

interrupt during FCOS execution and is treated as a severe error by the Program_

Interrupt Handler.

The FCOS does not process machine check error interrupts. The Machine Check

New PSW is set to force the GPC into an uninterruptable wait state on the

occurence of a machine check.

The remainder of the detailed description of Process Error Management is

divided into the major areas (See Figure 3.1.4-1).
=

a. Program lnterrupt_Handler - The fielding of Program Monitor ihterrupts

and error recovery of FCOS errors.

b. Instruction_Monitor_Interrupt_Hander - The fielding of Instruction

Monitor Interrupts.

C. Process_Error__Recovery_Processor - The recovery processing of application

related errors.

d. Process_Error Logger - The recording of error conditions which occur during

system execution.

e. Forced Close Processor - The clean up processing necessary when a process

encounters certain errors conditions.

f. Application_Error_Number_Request_Processor - FCOS support for the HAL/S

FARRGRP and ERR'!Lq4 functions.

kj
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Send
Error Program
SVC Interrupt

ru_ __ 3 Program_

SVC_Handler I Interrupt_

I (FPMSVC) I Handler

i (l°°) JI (1801(FPMIHPGM)

Instruction
Monitor
Interrupt

Instruction_

Monitor_
Interrupt_
Handler
(FPMIHIM)
(1811

FCOS Routines 1

(FCOS Detected I

I Application

Errors) JL_

Process Error_

Recovery_
Processor
(FPMSDERR)
(1821

Legend:

FCOS Error
Management _

Routines

Other FCOS
Routines

I--Even-- M  ag en --'l

I Services As Needed:Event_Evaluator I

Process_

Error_Logger
(FPMERLOG)
(183)

[ Process Control'_rvic-_s 1
As Needed: Forced_

Close_Processor I
(FPMFCLOS) (184)

Update/Exclusive_ IRelease_Processor

[ (FPMREL) (1061

Figure 3.1.4-2. Error Management Flow For Application Errors
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3.l.h.l Program_Interrupt Handler (FPMIHPGM) (180)

FPMIHPGM fields program interrupts and either processes the error (if the

error occurred during FCOS execution) or invokes the Process ErrorRecovery_Proces-

sor to process the error (if the error occurred during application execution).

a. Control Interface - Hardware PSW swap because of program interrupt.

b. Input - See Table 3.1.4.I-i.

C, Process Description - The Progrs_mInterruptHandler forms the error group

code identifying the error by appending to the program interrupt group

number (3), the PSWInterrupt_Code of the Program InterruptOldPSW.

If the PSW_Run_State__Control indicator of the Programlnterrupt_OldPSW

indicates problem state, the error has occurred during application execu-

tion and the Process_Error_Recovery_Processor is invoked to process the
error according to the error environment of the process in error. After

the error has been processed_ control is either returned to the process

in error or to another process depending on how the error was processed.

If the PSWRunStateControl of the ProgramInterrupt_OldPSW indicates

supervisor state, the error has occurred during FCOS execution and the

error is processed in the following manner. The Process_Error Logger is

invoked to log the error. The appropriate indicator for program

interrupts is set in the FMPT HDR Bits to cause annunciation of the

error. Either control is returned to the FCOS program which was in

error or control is given to the highest priority ready application pro-

cess depending on the severity of the error. (See Appendix D).

The control flow for this module is presented in Figure 3.l.h.l-l.

d. _ - See Table 3.1.h.l-l.

e. Module References

i. (182) Process Error Recovery Processor (FPMSDERE) is CALLed.

2. (183) ProcessErrorLogger (FPMERLOG) is CALLed.

3. (103) Process Dispatcher (FPMDISP) is CALLed.

f. Module Attributes - Program

g. Template References - N/A



---_--_,*-_ NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

'Flight Software
Part i

Date 2/28/77

Rev

Page 3.1._.1-2

h,

i.

J ,

Error Handling - An error annunciation indicator is set for FCOS program

interrupts so that an error message is displayed (0S040).

Constraints and Assumptions - The PSW_RunStateControl is assumed to be

0 (Supervisor state) for all FCOS execution and 1 (Problem State) for all

application execution.

Detailed Implementation

1. Control is passed via a PSW load of the Interrupt PSW Of Process.

2. There is no return from CALL to ProcessDispatcher.

3. Control is passed via a PSW load of the ProgramInterruptOld__PSW.

kJ

kj
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Load The

Program_
Interrupt_
OId_PSW

l
Form Error Group Code:

Bits 0-3 = Zero
Bits 4-9 = PSW_lnterrupt Code

Of Program_Interrupt
OId_PSW

Bits 10-15 = 3

I
p,w_Run_\

State_Control =//_--

Then {

I

Load Active_
PCT Address

[
Of_Process =
Program_
Interrupt_Old_
PSW

CALl_ Process_
Error_Recovery
_Processor (182)
Figure 3.1.4,3-1

Then fReturn Control'_

I r'---'--_ To Interrupted
[ Pr 1

LF Active_PCT_\ I
Address = Next_ _1
To_Execute_ / 1

PCT_Address / I I I
' I I CALLProce.-I

J Else J Dispatcher (103} I

I (2) Figure I
I I TM I

CALL Process_ I i i
Error_Logger I
(183) Figure I

(3.1,4,4-1) J

[
I Set Appropriate I

Bit In FMPT_ I
Header_Bits = 1 |

" " Th CALL Process_

I I I 12_Figure I

, - l . I I 131.1A-11 J

IF Err°rWas k I |

Severe (See

Appendix D, / I

/ Else_eturn Control T_
Interrupted FCOS )

"_ Module (3) /

Figure 3.1.4.1-1. Program-Interrupt-Handier (FPMIHPGM)
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3.1.4.2 Instruction MonitorInterrupt_Handler (FPMIHIM) (181)

FPMIHIM fields instruction monitor interrupts and either processes the error

(if it occurred during FC0_ execution) or invokes the Process_Error_Recovery_

Processor to process the error (if the error occurred during application execution).

a. Control Interface - Hardware PSW swap because of instruction monitor

interrupt.

b. Input - See Table 3.1.4.2-1.

C_ Process Description - The InstructionMonitorinterruptHandler forms

the error group-code identifying the error using a hardcoded error

group-code of 3-20.

If the PSW Run State Control of the Instruction Monitor 01d PSW indi-

cates probl--em s--tate,--theerror has occurred during appli--cati--onexecu-

tion and the ProcessError__Recovery__Processor is invoked to process
the error according to the error environment of the process in error.

After the error has been processed, control is either returned to the

process in error or to another process depending on how the error was

processed.

If the PSW Run State Control of the Instruction Monitor Old PSW indi-

cates supervisor state, the error occurred during FCOS execution and

the error is processed in the following manner. The Process Error
I

Logger is invoked to log the error. The appropriate indicator for

instruction monitor interrupts is set in the FMPT HDE Bits to cause

annunication of the error, Since instruction monitor interrupts are

severe interrupts, control is always passed to the highest priority

ready application process following an instruction monitor interrupt

during FCOS execution.

The control flow for this module is presented in Figure 3.i.4.2-1.

d. Output - See Table 3.1.4.2-1.

e. Module References -

i.

2.

3.

(182) ProcessErrorRecovery_Processor (FPM_DERR) is CALLed.

(183) Process ErrorLogger (FPMERLOG) is CALLed.

(103) Process__Dispatcher (FPMDISP) is CALLed.

f. Module Attributes - Program

g. Template References - N/A
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h, Error Handling - An annunication indicator is set for FCOS instruction

monitor interrupts so that an error message is displayed (0S040).

i, Constraints and Assumptions - The PSWRun_State__Control is assumed

to be 0 (Supervisor state) for all Fcos execution and 1 (Problem State)

State) for all application execution.

J. Detailed Implementation -

i.

2.

Control is passed via a PSW load of the Interrupt PSW Of Process.

There is no return from the CALL to the ProcessDispatcher.

kJ
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Load The
Instruction-
Monitor_Old-
PSW

Form Error
Group-Code:

Bits 0-3 = 0
Bits 4-9 = 20
Bits 10-15 = 3

IF PSW_Run-

State_Control =_-_-

CALL Process_

Dispatcher (103)
(2) Figure
(3.1.1.4-1)

Then

Else

Load Active_
PCT_Address

Interrupt_
PSW_Of_
Process =
Instruction_
Monitor_Old_
PSW

_[_
CALL Process_

Error_ Recovery
_Processing
(182) Figure
(3.1.4.3-1)

I
I F Active_PCT-_

A'ddress = Next_
To_Execute_ /

PCT_Address /

CALL Process_

Error_ Logger
(183) Figure
(3.1.4.4-1)

Then _1 Return Control To h

nterrupted Process (lg

i .

Set Appropriate

Bit In FMPT_
HDR_BITS

Figure 3.1.4.2-1. Instruction_Monitor_Interrupt-Handler (FPMIHIM)
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3.1.4.3 Process_Error Recovery_Processor (FPMSDERR) (182)

_T

FPMSDERR processes errors according to the error environment defined by
the application programs via the 0N-ERROR statement.

a, Control Interface -

i.

2.

3.

4.

Called by the (100)SVC_Handler when a supervisor call 20 is
executed.

Called by the (180) Program_Interrupt_Handler to process program
interrupts.

Called by the (181) Instruction_Nonitor_Interrupt_Handler to

process instruction monitor interrupts.

Called by the (142) TQE_Expiration Processor to process cycle
overrun errors.

b. Input-

l,

2,

.

Input to Process_Error_Recovery_Processor when entry is via
an SVC.

Register 0 - bits 0-15 address of SVC parameter list
Register 7 - bits 0-15 return address

Input to Process_Error Recovery_Processor when entry is via
a CALL

Register 0

Register 0

Register 0

Register I

Register 7

- bits 0-19 are zero

- bits 20-25 error code

- bits 26-31 error group code

- bits 0-15 address of PCT for process in error

- bits 0-15 return address

Other Inputs - See Table 3.1.4.3-1.

C, Process Description - The Process_Error_Recovery_Processor searches

the Error_Vectors of the process which had the error. If an Error

Vector is found which defines what to do for this error, the Process

Error_Recovery_Processor performes the recovery defined in the Error--

Vector, otherwise, it performs the system default action.

The application program via the ON ERROR statement has the capability

of specifying one of the following actions in the Error Vectors:
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kj

d.

e.

f.

g.

h.

i.

1, SET/RESET/SIGNAL an Event_Variable and ignore the error.

2. SET/RESET/SIGNAL an Event_Variable and perform the system default
action for the error.

.
GO TO a specified location when return is made to the process
in error.

4. Perform the system default action for the error.

5. Ignore the error,

If action 2, 3, or 4 is to be performed, the Process Error Recovery_

Processor calls the Process_Error_Logger. The Event--Evalu_tor is

invoked for the event processing associated with actions I and 2.

Table 3.1.4.3-2 lists the errors processed by the Process Error

Recovery_Processor along with the system default action f_r each.

_e control flow for this module is presented in Figures 3.1.4.3-1

through 3.1.4.3-7.

- See Table 3.1.4.3-1.

Module References -

i. (183)
2. (106)
3. (174)
2. (184)

Process_Error_Logger (FPMLOGER) is called.

UPDATE/EXCLUSIVE Release Processor (FPMREL) is called,

Event Evaluator TFPMEVALTis called.

Forced Close Processor (FPMFCLOS) is called.

Module Attributes - Program

Template References - N/A

Error Handling - See Table 3.1.4.3-2.

Constraints and Assumptions - None

k.J

k_1
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j • Detailed Implementation -

I. Machine check errors are no longer processed by the Pro@ess

Error Recovery_Processor.

2, Currently the only Send Error Code in the Send_Error Group_
Number two is 13 (cycle--wrap)_
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ERROR

Group-Code

02 OD

03 00"

01"

03*

O4

O5

07*

O9

0A

OB

OC

20*

ERROR CONDITION

Attempt to start cycle of cyclic

process still in previous cycle

lllegal Operation Code

Privileged Instruction

CPU Address Specification

Fixed-Point Overflow

Significance
CPU Protection Violation

Exponent Underflow (Floating Point)

Overflow (convert)

Exponent Overflow (Floating Point)

Divide (Floating - Point)

Instruction Monitor

SYSTEM DEFAULT ACTION

(Application Errors)

Skip cycle (ignore timer interrupt)

and continue (0S032)

FORCE CLOSE process and continue

(oso310
FORCE CLOSE process and continue

(oso3__
FORCE CLOSE process and continue
(0S034)

See action for 0309-030C

See action for 0309-030C

FORCE CLOSE process and continue

(0s034)
Bump count of program interrupts
for this process

and

Ignore if count max or

FORCE CLOSE process if count=max

(0s03_)
FORCE CLOSE process and continue

(0S034)

* Application Override specifying IGNORE is not allowed for these errors.

Table 3.1.4.3-2 Errors Processed by Process_Error_Recovery_Processor
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Reformat Send Error

G[oup Number And

Send_Error _Code__

Then Number To Match The

Format Of The Error

_Vectors Field In

Stack_Frame

i

I
Error Will Be Processed

Is Set To The Active_

PCT _Address {Hereafter

Called The PCT In Error)

__ Reformat Input Ett0r

Group Number And

Code To Match The

Format Of The Error

Vectors Field In

Stack_Frame

I Store Application Register
I Containing The Address

Of The Stack _Frame Into
tF Address Of

=i'he PCT In _ Then The FCOS_Work_Area

Error EQ ; Aod Then Loid tt Into An

Active_PCT I FCOS Register (The PSW_

Address I Register Set Is Modified

To DO This)

I
Acfion To Stack_Frame From

System Default PfOCe__tnterrupt

I _Register _0

! iPerform Error_

Environment

(182.1) Figure

3 1.4.3-2

I
IF Error_Action rr_r_-- Logge r

_Code NE Ign (183) Figure
3.1.4.4-1

IOOCASEErro  01P. ,ormOo_To__T_ode Processor (182.2)

Figure 3.143-3

Perform Set ]

Pr oce_5or (182,3l

Figure 3.1.4.3-4

I
9,11 Perform Reset 1

Processor (182.4)

IFigure 3.1.43.5

P_,rform Sigllal l

Proc_or 1182.51

Figure 3.1 4.3_

I nm_ [ Perform System

tF Error_Action Then De fau|t_Processor

_Code EQ Syst (IB2 B) Figure

I Att'On / 3.1.4.3-7

I

Figure 3.1.4.3-1. ProcesLError_Recovery-Procetr, or (FPMSDE R R)
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Enter )

I
Set PSW_lnstruction-

Address In Interrupt-

PSW_Of_Process,
Which Is In Error,
Equal To The Error_
Variable_Field

I F Previous_Stack_Frame

_eld Of Stack_Frame
Containing Error Environment
NE Current Stack Frame
(-_rocess Is Exiting Current

Code Block)

Return )

I___FProcess In
Error __
Pointed To By
Active_PCT_
Address

PSW_

Program_Mask In
Interrupt-PSW-
Of_Process EQ

PSW_Program_
Mask_Field

Then

Move Address Of

StackJ:rame, Program
_Level_Data_Address and
Local _Data_Area_Address

From FCOS Registers To
Application Registers (Modi-
fies FCOS_Work_Area and

PSW_ Register_Set)

Store Addresses Of Stack-

Frame, Program_Level
_Data_Address And
Local_Data-Area-
Address Into Process_

Interrupt_Registers-
0,1,3

F Saved

IOf The Release_
SVC_Parameter_

List NEE0

CALL Update/
E xcl usive_ Release
_Processor (106)

Figure 3.1.1.7-1

Figure 3.1.4.3-3. Process_Error-Recovery-Processor
Go_To_Processor (182.2)
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Enter )

r
%

IF The Event_

-_ate Of The

Event_Variable

Pointed To By )

The Error_

Variable_Field

E Q.0 (False) /

Return )

Then

I
Set The Event_ |

State Equal To I1 (True}

I,
Then CALL Event_

Evaluator (174)

Figure 3.1.3.3-1

Figure 3.1.4.3-4. Process_ E rror_ Recovery_ Processor
Set_Processor (182.3)
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Enter )

1
IF The Event_ \

_ate Of The
Event_Variable
Pointed To By

The Error_ /

Variable_Field
1 (True)

i ,

i

Then Reset The Event_

i State Equal To 0
(False)

1
IF The Event_ X
Used_lndicator_

NE 0 (There Are )
UssersOf This /

(Event) /

Then
CALL Event_
Evaluator (174)

Figure 3.1.3.3-1

Figure 3.1.4,3-5. Process_Error_Recovery_Processor

Reset_Processor (182.4)
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Enter )

I
IF The Event_

_ed_lndicator _
In The Event_
Variable Pointed}
To By The Error_
_Variable_Field

NE0 /

,,J

Return )

Then
Reverse The
Value Of
The Event_

State

CALL Event_
Evaluator (174)
Figure 3.1.3.3-1

Reverse The
Values Of
Event_State

To Original Value

Figure 3.1.4.3-6. Process_Error_Recovery_Processor

Signal_Processor (182.5)
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3.1.4.4 Process_Error Logger (FPMERLOG) (183)

FPMERLOG logs GPC error conditions which have occurred.

a. Control Interface -

I.

2.

3.

CALLed by (180) Program lnterruptHandler (FPMIHPGM)

CALLed by (181) Instruction_MonitorInterrupt_Handler (FPMIHIM).

CALLed by (182) Process_Error_RecoveryPr0cessor (FPMSDERR).

b. Input-

I,

,

Register 0 contains the error group-code in the following format:

L°I °I0IL]6_bit  roupj
Register 1 contains the address of PCT of the process in error

(Zero if FCOS error).

e Register 3 contains first word of the appropriate interrupt old

PSW if FCOS error.

Cl Process Description - The ProcessErrorLogger updates the GPC_Error

Log with information regarding the error condition which has occurred.

This information consists of the following:

I. Time of error.

2. Error group-code.

3. Address from the PSW in effect at the time of the error or the

PSW associated with the process in error (cycle overrun errors).

4. Sector information clarifying the address.

This information is placed in two locations: The appropriate entry in the

GPC_Self Circular__GPC3rror Log and the correct entry in Latest GPC Error_

Entries for this GPC. The GPC X_Error_Count is incremented by I for this GPC.

The ICC_Status_Flags word 2 is updated to cause ICC transfer of the Latest GPC

Error_Entries field for this GPC. The Circular.GPC.Error_Log_Index is then up-

dated to index to the next available entry into the GPC_Self_Circular_GPC_Error_Log.

The control flow for this module is presented in Figure 3.1.4.4-1.



._._'.- _ , _ NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

dw

e.

fg

g.

h.

i.

J.

Output - See Table 3.1.4._-i.

Module References -

(162) Current G_Routine (FPMGMTLM) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - N/A
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l o.-o,iTh_ GPC_Error

_Log

I
I_o__,0I

Index Into

Latest_GPC -

Error_Entries

Using GPC-tD
To Get Correct

GPC_X_Error

_Count

I

IF GPC-X- _ Then

Error_Count iz

LT HEX '7FF F'/

1

I_ Inpu,_ \
Address NE 0 _j Then

(Application /

Error) /

[

I CALL Current-

GMT_Routine

(162) Figure

[3.1.2.11-t|

I
_Error_Log_index
TO Locate Appropriate

GPC_Self_Circular -

GPC_Error--Log

I GPC_Error- J

Time_Tag And
GPC_X_Error-

Time_Tag =
Current Time In

512 Microsecond Units

' iJ-Sector-Reeister I

J From Input PSW J

J Into Bits 0-3 Of J

J Input Error Group ]

I

I....Identification And

GPC_X_Error-

Identification =

I_n_>_rror Group

[
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t GPC_X-Error-

Count = GPC_X-

Error_count + I

Last_Error- 1

Group_Code Of

Input PCT =

input Error
Group-Code

I
Load First Word J

Of Interrupt_ JPSW_Of -

Proc_s Of

Input PCT

I
GPC_Er ror _Addres4

And GPC_X_Error

__dre_ = PSW_

Instruction-

Address Of Input

PSW Or interrupt

_PSW_Of _Proce_

I
Set ICC_GPC-ERR

-GPCx (W1-,ere X =
1,2.3, Or 4) = I

Using GPC_Error-

Log_lCC-Indicator
_Mask To Determine

Theval_ of x I ii _._ Reset Circular-

GPC_Error-

Log_Index To 0

I IF CIrcular_GPC_ J '

I -Lo0-1_._ +3 \ I
I =Errm_Log_
I Table_Maxlmum / I

I-I'_'x _ _ Circular_GPC- [u Else Error_Log-

Index = Circular

_GPC_Error_

Log_Index + 3
Re m

v

Figure 3.1.4.4-1. Proce__Error_Logger (FPMERLOG)
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3.1.h.5 Forced Close Processor (FPMFCL¢S)(18h)

FPMFCL_S performs the clean up and/or reinitialization functions necessary

when a process encounters certain error conditions.

a. Control Interface -

CALLed by (182) Process_ErrorRecovery_Processor(FP_DERR)

b. Input - Register 0 contains the address of the PCT to be closed. See

Table 3.1.4.5-1 for other input.

C. Process Description - The Forced Close Processor CALLs the Exclusive

Release Processor if the process in error was within an UPDATE block

or EXCLUSIVE procedure (Update/Exclusive__Indicator is on). The

Interrupt_PSW of Process is modified to point to a dummy CLOSE SVC

in case the Close Processor must re-issue a CLOSE SVC. Then, the
Close Processor is CALLed. The control flow for this module is shown

in Figure 3.1.2.5-1

d. Out_q_p__- See Table 3.1.4.5-1.

e. Module References -

I. (106) Update/Exclusive Release Processor(FPMREL) is CALLed.

2. (107) Close Processor(_PMCL@SE_is CALLed.

f. Module Attributes - Program

g. Template References - N/A

h.

i.

Error Handling - None

Constraints and Assumptions - The process to be forced closed is the

current process.

J. Detailed Implementation -

i.

2,

The Close Processor is CALLed to clean-up and�or reinitialize the

process (cyclic processes only); therefore, there is no return from

this call.

A CLOSE SVC may need to be reissued out of the Close Processor

after timer or I/0 interrupts are enabled during sync processing.
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Enter )

Load The Address
Of The Stack_
Frame From
Application

Reg. 0

r

DO UNTI L

P--_-evio---_s__ack_--

Frame_Address/

IF Local_Data__Then_

A'rea_Address #_

IF Updated
Exclusive_
Indicator = 1

Load The Address
Of Release_SVC
_Parameter_ List

Interrupt_PSW_
Of_Process =
Address Of A
Close SVC + 2

i

CALL Update/
Exclusive_
Release_
Processor (106)

Figure 3.1.1.7-1

CALL Close_
Processor (107)

Figure 3.1.1.8-1
(1)

Figure 3.1.4.5-1. Forced_Close_Processor (FPMFCLOS)
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3, i.4.6 Application__Error-Number__Request_Processor (FPMSTAT) (185)

FPMSTAT processes HAL/S ERRNUM/ERRGRP functions.

a. Control Interface - CALLed by (I00) SVC_Handler (FPMSVC).

b. In__n_- Register 0 contains the address of the Process_Status Parameter
List. See Table 3.1.4.6-1.

C, Process Description - The Application_ErrorNumber__Request_rocessor

examines the StatusRequestType to determine which function has been

requested.

If ERRGRP has been requested, the error group of the last error which

has occurred during execution of the requesting process is extracted

from the Last Error Group_Code field of the active PCT.

If ERRNUM has been requested, the error code is extracted from the Last_

Error__Group_Code field of the active PCT. The requested information is

placed in the application general purpose register 5 for return to the
application. The control flow for this module is presented in Figure 3.1.h.6-1.

d. Ouptput - Application register 5 contains the requested information.

e. Module References - None

f. Module Attributes - Program

g. Temp.late References - N/A

h. Error Handlin_ - None

i. Constraints and Assumptions - None

J. Detailed Implementation - N/A

-w
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- z

Enter

Load
Active_
PCT_
Address

I
IF Status
_Request_
Type = 1

I
Place Information

In Application
Register 5

Then t

Else

Load Bits 10-15 Of

Last_Error_Group_
Code Of PCT Addressed

By Active_PCT_Address

Load Bits 4-9 Of Last_

Error_Group_Code Of
PCT Addressed By
Active_PCT_Address

Return

Figure 3.1.4.6-1. Application_Error_Number,Request_Processor (FPMSTAT)
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3.1.5 Idle Time Processor (FPMIDLE) (191)

FPMIDLE receives control when there is no processing to be done. It approxi-

mates the total amount of idle time which occurs between computations of CPU duty
cycle.

a. Control Interface - Pre-scheduled (priority 0).

b. Input - Floating point register I has delta time of Idle Time Processor.
See Table 3.1.5-1.

C, Process Description - The Idle__Time Processor is an infinite loop which

consists of loading Idle_Time, adding to it a value which is the approxi-

mate time of the Idle_Time_Processor, and storing this new value as Idle

Time. This Idle_Time is used by TQE_Expiration_Processor to compute duty

cycle. The Idle_Time Processor is a pre-scheduled process of priority 0

and is always on the PCT run queue. It receives control through regular

processing of the FCOS Process_Dispatcher when no other process is ready

to execute. The control flow for this module is presented in Figure 3.1.5-1.

d. Out_ - See Table 3.1.5-1.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation - N/A
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Enter )

I
DO FOR X

_n'fini--_-e--eAmo unt

Of Time /

!
Return )

Load
Idle_Time

Idle_Time =
Idle_Time +
Time Of Idle_
Time_Processor

Store
Idle_Time I

Figure 3.1.5. Idle_Time_Processor (FPMIDLE)
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3.2 I/0 Management

To Be Provided
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3.2.1.i I/0 SVC Service Processor (FIOSVC) (200)

The I/0_SVC_Service_Processor is called to initialize a free IOQE and to

either pass that IOQE to the 10P_Dispatcher or Mass_Memory_Manager to start the

I/0 operation or, if necessary resources are not available, add the 10QE to the
I/0 wait queue.

a. Control Interface -

i. CALLed by (I00) SVC_Handler (FPMSVC) at entry point FIOSVC.

2. CALLed by (148) MTU_Update_Processor (FPMUPMTU) at entry point
FIOSVCI.

, CALLed by (361) Common_Set_Synchronization_Processor (FCMCSYNC)
at entry point FIOSVCI.

. CALLed by (220) I/0 Completion_Processing (FIOCMPLT) at entry
point Fi0SVCI.

b. Input - See Table 3.2.1.I-I.

C, Process Description - The SVC Synchronizati0n_Processor is called to

synchronize redundant set GPC's. An alternate entry point (FIOSVCI)

is provided for use when synchronization is not necessary.

The top free IOQE is then initialized from the I/0 SVC Parameter List.

The mask of buses needed to service the I/O reques_is--obtained _rom

the BCE__Device_Mask Table and put into the IOQE. If an Event Variable

is to be set on I/O completion the Event Variable is reset. The re-

questing PCT's Outstanding__I/O_Count is incremented by one.

After initialization the IOQE is removed from the I/0 free pool.

If the requesting process wants to wait for the I/0 to complete its
PCT is flagged waiting for I/O.

At this point Mass Memory I/0 requests are given to the Mass_Memory_

Manager while all other requests are checked to see if they are dis-
patchable. An I/0 request is dispatchable if the buses used in the

I/0 are not marked busy in the BCE_Busy_idle_Indicators. A dispatchable

request is given to the I0P Dispatcher but requests that are not dis-

patchable are added to the 5/0 wait queue. The I/0 wait queue is

ordered by IOQE_Priority with the highest priority waiting 10QE being
first in the queue.

The I/0_SVC_ServiceProcessor returns to the program which called it.

The control flow for this module is presented in Figure 3.2.1.1-1.
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d,

e.

fo

g.

h.

i.

J.

Outputs - See Table 3.2.1.1-1.

Module References -

I,

2.

3.

(280) Mass_Memory_Manager (FION24MGR) is CALLed.

(205) I0P Dispatcher (FIOPDISP) is CALLed.

(363) SVC_Synchronization_Processor (FCMSSYNC) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

i.

,

This alternate entry point is provided for use when GPC's are

already synchronized. To use this entry point Register 2 bits

0-15 must contain the requestor's PCT address and Register 3
bits 0-15 must contain the I/0 SVC Parameter List address. Bits

16-31 of both regsiters must b_ zero.

Note that no check is made to determine if a process' execution
depends on the FALSE state of the Event Variable.

, FCOS uses the alternate entry point (FIOSVCI). Register 2 (PCT

address) will be zero for FCOS I/0 requests.

k_1
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C EnterFIOSVC

CA,_Svc_I
SynchronizatiOn_ i

Promisor ,_363 t

Figure (3.3 5.4-1) I

I
I IGet Address Of

PCT Requesting

The I_O (AcTive

_PCT Address)

I
|

Get Address Of I

t fO _SVC _Param- ]eter_List (PSW

Interrupt _Code

Of SVC_ Old_

PSW)

I
(,:_+'+_+,,,+)

I
I

Get Address Of i

Top Free tOQE I( I/O_Free_Pool

_Address}

1
I Perform IOQE_

In_tiallzalion

(2goAl

Figure (3.2.1.1-2}

1
Remove Initialized

IOQE From I/O

Free Pool (l/O-

Free _Pool_Address

= AddresLOf_Next

__O(gE_ _n_Chain _

, I ,,.

I t ++.F_.e+.+°.or \ I ,+_,eTh°PCT. ToA_o+.
ThenWants To Wait For The _ Waiting For I/0 Priori_ PCT Should

I/0 TO Complete ] I (I/O_Wait-lndicator -- Be Made {Next_To

_W=_t For-{/QNE(Tt / [ = 1) Add_ess--Execvte--PCT--=01

I ,c""M"+l_M_anage r (280)

i I Figure (3,2.9,1-1)
"t I I

IF Mass Memory Buses _ I I

Are Needed {Mask_Of _ CALL I

_Buses_To_Monit0r / I Then lOP_Dispatcher IBits 18 Or 19 NE 0) / I I \ r (202,

/ I I tF A+_e_,_,N=,d+d \ [ Fm,+,,+e3.2.2-T
• I I _n This II0 Are Not

IEl_el Busy {LOGICAL
L_ PRODUCT BCE

I Busy _Idle_Indicator s

/ With Mask_Of_Buses I

/ _To_Men,tot EQ O) / I I Perform 1/0_

/ / I Eke I Wait_Queue_

: _ Chaining (200.2)

_, Figure 3,2.1.1+3

Figure 3.2.1.1-1. I/O_SVC_Service_Processor (FIOSVC)
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Initialize The IOQE From The
I/O_SVC_Parameter_List

(lOQE_Flags_Fietd_2 =
I/O_SVC_Parameter_List_

Flags; IOOE_Flags_Field_ 1
= 0; IOQE_Operation_Code
= Operation_Code; IOOE_
Word_Count = Word_Count

_Number; IOQE_Device_
Id = Device_ld_Number)

Use Device_lD_Number To
Index Into BCE_Device_Mask

_Table And Get Mask Of Buses

Needed To Service The I/(3 Re-
quest, Save This Mask In The

IOQE (Mask_Of_Buses_To_
Monitor = Bus Mask From BCE

_Device _Mask _Table)

Continue IOQE Initialization From

I/O_SVC_Parameter_List (Address
_Of_l/O_Buffer = I/O_Buffer_

Address; IOOE_Completion_Event

_Address = Event_Address)

I
\

LF An Event Was

Specified (Event_ /Address NE 0)

Then
Reset The Event_

Variable To FALSE
(Event_State = O)

(2)

Complete IOQE Initialization From I/0_
SVC_Parameter_List (lOOE_Starting_
Address = Miscellaneous_Communication;

IOQE_Priorky = I/O_Priority

1
Store Requesting PCT Address
In IOQE (Address_Of_Request-

ing_PCT)

1
LF This I/O Opera- k

tion Is Not Being

Requested For FCOS /

Use (3) /

Then Add One To PCT

Outstanding_l/O
_Count

Figure 3.2.1,1-2. I/O _SVC _Se rvice_Processor
IOQE_lnitialization (200.1)
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Get The IOQE_

Priority From The

Input IOQE

Get I/O_
Wait_Queue

_Address

]
Search :

DO WHILE There Are_

More Waiting IOQE's
To Examine (Address_

Of_Next_lOQE_tn /f
_Chain NE 0) /

/

I-OQE_Priority Of The

IOQE To Be Added To The _ Then
I/O Wait Queue Is Greater_

Than The IOQE_Priority f
Of The Waiting IOQE

Being Tested

EXIT

Search

Loop

Save The Address

Of The Waiting
IOQE Just Examined

(Previous IOQE)

Add The Input IOQE To The i/O Wait
Queue (Address_Of _Next_lOQE_ln

_Chain In The Input IOQE = Address
Of last Waiting IOQE Examined.
Pcldress_O f _Next _IOQE _In_Chain
In The Previous IOQE = Address Of

Input IOQE)

Figure 3.2.1.1-3. I/O _SVC_Service_Prooessor

I/O_Wait_Queue_Chaining (200.2)
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3.2.1.2 Pre-lnitia!ized I/O_SVC_Processor (FIOSVCP) (201)

The Pre-lnitialized I/0 SVC Processor is CALLed to complete the initialization

of a preinitialized IOQE and to either pass the IOQE to the IOP_Dispatcher to start

the I/0 operation or, if necessary resources are not available, add the 10QE to the

I/O wait queue.

a. Control Interface -

I.

2.

CALLed by (I00) SVCHandler (FPMSVC) at entry point FIOSVCP.

CALLed by (140) TimerQueueGenerator (FPMTMENQ) at entry point

F!OSVCPI.

b,

C.

Inputs - See Table 3.2.1.2-1.

Process Description - The SVC_Synchronization_Processor is CALLed to syn-
chronize redundant set GPC's. An alternate entry point (FiOSVCPi) is

provided for use when synchronization is not necessary.

The preinitialized 10QE is then located and, if it is not active, is

initialized with the requesting process' PCT address and the mask of buses

needed to perform the I/0 operation.

The requesting process' PCT 0utstanding_I/0_Count is incremented by one

and the PCT is flagged waiting for I/0 if this is desired.

If an I/O completion event was specified, the Event_Variable is reset to

FALSE.

The IOQE is flagged active. The I/O request is checked to determine if

it is dispatchable. An I/O request is dispatchable if the buses used in

the I/O operation are not marked busy in the BCE_Busy_Idle_Indicators.

Dispatchable requests are given to the 10PDispatcher while those that

are not dispatchable are added to the I/0 wait queue. The I/0 wait queue

is ordered by IOQE_Priority with the highest priority waiting IOQE being

first in the queue.

The Pre-!nitialized I/0 SVC Processor returns to the program which called

it. The control fi0--wfo--rthis module is presented in Figure 3.2.1.2-1.

d. Outputs - See Table 3.2.1.2-1.

e. Module References -

i,

2.

(205) IOP Dispatcher (FIOPDISP) is CALLed.

(363) SVC_SynchronizationProcessor (FCMSSYNC) is CALLed.
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f,

g.

h.

i.

J.

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

I. This alternate entry point is provided for use when GPC's are already

synchronized. To use this entry point Register 2 bits 0-15 must

contain the requestor's PCT address and Register 3 bits 0-15 must
contain the Preinitialized I/O SVC Parameter List address. Bits

16-31 of both registers shOuld--be z--ero.

2_ Note th&t if the IOQE is in use (active), the program returns imme-
diately to the calling program. There is no error indication re-

turned.

, Note that no check is made to determine if a process' execution

depends on the FALSE state of the Event Variable.
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1

I CALL

SVC_Synch ronization
_Processor (363)

Figure (3.3,5.4-1)

1
Requesting The t/O
(Active PCT_Address)

_i
Get Address Of
Preinitial{zed_
I/O_SVC_Param-

eter_EYst (PSW_
Interrupt_Code
Field Of SVC_
OId_PSW)

I
(En,_,,)

FtOSVCPI

Get I/O Number From
The Preinitialized_l/O
_SVC_Parameter_

List (Preinitia!ized_
IOQE Number}

I
I Perform PreinitiaUzed_ I

IOQE Initialization t
(2oi.1) !

Figure (3.2.1.2-2) 1

--. - Figure 3.2.1.2-'[ Pm-lnit_lized_t/O_SVC_Processor (FIOSVCP)
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I Get Address Of ]

Prelnitiallzed

IOOE. Address

_Table

[
IOQE_ Number, Inde_

hlto Preinltiallzed _

IOQE _Addr_s_Table
To Get IOQE Address

i
J'F '_'\ t,o_,oa,._e,OOEI

%e IOQE Is Not is
Is tn Use (Pre Initiaiized |

Use (IOQE_FIzoz-. / i _tOQE = 1) /

IF_el°='_°' / I 1

I Slore Requesting PCT I

A(idrer_ in Address_

Of _ Reque_Iing_
Process_PCT

I
IF The RequesTing k I

Process Wants To en; Wait For The ilCI _ Then _ Mark The PCT WaitingFor l/O {II0 Waitr-----'-----I
I To Complete {Wait / J lnd_catm = 1)

_For_l;O NE01 / [

i, oi.......Outstanding_

If(] Count

I

t
Use IOQE_Device_lD TO Index Into

BCE_Device_Mask_Tabie And Get

Mask Of Buses Needed To Service The

I/0 Request. Save This Mask In The

IOQE (Mask _O f _Buses _To_Monitor
= Bus Mask From BCE_Device_

Mask _Table|

,

IF All Buses Needed In

This I/0 Request A_e Not

Busy ILOGICAL PRODUCT
BCE _BUSY_Idle_ Indicat ors

With Mask_Of_Buses_To_

Monitor EQ 0)

(3)

Re_t The Event_
VeriJbJe To FALSE

(Event_Sta|e = 0l

I ll_icate A Switch To 1

A Lower Pri_ril[y PCT
-- Should Be Made (Next

_To_Execute PCT

_Address = 0)

CALL I

Then lOP_Dispatcher

(205)
Figure (3.2,2-1)

_ Perform Preinitialized

IOQE _I/O_Wait _Queue

_Chaining (201.2)

Figure (3.2.1.2-3)

Figure3.2.1.2-2. Pre-Initialized_l/O_SVC _Processor
Preinitialized_IOQE _Initialization |201.1)
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Get The IOQE_
Priority From The
Input IOQE

Get I/O_Wait
_Queue_

Address

Search:

DO WHILE

There Are More Waiting
IOQE's To Examine
(Address_Of_Next_
IOQE_ln_Chain NE 0)

I_F IOQE_Priority Of The
IOQE To Be Added To The
1/O Wait Queue Is Greater
Than The IOQE_Priority
Of The Waiting IOQE
Being Tested

Save The Address Of

The Waiting IOQE
Just Examined
(Previous IOQE)

EXIT
Search
Loop

Add The Input IOQE To The
I/O Wait Queue (Address_Of
_Next_lOQE_ln_Chain In
The Input IOQE = Address Of
Last Waiting IOQE Examined.
Address_Of_Next_lOQE_ln
_Chain In The Previous IOQE

= Address Of input IOQE)

Figure 3.2.1.2-3. Pre-lnitialized_l/O_SVC_Proosssor

Preinitialized_lOQE _l/O_Wait_Queue_Chaining (201.2)
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3.2.2 IOP_Dispstcher (F!OPDISP) (205)

The IOPDispatcher places I/O_Queue_Element's on the I/0 active queue,

modifies 10P accessible controi tabies With information from the I/O Queue Element,

and initiates the execution of !OP pro_ams to accomplish the request--ed I/_ service.

a. Control Interface -

l,

2.

3.

CALLed by (200) i/O SVC Service_Processor (FiOSVC)

CALLed by (201) Pre-lnitialized I/0 SVC Processor (FIOSVCP)

CALLed by (220) I/OCompletionSroc_sso_ (FIOCMPLT)

b. inputs- See Table 3.2.2-1.

C. Process Description - The lOP Dispatcher chains the incoming IOQE into

the I/0 active queue at its proper position based upon IOQE Priority.

It then uses the Mask Of-Buses To Be Monitored in the IOQE to update

BCEBusy/Idle_Indicators. If BTU Port_4asks indicate that any of the

desired data paths have been masked then the applicable buses are re-
moved from Mask Of Buses To Be Monitored.

Mask Of Buses To Monitor is used by the IOP_Dispatcher to modify various

control tables which the MSC and the BCE's use to accomplish the requested
I/O service. The tables contain such information as the number of words

to be transferred, the location of the data buffer, and the starting

address of the programs to be executed by the BCE's. Many I/O requests

make use of BCE programs which have the values normally found in these

tables hard-coded in the BCE program itself. The IOP Dispatcher will

bypass any table initialization not needed by these self-initializing

BCE programs. The IOP_ispatcher does any device-dependent processing

required for each device type and determines which program counters are

required for the BCE's which will be started by the request.

After the required control tables are initialized, Requested I/0

Transmitter Mask is used to r@m6ve listen mode buses from Ma_k O_ Buses

To Be Monitored leaving a mask that is used by the iOP Dispatcher to
load the BCE program counter value for each bus into BCE Program Counter

in MSC Local_Store. Finally the I/0 request is initiate_by ca!_ing
the Start MSC Processor.

The control flow for this module is shown in Figure 3.2.2-I.

d. _- See Table 3.2,_-i.
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e.

f.

g.

h.

i.

J.

Module References -

Io (210) Start_'SC_Processor (FIOS_SC) is _ALLed.

2. (162) Current_GMT_Routine (FPMGMTIM) is CALLed.

Module Attributes - Program

Template References - N/A

Error Handlin 6 - Hone

Constraints and Assumptions - None

Detailed Implementation -

1. The Program-Controlled I/0 (PC) instruction is used to write the

BCE program counter value to BCE Program Counter in MSC Local Store.

2. When the IUA is greater than 31, it indicates that the IUA value
is the address of a table of IUA's.

, For PMU write computer data ram requests, the application passes

all the BCE control information in a special table (Write_Computer_
Data_Ram_Request_Table) created by the application. The information

in this user supplied table is moved into special PMUBCE control

tables that are used only by the PMU BCE programs. These special

PMU BCE control tables are extentions of the standard BCE control
tables.

PMU SM OI/PL data ram read requests have a special I/O interface.

As many as 15 individual ram read requests can be initiated by
one application I/0 request. The control information for each

ram read and the number of reads is contained in a user created

DataAcquisition_RequestTable. The address of this table is

passed to FCOS in the I/0 parameter list. The information in this

table is used to fill in the appropriate entries in the special
PMU BCE control table_ described in (3).
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C Enter )

1
I....IF Comfauit _ Then COMFAULT

tus Needed Initlaliza_ion

(205 t } Figure

(3,2.2-2)

I
Per f_m Bus_

Determination

(205.2) Figure

(32.2-3)

t
---Counter_ _Then Depetldent _Pointer Table / I Processing{tOOE Device. (205,3) Figure

I_ol=0 / I (s.2._4)

I
BMASK = Logical I
PIoduct Of IRequested 1!O
Transmitter Mask

And Mask_Of

Buses_To_ JMonitor

I
DO UNTIL Counter Va_ue I

tF BMASK NE All BCE'$ In Based Upon BCE
BMASK Are Pgm And The

Processed Bus Number

J
I Perform Chain

IOQE (205,4}

Figure (3,2,2-5}

1

I
For_Request =
Init_a__ltsr_t_on_

Count _Table

I (tOQe_O,_i__lD;i
I + MSC_lteration_ |

ICount_8i_ J + PC1 |
I te l

I

I CALL Start_

_Processor

{210) Figure

{3 2 3-1)

I
Write BCE I

Program Counter I

Value To I
MSC_Locat_ I

Store (1) i

Rezurn )

Figure 3.2.2-1. lOP_Dispatcher
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BMASK = Logical Product Of Bus_Masks And
Mask-Of_Buses_To_Monitor

BCE-Busy/Idle_lndicators = Logical Sum Of
BC E_Busy/Idle_lndicators And
Mask -Of_Buses_To_Monitor

IUA = IUA_Table (IOQE_Device_l D)

IF IUA NE 0 >

IF IUA LE 31

IF BMASK. NE O>

Then

Then

Else

IUA = IUA-11

BMASK = Logical
Sum Of BMASK
And BTU_Port_
Mask (IUA)

I
Note: IUA Is The|
Address Of A IList Of IUA's

i = 1 (2)

DO UNTIL

IUA (I) = 0 /

/

i •

BMASK = Logical Product Of BMASK I
And Mask_Of_Buses_To_Monitor rMask_Of_Buses_To_Monitor = Modulo 2
Sum Of Mask_Of_Buses_To_Monitor
And BMASK

Error,in_Transaction = 1

BMASK = Logical
Sum Of BMASK
And IUA (I)
I=1+1

Figure 3.2.2-3. lOP-Dispatcher

Bus-Determination (205.2)
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DO CASE IOQE_

_-'_e_l D /

1,2,3,4

5,6,7

36

18, 19

20, 21

22,23
24,25
26,27

28,29
34,35
37,38

Perform ICC_

Processing
(205.6) Figure
(3.2.2-6)

Perform DEU_

Processing
(205.7) Figure
(3.2.2-7)

Perform LDB_

Processing
(205.8) Figure
(3.2.2-8)

Perform PMU_

Processing
(205.11) Figure
(3.2.2-11 )

Perform MTU_
Processing
(205.17) Figure
(3.2.2-17)

Perform TCS_

Processing
(205.18) Figure
(3.2.2-18)

Figure 3.2.2-4. lOP_Dispatcher

Device-Dependent_Processing (205.3)
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Get I/O_Active
_Queue_Address

FIOQUE: D__.O

WH I LE Address_
Of_Next_
IOQE_In_
Chain Of Active
IOQE NE 0

Insert New IOQE
In Active IOQE
Chain

IF IOQE_ k
Priority Of New

IOQE GT IOQE_ j)

iP(_ty if Acti_/

Get Address_Of
_Next_lOQE_
In_Chain

Then
Exit FIOQUE

Figure 3.2.2-5. lOP_Dispatcher

Chain_lOQE (205.4)
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DO CASE IOQEX

 27-

Perform 9CE_ 1

1 Table_

Initializer

(205.19) Figure

(3.2.2-19)

I
Construct

Command Word

From DEU_FilI_

Command_Word

And lODE_Word

_Count

I
BCE_Command I

_Word _Table I

(BCE} = Commandl

Word I

8CE Pgm = DEU_ I
Fill _Program I

Counter_Table (1)J

q BCEPgm=DEU J

_Poll_Program_

Counter_Table

(1)

__f BCE Pgm = DEU ]

-Keyboard_

Request_Program

_Counter_

Table (1 )

q BCE Pgm = DEU ]

_Dump_

Program_Counter

_Table (1)

BCE Pgm = DEU

_Bite_Status_

Program_

Counter_Table

(1)

BCE Pgm = DEU

_Reset_Scratch

_Pad_Line_

Program _

Counter_Table

(1)

Flight Software
Part 1

Date 2/28/77

Rev

Page 3.2.2-13

Initial_Iteration

_Count_Table

(IOQE_Device_

ID) = DEU_

Initial_Iteration_

Count_Table (IOQE

_Operation_Code)

Figure 3.2.2-7° lOP-Dispatcher

DEU_Processing (205.7)
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Cmd Code 0 BCE Pgm = LDB

Cm(| Woed Intelrogate

Count _ 0 1 W/O Data

Countei Table

11)

1ooc  E,OO \I ! !

I _n_ _ I Pe,,o,m,CE_ I

IInitializel

(205J9) Figure

(322 19)

I
Cmd Code =

X'0OOD0000'

Cmd Word Count

IOQE__Star ling_
Address

IBCE Pgm = LDB

Ilnter¢ogate_W/Dat_

|_Pro_am_Counter

|_Table (11

Perform LDB I

Go_Ahead

{205.9) Figure
|3.2.2 9)

__ Perform LOB ]

Transmil_ion _

Enable 1205.1 O)

Figure

(3.2.2 - 101

5 _RCE Pgm :

LOB_Status I
Request_

Program Counter

_Table ( 1 }

L_ Perform BCE_

Table_

Initializer

(205.19) Figure
(3.2.2-1g)

Construct I

Command Word

From LDB-

Skeleton.

Command=Word,

Cmd Code, And
Cmd Word Count

I
Cmd Code =
X'000A0000'

Cmd Word Count

: tOQE_Starting_

Address

geE Pgm = LDB_

Status_ Program-
Counter_Table 11 )

t
I >  enIBCEc.....IF BCE = NE 0 Word_Table

(BCE) -
Commartd Word

i
I Initial_Iteration_

I IF LDB- _ Count_Table

I Iteration_Count\ Then I (lOOE_Device-

I _Table (IOQE_/_ IID) = LDB_

I Operation_Code)/ I Iteration_Count_

Table (IOQE-I "Eo /
I Operation _Code)

Figure 3.2.2-8. lOP_Dispatcher

LDB_Processing (205.8)
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Perform BCE_
Table_
Initializer
(205.19) Figure
(3.2.2-19)

_[_
Word Count =
IOQE_Word_
Count
BCE Overhead
= 41

_[_
Perform Compute
_Iteration_
Count (205.20)
Figure
(3.2.2-20)

Cmd Code =
X'00050000'
BCE Pgm = LDB_
Interrogate_
W/Data_Program
_Counter_Table (1)

Figure 3.2.2-9. IOP_DispatcSer
LDB_Go_Ahead (205.9)

=
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i Perform BCE_

Table_
Initializer

(205.19) Figure
(3.2.2-19)

I,
Command Word
Count = IOQE_

Starting_Address
Word Count =
IOQE_Word_
Count
BCE Overhead
=16

Perform
Compute_
Iteration_

Count (205.20)
Figure (3.2.2-20)

I
Cmd Code =
X'00090000'

BCE Pgm = LDB_
Transmission_

Enable_Program_

Counter_Table (1)

Figure 3.2.2-10. lOP_Dispatcher

LDB_Transmission_Enable (205.10)
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Perform BCE_

Table_
Initializer (205.19)

Figure (3.2,2-19)

DO CASE IOQE_

--'Op_ n_

Code /

2,3

4,5

Perform Write_
Computer_Data_
Ram (205.12)
Figure (3.2.2-12)

Perform Write_
128/64_KBPS_
Format (205,13)
Figure (3.2.2-13)

Perform Read_
128/64_KBPS_
Format (205.14)
Figure (3.2.2-14)

6
BCE Pgm = PMU_
Read_Bite_
Program_Counter
_Table (1)

7,8 Perform Format_
Select (205.15)
Figure (3.2.2-15)

_ Perform Oi/PL_

Data_Ram_
Read (205.16)
Figure (3.2.2-16)

I IF PMU_lnitial A
I_ration_Count_
Table (IOQE_
Operation_Code) /
NE0 /

Then

Initial_Iteration_
Count_Table
(lOQE_Device_
ID) = PMU_lnitial
_Iteration_Count
_Table (IOQE_
Operation_Code)

Flight Software
Part i
Date 2/28/77
Rev

Page 3,2,2-17

Figure 3.2.2-11. tOP_Dispatcher

PMU_Processing (205.11)
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PMU_Command_ I

Word_Table

(I +41)=

Computer_Data__
Ram_Cemmand_

Word (I) (3)

\
DO FOR I = \
1 To4 /

Word Count = 1

Buffer Address =

Computer_Data_
Ram_Buffer_

Address (I)

Converted To A

19 Bit Address

_1_
PMU_Base_

Register_Table

(I +41) =
Buffer Address

DO FOR I =

1 To4 )
PMU_Word_Count_

Table (! + 41) = Computer
_Data_ Ram_Word_

Count (t)
Word Count = Word

Count + Computer
_Data_Ram_Word_

Count (I)

BCE Pgm = PMU_ I

Write_Computer_ I

Data_ Ram_ I

Program_Counter_ ]

Table (1) I
BCE Overhead = 491

/

Perform Compute
_Iteration_Count

(205.20) Figure
3.2.2-20

Figure 3.2.2-12. lOP_Dispatcher

Write_Computer_Data_Ram (205.12)
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Then
Cmd Code =
X '00720000'

Cmd Code =

X '00760000'

Ram Address =

IOQE_Starting_
Address

DO FOR I =

1 To 16 >
I

Base Reg = BCE_ /
Base_Register_ 1Table (24)

Construct Command

Word From Cmd

Code, Ram Address,
And A Word
Count Of 31

1
PMU_Command_

Word_Table (I + 25)
= Command Word

Ram Address =

Ram Address + 32

DO FOR t =

I To 16 >
PMU_Base_

Register_Table

(I + 25) = Base Reg

Base Reg = Base Reg
+ 32

PMU_Word_Count

_Table (I + 25) = 31

BCE_PGM =

PMU_Write_

128/64_KBPS_

Program_Counter

_Table (1)

Figure 3.2.2-13. lOP_Dispatcher

Write_128/64_KBPS_Format (205.13)
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Ram Address =

IOQE_

Starting_
Address

IF IOQE_

Operation_
Code = 4

Then

Else

Cmd Code =

X '00700000'

Cmd Code =

X '00740000'

DO FOR I=--"_

1 To16 /

Construct Command

_Word From Cmd

Code, Ram Address,
And A Word Count
Of 31

Base Reg =
BCE_Base_

Register Table
(24)

PMU_Command_

Word _Table
(I + 25) = Command

Word

Ram Address = Ram

Address + 32

\
DO FOR I =
1 To16 /

I
BCE Pgm = I

m

PMU_Read_ I128/64_KBPS_

Program_
Counter_Table (1)

PMU_Base_

Register_Table
(I + 25) = Base

Reg
Base Reg = Base

Reg + 32
PMU_Word_

Count_Table

(I + 25) = 31

Figure 3.2.2-14. lOP_Dispatcher

Read-128/64_KBPS_Format (205.14)



z

- /

" _ -wm

.... .--.{. NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part i

Date 2/28/77
Rev

Page 3,2.2-23.

I
Command Word = |
X '007A0000' !

IF lODE_

Operation_
Code = 8

Then Command Word
= Command Word
+ X '00000020'

BCE_Command_
Word_Table (24)
= Command Word
BCE Pgm = PMU_
Format_Select_
Program_Counter
_Table (1)

Figure 3.2.2-15. lOP-Dispatcher
Format_Select (205.15)
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I IF IOQE .

Opelal_on
Code = 10

.._ Command Wocd :

User Supplied

Conlmand Wol d

Point_i To By

_OCJE Bta_ t_<_g
Add,ess

I
I _e_o_m

Compute

Iteration Co_J_t

(205 20) Figure

13.2 2- 20)

_ I

E_se Number Of Darts

= lODE_Word_

Count

J = 16- Number

Of Darts
K: t

L,Total Word Count = £

[
I 1Buffer Address =

Addless. Of_

I/O_Buffer

Converted To A

19 Bit Address

I
DO FOR )
I=JTol5

1
BCE Overhead = (Number Of

Darts} 13"2 + g9

BCE Pgm - PMU_SM_OI/PL
_Data_Rim_Read_Program

_Counter_Table (24 + Num

ber Of DartS)

Word Count = Total Word

Count

I
Compute _

Iteration_Count

(205.20| Figure
(3.22-20)

Base Beg = BufieY Address + DART

Buffer_Displacement (K}

PMU_.Base_Register_Tabie {I + 1) = Base Reg

Word Count = DART Word .Count {K) - t

Ram Address - DART Ram Address (K)

Cmd Code = X'O06C0000'

l
Command Word

From Cmd Code,

Ram Addr es0.,

And Word Count

I
PM U _Comm and _Wo rd _ Table

(1 + 25) = Command Word

PMU Word_Count _Table

(1 + 25) = Word Count

Total Word Count =

Total Word Count ÷ Word

Count

K=K+ 1

 ,,ji

Figure 3.2.2-16. lOP_Dispatcher -_ j

OI/PL_Data-Ram-Read (205.16)
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DO CASE IOQE_

Code

Perform BCE__

Table._

Initializer

(205.19) Figure
(3.2.2-19)

I
BCE Pgm =
MTU_Write_

Program_
Counter_

Table (1)

CALL Current_

GMT_Routine

(162) Figure

(3.1.2.11-1)

F
If IOQE_

Device_lD NE
21

Save Current GMT In
MET_Reference_

Time And In Prime_

G PC_Time_M icroseconds,
Prime_GPC_Time_

Half_Hours

I
Perform BCE_
Table_
Initializer

(205.19) Figure
(3 2.2-19)

I
BCE Pgm = MTU
_Write_

Program_
Counter_Table

(1)

Add MTU_Read

_BCE_Jitter_
Bias To The

Current GMT

I
Save Current ]

GMT In ICC_
Internal_Time

BCE Pgm = MTU
_Read_

Program_
Counter_

Table (1)

Figure 3.2,2-17. lOP-Dispatcher

MTU_Processing (205.17)
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Perform BCE_
Table_
Initializer
(205,12) Figure
(3.2.2-12)

JF _OeE_
Word_Count
=0

Then
BCE Pgm = TCS_
Standard_Control_
BCE_Program_
Counter_Table (1)
BCE Overhead = 160

Else i Do Case IOQE__I__
Operation-Cod 7

2_

BCE Pgm = TCS
_Standard_Read_
BCE_Program_
Counter_Table (1)
BCE Overhead = 16

BCE Pgm = TCS_
Standard_Write
BCE_Program_
Counter_Table (1)
BCE Overhead = 39

IF BCE

BCE_Command_
Word__Table (BCE)
= User Supplied
Command Word
Pointed To By
IOQE_Starting_
Address

Perform
Compute_
Iteration_
Count (205.13)
Figure (3.2.2-13)

Figure 3.2.2-18. lOP-Dispatcher

ICS_Processing (205.18)
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I F Address_Of_ X

/7"O_Buffer LT 7

Then

Else

Base Register =
Address_Of_
I/O_Buffer
Expanded To
A 19 Bit
Address

Base Register =
Address_Of_
I/O_Buffer

IF Mask_Of_ X

Buses_To_Be_ ,I

Monitored NE Of

Then Determine The
BCE Number

BCE_Base_Register_
Table (BCE) = Base Register
BCE _Word _Count_Table
(BCE) = IOQE_Word_Count

Figure 3.2.2-19o lOP_Dispatcher
BCE_Table_lnitializer (205.19)
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Bus Time = (Word Count 33)/16
Bus Time = Bus Time + BCE Overhead
InitiaLIteration_Count_Table
(IOQE_Device_lD) = Bus Time

Figure 3.2.2-20. lOP-Dispatcher

Compute-Iteration_Count (205.20)
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3.2.3 Start MSC Processor (FIOSTMSC) (210)
m

The Start_MSC Processor is called to start the MSC at a program address

specified by the calling program. If required, it will halt then re-enable the

MSC prior to loading the MSC's Program Counter (PC) with the specified program

address. Also, if required, it will compute for the top active IOQE the time

remaining before a MSC timeout is declared.

a. Control Interface -

i.

2.

3.

4.

5.

6.

7.

Called by (205) IOP_Dispatcher (FIOPDISP)

Called by (220) I/0_Completion_Processor (FIOCR_LT)

Called by (244) Level_C_I/O_Error Interrupt HANDLER (FIOERRLC)

Called by (280) Mass__Memory_Manag_r (FIOMMM_R)
Called by (368) Sync Fail Processor (FCMSFAIL)

Called by (375) Fault Detection Identification (FCMFDI)

Called by (340) Miscellaneous CM Request_Processor (FCMSVC).

b. Input - See Table 3.2.3-1. General purpose register 0 contains a

specified MSC program address.

C. Process Description - The Start__MSCProcessor is called whenever

the MSC is required to work. The MSC is normally called to start or

monitor an !/0 operation.

The Start MSC Processor when entered will determine if the MSC is busy by
testing the MSC_Status_Indicator for a nonzero value. If the MSC is busy, the

Start_MSC_Processor will set the CPU To MSC_Status with a positive value indicating
a CPU MSC request. Next, the Start MSC Processor will determine if the MSC is

m

interruptable by testing the MSC_Status_Indicator for a non-positive value. If
the MSC is non interruptable, the Start MSC Processor will enter a DO UNTIL LOOP

that continually tests the MSC_Status_I_dic_tor until it is non-positive. If or when

the MSC is interruptable, the Start MSC_Processor will halt the MSC, reset the

CPU To W_C_Status to a non-positive value indicating that there are no requests
for the MSC, and enable the MSC for work.

If or when the MSC is idle, the Start MSC processor will determine if the I/O

for the top active IOQE is to be monitored _or completion. If the I/0 is not to be

monitored, the MSC I/0 Monitor Flag will be set to zeroed. If the I/O time remain-

ing is to be compuTed,--the MSC i--/OMonitor Flag will be set with the I/0 Active

QueueAddress, the MSC iteration c_unt in t--heIteration Count For Request of th_top

active IOQE will be selected and used to compute the ti_e rem_inin-'g, and the time re-

maining will be stored in the Time_Remaining_ForTop_IOQE.
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Finally, the Start MSC_Processor will load the _CProgra_,Counter with a

specified program address, reset the MSC Status Indicator with a non-positive

value indicating that the MSC is not int_rruptaKle, set the MSC busy, and return

to the caller.

d. Out_- See Table 3.2.3-i.

e, Module References -

I, (250) MSC__Control__Routine (F!OMCNTL) is started by loading

the MSC Program Counter,

2, (251) MSC_.I/OMonitor (FIOMNTR) is started by loading the

MSC_Program_Counter.

3, (252) MSCBCE__Reset_Routine (FIOMSETB) is started by loading

the MSCProgram_Counter.

fB

h. (281) Mass Memory MSC__Processor (FIOMMMSC) is started by

loading the MSCProgram._Counter.

Module AttribUtes - Program

g. Template References - None

h. Error Checks - None

i. Constraints and Assumptions - None

J. Detail Implementation - None

k_2
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Enter )

IF MSC_Status

_lndicator N E _

1
LFI/O_Active\
_QUEUE_ \
Address = 0 OR _)
I/O_Complet_-/
_lOQE_Address/
BE0 /

_t
Load MSC_
Program_
Counter With
Specified
Program Address

Indicate That
MSC Is Not

Interruptable By
Setting MSC_
Status_Indicator
To A Nonzero
Positive Value

Then

Else

I .....

Perform Wait_

F_r_MSC_To

_,vai_able (210.1)

Figure 3.2.3-2

,,,,, ,,,,,,

Zero The MSC_

I/O_Monitor_
Flag

Perform Top_
Active_lOQE
Monitoring
(210.2)

Figure 3.2.3-3

Set MSC Busy

l
Return )

Figure 3.2.3-1. Start_MSC_Processor (FIOSTMSC)

i :=
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Indicate CPU

Request For MSC
By Setting CPU
_To_MSC_
Status =
Positive Value

]
DO UNTI L
MSC_Status_

Indicator Is

Not Positive

Check MSC
Status_
Indicator

Halt MSC

II

Indicate No CPU
Request For MSC
By Setting CPU_
To_MSC_Status
= Non Positive
Value

Enable MSC

Figure 3.2.3-2. Start-MSC_Processor

Wait-For_MSC_To_Be_Available (210.1)
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Set MSC_I/O_

Monitor_Flag =

I/O_Active_

Queue

Address

Read CPU PC 1

Into GPR 5

Then 4

l--

Subtract

Contents Of GPR

4 From GPR 5

Contents

I

I_.FFResult

Is Negative

l__
Get Top Active

IOQE

Iterations_

Count_For

_Request

1

Calculate IIO ]

Request Time

To Go

]
Store Time To l

Go In Time_ JRemaining_

For_Top_
IOQE For MSC

Use 1st PC

Read By Adding

Contents Of

GPR 5 To GPR

4 Contents

Figure 3.2.3-3. Start_MSC_Processor

Top_Active_lOQE_Monitoring (210.2)
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3.2.4 I/O_Completion_Processor (FIOCMPLT)(220)

To Be Provided
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3.2.5 I/O Termination Processor (FIOPURGE) (225)

FIOPURGE dequeues IOQE's from the I/0 WAIT Queue, and flags IOQE's from the I/0

ACTIVE, I/0 SUSPEND, and MM ACTIVE Queues with Parent__PCTTerminated status. The

flagged I/O ACTIVE and SUSPEND Queue IOQE's are dequeued by FIOC}@LT while the MM

ACTIVE IOQE's are dequeued by FIOMMMGR. Also, FIOPURGE flags IOQE's that have in-

valid PCT's with Invalid Parent PCT status in support of FCOS CLOSE and FORCED

CLOSE Processing.

a. Control Interfaces - CALLed by (133) Free PCT Routine (FPMFRPCT).

b. inD__q_ut- General Purpose Register 0 bits 0-15 contain a PCT address. See

Table 3.2.5-1 for other input to this module.

C. Process Description - The I/O_Te_ainationProcessor when entered will reset

an internal I/O WAIT Queue Indicator. The processor will then determine in

succession if the I/0 ACTIVE, I/O SUSPEND, MM ACTIVE, and I/O WAIT Queues

are active by testing the i/O_Active_QueueAddress, IPR_10QE_Address, Mass_

Memory_Active_Queue_Address, and I/OWait_Queue_Address in the Communications_
Vector Table for nonzero values.

After determining that a queue is active, the processor will set the internal

I/O WAIT Queue indicator if the queme is the I/O WAIT Queue. Next, the pro-

cessor will search the queue for an IOQE associated with the input PCT

(Address Of Requesting_PCT--PCT Address). If the search is successful, the

processor will determine if the PCT Terminated_PCT_Indicator is set. If

the Terminated_PCT_indicator is not set,the iOQE Invalid_ParentPCT will be
set and the search will resume with the next IOQE in the queue.

If the Terminated_PCT__Indicator is set, the processor will determine if the

IOQE being processed is in the I/0 WAIT Queue. If it is, the processor will

dequeue the IOQE, and if the IOQE is pre-initialized, (Pre_Initialized IOQE

set ) the IOQE will be return@d to the IORE Free Pool and iOQE_Flags Field_l

reset. The IOQE search then resumes with the next IOQE in the queue.

If the IOQE is not in the I/O WAIT Queue, the Parent PCT Terminated will

be set. The IOQE search resumes with the next IOQE in the queue.

d. Out__- See Table 3.2.5-1.

e. Module References - None

f. Module Attributes - Program

g. Template References - None

h. Error Checks - None

i. Constraints and Assumptipns E NOne

j. Detailed Implementation - None
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--v

Enter )

1
IF I/O_

Active_
Queue_Address /

NE0I /

IF IPR_

i-OQE_

Address

N__EE0

1
IF I/O_Wait_ _

Queue_

Address

NE0

Load

Communications

_Vector_Table

I/O_Active_

Queue
Address

Load
Communications_

Vector_Table

IPR_IOQE_
Address

Load

Communications_

Vector_Table

Mass_Memory_
Active_

Queue
Address

Load

Communications

_Vector_Table
I/O_Wait_

Queue
Address

Perform I/O_

Term_Loop

(225.1) Figure
3.2.5-2

Perform I/O

Term_Loop

(225.1)

Figure 3.2.5-2

Perform I/O_

Term_Loop

(225,1) Figure
3.2.5-2

Perform I/O

Term_Loop
(225.1)

Figure 3,2,5-2

Figure 3.2.5-1. I/O_Termination_Processor (FIOPURGE)



_E-___=
_- _ -= .-- =- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part !

Date 2/28/77

Rev

Page 3.2.5-4

Enter )

l
DO UNTIL All
I/O_Queue_ /-ElementsAre

Processed

I
Return )

Perform I/0_
Term_Loop_
One (225.2)
Figure 3.2.5_3

Figure 3.2.5-2. I/O-Termination_Processor I/O_Term_Loop (225.1)
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I IF Address_Of_ k

Requesting_
Process_PCT =
Input PCT /

Address /

Then

IF
?erminated_
PCT_
Indicator
=1

___ Update Last

I/O_
Queue_
Element
Add ress

Then

Else

Perform I/O_
Term_Loop_
Two (225.3)
Figure 3.2.5-4

Set Invalid_
Parent_PCT
= 1 In IOQE_

Flags_Field
_1

J

Figure 3.2.5-3. I/O-Termination_Processor I/O--Term_Loop_One (225.2)
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I F Processing
The I/O Wait
QUEUE

Then

Else

Last I/O_Queue_
Element Address_
Of_Next_lOOE_
In_Chain = Pre-
Initialized I/O_
Queue_Element
Address Of Next_
IOQE_ln_Chain

mill

I IF Pre-lnitialized-_

IOQE = I In I/0_

Flags_Field_1 /

!
Let Current I/0_
Queue_Element
= Last I/0_
Queue_Element
Processed

Set Parent_PCT_ !

Terminated In

IOQE_Flags_
Field_l = 1

Update Last I/0
_Queue_
Element Address

Then

Else

Let Address_Of_
Next_lOQE_ln_
Chain Of The Pre-
Initialized I/0_
Queue_Element =
I/O_Free_Pool
Address

I
Let I/O_Free_
Pool Address =
Pre-lnitialized
I/O_Queue_
Element

Let I/O_

Flags_Field
_1 =0

Figure 3.2.5-4. I/O_Termination_Processor I/O_Term_Loop_Two (225.3)
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3.2.6. i Level__A I/O_Error Interrupt_Handler (FIOERRLA) (240)

The Level A I/O_Error_Interrupt_Handler processes level A I/O interrupts gen-

erated by the IOP.

a. Control Interface - Hardware PSW swap because of level A i/0 interrupt.

b. In___- See Table 3.2.6.1-1.

c. Process Description - The Interrupt__Register_A is read and the I/0 Error_

Log_Routine is called. Then the type of error is determined and the appro-

priate action is taken. The error types and the action taken are listed
below:

i. GO/NO-GO Timer Timeout - If the Timer Termination Control Latch is one

(set), then enter a wait state with al--iinterrupts disabled. Otherwise,

the error is ignored.

2. iOP Fail Latch - If the Voter_Termination_Control Latch is one (set),

then enter a wait state with all interrupts disabled. Otherwise, the

error is ignored.

3. ROS Parity Error or 10P Fault - Reset the 10P and enter a wait state

with all interrupts disabled.

if the machine is not placed into a wait state with all interrupts disabled,

control is returned to the interrupted process.

The control flow for this module is shown in Figure 3.2.6.1-1.

d. Output - See Table 3.2.6.1-1.

e. Module References - (246) I/O Error Log_Routine is CALLed.

f. Module Attributes - Program

g. Te__!ate References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

j. Detailed Implementation -

i. The Set System Mask (SSM) instruction is used to update PSW Syste_Mask

of current PSW to enter a wait state with all interrupts disabled.

2. Control is returned to the interrupted process via a Load PSW (LPS)

instruction from External Interrupt 00Id__PSW.
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Enter )

I
Read tOP

Interrupt__
Register_A

CALL I/O-
Error_Log-
Routine (246}

Figure
(3.2.6.4-1)

Then

LF Go/No-Go-_ I

Timer _Interrupt /_------_

= 1 (Interrupt) / I

i_n tRere_UpteT°p rToh'es_ I

(2) J

J_ Timer_ =)

Termination_
Control Latch

1 (Set)

IF lOP_Fail_ )

Latch_
Interrupt = |

(Interrupt}

Then Enter Wait State
With Interrupts
Disabled (1)

IF Voter- k

Then _ermination-
Control_ /

Latch = I {Set)/

1 I'_FROS-Par't_-\_ i
t Else I Error-lnterrupt \ Then |

OR lOP_Fault_
/ I'_errupt = 1 / [

[ (Interrupt) / [

Enter Wait State

With Interrupts
Disabled (1)

Reset The lOP

I
Enter Wait State

With Interrupts
Disabled (1)

Fi_Jre 3.2.6.1-1. LeveI-A-I/O_Error_lnterrupt_Handler (FIOERRLA)



',...j



L

_- __=.__-_
:----'_'- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part I

Date 2/28/77
Rev

Page 3.2.6.2-1

v

3.2.6.2 Level B I/0 Error_Interrupt_Handler (FIOERRLB) (242)

The Level B I/O__Error_Interrupt_Handler processes level B I/0 interrupts

generated by the lOP.

a. Control Interface - Hardware PSW Swap because of level B I/0 interrupt.

b. Inputs - See Table 3.2.6.2-I.

C. Process Description - Upon receiving control, the PSW Interrupt__Code

of the External_Interrupt I OId_PSW is examined to determine if it or

the 10P Interrupt__Register B contains the error information. If the

PSW_Interrupt_Code is zero, the 10P Interrupt_Register_B is read,

otherwise, the PSW__Interrupt_Code is used to determine the type of

error. Figure 3.2.6.2-2 shows the various errors and the response made

by FCOS. The I/O__Error_Log_Routine is called and control is either

returned to the interrupted process or the machine is placed in a wait

state with all interrupts disabled.

The control flow for this module is shown in Figure 3.2.6.2-1.

d,

e.

Output - See Table 3.2.6.2-1.

Module References - (2h6) I/0 Error Log Routine (FIOLGERR) is CALLed.

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

j. Detailed Implementation -

1. The Program-Controlled l/O (PC) instruction is used to read the 10P

Interrupt Register__B.

2. The Program-Controlled I/0 (PC) instruction is used to update the

GO/NO-G0 counter. The timeout value loaded is a data word of all

zeros.

. The Program-Controlled I/0 (PC) instruction is used to halt and

enable the MSC.
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,

.

7.

This DO UNTIL loop is an infinite loop that is not terminated

until GPC AGE Restart Flag is reset to zero by an external manual
interventi--on_i.e., the GPC is halted by the Microprogrammed Test

Set, the GPC AGE Restart Flag zeroed, and the GPC restarted). The

purpose of t_is code is to define a Q-point for Simulation Stops/

Restarts.

Control is returned to the interrupted process via a Load PSW (LPS)

instruction from External_InterruptlOld__PSW.

The Program-Controlled I/0 (PC) instruction is used to reset the lOP.

The Set System Mask (SSM) is used to update PSW System Mask of the

current PSW to enter a wait state with all inte_rupts_isabled.

k_J

k_j
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Enter

I Interrupt Code =

PSW_lnterrupt_
Code Of External

__Interrupt 1_
Otd_PSW

Then

I
CALLi/O_

Error_Log-
Routine (246)
Figure (3.2.6,4)

Read lOP 1

Interrupt_
Register_B (1)

]
Interrupt Code =
Interrupt_
Register_B

___ IF Interrupt
Code = 6

1
I:_,_t.r_oo,_o__nlTM, )__

Interrupt_Q_

= 3 OR 4 OR l Point_Flag

| I
Reset The tOP J The Interrupted J

(6) _, Process (5) .,_

I
|

Enter A Wait I
State With All IInterrupts
Disabled (7)

_ ,F,,O_,o,,--\I_eue-Addre"/_------ I

Age Interrupt_ I

Q_Point_Flag
=0

Age_interrupt_ i

GMT = Software
_Clock_Half_
Hour_Counter

..... i

Update Go/No-Go I

Counter With I
Maximum Value
(2) I

1
Halt The MSC
(3)

I
GPC_AGE_ !

Restart_Flag =
1

GPC_AGE_ _ _Restart_Flag

Restart_Flag=0/ 1(4)

I
I _r_',_;_eJ

Figure 3,2.6.2-1. LeveI-B-I/O_Error_lnterrupt_Handler (FIOERRLB)
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Error Description FCOS Response Source

PCI/PCO Parity

DMA Instruction Parity

DMA Data Parity

Burst DMA Error

DMA Q Overflow

DMA Timeout

1/O Address Specification

Reset tOP, Enter WAIT State With Interrupts Disabled

Reset lOP, Enter WAtT State With Interrupts Disabled

Reset lOP, Enter WAIT State With Interrupts Disabled

Reset lOP, Enter WAIT State With Interrupts Disabled

Reset lOP, Enter WAIT State With Interrupts Disabled

Reset lOP, Enter WAIT State With Interrupts Disabled

Interrupt_Register B

Interrupt_Register B

Interrupt_Register B

Interrupt_Register B

Interrupt_Register B

Interrupt_Register B

I/O Store Protect

I/O Write Parity

PCI Data Parity

I/O Address Parity

AGE Interrupt

Ignore

Ignore

Reset lOP, Enter WAIT State With Interrupts

Reset lOP, Enter WAIT State With Interrupts

Reset lOP, Enter WAIT State With Interrupts

Disabled

Disabled

Disabled

PSW_lnterrupt_Code = 3

PSW_lnterrupt_Code = 4

PSW_tnterrupt_Code = 2

PSW_lnterrupt_Code = 1

PSW_lnterrupt_Code = 5

If The I/O-Active-Queue-Address Is Zero, Reload
The Go/No-Go Counter With Its Maximum Value,
Halt The MSC, Set GPC-AGE-Restart-Flag To A-l,
And Loop Until GPC-AGE-Restart-Flag Is Set To
Zero By Some External Manual Intervention. After
GPC-AGE-Restart-Flag Has Been Zeroed, Restart
The MSC And Continue.

PSW_lnterrupt_Code = 6

Note: All Of The Above Errors Are Logged.

Figure 3.2.6.2-2. Level B I/O Error Response Description
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3.2.6,3 Level C_I/O_ErrorlnterruptHandler(FlOERRLC) (2_&)

To Be Provided

J

k
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3.2.6.4 I/0_Error Log Routine (FIOLGERR) (246)

I/O_Error_Log_Routine records information pertinent to Level A, B, or C

I/0 error interrupts.

a. Control Interface -

io

2.

3.

CALLed by (240) Level__A_I/O_Errorlnterrupt__Handler (FIOERRLA)

CALLed by (242) Level_B_I/O_Error_Interrupt_Handler (FIOERRLB)

CALLed by (244) Level C_I/O_Error_Interrupt_Handler (FIOERRLC)

b. Input-

Bits 0-15 of register 2 contain BCE Element Number.

Bits 0-15 of register 3 contain Operation Code.

Bits 16-31 of register 3 contain Device ID.

Bits 0-15 of register 4 contain BCE Number.

Bits 16-31 of register 4 contain Residual Word Count.

Register 6 contains 10P Status Register.

C. Process Description - The I/O_Error Log_Routine updates the I/0 Error

Log__Index to point to the oldest entry in the I/O_Error Paramter of the

I/OErrorLog. The oldest entry is the entry to be overlaid. There is

a separate entry in the I/O Error_Log for storing the GPC error informa-

tion for later transmission via ICC to the other active GPC's.

The BCE Element Number, Operation Code, BCE Number and Residual Word

Count are stored in the cyclic Stack (I/0 Error Parameters) and the GPC

entry (GPC_X_I/O_Error_Parameter). The 10P Status Register is saved ir

the I/O_Error_IOP_Status__Register and GPC X I/0Error__lOP_Status_Register.

The GMT is obtained from the Last_TQE_Half Hour Portion COMPOOL parameter,
converted from one microsecond resolution t--o51_microsecond resolution,

and saved in both the stack portion (I/O_Error_TimeTag) and GPC entry

(GPC X I/0_Error_Time_Tag).

The GPC X I/O_Error__Count is checked to see if it is less than or equal
to the maximum number. If not it is incremented and stored. A flag is

turned on in ICC I0 Err GPCx. GPCx is specified in I/O_Error Log ICC

Indicator__Mask. This flag will indicate the GPC portion of I/OErr0r_Log
to be transmitted via ICC to the other active GPC's.

The control flow for this module is shown in Figure 3.2.6.4-1.

_T
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d. Out_q_- See Table 3.2.6.4-1.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation -

I. Value of X to designate number of GPC is obtained from I/O Error
Log_Table_Address.

2. Value of X to designate number of GPU is obtained from I/O_Error
Log_T_C_!_dicator "_sk.

kj
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Enter )

i
IF i/O_Error_ _

_og_lndex LE

Number Of --

Eiror Entries J

l
Compute Address
Of I/O_Er ror_

Log From I/O_
Error_Log_
Index

I

Then

Else

Increment I/O_ /

Error_Log_
Index To Next

Entry

Reset I/O_

Error_Log_

Index To Origin

Store;

I. BCE Element Number

2. Operation Code
3. Device ID
4. BCE Number

5. Residual Word Count

In I/O_Error_BCE_ Element_Number

In I/O_Error_OP_Code

In I/O_ Error_Device_l D
In I/O_Error_BCE_Number
In I/O_Error_Residual_Word_Count

Fields Of I/O_Error_Parameters And GPC_X_l/O_Error Parameters (1)

Store tOP Status

Register In l/O_
Error_lOP_

Status_Register
And GPC-X-I/O
_Error_lOP_

Status_Register

1
Get GMT From Last_

TQE_Half_Hour_
Portion; Convert To

LSB = 512 MSEC; Store
In I/O Error_Time_

Tag And GPC_X_I/O_
Error_Time_Tag

I
[ -_r rGorPCcX n_/LOT'-_ Then

Set ICC_IO_ERR_GPC
To Cause ICC Transfer Of

GPC_X_I/O_Error Parameters

GPC_X_l/O_Error_lOP_Status Register
G PC_X_l/O_Error_Time_Tag (2)

[
Return )

Increment

GPC_X_I/O_
Error_Count

Figure 3.2.6.4-1. I/O_Error_Log_Routine (FIOLGERR)
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3.2.7 MSC Programs

The MSC programs are executed by the MSC in the lOP. One of their functions

is to start the command mode Bus Control Elements (BCE) which the CPU has design-

ated. One or more buses can be started by the MSC in a single request by the CPU.
When the buses are started the CPU indicates to the MSC which buses are to be

monitored (Both listen and command mode buses are monitored). The MSC, monitors

the designated buses and interrupts the CPU upon their completion; it also notes

to the CPU whether or not an error has occurred on one of the monitored buses.

The completed BCE programs for listen mode buses are then reset to a wait for index

(WIX) instruction.

The following MSC programs are documented in this section (see Figure 3.2.7
-i):

ao MSC Control_Routine (250) - This program is used to start BCE programs

other than Mass Memory BCE programs.

b. MSC_I/O Monitor (251) - This program monitors BCE's (other than

mass memory) for I/0 Completion.

Co MSC__BCE_Reset__Routine (252) - This program causes BCE's to be placed on
the standard system wait for index (WIX) instruction.
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i MSC I

Programs
3.2.7

I
MSC_Control 1

_Routine
FIOMCNTL
(250) 3.2.7.1 l MSC_I/O_ 1

Monitor
FIOMNTR
(251) 3.2.7.2

i

MSC_BCE_ 1

Reset_Routine
FIOMSETB (252)
3.2.7.3

Figure 3.2.7-1. MSC Programs
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3.2.7.1 MSC Control Routine (FIOMCNTL) (250)

FIOMCNTL is a program which is executed by the MSC to initiate BCE execution.

a. Control Interface - Invoked by (210) Start_MSC_Processor (FIOSTMSC)

when the MSC_Program_Counter is loaded.

b. _- See Table 3.2.7.1-1.

C. Process Description - The MSC_Control_Routine takes the Start l/0BCE_Mask
which indicates which buses are to be started and forms the logical

product with the Requested_I/0_Transmitter_Mask. The logical product
indicates the buses which the MSC Control Routine then starts. The

control flow for this module is presented in Figure 3.2.7.1-1.

d. Output - See Table 3.2.7.1-1.

e. Module References -

I. (251) MSC_I/OMonitor (FIOHNTR) routine is called.

2. (260) DDU BCE Processor (FICDDUPG) is started by an Sl0 instruction.

3. (261) DEU_BCE__Processor (FIODEUPG) is started by an Sl0 instruction.

4. (262) iCC_BCE__Processor (FIOICCPG) is started by an SI0 instruction.

. (263) LDB BCE Processor (FIOLDBPG) is started by an SIO instruction.

6. (264) MDM BCE Processor (FIOMDMPG) is started by an SIO instruction.

e (265) Payload Discrete_BCE__Processor (FIOPDSPG) is started by an SI0
instruction.

8. (266) PMU__BCE_Processor (FIOPMUPG) is started by an SIO instruction.

9. (267) PROM BCE Processor (FIOPRMPG) is started by an Sl0 instruction.

f. Module Attributes - MSC Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions None

J. Detailed Implementation - None
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Enter )

Load Start_
I/O_BCE_
Mask

Load

Requested_l/O_
Transmitter_
Mask

J
Form Logical Sum
Of Start_l/O_
BCE_Mask And
Requested_ I/0_
Transmitter_
Mask

I
Start Buses Indicated 1

By The Logical Sum.
This Modifies The

Busy_Wait_Register
For Those Buses
Which Are Started.

1
Pass Control _*_

To MSC_I/O_ jt

Figure 3.2.7.1-1. MSC-Control_Routine (FIOMCNTL)

TT
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3.2.7.2 MSC I/O__Monitor (FIOMNTR) (251)

FIOMNTR monitors the BCE's specified in the Top_Active_lOQE for I/0 completion.

When the BCE's have completed, FIOMNTR generates an interrupt to the CPU.

a. Control Interface -

i.

2.

3.

Invoked by (210) Start_MSC__Proeessor (FIOSTMSC) when the MSC_Program_
Counter is loaded.

Called by (250) MSC Control Routine (FIOMCNTL)
-- I

Called by (252) MSC BCE Reset Routine (FIOMSETB)

Called by (281) Mass_Memory_MSC_Processor (FIOMMMSC)

b. In_n2__ - See Table 3.2.7.2-1.

C. Process Description - The MSC_I/O_Monitor receives control whenever BCE

programs might have to be monitored for completion. It checks the

MSC_I/O_Monitor_Flag to determine if it has I/0 to monitor. If it does

not, it puts the MSC into a wait state until it is restarted by the CPU.

(The MSC_I/O_Monitor never returns to its caller.)

If there were BCE's to monitor it obtains the Mask of Buses to Monitor.

If the Mask of Buses_to Monitor is negative the I/_ has already been

marked complete by the CPU, or there are no buses to monitor. In

either case, the MSC_I/O_Monitor stores the completed 10QE address

in the I/OComplete_IOQE_Address, interrupts the CPU and then places
the MSC in a wait state.

If there were BCE's to monitor the program calculates how long it is

until the interrupt will occur. If the time is too far into the future

the MSC_I/O_Monitor delays until it is about the time for the interrupt.

It then waits for the BCE's to complete. If the BCE's do not complete

in time or an error is indicated in the Program_Exception_Register, an

error flag is set in the MSC_Completed_I/O_Request. If an error was not

detected, the monitored buses are restarted. The address of the completed

IOQE is moved from the MSC_Completed_I/O_Request to the I/O_Complete_IOQE

address and the CPU is interrupted. The MSC is then placed in a wait state

until restarted by the CPU.

The control flow for this module is presented in Figure 3.2.7.2-1.

d. Out___2__- See Table 3.2.7.2-1.

e. Module References -

i. (268) Common_BCE_Processing (#PFIOECT) is started by an @SIO
MSC instruction.
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f,

g.

h.

i.

j.

Module Attributes - MSC Program

Template References - N/A

Error Handling -

Io MSC Timeout is detected and communicated to the CPU via the I/0_

Complete_lOQEAddress. The buses associated with the error are not

restarted to position them at a WIX instruction.

. If an error is indicated for one of the monitored buses in the

Program_Exception_Register, the MSC_I/OMonitor communicates this

to the CPU via the I/O_Complete_lOQE_Address. The buses associated
w_th this I/0 request are not restarted to position them at a WIX

instruction.

Constraints and Assumptions - None

Detailed Implementation -

I* This block is never executed since the MSC has gone into a wait

state prior to this point. When the MSC is restarted by the CPU

it will start execution where the CPU specifies, not at the

instruction after the wait.

, The MSC Monitor Count is a fictitious constant used in the flowchart

for readability. In the actual code the value resides in a register.

k_J
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Enter )

,1
if MSC_ItO_

Monitor_Flag
N_EEO

Then
Set MSC_Status
_Indicator To
Busy But
Interruptable

Set MSC_
Status_|ndicator
To Show MSC Is
Idle

Put MSC In
Wait State

(Resets MSC Flag
In Busy_Wait_
Register To
Zero)

i

I
Return (11)

Obtain Top_
Active_
IOQE_18_Bit_
Address And Save

In MSC_Completed
-I/O_Request

I
I

I,F Ma,LOf_\
I Buses_To_ k

I Monitor From
I Top Active IOQE/

19_0 i

IF CPU_To_MSC_Status

LT O (CPU

Does Not /Need MSC)

Then

Else

Then

Perform MSC_
Monitor_
Function (250.1)
Figure 3.2.7.2-2

Set MSC_Status
_Indicator To
Busy Not
Interruptable

Store MSC_

Completed_l/O_
Request Into I/O
_Complete_
I OQE_Address

Interrupt CPU
(Set Interrupt_
Register C)

Figure 3.2.7.2-1. MSC_l/O_Monitor (FIOMNTR)
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Turn On Error
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Completed_l/O
_ Request

LF Program_ O)

Exception_
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Then

J

Tur_On Error

Flag In MSC_
Completed_
I/O_Request

Restart The Buses
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Busy_Wait_Register,
(When BCE's Execute

They Will Go To A
WIX Instruction.)

__ Figure 3.2.7.2-2. MSC-I/O_Monitor
MSC-Monitor_Function (250,1)
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3.2.7.3 MSC BCE Reset Routine (FIOMSETB) (252)

FIOMSETB is an MSC program which causes BCE's to be placed on a WIX instruction.

a, Control Interface - Invoked by (210) Start MSC Processor (FIOSTMSC)

when the MSC_Program_Counter is loaded.

b. Input- See Table 3.2.7.3-1.

C. Process Description - When the MSC BCE Reset_Routine receives control,

it starts the buses specified by the Mask of Buses to Be Reset. it

then passes control to MSC__I/O__Monitor. The buses which were started

have been initialized by the Level__C__I/O_Error_InterruptHandier to go
to a WIX instruction when started. The control flow for this module is

presented in Figure 3.2.7.3-1.

d. Output - See Table 3.2.7.3-1.

e. Module References -

f.

I. (251) ,_SC_I/0_fonltor (FI0t_TfR) is CALLed.

2. (268) Common BCE_Processing (#PFIOECT) is started by an @SIO
MSC instruction.

Module Attributes - MSC Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

j . Detailed Implementation - None
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Enter )

Start The Buses Specified
By The Mask_Of_Buses_
To_Be_Reset (This
Modifies The Busy_Wait
_Register For Those
Buses Which Are Started.

I
Contro,)To MSC_IIO

_Monitor

(251)

Figure 3.2.7.3-1. MSC_BCE_Reset_Routine (FIOMSETB)
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3.2.8 BCE Programs

Most FCOS BCE programs are designed for a specific bus terminal unit to be

used with a specific I/0 transaction. However, some BCE programs have been made

general enough to be used by several i/0 transactions to communicate with different

bus terminal units. The BCE programs used with TCS I/0 requests are examples of

generalized BCE programs.

To save CPU setup time, most FCOS BCE programs have been hardcoded. This

means that the buffer areas used and the data requested by these programs is never

changed.

Some hardcoded BCE programs are structured to facilitate bypassing of commands

to retrieve data from LRU's which are failed or powered off.

A BCE program executes in either the command or listen mode. The BCE program

may transmit both commands and data and also receive data while in command mode.

In listen mode, the BCE program may receive data and listen commands but is not

allowed to transmit commands or data. A BCE in listen mode relies on BCE programs

in other iOP's to command a subsystem to return data. A listen BCE program executes

a Wait-for-Index (WIX) instruction when in the busy state. This WIX instruction

monitors for a listen command for another IOP. The listen command contains an

index into a table of branch addresses and these addresses are used to start a

specific BCE program. The presence of a command to a subsystem on the listen BCE

bus is used as a signal to start receiving data when a Receive Data Instruction is

being executed by a listen mode BCE. The BCE program in command mode executes a

WiX instruction, but the WIX becomes a WAIT for command mode BCE's.

For input operations, a BCE program running in command mode sends a listen

command to all listening BCE's. After the listen command has been issued, some

delay instructions are executed to allow the listening BCE's to have time to

receive the command, interpret it, and get set up to receive the data. After the

delays, the commanding BCE executes a #MIN instruction to command the subsystem

to return the appropriate data and then prepares itself to handle this data. When

the subsystem places its data on the bus, the command and listen mode BCE's are

prepared to accept it, and consequently receive exactly the same data at exactly

the same time. The data path (annuciation) counters are zeroed by BCE input pro-

grams which complete successfully.

For output operations, after a BCE program running in the command mode has

sent all of its data to the various subsystems, a listen command will be sent to

all listeners to allow them to indicate to their MSC's that the output operation

has completed.
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The following BCE programs are documented in this section (see Figure
3.2.8-1):

a, (260) DDU_BCE_Processor (FIODDUPG)- These programs output data to the

Dedicated Displays.

b. (261) DEU_BCE_Processor (FIODEUPG)- These programs are used to communi-
cate with all DEU's.

C, (262) ICC_BCE_Processor (FIOICCPG)- These programs provide support SSIP

ICC data transfers and IPR iCC data transfer between redundant or common

set GPC's.

d° (263) LDB_BCEProcessor (FIOLDBPG)- These BCE programs provide GPC and

ground communication via the GSE.

e, (264) MDM_BCE_Processor (FIOMDMPG)- These programs include support for

TCS I/0 request, APU outputs, MTU write nose wheel steering commands, and
MDM BITE acquisition.

f. (265) Payload_Discrete_BeE_Processor (FIOPDSPG)- These BCE programs

support caution and warning discrete outputs to the payload MDM's.

g. (266) PMU BCE Processor (FIOPMUPG)- These BCE programs provide all
FcosI/07uppTrtforthe

h. (267) PROM BCE Processor (FIOPRMPG)- These BCE programs provide GN&C
flight cri[icaTinputs and outputs and MTU reads.

i° (268) Common BCE Processing (#PFIOECT)- This module contains BCE code

for I/O compTetiTn common to all BCE programs.
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3.2.8.1 DDU_BCE__Processor (FIODDUPG) (260)

FIODDUPG does output to the Attitude Direction Indicators, Alpha/Mach Indica-

tors, Altitude/Vertical Velocity Indicators, and the Horizontal Situation Indicators

attached to DDUI and DDU2.

a.

b.

c.

d°

e.

fo

g-

h.

i.

j.

Control Interface - Initiated by SIO instruction in (250)

MSC Control Routine (FIOMCNTL).

Input - See table 3.2.8.1-1.

Process Description - Write 14 words to the ADI, 6 words to the AMI, 6 words

to the AVVI, and i0 words to the HSI on DDUI. Repeat the same process for

DDU2. Data is from the GN&C i/0 Buffers. The control flow for this module

is shown in Figure 3.2.8.1-1.

Output- See Table 3.2.8.1-1.

Module References -

(268) Common BCEProcessing (#PFIOECT) is invoked.

Module Attributes - BCE Program.

Template References - None.

Error Handling - None.

Constraints and Assumptions - None.

Detailed Implementation - None.

v
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Figure 3.2.8.1-1. DDU_BCE_Processor (FIODDUPG)
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3.2.8.2 DEU BCE Processor (FIODEUPG) (261)

FIODEUPG performs the DEU operations of poll, dump, memory fill, reset

scratch pad line, keyboard request, and bite status request.

a,

b,

C.

d.

e.

f.

g.

h.

i.

J.

Control Interface - FIODEUPC is initiated by a SiO instruction in

(250) MSC Control Routine (FiOMCNTL)

Input - See Table 3.2.8.2-1.

Process Description - FIODEUPG consists of 6 segments that perform the

following DEU operations:

Poll

Dump

Memory Fill
Reset Scratch Pad Line

Keyboard Request

Bite Status Request

(261.01)
(261.02)
(26i.03)
(261.04)
(26i.05)
(26i.06)

The control flow for this module is shown in Figure 3.2.8,2-i.

Output- See Table 3.2.8.2-1.

Module References -

(268) Common_BCE_Processing (#PFIOECT) is invoked.

Module Attributes - BCE Program

Template References - N/A

Error h_udlin_ - None

Constraints and Assumptions - None

Detailed Implementation -

i. Listen Command entry point
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Load BCE_Base
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Message_

Header
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Command
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_ Register With

Address Of

Entry t Of DEU_

Message_

Header (1)

Issue Mode

Status Request

1
/ _Processing

| FIOWAT11

Entry Point /

_k Figure /

_.3.2.8.g-1 )J

Similar Control Flows For DEU2 And DEU3

Figure 3.2.8.2-1. DEU_BCE_Processor
DEU_Poll (261.1)
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Figure 3.2.8.2-2. DEU_BCE_Processor
DEU_Dump (201.2)
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Figure 3.2.8.2-3. DEU_BCE_Processor
DEU_Memory_Fill (261.3)
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Figure 3.2.8.2-4. DEU_BCE_Processor

DEU- Reset_Scratch_Pad_ Line (261.4)
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Figure 3.2.8.2-5. DEU_BCE_Processor

_DEU_Keyboard_Request (261.5)
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Figure 3.2.8.2-6. DEU_BCE_Processing
DEU_Bite_Status_Request (261.6)
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3.2.8.3 ICe BCE Processor (FIOICCPG) (262)

FIOICCPG performs the Inter-Computer Communications for Systems Software

Interface Processing and IPR. The SSIP transfers 8, 16, 32, or 64 words per

transmission. The IPR common set and redundant set transmissions are 7 words

each.

a.

b.

C.

d.

e.

f.

g.

h.

i.

J.

Control Interface - FI01CCPG is initiated by a SIO instruction in (250)

MSC Control Routine.

Inputs - See Table 3.2.8.3-1.

Process Description - FIOICCPG consists of 6 segments that perform

the following ICC operations.

SSIP 8 word transmission and receive 262.01

SSIP 16 word transmission and receive 262.02

SSIP 32 word transmission and receive 262.03

SSIP 64 word transmission and receive 262.04

SSIP 128 word transmission and receive 262.05

IPR common set and redundant set 7 word transmission 262.06

and receive

Control flow is presented in Figure 3.2.8.3-1 and 2.

Outputs - See Table 3.2.8.3-1.

Module References -

(268) Common_BCEProcessing (#PFIOECT) is invoked

Module Attributes - BCE Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

i.

2.

3.

Listen mode entry point

Common set entry point

Redundant set entry point
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hl

o

May be indexed to another WIX instruction or listen mode entry
point so that the data can be ignored or received.

Similar control flows exist for SSIP 16 Words (262.02),

SSIP 32 Words (262.03), SSIP 6h Word_ (_62.04), and

SSIP 128 Words (262.05).
w m
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Figure 3.2.8.3-1. ICC_BCE_Processor

SSIP_8_Words (262.01)
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FIOLDBPG performs the LDB operations of status command, interrogate without

GPC data, status request, interrogate with GPC data, go ahead command, and

transmission enable.

ao

b.

C.

Control Interface - F!OLDBPG is initiated by a SI0 instruction in

(250) MSC Control Routine (FIOMCNTL)

Input - See Table 3.2.8.4-1.

Process Description - FIOLDBPG consists of 5 segments that perform

the following LDB operations:

Status Command

Interrogate without GPC Data

Status Request

Interrogate with GPC Data and Go Ahead

Transmission Enable

(263.Ol)
(263o2)
(263o3)
(263.04)
(263.o5)

d.

e.

f.

g.

h.

i.

J.

The control flow for this module is shown in Figure 3.2.8.4-1.

Outputs - See Table 3.2.8.4-i.

Module References -

(268) Common_BCE_Processing is invoked.

Module Attributes - BCE program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

i. Listen mode entry point,

2. Command will be either an interrogate with GPC data or a go ahead.

3. Enable command means here comes GPC data.
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3.2.8.5 MDM BCE Processor (FIOMDMPO) (264)

FIOMDMPG performs the MDM operations of Test Control Supervisor read, Test

Control Supervisor write, Test Control Supervisor control, Auxiliary Power Unit

fuel quantity write, forward nose wheel steering, master timing unit write, and

BITE acquisition.

a, Control Interface - FIOMDMPG is initiated by a SlO instruction in

(250) MSC Control Routine.
m

b. Input - See Table 3.2.8.5-i.

Co Process Description - FIOMDMPG consists of 6 segments that perform the

following MDM operations:

TCS read

TCS write and control

APUwrite

Forward nose wheel stering

(264.01) NTU Write (26h.05)

(264.02) BITE acquisition (26L.06)

(264.03)

(264.04)

J

d.

e.

f.

g.

h.

J.

The control flow for this module is shown in Figure 3.2.8.5-1.

_- See Table 3.2.8.5-1.

Module References -

(268) COMMON BCE Processing (#PFIOECT) is invoked.

Module Attributes - BCE Program.

Template References - N/A

Error Handling - None

Detailed Implementation -

1. Listen command entry point
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3.2.8.6

a.

b.

C.

do

e.

f.

g.

h.

i.

j.

Payload_Discrete_BCEProcessor (FIOPDSPG)(265)

FIOPDSPG Performs the set and resets of the payload discretes.

Control Interface - FIOPDSPG is initiated by a SI0 instruction

in (250) MSC Control Routine.

In_- See Table 3.2.8.6 - I.

Process Description - FIOPDSPG will issue a set and reset of the PFI

discretes on card i0 and then on card 2. The same sequence is per-

formed for PF2. The control flow for this module is shown in Figure
3.2.8.6-1.

Outputs - See Table 3.2.8.6 - i.

Module References -

(2_8) Common_BCE_Processing (#PFIOECT) is involved.

Module Attributes - BCE Program.

Template References - N/A.

Error Handlin_ - None.

Constraints and Assumption - None.

Detailed Implementation - None
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Figure 3.2.8.6ol. Payload-Discrete_BCE_Processor (FIOPDSPG)
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3.2.8.7 _4U BCE Processor (FIOPMUPG) (266)

FIOPMUPG performs the PMU operations of write to the RAM, 128 KBPS and 64 KBPS

read and write, format selection, BITE read, Operational Instrumentation/Payload

read, and single data transaction for the Operational instrumentation/Payload.

a. Control Interface - FIOPMUPG is initiated by a SI0 instruction in (250)

MSC Control Routine.

b. Inputs - See Table 3.2.8.7-1.

C. Process Description - FIOPMUPG consists of 7 segments that perform the

following PMU operations:

Write RAM

Write 128/64 KBPS

Read 128/64 KBPS

Read BITE

Format Select

OI/PL Read

(266.01)

(266.02)

(266.03)

(266.04)

(266.05)

(266.06)

0I/PL Single Data Transaction (266.07)

The control flow for this module is shown in Figure 3.2.8.7-1.

d. Outputs - See Table 3.2.8.7-1.

e. Module References

(268) Common_BCE_Processing (#PFIOECT) is invoked.

f. Module Attributes BCE Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation

i. Transmission rate (128 or 64 KBPS) determined by command word.

=
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3.2.8.8 PROM BCE Processor (FIOPRMPG) (267)

FIOPRMPG performs the programmable read-only memory sequence I/0 and the

chained BCE I/O for the FF 1-_ and FA l-h MDMs.

a. Control Interface - FIOPRMPG is initiated by a SIO instruction in

(250) MSC Control Routine.

b. Input - See Table 3.2.8.8-1.

C. Process Description - FIOPRMPG consists of 13 segments that perform

the following MDM I/0 operations:

FA01-FA03 Input

FA0h Input

FA Input Attach Point Volts

FA01-03 Output

FA0h Output

FF Input 1

267.01 FF01 Input 2 267.07

267.02 FF02 Input 2 267.08

267.03 FF03 Input 2 267.09

267.0h FFOh Input 2 267.10

267.05 FF Read MTU 267.11

267.0h FF01-03 Output 267.12

FF0h Output 267.13

The control flow for this module is shown in Figure 3.2.8.8-1.

d. 0utputs - See Table 3.2.8.8-1.

e. Module References -

(268) Common_BCEProcessing (#PFIOECT) is invoked.

f. Module Attributes - BCE program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detai!ed Implementation -

i. Listen command entry point.
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3.2.8.9 CommonBCE Processing (#PFIOECT) (268)

#PFiOECT contains BCE code that is entered from other BCE programs via

a BCE branch instruction. It is necessary for the BCE code to reside within

this compool due to the nature of the STORE STATU_ (#SST) and WAIT FOR INDEX

(#WIX) BCE instructions. Both instructions require that they be placed within

1024 halfwords of the memory location which they reference. The store status

instruction is used to zero Data Path Error Counters while the wait for index

instruction references the Wix Table.

a. Control Interface -

It

2.

3,

@SI0 MSC instruction from (251) MSC I/O Monitor (FiOMNTR)

@SI0 MSC instruction from (252) _C--BCE--Reset Routine (FIOMSETB)

#BU BCE instruction from all BCE programs

b, Input - For BCE's that execute a WAIT FOR INDEX instruction while in

the listen mode, an index into the WIX Table is furnished via a listen

command sent by another lOP's BCE operating in the command mode.

See Table 3.2.8.9-1

CB Process Description - When entered from a non-mass memory input

transaction BCE program, an IUA II N Counters, IUA 12 N Counters,

or IUA 17 N Counters field is zeroed and the BCE that is executing

leaves the busy state and enters the wait state. An entry from a non-

mass memory output transaction BCE program will cause the BCE that is

executing to send a listen command and to leave the busy state and
enter the wait state.

If no errors were encountered in the i/0 transaction, the MSC_!/O_

Monitor will issue a @SIO MSC instruction to place the BCE in the

busy state executing a WAIT FOR INDEX BCE instruction. If errors

were encountered in the I/O transaction, the MSC BCE Reset Routine

will issue a @SIO MSC instruction to place the BCE in the busy state

executing a WAIT FOR INDEX BCE instruction, if the BCE is in the

command mode, the BCE will immediately re-enter the wait state. If,

however, the BCE is in the listen mode, the BCE will monitor its bus

for a listen command to be sent by another 10P commanding on that bus.
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do

eo

f.

g.

h.

i.

J.

When entered from a mass memory output transaction BCE program,

a listen command is sent out, the IUA 12 N Counters field for this

bus is zeroed, and a WAIT FOR INDEX BCE instruction is executed to

place commanding BCE's in the wait state and listeners to monitoring

their buses for a listen command sent by another 10P commanding on

that bus. _ntry I'rom a mass memory input transaction BCE program

will result in the same processing with the exception of sending out
a listen command.

Listen commands

See Table 3.2.8.9-1.

Module References - None

Module Attributes - BCE Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

For BCE's that are in command mode, the WAIT FOR INDEX instruc-

tion is equivalent to a WAIT instruction and the BCE re-enters
the wait state until it receives another command from its own

MSC telling it to execute another BCE program. The WAIT FOR

INDEX instruction places listen mode BCE's back into a loop where

they are monitoring the bus for a listen command, which furnishes

an index used in picking up the WIX Table address of the listen

mode entry point within the BCE program to be executed.
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Figure 3.2.8.9-1. Common_BCE_Processing ( # PFIOECT)



_____---_--=___'=-NAS 9-14444
SPACESHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 1

Date 2/28/77

Rev

Page 3.2.9-1

3.2.9 Mass Memory

Mass Memory Units (MMUs) require I/0 Management services due to data

verification and hardware characteristics, such as slow access time and fixed

length data blocks. These special I/0 Management services provide MM service re-

quest processing, IOP dispatching, completion processing, error processing, and

special lOP programs.

MM service requests are initiated using the generalized I/O SVC services. The

MM user requests services by issuing an I/0 SVC with the associated parameters ini-

tialized. These pars/neters include the MM operation code used to indicate what

function is to be performed, the number of words to be transferred, the requested

MM starting block address, and other parameters common to all I/O processing. The

I/O SVC service routines when invoked will allocate and initialize an IOQE for the

request then relinquish request processing to the special MM I/O Management services.

These services will process the MM service request and monitor the completion of the

transaction. If the requested MMU is busy, the services will reject the request
as in error.

It should be noted, that data is written to MM in 512 16-bit words regardless

of the size of the output buffer or word count specified by the requestor. However,

the IOP is not required to receive _4 data in 512 word blocks. Therefore, reads of

less than one block are supported.

MM data verification on read operations is performed by calculating

a checksum word from theinput data words and comparing the checksum word against

the last input data word. The checksum word is calculated by summing the input

data words. The last word of any logical data record is assumed to be a checksum

word calculated from the input data words before the data block was originally
written to MM.

Data verification on w_ite operations is performed by re-reading the data

written to MM and performing a read operation data verification. The data is read

into a buffer other than the users output buffer to preserve data integrity.

Mass Memory I/0 Management Services consist of the following programs (See

Figure 3.2.9-1).

a. Mass_Memory_Manager - Fields and processes all MM service requests and

monitors completion of all MM transactions.

b. Mass Memory MSC Processor - Initiates MM BCE programs
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C,

d.

Mass Memory BCE Processor - MM BCE program used to read, write or position
a MMU tape or to read a MM status register.

Mass Memory Utility Write BCE Processor - MM BCE program used to write i to
_-da_ca blocks to MM.

k.1

k_1
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3.2.9.1 Mass_MemoryManager (F IOMMMGR ) (280 )

To Be Provided
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3.2.9.2 Mass Memory MSC Processor (FIOMMMSC) (281)

FIOMMMSC is an MSC routine that initiates BCE processing of Mass Memory
transactions.

a. Control/Interface - Invoked by (210) Start_MSCProcessor (FIOSTMSC)

when the _4_C Program Counter is loaded.

b. l_nput - See Table 3.2.9.2-1

c. Process Description - The Mass Memory MSC Processor when invoked loads

the MSC Accumulator Register with the Mass Memory Start I/O BCE Mask.

The processor then starts BCE processing of Mass Memory transactions

by ORing the MSC_AccumulatorRegister contents with the 10P BusyWait

Register. A i in bit position i of the MSC-Accumulator Register will

place BCE (i) in a busy state.

d. Output - None

e. Module Reference -

i. (251) MSC I/0 Monitor (FIOMNTR) is called.

2. (282) Mass Memory BCE Processor (FIOMMUPG) is started.

3. (283) Mass_MemoryUtilityWriteBCE_Processor (F!OMUWPG) is started.

f. Module Attributes - MSC Program

g. Template References - N/A

h. Error Checks - None

i. Constraints and Assumptions - None

j. Detailed Implementation -

i. FIOMMMGR invokes FIOMMMSC through FIOSTMSC. FIOMMMER loads general

purpose register 0 bits 0-15 with the address of FIOMMMSC then calls

FIOSTMSC. FIOSTMSC then sets the MSC-ProgramCounter with the

program address in register 0 and sets the MSC busy.

2. FIOMMMSC unconditionally exits to FIOMNTR.
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3.2.9.3 Mass Memory BCE_Processor (FIO_G) (282)

The MassMemoryBCEProcessor is a CSECT that contains four BCE programs

used to read, write, or position a Mass Memory tape and to read a MM status
register.

a, Control Interface - Started by SIO instruction in (281) Mass Memory_
MSC Processor (FIOMMMSC).

b. Input - See Table 3.2.9.3-1

C. Process Description - The read BCE program when invoked will l) execute

a command instruction from the Mass MemoryExtendedBlock Count Table
to set the MM extended block count, 2) send a LISTEN comma--nd to--all

BCEs in other IOPs on the same bus, 3) delay the BCE for approximately

198 microseconds to allow the listening BCEs to setup, 4) execute a

command instruction from the BCE Command Word Table that request s MM

data, 5) load the BCE BaseRegis_er from--the BCE Base Register Table,

6) execute a receive data command for the number--of wo--rds specified

in the BCE_Word Count Table, and 7) branch to the Common BCE Processing

program.

The write BCE program when invoked will i) execute a command instruction

from the Mass Memory Enable Write Table that overrides MM write protection
2) execute a co, and instruction from the BCE Command Word Table which

request s the MM to receive data, 3) load the BCE_Base Register with the

address of the Mass MemoryManagement_SearchCompleteWord Buffer, h)

execute a receive data command for the search complete word, 5) load the

BCE Base Register from the BCE_Base Register Table, 6) execute a transmit

data command to transfer data from the GPC to the MM, and 7) branch to

the Common BCEProcessing program.

The position tape BCE program when invoked will i) execute a command

instruction that sends a LISTEN command to BCEs in other lOPs, 2) delay

the BCE 198 microseconds to allow listening buses to setup, 3) load the

BCEBase_Register with the MMUI BTU BITE or MMU2 BTU BITE buffer address,

4) execute a command instructio_tha--t requests th--eMMStatus_Register,

5) executes a read command to receive the MM Status Register into a buffer,

6) execute a command instruction from the BCE CommaNd Word Table which

positions the MM tape, and 7) branches to the--CommonBCE_Pr--ocessing program.

The read MM Status Register BCE program when invoked will i) execute a

command instruction that sends a LISTEN command to BCEs in other IOPs,

2) delays the BCE 198 microseconds to allow listening BCEs to setup, 3)

loads the BCEBase__Register with the MMUIBTU__BITE or MMU2 BTU BITE

Buffer address, 2) execute a command instruction that requests--the MM

Status Register, 5) executes a read command to receive the MM Status

Register, and 6) branches to the Common BCE Processing program.
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d,

e,

f.

g.

h.

i.

J.

Outout - See Table 3.2.9.3-1.

Module References- (298) Common__BCE Processing(#PFl0ECT) is invoked.

Module Attributes - BCE Program

Te___late References - None

Error Checks - None

Constraints and Assumptions - None

i.
Detailed Implementation - All BCE programs within this program CSECT

are invoked by having their address stored in the MM BCE_Program Counter

by the Mass_MemoryManager and having the Mass_Memory__MSC_Processor start
the MM BCE.



...... NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOF'I3NARE

BOOK: ALT System Software Design Specification

1_ M N

Flight Software
P a._'t I

Date 2/28/7?

Rev

Page _.2.9.3-B

T

I.U

C,_'

Z

w<[
,"_z

7d O O_O0 55

_L'M cO_

I--
<

-_ _ o_

H H _

o
v

m gj

#3

o

_ z

OJ (k 04 rQ # OJ

o o R o S

1 o: o



-_=__.___--:-T:- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

(_ Enter

FIOM1POS (1))

I
Send a Listen

Command To
BCE's In Other

IOP's

I
Delay BCE 16.5

Microseconds;
Instruction

Used For

Alignment

_[_
Delay BCE 198
Microseconds

To Allow
Listeners To

Setup

Flight Software
Part i

Date 2/28/77

Rev

Page 3.2.9.3-4

Enter

FIOM2POS (1))

Send a Listen
Command To
BCE's In Other

IOP's

f
Delay BCE 16.5
Microseconds;
Instruction
Used For

Alignment

_[_
Delay BCE 198
Microseconds To

Allow Listeners

To Setup

Set BCE_Base

_Register =
MMU1 _BTU_
BITE Buffer

Address

Enter "_FiOM2PSL (1)

Set BCE_Base

_Register =
MMU2_BTU_
BITE Buffer

Address

Request MM_ t

Status_Registers
Read

Receive MM_

Status_ Registers
Data

I
Position MM Tape

Using Command
Word Selected
From BCE_

Command_Word
_Table

f Transfer Control "_

TO Common_
BCE_Processing |
FIOMSSWX Entry ]

_Point Figure (3.2.8.9-1y
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3.2.9.4 Mass_Memory_Utility__Write BCE__Processor (FIOMIUWPG) (283)

FIOMUWPG is a BCE program that writes 1 to 32 blocks of 512 16-bit words to Mass

Memory based upon an address stored in the Mass_Memory_BCE_Branch Table by FIOMMMGR.

a. Control Interface - Started by SI0 instruction in (281) Mass_Memory MSC_
Processor (FIOMMMSC).

b. _- See Table 3.2.9.4-i

C, Process Descriptio n - FIOMIUa_G when invoked will i) issue two command instruc-

tions that override MM write protection and set the extended blockcount;

2) issue two delay instructions that delay the BCE for approximately 132

microseconds; 3) issue a cow,hand instruction requesting MM to receive data;

4) issue 1-32 MM block transmit sequences; and 5) branches to the Common

BCEProcessing program.

Each MM block transmit sequence with exception of the first will i) load

the BCE_BaseRegister_Table with the address of the Mass Memory_Management_
Search_Complete_Word_Buffer, 2) issue a receive instruction to clear the

MIA buffer, 3) issue a receive instruction for the search complete word,

h) reload the BCE Base_Register with the address of a MM Block in the Mass

Memor_Utility_Base_Registez_Table, and 5) issue a transmit _nstruction to--

output a 512 word block (1 MM block) to MM.

&_ne first transmit sequence will i) load the BCE Base Register with the

address of the Mass_Memory_Management_Search_Complete--Word Buffer, 2)

issue a receive instruction for the search complete w_rd, 7) reload the BCE

Base_Register with the buffer address of the MM BCE entry in the BCE Base --

Register Table, 4) issue a transmit instruction to output I MM block_ and--5)

select from the Mass_Memory_BCE_Branch_Table the address of the next transmit

sequence or the Common_BCEProcessing program and branch to it.

d. Out_- See Table 3.2.9.4-1

e. Module References - (298) Common BCE_Processing (#PFIOECT) is invoked.

f. Module Attributes - BCE Program

g. Template References - N/A

h. Error Checks - None

i. Constraints and Assumptions - None
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j. Detailed Implementation -

1. FIOMMMGR stores in the MM_BCE Program Counter the address of
FIOMUWPG. FIOMMMGR then calls FIOMMMSC to busy the MM BCE

with FIOMUWPG.
/

There are 32 MM block transmit sequences within FIOMUWPG that are used to

transmit 1-32 MM blocks to MM during a given execution. The 32 transmit sequences

are contiguous and, with exception of the first, identical. Each transmit sequence

transfers 1 MM block to MM.

The first transmit sequence is always executed and has as its last instruction an

unconditional branch to the next transmit sequence or to the Common BCE Processing

program. The unconditional branch instruction at t ains the address of the next

transmit sequence by indexing the Mass Memory_BCE_BranchTable. The MassMemory_

BCE Branch Table is set by FIOMMMGR.

The next transmit sequence is the first transmit sequence in a block of N-I

transmit sequences used to transmit N(2 s N _ 32) MMblocks to MM. An unconditional

branch to the Common_BCEProcessing program is executed after the last transmit

sequence has been executed.
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3.2.10 Miscellaneous I/O Management Routine

Miscellaneous I/O Management routines are provided for use by application

(as well as FCOS) to perform common I/0 related processing. Currently, there

are 2 such routines. (See Figure 3.2.10-1):

ao BTU_PortMaskingRoutine - Recomputes BTU Port Masks (Composite of

data path masks.

b. ChecksumGenerator - Computes a checksum for an indicated buffer.
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3.2.10.i BTU_Port_Masking_Routine (#CFIOBPM) (290)

BTU_Port_Masking__Routine updates the BTU_PortMask for each GPC after a

data path mask has changed.

a, Control Interface - I. CALLED by (490) ICC_Message_Router

(DME_ICCROUT)

b, - i. Register 0 contains the address of the Stack_Frame.
See Table 3.2.10.1-1

C, Process Description - BTU_Port_Masking_Routine is CALLed by the HAL

routine ICC_Message_Router to update the BTU_Port_Mask(s) after a

data path mask has changed.

The address of BTU Port Mask and Data Path Mask is obtained and

placed in registers for later use. For the first of the Interface

Unit Adapters (currently two) attached to a GPC the GST_Address_Table

is obtained. A temporary composite mask is initialized to zero.

For each of the GPC's (currently 4) a LOGICAL SL_ of the Data_Path_Mask

and the temporary composite mask is computed and stored in BTU_Port_Mask.

The address of the next BTU Path Mask and Data Path Mask is computed

and the process repeated for the last Interface Unit Adapter.

The Control flow for this module is shown in Figure 3.2.10.1-1.

d. Output - See Table 3.2.10.i-i

e. Module References - None

f. Module Attributes - External Procedure

g. Template References - None

h. Error Handling - None

i. Constraints and Assumptions - None

j. Detailed Implementation - None
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3.2.10.2 Checksum Generator (#CFIOCGR) (291)

The Checksum Generator routine, #CFIOCGR, generates a checksum by summing a

specified number of contiguous halfwords within a specified data buffer begin-

ning with the first halfword in the data buffer. During the summing, any carry out

of a register high order bit position or arithmetic overflow is ignored. After

generating the checksum, #CFIOCGR places the checksum in the N or N+l halfword of
the Caller's data buffer.

a. Control Interface - Called by any HAL/S Application requiring a checksum.

b. Input - All input to #CFIOCGR is made via register settings.

Register 0 bits 0-15 contain the address of a stack frame.

Register 5 contains the number of halfvords(N) within the specified

data buffer.

Register 6 bits 0-15 contain an indication (0/1) of the number of half-

words to be summed.

0 - Sum N-1 halfwords and place the checksum at data buffer half-

word location N.

1 - Sum N halfwords and place the checksum at data buffer halfword

location N+l.

Register 7 bits 0-15 contain the data buffer address.

c. Process Description - #CFIOCGR when called will perform in order the

following processes.

• Zero the Local Data Area Address

• Calculate the number of data buffer half_ords.

• Calculate an index to the last halfword in the data buffer.

• Calculate an index to the checksum halfword in the data buffer.

• Calculate the checksum by summing the specified number of halfwords

in the data buffer beginning with the first halfword.

• Places the checksum in the N or N+l halfword of the caller's data

buffer.
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do

e,

f.

g.

h.

i.

J.

Output - The generated checksum is placed in the N or N+l halfword of
the caller's data buffer. See Table 3.2.10.2-1.

Module References - None

Module Attributes - Program

Template References - N/A

Error Checks - None

Constraints and Assumptions - None

Detailed Implementation - None
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3.3 DPS CONFIGURATYON MANAGEMENT

DPS Configuration Management is the FC0S software support required for the

control of GPC and I0P Configuration changes. This includes control of both the

internal configuration of a single GPC as well as control over the configuration
of the DPS.

FCOS Configuration Management provides control and sequencing of GPC initial-

ization. This control includes the loading and initialization of system software

into a GPC from mass memory, 10P bus configuration, and verification of the GPC
health.

DPS Configuration Management is responsible for GPC synchronization with

respect to time, I/O activity, and data exchange.

DPS Configuration Mangement controls configuration changes resulting from

internally detected hardware failures, software directive, or user input.

In providing control of individual GPC main memory changes, DPS Configuration

Management provides control of memory overlays to predefined memory locations as a

result of OPS transitions. The ability to modify main memory or mass memory loca-

tions as a result of user input or uplink requests is a2so provided.

10P bus configuration changes resulting from hardware failures, syne failures,

user requests, or 0PS changes are also supported. Figure 3.3-1 illustrates the

elements of DPS Configuration Management and shows in which sections detailed

descriptions of these elements can be found.

The description of DPS Configuration Management is divided into the following
areas:

a= GPC Initialization - Th@ loading of System Software into the GPC from

mass memory, initialization of the 10P and initialization of the GPC.

b, Memory Mana6ement FCOS support for overlays, program modification and
user modification of BCE chains.

Co Miscellaneous C_M Request Processor - FCOS support for SVC requests to

read or write discretes, set/reset the CAM lights and set/reset the
termination control latches.

d* Bus Configuration - The control of I0P bus configuration changes resulting

from hardware failures, sync failures, user requests or 0PS changes.

e. GPC Redundancy.Mana6ement - Provides for GPC synchronization with respect

to time, I/O activity and data exchange and also provides for fault
detection.
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3.3.1 GPC Initialization

FCOS initialization responsibility includes the orderly initialization of a

GPC, sequencing it to an operational state, achieving a confidence level for the

GPC, initiating the I/0 programs, ascertaining the status of other elements of

the DPS, and allowing System Control and User Interface to perform its initialization.

There are two types of GPC initialization from an FCOS point of view. The

first type is the Initial Program Load, or IPL Initialization that is performed

when the user applies power to the GPC in the "HALT" mode, performs hardware IPL,
and places the GPC in the 'rSTBY" (standby) mode.

The second type, used when a GPC has been previously IPL'd, is Norma3

Initialization and is performed when the user applies power to a GPC in the "HALT"

mode and then places the GPC in the "STBY" mode. Since FCOS gains control via the

System Reset PSW (Program Status Word), which is loaded as a result of the mode

switch being switched to "STBY" from "HALT", FCOS must have a way of distinguishing
IPL by updating the System Reset PSW with the address of the normal initialization

process after the lPL-unique fu[ictions are complete.

When power is applied with the mode switch in either the "RUN" or "STBY"

position, the computer will go to "WAIT" with interrupts disabled.

Figure 3.3.1-1 illustrates the IPL initialization process. The locations

of the software indicated in the figure do not necessarily reflect an actual

memory configuration. The Self Test Program (STP) and S_ftware_System_Loader

(SSL) are read in by the hardware IPL sequence. The STP gains control to perform

validity checks on the GPC. If no errors are found, it passes control to the SSL.

The SSL reads FCOS software and permanently resident user interface data from Mass

Memory and, at the same time, configures memory protection according to a pre-

defined table. After FCOS initialization, System Control Performs its initialization

and, through the FCOS program overlay function, brings the applications software

into main memory as a result of an operational sequence being selected.

GPC Initialization is divided into the following areas. (See Figure 3.3.1-2).

a. Software_System_Loader - Performs the initialization at Initial Program

Load (IPL).

b. SSL MM MSC Processor - The MSC program used by the SSL to read system

software from mass memory.

C- SSL MM BCE Processor - The BCE program used by the SSL to read system

software from mass memory.
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k./

dl

e,

f,

System Load_Selector - The program used to decide which version of

system software to read from mass memory.

Normal Initialization Processor - Performs the initialization when

power is applied to a GPC that has been IPL'd.

IOP Initialization Processor - A service routine used by the SSL and

Normal Initialization Processor to initialize the IOP.
w

k_J
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PSA and ZCONS

Application COMPOOL's,
Etc.

User Interface COMPOOL

FCOS Data and Control
Blocks

System Control and User
Interface Data

Application Data

Application Code

FCOS Code

System Control and User
Interface Code

Library Routines

C. After OPS Selection

Figure 3.3.1-1. IPL Example
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3.3.1.1 Software_System Loader (FCMINSSL) (300)

FCMINSSL loads permanently resident system software and performs FCOS
initialization after hardware IPL.

a. Control Interface - CALLed by the Self Test Program (STP).

b. Input - See Table 3.3.1.!-i.

C. Process Description - First, the FCOS register set, FCOS_BSR_DSR and

FCOS_Program_Mask are set in the System Reset_PSW and External Interrupt_

2_New_PSW. Next, the IOP is initialized to enable mass memory reads.

The System_Software_Loader_PhaseTable is used to find a block of data

on the mass memory and determine where in main memory the data should

be read to. The main memory area is unprotected, the data read and

the main memory may or may not be protected depending on the information
in the table used to locate the block.

Once the permanently resident code and data have been read the following
"one time" initialization functions are performed:

i. The PCl_Software_Portion, PCl_Hardware_Portion, PC2_Software_Portion
and PC2 Hardware Portion are set to their maximum values.

2. The GPC Id is set to Discrete Self-Id.

. Set PSWWait State Indicator in all PSWS except the SystemReset PSW
and the Power On PSW are reset.

4. The Process Control Table for GPC Locator is readied.

. The System_Reset PSW is updated to contain the address of the

Normal Initialization_Processor.

. The IOP is initialized via the IOP Initialization Processor.

Once these functions have been performed control is passed to the

Processor_Dispatcher. The control flow for this module is presented
in Figure 3.3.1.1-1.

d. _t___t2__- See Table 3.3.1.1-1.

e. Module References -

I.

2.

3.

(103) Processor_Dispatcher (FPMDISP) is CALLed.
(301) SSL MMMSC Processor is activated.

(310) IOP Initial--ization Processor is CALLed.
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kJ

f,

g.

h.

i,

J.

Module Attributes - Program

Template References - N/A

Error Handling - A checksum is performed after each data block is read

from mass memory. If an error is found, the program will try three times

to read the data; then, it will enter the wait state.

Constraints and Assumptions - None

Detailed Implementation -

I.

2.

3.

2,

5.
6.

Control is passed via the System_Reset PSW.
Wait State is entered via the Enter WaTt State PSW.

PSW External 2 Mask is set to 1 and--PSWWait STate Indicator is

set to 1.

Wait State is entered via the Enter Wait State PSW.

Control is passed via the System__Res--et__PSW. --

MSC_Interrupt_Entry_Point is entered by the hardware loading of

the External__Interrupt 2 New_PSW.
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Enter )

[
Store FCOS Register

Set, BSR, DSR And

Program Mask Into

System_Reset_

PSW And External

_Interrupt_2_
New_PSW

[
External_Interrupt
_2_New_PSW

PSW_lnstruction

_Address = MSC

_Interrupt_Entry

_Point

System_Reset

_PSW PSW
_Instruction

_Address =

IPL_Entry_
Point

I
PaSs Control

o IPL_Entry

Figure 3.3.1.1-1. Software_System_Loader (FCMINSSL)
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, I....
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For FCMINSSL_
Local_Data
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Then

Else

Then
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Phase_Table_ /
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Then

Else
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-1

Use Mass

Memory 2

IF Number_Of_Phase_

Table_Entries /

_0 /

Then Enter
Wait State

(2)

DO FOR >

Segment_

Length

1
Perform Read_

Load _Block_
From_Mass_

Memory |300.3)

I
Segment_
Length

Unprotect

Main Storage
Starting At

Segment_

Main_Memory_
Address

Protect Main

Storage Starting
At Segment_

Main_Memory_
Address

Figure 3.3.1.1-2. Software_System_Loader IPL-Entry_Point (300.1)
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Enter )

Issue Master
Reset Command
To lOP

Enable Mass
Memory
Transmitters
And Receivers

Enable MSC
And BCE
Processors

_J
Store BCE
_Max_Timeout
_Value In
Local Store

Figure 3,3.1.1-3. Software_System_Loader
Configure_lOP_For_Mass_Memory_Reads (300.2)
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Enter )

1
Build Position

Tape Command And
Store In BCE_

Position _Tape_
Command_Table

BCE_Base_1

And BCE_Base_

2 = Segment_

Main_Memory_
Address

1
Build Extend

Block Count

Command And

Store In BCE_

Extend_Block_
Command_Table

I
IF Segment_ k

L'ength = Whole_

Block And

Remainder ,_

I
Build Read

Command And
Store In BCE_

Read_Command

r
DO UNTI L
Checksom_

Error_Count
=O

Then

Else

Store Partial Block

Word Count And

Whole Block Word

Count In BCE_

Word_Count_

Partial And BCE_
Word_Count_

Whole Respectively

IFNo

Whole

Blocks

Then

Else

k
DO UNTIL

Discrete-Bit_ ,/----MM1 _Ready =

Load MSC_

Program_Counter
With Addre;s Of

SSL_MM_MSC_
Processor

Load BCE_

Program_Counter
With Address Of

SSL_MM_BCE_

Processor

Read Discrete_

Register-A

Start The MSC

Store Partial
Block Word

Count In BCE_

Word Count
Partial

Store W_ole

Block Word

Count In BCE_
Word_Count_

Whole

"_ WAIT (3))

Figure 3.3.1.1-4. Software_System_Loader

Read_Load_Block_From_Mass_Memory (300.3)
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[
Store Address Of

Normal_
Initialization_
Processor I n

System_Reset_
PSW

I
Set PC1 _Software

_Portion, PC1_
Hardware_

Portion, PC2_Software
_Portion, PC2_Hardware
_Portion To Max Values

Return

Figure 3.3.1.1-6. Software-System-Loader
One_Time_Initialization_Functions (300.5)
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3.3.1.2 SSL MM MSC Processor (FCMINMSC) (301)

FCMINMSC is a MSC program used to start the BCE used to read system software

from mass memory during IPL.

ao Control Interface - Activated by (300) Software_System_Loader (FCMINSSL).

(This activation is accomplished via the PC instruction.)

b. In__np__- See Table 3.3.1.2-1.

C, Process Description - The SSL MM MSC_Processor starts the indicated

mass memory BCE, waits for completion, interrupts the CPU upon completion

or after maximlmntime has expired and finally enters a wait State. The

control flow for this module is shown in Figure 3.3.1.2-1.

d. Output- See Table 3.3.1.2-i.

e. Module References - None

I. (302) SSL MM BCE_Processor (FCMINBCE) is started by an SI0 instruction,

f, Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

j. Detailed Implementation - None
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Enter )

Load Max_Wait 1

_Time Into MSC

_Index_

Register

Load IPL_MM_

BCE_Mask Into

MSC_

Accumulator_

Low And MSC

_Accumulator_

High.

Set Indicated

BCE's Busy

l
I IF BCE's Set \

-_sy Are Now \

Waiting OR )

Max_Wait_Time /

Has Elapsed /

I
Wait State )

Then Interrupt The
GPC With An

t/0 Interrupt

Figure 3.3.1.2-1. SS L-MM-MSC_Processor ( FCM I N MSC)
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3.3.1.3 SSL MM BCE Processor (FCMINBCE) (302)

FCMINBCE consists of two BCE programs used to position and read the mass memory

for the (300) Software_System_Loader (FCMINSSL).

a, Control Interface - Activated by the (301) SSL MM MSC Processor (FCMINMSC).

(This activation is accomplished via the SIO instruction).

b. Input - See Table 3.3.1.3-1.

C. Process Description - The SSL_MM BCE Processor is activated twice every

time data is required from mass memory. The first activation is at

FCMINMMP - the position tape entry point. The SSL MM BCE Processor posi-

tions the mass memory and returns to the wait state. The second activa-

tion is at FCMBCMMR - the read tape entry point. The SSL MM BCE Processor

reads the mass memory records specified and returns to the wait state.

The control flow for this module is shown in Figure 3.3.1.3-1.

d. _- See Table 3.3.1.3-1.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation

i. Entry point FCMINMMP - position tape.

2. Entry point FCMBCMMR - read tape.

. This decision is made for FCMINBCE by (300) Software_System_Loader

(FCMiNSSL). To FCMINBCE it is merely a branch table - DoubleSingle
Receive Branch Table.
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Enter (1) )

1_
Set BCE_Base_

Register From
Base_

Register_
Table_l

Read Status

Register

Position Tape

Enter Wait )State

( Enter (2) )

1_
Issue Extend
Block Command

Issue Read
Command To

Mass Memory

I
IF Both Whole _

Blocks And A
Partial Block
(3)

1_
Set BCE_Base_

Register From
BCE_Base_I

Lm

Receive Other/

Only Block

I
Enter Wait )State

Then Set BCE_Base_
Register From
BCE_Base_I

Receive Whole
Blocks J

Figure 3.3.1.3-1. SSL_MM_BCE_Processor (FCMINBCE)
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3.3.1._ System__LoadSelector(FCMCHOOZ) (303)

To Be Provided
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3.3.1.5 Normal _ Initialization Processor(FC_NiNIT)(305)

To Be Provided
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3.3.2 Memor_ Management

Memory Management maintains the proper maln memory data/program configuration

and provides for flight updates to the main memory, and provides the capability to
disable (and re-enable) elements of BCE chains.

The GPC memory structure is discussed from a functional viewpoint to provide

a basis for program overlays and program modifications. Program _verlays are

used to configure the maln memory data/program organization. The source of program

overlay is a mass memory unit. Program modifications provide the capability to alter

the contents of main memory units.

The GPC memory structure presented in this document does not take into account

any power utilization considerations. However, the assumptions presented in this

section regarding memory structure do not preclude the consideration of power

utilization factors in any final memory structure that may be defined.

_b.e AP-lO1 computer contains 128K halfwords of main memory. Because of the

memory addressing scheme used in the AP-101, maln memory is subdivided into four

sectors (sectors 0, l, 2 and 3) of 32K halfwords each.

The FCOS and HAL/S compiler assume that all data and COMPOOL CSECTS (except

HAL/S remote data CSECTS) reside in sector 0, which is always addressable, and if

necessary one other data sector specified by the data sector register (DSR) field

in the PSW. HAL/S remote data CSECTS can be located in any sector and are addressed

via a special type address constant. _ A data or COMP00L CSECT cannot span sectors.

Code CSECTS can reside in any sector; however, only sector 0 and one other sector,

specified by the branch sector register (BSR) field in the PSW, can be addressed

directly. A code CSECT cannot span sectors. An example of a possible memory layout

is presented in Figure 3.3.3-1.

Since the complete flight software package is too large to be permanently resi-

dent in main memory, the FCOS provides a program overlay capability to alter the

data/program configuration during flight. However, dynamic memory allocation is not

supported by the FCOS and all executable code and locations are determined preflight.

Multiresidency of data and programs is allowed; however determined preflight. Multi-

residency of data and programs is allowed; however, these locations will be determined

preflight, not computed,'by the FCOS.

All FCOS control tables are allocated at System Generation time using macros

provided by FCOS. The use of macros provides the capability to parameterize the

control table allocation procedure.

The FCOS control tables are split between two CSECTS. The preferred storage
area and communication vector table reside in a CSECT which is located at main

memory address 0000. The remaining FCOS control tables reside in a control table

CSECT that can be loaated in any data sector. The control table CSECT contains the

following table groups:
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• Process Control tables

• Timer/Event queue elements

• I/0 queue elements

Each group of tables occupy a contiguous area of memory. When these control tables

are allocated, the individual control tables within each group are chained together

to form free pool areas. These free pool areas contain all the unused control

tables. As the various control tables are required by the FCOS they are unchained

from the appropriate free pool area and reehained in the appropriate active control
table chain. When an active control table is no longer needed by the FCOS, it is

unchained from its active chain and rechained in the approrpiate free pool area

for future use. The control table CSECT also contains the temporary stack areas

and error log out areas.

Memory Management is divided into the following areas (see Figure 3.3.2-2).

OverlayProcessor - Provides the capability to change the configuration

of main memory data and code.

b. ProgramModificationProcessor - Supports the additions to and modifica-

tion of programs in main memory.

Ce BCEElement_Bypass_Processor - Processes requests to bypass or restore

elements of BCE chains.
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_j

Sector 0

Sector 1

Sector 2

Sector 3

Preferred Storage Area
COMPOOL

Process Directory Entries
Event Variables

Exclusive Procedure Word

FCOS Control Tables

Application Variable Data (::SECTs
Stack Areas

Application Programs

Application Programs
FCOS Programs

Figure 3.3.2-1. Main Memory Organization Example
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CM_Request-
Processor 3.3.3

Bus
Configuration
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Management
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Figure 3.3.2-2. Memory Management Hierarchy Diagram
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3.3.2.1 Overlay Processor (FCMPOVLY) (320)

FCMPOVLY provides FCOS support to configure the proper main memory data/

program organization.

a, Control Interface - CALLed by (i00) SVC_Handler (FPMSVC)

b. Input - See Table 3.3.2.1-1

C. Process Description - The SVC__Synchronization_Processor is invoked to

perform redundant set sync. The FCOS support function associated with

program overlays is performed under a PCT with all interrupts enabled.

Upon entry to the Overlay_Processor, a P¢T is initialized and chained.

into the process run queue based on the PCT Priority of the PCT indi-

cated by the Active PCT_Address. Information from the Overlay_

Parameter List is saved in the Process Interrupt_Register 2, 3, _, 5
fields. _e FCOS PCT Indicator is set to communicate to various FCOS

modules that this PCT is being used for FCOS processing. The Process

Dispatcher is then used to dispatch the highest priority ready PCT.

When the Overlay_Processor PCT is dispatched by the Process_Dispatcher,

the overlay is initiated.

The Overlay_Source is checked to determine the requested source for the

overlay. Currently Nass Memory is the only source supported. The pro-

cessing consists of the following for the Function Base Phase Number

and/or Program Overlay_Phase_Number specified in the Overlay Parameter_
List:

i. Reads the Mass_Memory_Phase_Table into core from the mass memory

(Issues I/O SVC with wait type I/O). This only done if the Mass

Memory_Phase_Table is not already in core. If an error occurs,

the field indicated in the Overlayi/O_Status__Address is updated

to indicate that all GPC's attempting the transaction have failed

and overlay processing is stopped.

2, If the above error does not occur, the following is done for each

Segment_Information record associated with the requested phase
number:

o Unprotects the area to be overlayed

o Reads the overlay (Issues wait type I/O SVC)

o Protects the overlayed area if necessary (Segment

Protect_Flag = 1).
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The Active PCT (which is the Overlay Processor PCT) is then removed from the

PCT run queue and the Next_To_Execute_Address is set to the Next_PCT_Address field

of the OverlayProcessor PCT. The event specified by the OverlayCompletion Event
Address is then set to indicate that the overlay request has been serviced.--The

_ventEvaluator is invoked to evaluate any outstanding EQE's involving this event.

The control flow for this module is shown in Figures 3.3.2.1-1 to 3.3.2.1-3.

d. Output-

i. The event specified in the Overlay_CompletionEvent_Address is set.

2. Th_ field specified in Overlayi/OStatus_Address is updated to

reflect err,red GPC's if necessary.

3. See Table 3.3.2.1-i.

e. Module References -

f°

io

2.

3,
4.

5.
6.

(103) Process-Dispatcher (FPMDISP) is CALLed.

(200) I/O SVC Service Processor (FIOSVC) is invoked via SVC.

(17h) Eve_t_aluator--(FPMEVAL) is CALLed.
_131) Chain FCT Routine _FPMCHPCT) is CALLed.

(132) Release PCT Routine (FPMRLPCT) is CALLed.

(363) SVC_Sync--hron--ization_Processor (FCMSSYNC) is called

Module Attributes - Program

g. Template References - N/A

hQ Error Handling - If an I/O error occurs for overlay MM I/O, the field

specified by Overlay I/O Status Address is updated by I/O Management
to contain a mask of--GPCVs) which received the error.

If an I/0 error occurs reading the Mass Memory Phase Table, this mask

is updated to indicate that all GPC's received an error and the over-

lay processing is discontinued.

i. Constraints and Assumptions - The 0verlayProcessor assumes that the

FUnction Base Phase Number is valid and that the Program Overlay_Phase

Number is a valid non-zero phase number.

J. Detailed Implementation -

i, There is no return from this CALL to the ProcessDispatcher (See

next note).

, This entry results from the 0verlay_Processor PCT becoming the

highest priority ready process (entry is from regular Process

Dispatcher processing).
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,

4.

5.

,

This is accomplished via a set system mask (SSM) instruction.

OverlayProcessor returns to SVC_Handler.

I/O being issued is described by the description in the

preceding blocks and the data descriptor table for the

Overlay I/O_SVCParameter_List.

The protection and unprotection is done using ZCON type

addressing to enable protection/unprotection of any
sector.
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Fibre 3.3.2.1.I. Overlay_Oroca_or (FCMPOVLY)
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I
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Number
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PERFORM
Then Overlay_Part _3

(320.2) Figure
(3.3.2.t-3)

L Overlay _Suffer 1
_ Reservation = 0

PERFORM

Overlay_Part _3
(320.2) Figure
(3.3.2.1-3)

Next_To_ I

Execute_PCT_
Address = Next_
PCT_Address Of
Active PCT

I CALL Release_
P---_-__Ro u tine
(For Active_PCT)

Figure

(3.1.1.15-1)

I Set Event_

State Of Event
Indicated By
Overlay_
Completion_

Event_Address = 1

I
l IF Event_Used__

I'ndicator Of

Event NE 0 .//

Then

I CALL Event_ I

Evaluator
lFPMEVAL)

_gure (3.1.3.5-1)

Figure 3.3.2.1-2. Overlay,Proce_or
Overlay_Part_2 (320.1)
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Locate Overtay_l/O_SVC_Pat ameler. List And I

Set Uninitialized Fields To Appropriate Data: I
Overlay_MM Address = Mass Memory-Phase_Table_Address I
Overlay . Word Count = 512 I

Overlay_ Bur fer Address=AddfessOfMass_Memory J

_Phase _Table J

1
_ PhaseTab,e'4 I J
Not In Core _ Then I Issue SVC DID

INumber Of- /I_ Oevice=MM
Phase. Table- / I OpCode=3 (5}
Records NE O / I

I I
J Locate Col rec¢ [

Phase_ I
;nformabon

Using (Phase

IN.m_,-,'2+21

Load Index_To

Phase _Segments

To Get To First

Segment_
Information

Record For This

Phase

I
DO UNTIL All Segment \

_Information Records V--For This Phase Are

Processed Using Count

Of_Segments To

Determine When Finished/

I ,_Seoo_Word\ I
_t overlay_l/O__ Then I Load GPC Self_

Status_Address /f I Status_Table_

NEO / ,Add ....I

Second Halfword At

Overlay _1/O _Status-
Address = Redundant-

Set Mask_+ Bit Mask

For GPC_ID

Give Up Control

To Figure
3.3.2.1-2-

FCMOUTOV

Flight Software
P,_rt 1

Date z/2_/??

Rev

Page 3,3.2.!-10

Build Overlay_ I/O_SVC_Paramete_-List:

Overlay._MM_Address = Segment_Mass_Memory Address

Overlay_Buffer _Address - Segment _Main_Memory _Address

Bits 0-3 Of Overlay_Operation_Code - Segment-Address-BSR

Overlay_Word Count = Segment_Length

DO For Halfword =

Segment_Main_

Memory_Address

To Segment_Main_

Memory_Address +

(segment_ Length -1 )

, ,, l

I

Issue SVC DIO I
Device = MM IOp Code = 3 [5)

I
Protect _Flag =

Unprotect

Halfword

Location

DO For Halfword =

_meot_M,i._\ I I
Memory _Address _ I ITo Segment_Main_ _ Protect Halfword
Memory-Address +
(Segment_Length - 1/ I Locati°n

(6) / '

Figure 3.3.2.1-3, Overlay_Processor

Overlay_Part_3 (320.2)
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3.3.2.2 ProEram Modification Processor (FCNLOMOD_)__

FCMPMOD supports the reading and modification of main memory.

a, Control Interface - CALLed by (i00) SVC Handler (FPMSVC).

bo

In__- Register 0 - bits 0-15 contain the address of the Program_
Modification Parameter List. See Table 3.3.2.2-1.

w

Co Process Description - Upon entry, the SVC_Synchronization Processor
is CALLed to synchronize all GPC's in the redundant set.

If the Read/Write_Request_Type indicates that this is a read request,

the n_mber of halfwords specified by the Program_:'_[odification_Halfword

Count will be moved from the address specified by Main MemoryStart
Address to a data address specified by Integer Data BufTer Address,

Integer_Double Data Buffer Address, Scalar Dat_ BufTer Address, or
Scalar_Double _ata B--uffer A--ddress. The address--used i_ based on one

of four indicators--being let: Integer_Data, Integer_Double_Data,

Scalar_Data, or Scalar_Double_Data. A data address must be specified
which corresponds to the indicator that was set.

If the Read/Write__Request_Type indicates that this is a write request,

the number of halfwords specified by the Program Modification Halfword

Count will be moved one halfword at a time from--one of the f_ur ad-

dresses mentioned in the preceeding paragraph (depending upon one of

the four above mentioned indicators being set) to the address specified

by Hain_Memory_StartAddress. If the Set_StorageProtect indicator-is

set, each ha!fword will be unprotected prior to the move and then pro-
tected after the move.

Lastly, Protect_Interrupt is reset to zero. This is done as an indi-

cation that all the data movement has taken place and that no storage
protect or other type of error occurred.

d. Outnuts - Modified main memory on write requests. See Table 3.3.2.2-1.

e_ Module References - (363) SVC_Synchronization_Procesor (FC_SSYNC) is
CALLed.

f. Module Attributes - Program

g. Template References - N/A
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h.

i.

J ,

Error Handling - None

Constraints and Assum2tions -

1. The_modification or reading of main memory across a sector is

9rohibited.

, When modifying main memory, the protect status of the main

memory to be modified must be specified. If (and only if)

the user specifies the main memory is to be protected after

the modification, FCOS will unprotect the main memory prior

to the modification and then re-protect the main memory after

the modification has taken place. If the user attempts to

modify protected main memory and specifies the main memory
locations as being unprotected, a store protect interrupt will

occur. Note that while the protect status of main memory may

change from unprotected to protected, protected main memory

may not be unprotected using this facility. It is the user's

responsibility to verify the validity of the change and to

maintain system integrity.

Detailed Imnl ement ation -

The proper data buffer is determined based on one of four

indicaters being set: Integer_Data, Integer_Double_Data,

Scalar__Data, or Scalar_Double_Data. The indicator set will
cause data movement to or from a data buffer pointed to by

Integer_Data Buffer_Address, Integer_Double_Data_Buffer_

Address, Scalar_Data_Buffer_Address, or Scalar_Double_Data_

Buffer Address. Indexing is used for proper data movement.
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Enter )

CA__I_ SVC_
Synchronization

_Processor (363)
Figure (3.3.5.4-1)

DO UNTIL )

All Halfwords

Processed

Reset Protect_

Interrupt = 0
(Disable)

1
Return )

IF Read/Write__

Request_Type =

1 (Enabled)

Index To

Next Halfword

Then

Move A Hatfword
From Main_

Memory_Start_

Address Tp
Proper Data
Buffer (1)

__IF Set-Storage- k

_rrotect = 1 }

(Enabled) /

1
Move A Halfword

From Proper Data
Buffer To Main_

Memory_Start-
Address (1)

Then

Then

I Unprotect A

Halfword Indexed

Into Main_

Memory_Start_
Address

Protect A
Halfword Indexed

Into Main_

Memory_Start_
Address

Figure 3.3.2.2-1. Program'Modification-Processor (FCMPMOD)
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3.3.2. 3 BCE_Element_Bypass_Processor (FCMBCEMD) (330)

\

FCMBCE_ supports the bypassing of certain BCE elements and the ability to

restore them to their original state.

a. Control Interface -

I. CALLed by (i00) SVC Handler (FPMSVC)

2. CALLed by (244) Level_C_I/0_Error._Interrupt_Handler

b. Input - Register 0 - bits 0-15 contain the address of the BCE Element

Bypass_Parameter List or a number corresponding to the BCE element to

be bypassed. See Table 3.3.2.3-1.

C. Process Description - When CALLed by the SVCHandler, the SVC_Synchroniza-

tion Processor is CALLed to synchronize all GPC's in the redundant set.

If B_E Element Number is zero, then all BCE elements are restored to their

original state. The Transaction Counter Table is zeroed as well.

If BCE Element Number is non-zero, then an individual BCE chain is restored.
A pointer to tKe first BCE Element Modification Table entry to be used is

obtained plus the number of elements to be restored.

The restoration of a BCE element involves overlaying the contents at the

address pointed to by BCE Element Address with the instruction that was

originally a part of the BCE element. This instruction is picked up from

Original_BCECode. Also, appropriate BCE_Element_BypassIndicatorl or

BCE_ElementBypassIndicator_2 bits are reset.

When the BCE_ElementBypass_Processor is entered at entry point FCMBYPAS,

a given BCE element is bypassed. This involves overlaying an instruction

pointed to by BCE_Element Address with a set of delay instructions located

at BCEDelay_Instructions as well as setting the appropriate BCEElement_

Bypass Indicator 1 or BCE Element_Bypass Indicator 2 bit.

The control flow for this module is presented in Figure 3.3.2.3-1.

d. Outputs - Modified BCE chains. See Table 3.3.2.3-1.

e. Module References - (363) SVC_Synchronization_Processor (FCMSSYNC) is
called.

f. Module Attributes - Program

g. Template References - N/A
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h,

i.

J.

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation -

i. The FCMBYPAS entry point is used by the Level_Cl/0_Error_Interrupt_

Handler to bypass a BCE element.
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-- nter )

CALL SVC-
Synchronization
_Processor
(363) Figure
(3.3.5.4-1)

IF BCE_
Element_
Number = 0

i

Then

DO UNTIL Each k

Element Involved %

Has Been /

i MOdified /

L

EIs.._____2_e

Perform Restore
_All_Logic
(330.1) Figure
(3.3.2.3-2)

Enter (1)_
FCMBYPAS

r --

Perform Bypass/
Restore_Logic
(330.2) Figure
(3.3.2.3-3)

Get The BCE-
Element_
Address

Ill

I IFEntryWas k

Via A CALL

From The SVC_ /

Handler

i

I Replace The BCE
I Code Addressed
| By BCE_
| Element_
I Address With The

[Overlay Code

Then

Else

L Perform
Annunciation_
Set_Reset
(330.3) Figure

(3.3.2.3-4)

i

Use BCE_
Delay_
Instructions As
The Overlay
Code

Use Original-

BCE_Code As

The Overlay Code

Figure 3.3.2.3-1. BCE_Element_Bypass-Processor (FCMBCEMD)
I
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Zero BCE_
Element_ Bypass
_lndicator_l
And BCE-

Element_Bypass
_Indicator_2

I
Zero The
Transaction_
Counter_
Table

Get Address Of
First Entry In
The BCE_
Element_
Mod ification_
Table

Set Up To
Restore All
BCE Elements

Figure 3.3.2.3-2. BC E_ E lement_ By pass_Processor

Restore_All-Logic (330.1)
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"X
IF Entry Was

V-ia A Call

From The f_

SVC_Handler_

Then

Else

Set The I

Appropriate

Bypass

Indicator = 1

(Disabled)

!
Set = 1

(Enable) The

Appropriate

FMPT_Header_

Bits Indicator

Set = 0

(Enable) The

Appropriate

Bypass Indicators

Figure 3.3.2.3-4. BCE- Element_Bypass_Processor

Annunciation_Set_Reset (330.3)
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3.3.3 Miscellaneous CM Request Processor (FCMSVC) (340)

The Miscellaneous_CM_Request Processor (FCMSVC) is invoked to service

requests for the reading or writing of certain diseretes, the setting of the

Computer Annunciation Matrix (CAM) lights, or the setting/resetting of the
termination control latches.

a. Control Interface - CALLed by (i00) SVC_Handling_Routine (FPMSVC).

b. In__n_- Register 0-bits 0-15 contains the address of the Configura-

tion Management_SVC List. See Table 3.3.3-1 for other input to this
module.

Co Process Description - When a Configuration Management request SVC

is issued, the Miscellaneous_CM Request_Processor receives control

from the SVC Handling_Routine. It then determines which of the
three request types has been made.

io The following types of requests (CM_SVC Request=l) to read or

write discretes will be accepted.

CM SVC OPERATION OPERATION DESCRIPTION

Redundancy management of discrete

Register A

2 The RM Status Register will be read.

Discretes will be set according to

the mask input by the program making

the request.

Discretes will be reset according

to the mask input by the program

making the request.

2o Two types of requests (CM_SVC_Request=2) for CAM status light

changes will be accepted.
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kJ

CM SVC OPERATION

2

0PERATION DESCRIPTION

The fail vote lights can be turned off

or on by setting and resetting the fail

vote discretes. The mask passed to the

program will be used to determine which

lights should be turned on. Then the

MSC_Set_Fail Discretes_Program will be
started to change the status of the

lights.

The GPC's fail light can be turned on

by loading the test register to similate

fail votes by other GPC's. The mask

passed to the program will be used to
determine which test fail votes to set.

3_ The following types of requests (CM SVC_Request=3) to set or reset

termination latches will be accepted.

CM SVC OPERATION OPERATION DESCRIPTION

The timeout or voter termination control

latches can be set.

The timeout or voter termination control

latches can be reset.

A software image of the latches, Termination Control_Patch Set Mask,

will be kept to allow independent setting/reSetting of the latches.

d.

e.

The flow for this module is shown in Figure 3.3.3-1.

_- Outputs from this module are specified in Table 3.3.3-1.

Module References - i. (376) Fail_Discretes_MSC_Processor (FCMSVOTE) is
invoked as a result of (3) below.

2. (380) GPC Discrete_Redundancy_Manager is called.
(rc scRMI

3. (210) Start _C Processor (FIOST_C) is CALLed.
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f,

g.

h.

i.

J.

Module Attributes - Program

Template References - None

Error Checks - None

Constraints and Assumptions - None

Detailed Implementation

lo Issue the program controlled output command -

DISCRETE OUTPUT (SET)

2, Issue the program controlled output command -

DISCRETE OUTPUT (RESET)

, Issue the program controlled output command -
LOAD TEST REGISTER

, Termination Control Latch Set Mask=LOGICAL SUM of the

Termination Control Latch Set Mask and the Termination

Control Latch Mask.

, Termination Control Latch Set Mask=LOGICAL SUM of the

Termination Control Latch Set Mask and the Termination
Control Latch Mask.

Termination Control Latch Set Mask=the MODUL02 SUM of the

Termination Control Latch Set Mask and the Termination
Control Latch Mask.

, Issue the program controlled output command
CONFIGURE TERMINATION CONTROL LATCHES

, Issue the program eontroiied input command -
READ RM STATUS REGISTER
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Enter )

DO CASE

On CM_SVC/_

_Request /

Perform Read_ !
Or_Write Discretes|
(340.1) Figure |

(3.3.3-2) I

t Perform

CAM_ Lights_
Change (340.2)
Figure (3.3.3-3)

IPerform 1

Termination_Control I
I-Latch-C°n fiqu rati°n I

[(340.3) Figure (3.3.3-4)1

Figure 3.3.3-1. Miscellaneous_CM_Request_Processor (FCMSVC)
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DO CASE

CM_SVC_
Operation

i |1

4

CALL

GPC_Discrete_
Redundancy_
Manager (380)
Figure (3.3.5,10-1)

Perform I

Redundancy_Manage-
ment_Status_Register
_Read (340.4)

Figure (3.3,3-5)

Set Discretes

Indicated By
Discrete_Output_
Mask (1)

III

Reset Discretes
Indicated By
Discrete_Output_
Mask (2)

Figure 3.3.3-2. Miscellaneous_CM_Request_Processor

Read_Or_Write_Discretes (340.1)
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CM_SVC-

Operation
--1

Then

Set _CAM_Mask =

Fail_Discretes_

Output_Mask

Else

Load The Test Register
With Test_Voter_
D iscretes_l nput_Mask
To Turn On GPC
Fail Light (3)

Reset_CAM_Mask

= Complement Of
Fail_Discretes_
Output_Mask

i

CALL Start_MSC_

Processor (FIOSTMSC)
(210) Figure (3.2.3-1)
To Invoke The Fail_
Discretes_MSC_
Processor (376) Figure
(3.3.5,9-1)

Figure 3.3.3-3. Misce!laneous_CM_Request_Processor

CAM_Lights_Change (340.2)
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iii i i

_M_SVC_
Operation = 1

I Configure Termination ]
Control Latches Accord- /
ing To The Termination_ _
Control_Latch_Set_ /

Mask (6) /

Then

Prepare To Set Latches I

Indicated In Termination_
Control_Latch_Mask

(4)

Else

i
I

Prepare To Reset Latches I
Indicated In Termination_l
Control_Latch_Mask I

(5) i

Figure 3.3.3-4. Miscellaneous_CM_Request_Processor

Ter mination_Control_Latch_Configuration (340.3)
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Read The
RM_Status
_Register

(7)

• i

Store In Word
Indicated By
CM_SVC_
Buffer

Figure 3.3.3-5. Miscellaneous_CM_Request_Processor

Redundancy_Management_Status_ Register_Read (340.4)
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3.3.4 Bus Configuration

The FCOS provides a set of services for the configuration of the 24 data

buses (C-Buses) which interface the Input/Output Processor (IOP) with the Inter-

face Units (IU). The control logic for invoking these services resides in the

DPS Reconfiguration portion of System Control.

Configuration of the C-Buses is defined to be controlling the states

(enabled or disabled) of the receivers and transmitters associated with each of

the Bus Control Elements (BCE) contained within the IOP.

The configurations of the receiver and transmitter associated with each

BCE are:

Receiver Transmitter

Enabled Enabled Mode

Yes Yes Command

Yes No Listen

No No Disabled

Generally, bus configuration is only concerned with enabling and disabling trans-

mitters (changing a BCE status from command to listen mode and vice versa). How-

ever, facilities are provided to allow configuring a C-Bus to the disabled mode,

or enabling a receiver (configuring a C-Bus from disabled mode to listen mode).

The FCOS also provides a set of services for the configuration of buses

associated with logical strings. These services are associated with requests

made via the COMPUTER/BUS KEY for string release/assignement/reassignment/moding.

These requests are interrogated by the System Control Bus_Configuration_Change

(Vol. 2, Part 3, Section 3.2.3.2) which issues the appropriate service request(s)

to FCOS. (For ALT, string reassignment/release is not supported by System

Control except for nominal string assignment).

For most bus/string reconfiguration requests, System Control coordinates the

bus handover at SSIP time. Cooperation is assumed upon successful SSIP sync.

For cases of redundant set reconfiguration of buses which are not coordinated by

SSIP, sync processing is invoked by FCOS to coordinate the handover.

OPS transition bus configuration is performed in one of two ways. If the

active major function is a redundant set, nominal string assignment tables are

used to configure the buses upon request from System Control. In cases where

nominal string assignment tables are not applicable, System Control determines

the assignments to be made and issues the appropriate bus and/or string assign-

ment requests.
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FCOS Bus Configuration also provides bus/data path mask management associated

with bus/string configurations. These services may result from either direct

requests from applications/System Control or frcm requests implied in other bus

configuration requests.

FCOS Bus Configuration also includes processing for bus masking and GPC

prime switching (if necessary and enabled) resulting from forced fail to sync and

fail to sync. Prime switching resulting from string reconfiguration requests

are also included in the processing of those requests.

Prime switching implies switching of the functions allocated to the prime

GPC (CPDS Section h.6.h.5.1). The GPC which will perform the prime function is

determined by which GPC is in command of the prime buses (buses needed to perform

the prime functions), by the Prime GPC ID field in the GPC Status Table, or by

both. As a result, prime switching is accomplished by updating the Prime GPC ID

field and by reassigning the prime buses. Since string 5 is maintained in such a

way as to always reflect which buses are prime buses, reassignment of string 5 is

synonomous with reassignment of prime buses.

To perform these functions FCOS and System Control maintain various tables.

System Control maintains the Nominal String Assignments Tables used for redundant

set ops transitions. FCOS maintains the Current Configuration Tables which show

transmitter and receiver status for each GPC. There are two types of Current

Configuration Tables: One shows the current status that should exist based on re-

configuration requests which have been serviced (Requested Current Configuration

Table). The other indicates the actual hardware status of the transmitters (True

Current Configuration Table). Other bus configuration tables include the Current

String Assignment Table, String Definition Tables indicating the buses associated

with each string, and the String Mode Indicator showing the current moding of each

string. In addition to bus configuration tables, various GPC status information
and masks are used.

There also exists a first in-first out Bus Reconfiguration Queue. The Bus

Reconfiguration_Queue__Element (BRQE) contains the information from the parameter

list which is needed to service the request. Nominally, this queue consists of

zero or one queue element. It exists primarily as a place to store parameter

list information when it is necessary to wait for I/O to quiesce on the buses being

reconfigured. However, it also serves to queue bus reconfiguration requests when

a request is made before a previous request(s) has been serviced.

The functional description of FCOS Bus Configuration presented in the

following paragraphs is divided into three areas:

a. Bus_Reconfiguraticn_Pre-Processor - Performs necessary pre-processing

for bus reconfiguratlon requests.

b. Bus_Reconfiguration_Processor - Services bus reconfiguration requests.
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Co Bus/Data Path Mask Management - The setting/resetting of bus and/or

data path masks.

Refer to Figure 3.3.4-1 for a hierarchy diagram of FCOS Bus Reconfiguration.

Note that there is no bus configuration initialization processor. The only

bus configuration performed automatically by FCOS at initialization time is the

enabling of all receivers (except buses 5 and 9 for ALT). All other bus con-

figuration needed at initialization time is performed as a result of bus config-

uration requests from System Control.
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DPS
Configuration
Management
3.3

GPC/IOP
Initialization
3.3.1

Memory
Management
3.3.2 lMiscellaneous-

CM_Request-
Processor
3.3.3

Bus
Configuration
3.3.4

GPC
Redundancy
Management
3.3.5

_US-- J

IReconfig uration |
I-Pre-Processor |
I(FCMBMAN) (350)I
i3'3'4"1 I

Bus 1

Bus/Data_Path- I
Mask_Manager I
(FCMBMASK) (355) I

3.3.4.3 J

k_)

Figure 3.3.4-1. Bus Configuration Hiearchy Diagram
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3.3.4.1 Bus_Reconfiguration_Pre-Processor (FCMBMAN)(350)

u

FCMBMAN performs necessary pre-processing for bus reconfiguration requests.

a. Control Interface -

l°

2.

3.

2.

CALLed by (i00) SVC Handler (FPMSVC)

CALLed by (220) I/0_Completion_Processor (FIOCMPLT)

CALLed by (280) Mass Memory Manager (FIOMMMGR)

CALLed by (368) Sync_Fail_Processor (FCMSFAIL)

bo Input - Register 0 contains the address of the Bus Reconfiguration_

Parameter List or zero if invocation is from I/O Completion_Processor

or Mass_Me--mory_4anager. See Table 3.3.4.1-i.

C, Proces's Description - The Bus_Reconfiguration_Pre-Processor does the

following when entered from the SVC_Handler or Sync_Fail_Processor to

service a new bus reconfiguration request:

The SVC_Synchronization_Processor is invoked to _erform a redundant

set sync (except if entry is from the Sync_Fail Processor). When the

LDB Toggling Indicator is non-zero, the purpose of this sync is to

coordinate the request since an LDB toggling request is a redundant

set operation which has not been coordinated by SSIP. In other cases

the purpose of the call is to sync redundant GPC's before processing

the request. After sync has been performed, the information from the

Bus_Reconfiguration_Parameter_List is placed in the BRQE denoted by

the BRQE__Free_Pool_Address. If the LDB__Toggling_Indicator is on and a

sync failure occurred, bit 0 of the BRQE_Type field is set to indicate

that additional processing may be necessary when preparing to service

the request (i.e., prime switching may have resulted from the symc

failure which would cause a change in the LDB commander).

If there is already an outstanding BRQE (Top_BRQE Address is not zero),

the new BRQE is placed on the bus reconfiguration queue. Otherwise,

the request is processed in the followlng manner.

If sync failure occurred for LDB toggling, the BRQE Type field is

modified if necessary as a result of LDB commander change. The working

mask is then built representing the bus(es) which are affected by the

request and placed in the Mask Of Buses_Being Reconfigured field of the

Bus_Management_Work_Area. If all buses indicated in the Mask Of Buses

Being Reeonfigured are idle, the Bus_Reconfiguration_Processor is

invoked to process the request. Otherwise, Bus_Reconfiguration Busy/

Idle Indicators are set for the affected buses which are not idle.
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d,

The Bus_Reeonfiguration_Busy/Idle_Indicators is used by I/0 Management

to determine when to invoke the Bus_Reconfiguration Pre-Processor to

continue servicing the request (Each time I/0 is completed on a bus

in this mask, I/0 Management removes the indicator for this bus from

the Bus__Reeonfiguration Busy/Idle_Indicators instead of marking the

bus idle in the BCE Busy�Idle Indicators. When all Bus_Reconfigura-

tion__Busy/Idle_Indicators are zero, the Bus_Reconfiguration_Pre-

Processor is invoked by I/0 Management.). The BCE_Busy/Idle_Indicators

are set for all buses in the Mask Of_Buses_Being_Reconfigured (this
is to prevent I/0 Management from starting any I/0 on the affected

buses until after the reconfiguration request has been serviced).

When it is necessary to wait for I/0 to quiesce before servicing the

request, the BRQE is placed on the bus reconfiguration queue. If the

request was completely serviced and prime switching is necessary as

a result, this processing is repeated for string 5 reassignment.

The Bus Reconfiguration_Pre-Processor does the following when entered

from the I/OCompletionProcessor or the Mass_Memory_Manager:

The Bus_Reconfiguration Processor is invoked to service the BRQE

indicated by the Top BRQE Address. The BRQE is then removed from the

queue if prime switching is not necessary as a result of processing

the request. If prime switching is necessary the BRQE Type would have

been altered to reflect a string 5 reassignment request. If there is

another bus reconfiguration request on the queue, the following occurs:

The Mask Of Buses_Being_Beconfigured is updated with the correct buses

for the request. The special LDB processing is done if necessary.

If all buses needed are idle, the Bus__Reconfiguration_Processor is

invoked to process the request. Otherwise, the Bus_Reconfiguration

Busy/Idle Indicators are set for the affected buses which are not idle.
If the request has been completely serviced, the BRQE is removed from

the queue and the processing is repeated if there is another request.

If it is necessary to wait for I/0 before servicing the request, the

Bus Reeonfiguration_Pre-Processor returns to the calling program.

The control flow for this module is presented in figures 3.3.4.1-1 and

3.3.4.1-2.

O_u_ - See table 3.3.4.1-I.

k.j
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e.

f.

g.

h.

i.

j.

Module References -

i. (363) SVC_Synchronization (FCMSSYNC) is CALLed

2. (351) Bus Reconfiguration__Processor (FCMBUSCM) is CALLed

Module Attributes - Program

Template References - N/A

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - N/A
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Type;Reque|t Variable 1 =
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R_onfiguration_Vadable 2
Field

_ CALLSVC

Then Synchronization(3.354-I363]ProcessorFigureI) ]

Zero LDB I
ToyR_ing

Indicator

I
Set BEt 0 Of I

BRQE Type = 1 I
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Chain BRQE Of New Request:

8ROE_Free_Pool _ddre_s =

Next BRQE --Addle_t Of Naw

8RQE, Top_BRQE _Addfes_

Address Of New BRQE

Ly
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Mask Of-

Then Bus_ Being_

R_con139ur eq =

_ Mask Conlaining

Both LOB Bu_s

Mask Of=

Buses Being

ReconfigiJ red =

M_sk Con[aining

Request_

Variable_l

Mask_Of Buses I

Being_Reconfigured =

String Definition_

Table Entry For String

Specified In

Request _Variable_ I

Initialize Mask I

Of_Buses

Being_

Reconfigured

To 0

I
_ Mask_Of-Bu_s- I

Being_Reconfigured =

Then Mask _Of_Bus_s-

String # = Being_Reconfigured +

I To 4 String Oefinition--

Table Entry

Mask_Of_Bu_s

8 _B_ing_
Recon fi_Jred =

Mask Of PL

Buses

____ Mask Of_Buses ]

_Being-

Recor, figured =

Mask Of All FC,

MM, PL, And

LDB Bu_s

Then

EI_

I CALL Bus_

Recon f;g_Jration

t Processor (351)

| Fixate (3 3.4.2 1)

Bu$_Reconfiguration -
I Busy/Idle _| ndicators =

| Mask_Of Bu_.es B_ing

1 Fleconfigured AND

m BCE _Busylldle-

| Indicators

I
| BCE_Bu,y/Idte- i

Indicators = BCE_

| ORMaC_Of_Bum _
t, _Being_ReconflguredJ

Figure 3.3.4.1-2. Bus_ReconfigurationPre-Processor

BROE_Pre-Proces-_or (350.1)
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3.3.4.2 Bus ReconfigurationProcessor (FCMBUSCM) (351)

The Bus_Reeonfiguration_Processor (FCMBUSCM) effects I/0 transmitter and

receiver mode changes in support of changes in GPC/Bus assignments.

a. Control Interface

(Fe,
CALL'ed by (350) Bus Reconfiguration Pre Processor

bo Input - Register 0 contains the address of a Bus Reconfiguration_

Queue Element. Also see Table 3.3.4.2-1.

Co Process Description - Initial Bus_Reconfiguration_Processor processing

assesses the input BRQE TYPE and immediately passes control to code

unique to that BRQE TYPE. For all request types, a final CALL to the

Bus/DataPathMaskManager must be made to perform appropriate Mask
management implied in the request. The Internal_Parameter_ListBuffer

is initialized to indicate a reset Bus Masks request for the Mask

Of_Buses_Being__Reconfigured. This parameter list may be changed in

the subroutines where noted. This call is made at the common return

point for all BRQE_TYPE processing. The following paragraphs describe

processing for each BRQETYPE value.

i. Remove a bus from command mode - The bus transmitter is disabled

and the Requested I/0 Transmitter Mask is updated. If LDB is

being toggled, the BCE Device Mask table is updated to reflect the

LDB bus change and waiting IOQE's are updated to toggle them to
the other LDB.

2, Place a bus in command mode - If the bus is an LDB, the transmitter

of the other LDB bus is disabled. It the LDB being put in command

mode is not the Current LDB Bus reflected in the I/O tables, the
i i

Device Mask Table and waiting LDB IOQE's are updated to use the

new LD_. Ne--xt, (for any bus), the transmitter and receiver are

enabled and the Requested I/OTransmiter_Mask and Requested I/0_

Receiver Mask are updated. If PL or LDB reassignment, The String_

Definition Table entry for string 5 is updated to reflect whether

the bus is or is not in the redundant set. The ICC_String_Mode

indicator is set to cause ICC transfer of the new string 5 defini-

tion.

. Place a bus in listen mode - Initial processing is identical to

that performed for (2) for LDB operations. Then the bus

receiver is enabled and the Requestedi/OReceiverMask is updated.

Finally, if the bus is PL or LDB, Drocessing for the String Defini-
tion Table is done as for (2).

Disable a Bus - The bus transmitter is disabled and the Requested

I/0TransmitterMask is updated. If LDB, the BCEDevice_MaskTable
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and waiting LDB IOQE's are toggled as in (2). If the bus

is PL or LDB, processing for the String Definition_Table is done
as for (2). The Internal Parameter List Buffer is modified to

indicate to the Bus/DataPath_Mask_Manager to set bus masks.

Remove a string from command Mode - The Current_StringAssign-

ment Table is set to Request Variable 2. If GPC self is current-
ly a_signed the subject string, all string bus transmitters are

disabled. Then, if string 5 (Prime buses) is being reassigned,

GPC Prime ID is updated to make the new string commander prime.

If _he str--ing is a FC string being released by prime and the

only FC string (1,2, or 3) currently in possesion of its commander

and there is a redundant set, the RS Prime_Switching_Alorigithm is
called to attempt to s_lect a new prim_ GPC. If one is selected the

BRQE TYPE field is updated to reflect string release or assign-

ment, depending on wheither GPC self was or was not prime, re-

spectively, the Request Variable I field is set to 5, and the Re-

quest Variable_2 field is set to the ID of the GPC to be prime.

Release all strings - The Current_String Assignment Table is

updated to indicate that strings which were commanded by the

GPC in Request Variable 1 are unassigned. Then, if GPC self is

releasing the strings, transmitters for all buses of all strings

commanded by self are disabled. Finally, if the releasing GPC

is prime (and Redundant Set Mask is not O) prime switching is

performed as in (5), above.--

(NOTE: Blocks 5 and 6 change the Internal Parameter List Buf-

fer to indicate a set Bus Masks request to--Bus/Data P--ath_ask

Manager for a string (s) b--eingunassigned or assigne--d outside--

of self's redundent set).

Assign a string to a GPC - The Current_String Assignment Table

is updated to reflect new command of the s_ecified string. If

the GPC to command is self, transmitters for all buses in the

string are enabled. In any case receivers for all buses in the

string are enabled. If the subject string is string 5, GPC
m

Prime_ID is set to the ID of the GPC getting command of the

string. If it is not string 5, and if is being removed from

prime GPC that will now have none of strings 1,2, or 3 in its

command, prime switching is attempted as in (5).

Mode a String - The Internal Parameter List Buffer is zeroed to

prevent any mask management f--rombeing--doneV The String Moding

AssignmentTable is then updated to reflect the new mode--(Reque_t_

Variable 1 field). Only PL moding is supported in ALT. There-

fore, no further processing is done if Request_Variable 2 is not
5. If requested mode is not the current mode, the BCE_evice
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Mask Table and waiting PL IOQE's are updated to do PL I/0 to

the ports associated with the requested mode.

, Perform NominalString_AssignmentTable configuration - For

all FC, LDB, PL, and MMbuses, transmitters are disabled and
receivers are enabled. Then for each of the 5 strings, the

following is done. The Current String Assignment Table is up-
dated to reflect the GPC ID indicated for this string in the

NominalStringAssignmentTable for the memory configuration

specified in Request Variable I. If GPC self is the GPC in-

dicated, the transmitters for the buses in this string are en-

abled and the Requestedi/OTransmitterMask is updated. If

the string is unassigned (NominalStringAssignmentTable en-

try for this string =0) or assigned to a GPC that is not in

self's RedundantSetMask, the Bus/DataPath_MaskManager is
invoked to set Bus Masks for this string's buses. These bus-

es are removed from the mask of buses which will be passed to

the Bus/Data Path Mask_Manager for resetting. If the string

is the string of _rime buses (string 5), GPC Prime ID is set

to the GPC indicated.

When all strings have been processed prime switching is done

as in (5) if string 5 (prime buses) was unassigned or assigned

to a GPC which is not in command of strings I, 2, or B.

d. Output - Outputs are listed in Table B.3.4.2-I.

e. Module References -

i.

2.

(355) Bus/DataPath MaskManager (FCMBM_SK) is CALLed.

(392) RS.PrimeSwitc--hing_Algorithm (FCMRSALG) is CALLed.

f. Module attributes - Program

g. Template references - N/A

h. Error Checks - N0ne

i. Constraints and Assumptions - None

J. Detailed Implementation -

1. A program Controlled (PC) I/O command is issued to directly

perform the indicated operation.
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Enter )

I Build Internal_Parameter

_List_Buffer For Later
Call To Bus/Data_Path_

Mask_Manager (Reset

Bus_Masks Request For
Mask _Of_Buses_

Being_Reconfigured)

DO CASE

On BRQE_

Type

CALL Bus/Data
_Path _Mask_

Manager
(FCMBMASK)

Perform Remove
_Bus_From_

Command

(351.1 )

Figure 3.3.4.2-2

Perform Place_
Bus_In

Command

(351.2)

Figure 3.3.4.2-3

Perform Place_

Bus_In_Listen

(351.3)

Figure 3.3.4.2-4

Perform Disable_

Bus (351.4}

Figure 3.3.4.2-5

Perform Remove

String_From_

Command (351.5)
Figure 3.3.4.2-6

Perform Release_ I

All_Strings I

(351,6) I

Figure 3.3,4.2-7 J

Perform_Place_

String_In_
Command

(351.7)

Figure 3.3.4.2-8

Perform Mode_

String (351.8)

Figure 3.3.4.2-9

Perform Nominal

_SAT_Configure
(351.9)

Figure 3.3.4.2-10

Figure 3.3.4.2-1. Bus-Reconfiguration_Processor (FCMBUSCM)
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Disable
Specified
Transmitter
(1)

Update
Requested_ I/O-
Transmitter_
Mask

z

IF LDB Indicate k

/_nThe Mask_Of_
_Buses_Being_ /

Reconfigureed /

Then

Perform Update_ I

LDB_BCE_Mask
_Entries (351.10)
Figure (3.3.4.2-11)

Figure 3.3.4.2-2. Bus-Reconfiguration_Processor

Remove-Bus_From_Command (351.1)
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Disable LDB 1

Transmitters
(1)

Enable
Transmitter And
Receiver Of

Specified Bus
(1)

Remove LDB !

From Requested
_1/O_
Transmitter_
Mask

Update
Requested_l/O-
Transmitter_
Mask And
Requested-I/O
_Receiver_Mask

Perform Update_
LDB_BCE_

Mask_Entries
(351.10)
Figure (3.3.4.2-11)

Indicate GPC Self
As Owner Of Bus

By Storing GPC_
ID In Request_
Variable_2

Perform Update_
String_5_
Definition
(351.12)
Figure (3.3.4.3-13)

Figure 3.3.4.2-3. Bus_Reconfiguration_Processor

Place_Bus_In_Command (351.2)
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IF Mask_Of_ )

Buses_Being_
Reconfigured
Shows LDB

Then

Perform Update_ I

LDB_BCE_
Mask_Entries
(351.10)
Figure (3.3.4.3-11 )

Enable Receiver
Of Specified
Bus (1)

u

Update
Requested_ I/O_
Receiver_Mask

Perform Update_
String_5_
Definitions
(351.12)
Figure (3.3.4.3-13)

Figure 3.3.4.2-4. Bus_ Reconfigu ration_Processor
Place_Bus_In_Listen (351.3)



_" ----- = .--=- NAS9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFnNARE

BOOK: ALT System Software Design Specification

Flight Software
Part i

Date 2/28/77

Rev

Page 3.3.4.2-3.0

Disable

Transmitter Of

Specified Bus

(1)

l Update

Requested_l/O_

Transmitter_

Status

IF Mask_Of_

Buses_Being_

Reconfigured

Shows LDB

Then

/ I Perform Update_

LDB_BCE_Mask

_Entries (351.10)

Figure (3.3.4.3-11 )

Perform Update

_String_5_

Definition

(351.12)

Figure (3.3.4.3-13)

Set Mask_Management

_Request_Type In

Internal_Parameter_List

_Buffer EQ X '86' For

Later Call To Bus/Data_

Path_Mask_Manager

Figure 3.3.4.2-5. Bus_ Recon figu ration_Processor

Disable_Bus (351.4)
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Set Current_

String_Assignment
_Table Entry For
This String =
Request_Variable
_2 (GPC Being
Assigned String)

u

1
LF Request_ )

Variable_2 =
GPC_ID (Self)

Then
Disable All
Transmitters

Of String (1)

IF Requested _,_

String (Request
_Variable_l
Is String 5

Then

Move Request_
Variable_2 To
GPC_Prime_
ID (Make New
Owner Prime)

__IF Old String k
Commander Was \

Prime And Prime_

No Longer Has /

Strings 1, 2, Or 3/

Then
Perform Select_
New_Prime

(351.13)
Figure 3.3.4.3-14)

If GPC Indicated
In Request_
Variable_Is
Not In SeWs
Redundant_Set
_Mask Or = 0

Then

Set Mask_Management
_Request_Type In
Internal _Parameter
_ List_Buffer = '86'
For Later Call To Bus/
Data_Path_Mask_

Manager

Figure 3.3.4.2-6. Bus_Reconfiguration_Processor

Remove_String_ From_Command (351.5)
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Zero String Entry In I

Current_String_ I
Assignment_Table I
To Indicate String I

Is Unassigned J

I ,FRe,ea,,ng\
I-G--PC (Request_
I Variable_l) = /

! GPC-PrIie-'D /

Set Mask_Management
_Request_Type In
Internal _Parameter_
List_Buffer = '86' For

Later Call To Bus/Data_
Path _Mask_Manager
(FCMBMASK)

Then

Perform Select_ [

New_Prime
(351.13)
Figure (3.3.4.2-14)

I

Figure 3.3.4.2-7. Bus_ Recon figuration_Processor

Release_All_Strings (351.6)
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Update Current_
String_Assignment
_Table With ID Of

GPC To Be Assigned
String (Request_
Variable_2)

I
I_FAssignee

E__QGPC_ I D
(Self)

1
Enable Receivers
Of Buses In

String (1)

Enable
Transmitters
For Buses
tn String (1)

Then

1 l
Update
Requ ested_ I/O
_Receiver_
Mask

I
IF Request_

Variable_l = 5
(Prime Bus / I

Reassignment)/ I .:_ I IF Prime No

L-_ Longer Has )
Strings 1, 2, Or3/

/

IUpdate Old OwnersI
lOP_Transmitter_ I
State Entry To I
Reflect Removal Of I

Prime Buses j

Place Receiving GPC's
ID In GPC_Prime_
ID (Make It Prime)
And Indicate Change
In ICC_DST_Status
In ICC_Status_Flags

Update
Requested_l/O
Transmitter_
Mask

Perform Select_
New_Prime
(351.13)
Figure (3.3.4.2-14)

Figure 3.3.4.2-8. Bus_ Reconfiguration_Processor

Place_String_In_Command (351.7)



...... NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part i

Date 2/28/77

Rev

Page 3.3.4.2-14

Zero Mask

In Internal_

Parameter_
List_Buffer

IF Request_ k

Variable_l = 6

(Mode 6 /

Requested) _

1

Then

Else

IF String 5

Being Moded

Update_String_

Moding_
Assignment_
Table To Show

Mode 6 For

String (Request
_Variable_2)

Indicate Mode 7

String In Request
_Variable_2 In

String_Moding_

Assignment_
Table

IF Current_PL_k

Bus_Mode NE

Request_ /

Variable_l //

Update Current_
PL_Bus_Mode

I
DO UNTIL V

All PL
Devices

Processed

Swap Payload
Bus Bits In BCE

_Device_Mask_

Table Entry

I
Get Next
Device

Entry

Reverse

Addresses In BCE

Program Counter
Table

Get Address
Of Next

Entry

i

DO UNTIL AII_

PL BCE Program

Counter Tables/

Are Processed /

1
Perform IOQE_

Mask__Update
(351.11)

Figure
(3.3,4.3-12)

Figure 3.3.4.2-9. Bus_ Recon figuration-Processor
Mode-String (351.8)
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Assignment_Table
Entry = Nominal_
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IF Current
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Table Entry =
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I Having String _ [ Flags
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String 1,2, Or 3/ EI_ Perform Select_

New_Prime

(351.13)
Figure
3.3.4.2-14
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Then
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NominaLString_
Assignment_

Table Entry

t Enabte (1) Transmitters I

__ And Update Requested I
_l/O_Transmitter_ |
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O_N IF ID In Current X

_String_
Assignment_ _, Then
Table Entry = 0
Or Is Not In Setf'e
Redundant_Set /

_Mask /r
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Date 2/28/77
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Update Internal_ !

Parameter_List_ |
Buffer To Indicate |
Set Bus_Masks |
Request For |
Buses In This J

String J

Figure 3.3.4.2-10. Bus_Reconfiguration_Processor

Nominal_SAT_Configure (351.9)
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IF Request_ >

V--ariable_ 1 Then

NE Current
_LDB_Bus

Move Current_
LDB_Bus To

Request_
Variable 1

Get Address Of
BCE_Device_
Mask_Table And
Get Index To
First LDB Device

DO FOR
All LDB
Devices > Invert LDB Bus

Indicators In
BCE_Device_
Mask_Table
Entry

Perform IOQE_

Mask_Update
(351.11)

Figure
3.3.4.3-12)

i

Get Next LDB
BCE_Device_
Mask_Table

Entry

I/F Either LDB Bus>

I _-sContained In
|The String__
_ Definition_Table

I Entry For String 5

Invert LDB
Bus Indicators In
The String_
Definition _Table
For String 5

Figure 3.3.4.2-11. Bus_Reconfiguration_Processor

Update_LDB_BC E_Mask_Entries (351.10)
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Get I/O_Wait
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DO WIll LE k
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Next_lOQE_ln f
_Chain NE 0 /

/

Index Into BCE
_Device_Mask

_Table Using
IOQE_Device_
ID

Set Mask_Of_
Buses To_
Monitor = BCE_
Device_ .Mask_

Table Entry

Figure 3.3.4.2-12. Bus_Reconfiguration_Processor

IOQE_Mask_Update (351.11)
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Then t Set ICe_String__

Mode = 1

Get Address Of GPC_
Status_Table For GPC
Being Assigned PL/LDB
Bus (GPC ID is In

Request_Variable_2)

i

i
IF Request_.Variable_2 k

=--GPC_Prime_l D OR
GPC_.Prime is In The __
Redundant_Set_Mask /
Of GPC In Request_ /

Variable 2 /

I Add PL/LDB 1

Then I Bus To The lI String_
I Definition_Table
LEntry 5

__ Remove PL/LDB I

Bus From The

;String_.
Definition_Table
Entry 5

Figure 3.3.4.2-13. Bus-Reconfiguration_Processor

Update_String_5_Definitio n (351.12)
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N__EE0

\
J_ A New
Prime Was /Selected

i

Then

Then

CALL RS_Prime

__Switching_
Algorithm
(FCMRSALG)
(392) Figure
(3.3.4.13-1)

Set Request_
Variable_l = 5

And Request_
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ID Of Selected
GPC

L
IF GPC_Prime_

I-D (Old Prime)
EO Self

_-PC_ID}

Then Set BRQE_Type
To Release

String

I
Else _ Set BRQE_Type

ITo Assign String

Figure 3.3.4.2-14. Bus_Reconfiguration_Processor

Select_New_Prime (351.13)
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3.3._.3 Bus/Data_Path Mask Manager (FCMBMASK) (355)

The Bus/Data Path Mask Manager performs the setting/resetting of bus
and/or data path masks and error counters.

a. Control Interface -

1.

2.

3.

CALLed by (i00) SVC Handler (FPMSVC)

CALLed by (351) Bus_ReconfigurationProcessor (FC_USCM)
CALLed by (368) SYNC Fa_l Processor (FCMSFAIL)

CALLed by (244) LeveT C !70_Error_Interrupt Handler (FIOERRLC)

b. Input - See Table 3.3.4.3-1.

Co Process Description - The Bus/Data Path Mask_Manager first determines

if it has been called by the SVC_Handler. If so, the SVC Synchronization_

Processor is invoked to obtain redundant set synchronization. The t_ask

ManagementRequest_Type and the Mask_ManagementVariable Field are then
used to build a working mask of the buses affected in th_request.

Non-ICC buses are then processed according to the Mask Management_

RequestType.

If Mask Management Request_Type indicates that Bus__asks are to be set,

the following is done. The bits associated with the buses in the working

bus mask are set in Bus Masks. BCE processors for these buses are

halted. If the Bus_Mask_ManagementRequest_Type indicates that bus
masks are being set as a result of a bus reconfiguration request (X'86'),

the receivers associated with the buses in the working mask are disabled

and the Requested_I/O_Receiver_Mask is updated. BCE_E_ementBy_ass_
Indicator i and 2 are updated to indicate all elements associated with
these buses.

If MaskManagementRequest_Type indicates that Bus Masks are to be

reset, the following is done. When the OUTPUT switch goes to "TERMINATE"

or BFCS is engaged, the hardware disables certain transmitters. There-

fore when a request is made to reset Bus Masks when the OUTPUT switch

goes to "NORMAL" (Mask Management Reques_Type = X'02') or BFCS is

disengaged (Mask_Manag_mentReque_t_Type -- X'04'), transmitters which
were disabled must be enabled. The Reset 10P Processor is then invoked

to reset the buses in the working mask (excep_ any buses which are

currently busy). Bits associated with buses in the working masks are

zeroed in Bus Masks. BCE Element_Bypass_Indicator I and 2 are updated

to not indicate elements associated with buses being reset.
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d.

e.

f.

g.

h.

i.

J.

If Mask__Management_RequestType indicates that Bus_Masks or Data_Path_

Masks are to be reset (except for BFCS disengage), the following is

done. Bits associated with the buses in the working mask are reset in
the Data Path Masks and BTU Port Masks. Data Path Error Counter Table

entries for these buses are all reset to 0.

For all types of requests, the true current transmitter and receiver

status is determined and placed in IOP Transmitter State and IOP

Receiver State.

The control flow for this module is presented in Figures 3.3.4.3-1

and 3.3.4.3-2.

Output - See Table 3.3.4.3-1.

Module References -

I.

2.

(363) SVC_Synchronization_Processor (FCMSSYNC) is called.

(244.5) Reset 10P Processor (FIORESET) is called.

Module Attributes - Program

Template References - N/A

Error Checks - None

Constraints and Assumptions - None

Detailed Implementation - I. A Program Controlled (PC) I/0 command is
issued directly to perform the indicated operation.
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Reduce Working

Bus Mask To

FC Buses Only

J ,

DO WHILE n_

All FC Buses t

Mask Not

Processed

Get Bus Number

And Address Of

BCE_Element

Bypass_Indicator

_1

I

I IF Mask_ /

Management_

Request_Type

Indicates "Set"

Bus_Masks

Then

Else

Set BCE_

Element_Bypass

_Indicator 1 And

BCE_Element

Bypass Indicator
_2

I Reset BCE_

Element_Bypass

Indicator_l And

BCE_Element

Bypass_Indicator

_2

Figure 3.3.4.3-2. Bus/Data_Path_Mask_Manager
Element_Bypass_Processing (355.1)

.... : • _.,,j
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3.3.5 GPC Redundancy Management

GPC Redundancy Management consists of GPC Synchronization for both the common

set and redundant set and Fault Detection Tdentification.

GPC synchronization is designed to keep the GPC's together with respect to

time, data gathering, and internal queue manipulation. Because of possible dis-

similar processing, the common set is synchronized with respect to time only. This

is accomplished by four basic synchronization programs and one special program for
SSIP (System Software Interface Processor) sync initialization.

The special sync program, Initial__SSiP_Synchronization Processor, is used when

adding a GPC to the common set as part of initial SSIP processing. It determines if

any other GPC's are active and, if so, which ones are members of the common set.

The four basic sync programs are Normal SSIP Synchronization Processor (common

Set), I/OSynchronization_Processor (common _nd r_dundant set), SV--CSynchronization_

Processor (redundant set), and Timer_Synchronization_Process0r (redundant set).

The Normal SSIP Synchronization_Processor is used to keep the common set

synchronized via the minor cycle SSIP points. Its processing is initiatedt_Y
the SS!P timer interrupt and includes the time management _,_U read every n minor

cycle. It also allows eligible CPC's to join the common set.

The I/0 Synchronization Processor synchronizes I/0 completion interrupts in

the redundant set and provides IPR (Input Problem Report) information for protected

transaction processing.

SVC Synchronization is done for all SVC's in the redundant set that cause

queue modification, data gathering, event modification, changing the state of

a process, locked resources, data output, and time processing.

The TimerSynchronizationProcessor is used to synchronize the redundant set

GPC's at every interval timer imterrupt (PC2).

Synchronization communication between the GPC's is accomplished through the

use of GPC sync discrete lines. Each GPC has three lines out (and hence 8 possible

codes) and twelve lines in (3 from each of the other 4 GPC's). For code assign-

ments and meanings, see Figure 3.3.2-1.

To prevent a synchronization failure caused by GPC's arriving at different

syne points at the same time (e.g., an SVC sync in one GPC and a timer interrupt

in another GPC), a synchronization priority scheme is used. The only sync interrupt

interference possible is between SVC, I/0 complete, and timer interrupts. SVC

synchronization is lowest priority and can be interrupted by both I/0 complete

and timer interrupts. I/0 complete synchronization may be _mterrupted by timer

interrupts only, while timer sync is not interruptible. Since normal SSIP sync is
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initiated by a timer interrupt, it is of the same priority as timer synchroniza-

tion. This allows sync processing in each GPC to migrate to the highest priority

interrupt currently being processed by any GPC.

Fault Detection Identification is accomplished within the redundant set by

transferring sum words over the Inter-Computer Channel and comparing them. GPC
fail discretes are set when a GPC determines that it has had a series of consecu-

tive miscompares with another GPC's sum-word.

GPC Redundancy Management is divided into the following areas (See Figure
3.3.5-2).

a. Initial_SSIP_Synchronization_Processor - Provides synchronization when
Joining a common set.

b. Normal__SSlP__SynchronizationProeessor - Synchronizes the common set at

every SSIP point.

C. I/O_SynchronizationProcessor - Synchronizes GPS in a common or redun-

dant set upon I/0 completion interrupt.

d. SVC Synchronization_Processor - Synchronizes GPC's in a redundant set

for certain supervisor calls.

e. Timer__Synchronization_Processor - Synchronizes GPC's in the redundant

set at every interval timer interrupt,

f. Sync_Fail_Processor - Performs necessary processing associated with

GPC fail to sync or force fail to sync.

g, SyncFail_CAM_MSC_Processor - MSC processor to light CAM lights when

a fail to sync is received.

h, Fault__Detection__Identification - Compares sum words for all GPC's in

the redundant set.

i. Fail Discretes MSC Processor - MSC processor used to light CAM lights

when failure is noted by Fault Detection Identification.

J. GPC_Discretes_Redundancy_Manager - Compares discretes from all GPC's

in the common set and provides one discrete word for all to use.

k_1
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k,

1,

mB

Sync_Mask_Build_Routine - A service routine used by each of the

synchronization programs mentioned above.

Syne_Fail_Interface_Routine - Builds parameter list need by the

Sync_Fail_Processor.

RS_Prime_SwitchingAlgorithm - Selects prime computer for the
redundant set.
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Number

0

1

2

3

4

5

6

7

Binary

000

001

010

011

100

101

110

111

Meaning

Halt/Off/Failed

Spare

I/O Complete, with error (IPR)

I/O Complete, no error (IOC)

SSlP sync (common set)

Timer Interrupt

SVC Interrupt

Null/Run

Figure 3.3.5-1. Synchronization Codes
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3.3.5.1 Initial__SSIP_Synehronization-Processor (FCMASYNC) (360)

To Be Provided



V
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3.3.5.2 Normal SSIP_SymchronizationProcessor(FCMCSYNC)(361)

To Be Provided

7

T

=
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3.3.5.3 I/OSynchronization_Processor(FCMISYNC)(362)

To Be Provided

=



_j



% J
V

---__.-_-7
=_'=;= NAS9-14444

SPACE SHUTTLE OIaBITEFI AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part I

Date 2/28/77
Rev

Page 3.3.5.4-]

3.3.5.4 SVC_Synchronization_Processor (FCMSSYNC) (363)

The SVC_SynchroDffzatffon__Processor (FCMSSYNC) provides redundant set

synchronization prior to the execution of those SVC services that could affect

the state or execution path of the software system.

a. Control Interface -

1.

2

3
4

5

6

7
8

9

i0

Ii.

12.

13.

lb.

15.

16.

17.
18.

19.

CALLed by (330)

CALLed by (350)

CALLed by (355)

CALLed by (325)

CALLed by (320)

CALLed by (200)

CALLed by (201)

CALLed by (109)

CALLed by (107)
CALLed by (149)

CALLed by (105)

CALLed by (171)

CALLed by (i01)

CALLed by (170)

CALLed by (172)

CALLed by (i08)

CALLed by (144)

CALLed by (104)

CALLed by (148)

BCE_ElementBypass_Processor (FCMBCEMD)

BUS__Reconfiguration_Preprocessor (FCMBMAN)

BUS/DataPath_Mask_Manager (FCMBMASK)

ProgramModification (FCMPMOD)

Overlay_Processor (FC}_OVLY)

I/O SVC Service Processor (FIOSVC)

Pre3Tni_ialfzed_I/O SVC Processor (FTOSVCF)
Cancel Processor (F_MCA_CL)

Close Processor (FPMCLOSE)

FF_U_Re_undancyManager (FPMNTURM)

UPDATE/EXCLUSIVEReserve_Processor (FPMRES)
Reset Event Processor (FPMRESET)
Process Scheduler (FPMSCHED)

Set Event Processor (FPMSET)

Signal_EventProcessor (FPMSIGNL)
Terminate Processor (FPMTERM)

Time/Date_Application Request_Processor (FPMTMHAL)
Wait Processor (FPMWATT)

MTU_Update__Processor (FPMUPMTU)

b. Input - Inputs are shown in Table 3.3.5.4.-I

C. Process Descri2tion - The SVC_Synchronization_Processor obtains the

Redundant_Set_Sync_Mask to determine if there are other GPC's in the

present redundant set. If there are, the SVC Code_Inverse_Sending_

Pattern is placed in the GPCSync_Code_Command_Discrete bit positions

of the Discrete_Output_Register. Otherwise, no sync code output is

performed.

The SVC_Sync In Progress_Indicator is then set to direct re-execution

of the SVC and the SVC_Synchronization Processor in the event that it

is interrupted by I/O or timer expiration during its execution.
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Finally, the sync loop is entered and maintained until one of the

following occurs:

io

2.

,

SVC__Sync codes are exchanged with all redundant set members

Execution of the loop exceeds a pre-determined number of
micro-seconds.

A timer or I/0 interrupt occurs.

Sync codes are obtained from other GPC's by reading the Discrete

Input_Register_A (see table 3.3.5.4.-1, items 12-23). Stability--of

the bit values is assured by performing 2 reads and OR'ing the

resulting bit values together. Following each pair of reads, GPC's

whose bit positions in the Discrete_Input__Register A contain

the SVC Sync pattern are removed from the Leading Edge_Detection_

Mask. Each time a new valid sync pattern is detected, the Sync_

Timeout_Counter is reset to its maximum valve. Each time through

the loop, if total redundant set agreement has not been reached,

timer and I/0 interrupts are allowed to occur so that sync code

disagreements among the redundant set may be resolved at the highest

possible priority level.

Once SVC Sync__Code discrete patterns have been received from all

redundant set GPC's, a delay is performed and the sync codes are

re-read from Discrete_Input Register A. If any have changed since the

prior read, one or more other GPC's has been interrupted by a

timer or an I/0 completion prior to its detection of this GPC's

output SVC_Sync_Code. In this case, the GPC is enabled for timer

and I/0 interrupts to allow the expected synchronization to occur

at the new interrupt level (timer or I/0). Otherwise, a delay is

performed to allow sync code detection by other GPC's and the Sync

loop is terminated.

After loop termination, the SVC_Sync Code is removed from the

Discrete_Output_Register by replacing it with the null sync code

In the event of sync loop timeout before valid SVC_Sync_Code discretes

have been received from all redundant set members, the Sync_Fail

Interface_Routine and the Sync_Fail_Processor are called to remove

the GPC's that failed to sync from the redundant set and perform any

required bus reconfiguration.

SVC_Synchronization_Processor flow is shown in Figure 3.3.5.4-1

kj
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e. Module References -

1. (391)
2. (368)

Sync_Fail_Interface_Routine (FCMSFINT)

Sync_Fail_Processor (FCMSFAIL)

f. Module Attributes - Program

g. Template References - N/A.

h. Error Checks - None

i * Constraints and Assumptions - The timing of I/0 and Timer interrupt

handling and the timing of the sync loop are critical to the logic

employed. Changes in these areas must be assessed for impact to this

program.

J o Detailed Implementation

i° Issue a Program Controlled Output (PC) command to place sync

pattern in the Discrete_Output_Register

2. Issue a Program Controlled Input (PC) command to obtain the

current value of the sync bits in the Discrete_Input Register_

A

, If an interrupt does occur, normal redundant set operation

will result in synchronization occuring at the higher priority

interrupt level (I/0 or Timer) and SVC synchronization will

re-occur after higher priority processing has concluded.
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Enter

I

\ Iwr,teSVC=Code-I
IF Redundant _ _ Then IInverse-Sending- I
Set_Sync_ j/-_ Pattern To Discrete I
Mask NE O / I _Output-- I

, / I Register (1) I

Set SVC_Sync_ln_Progress
_Indicator, Get Leading
Edge_Detection_Mask, And
Obtain Sync._Timeout _
Counter Value

I

._2_LTJL All

Redundant Set

Members Agree On
SVC_Sync_Code
Or Timeout Counter
Expires

I
Write Nult_Sync_ ]

Code_Sending_ [
Pattern To I
Discrete_ I
Output-- l

Register (1) I

I
Turn Off SVC

Sync_ln_
Progress_
Indicator

I

Read Discrete_
Input Register
_A (2)

LFTimeout
Counter = O

I CALL Sync_Fail_ I

I Interface_Routine (391)
Then I Figure 3.3.5.12-6

1-_ 1 CALL Sync_Fail_
| | Processor (368)

1 (Figure 3.3.5.6-1)

_ Timeout Counter ]

I
r Read Discrete_

Input_Register_
A Again And OR
It With Prior Read

(2)

I
',\ .... I

_r_ OnSVC _

S'n° e/ IDelay And I

Reread Discrete_

Input_Register_
A (2)

I
IF All Codes
Still SVC /I

Delay

!,_A,,oPo.Oo\TheoI_,,owp.o0,ng,,olNot Agree On /t------- 1 And Timer I

SVC Sync Code/ I Interrupts T° IOccur (3) I

I
NewVa,d\_ IReset_imeoutToI

SVC Sync Code _ Inen I'"- _ ]_-----iMax And Remove I
Was Detected On / IDetected GPC Froml

Prior Reads / IDetection Mask I

Figure 3.3.5.4-1. SVC-Synchronization_Processor (FCMSSYNC)
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3.3.5.5 Timer Synchronization_Processor (FCMTSYNC) (364)

The Timer Synchronization_Processor (FCMTSYNC) provides redundant set syn-

chronization Drior to the execution of all PC2 driven processing except that pro-

vided by the Common Set Synchronization Processor (FCMCS_;C). In addition, certain

mass memory I/O operations related to status determination and clearing can cause

variations in redundant set processing times. For these operations, this processor

provides re-synchronization.

a. Control Interface-

i.

2.
CALLed by (280) Mass_Memory_Manager (FIOMMMGR).

CALLed by (142) TQE_Expiration_Processor (FPMIHPC2).

b. Input - Inputs are shown in Table 3.3.5.5-1

C_ Process Description - The Timer_SynchronizationProcessor obtains loop

control constants and immediately enters the sync loop. This loop is

maintained until the Timer sync codes are exchanged with all redundant

set members or until execution of the loop exceeds a pre-determined

number of microseconds. Prior to entry to the Timer Synchronization

Processor, the caller will have placed the Timer Code Inverse_Sending_

Pattern in the GPCSync_Code_Command_iscrete bit positions of the

Discrete__Output_Register. This makes the code immediately available to

the Timer_Synchronization_Processor executing in other GPC's.

Sync Codes are obtained from other GPC's by reading the Discrete_Input

Register_A (see table 3.3.5.5-1, item_ 6-16). Stability of the bit

values is assured by performing two reads and 0R'ing the resulting bit

values together. Following each pair of reads, GPC's whose bit posi-

tions in the Discrete lnput_Register_A contain the timer sync pattern

are removed from the Leading3dge Detection Mask. Each time a new

valid s.ync pattern is detected, the Sync_Timeout Counter is reset to
its maximum value.

Once Timer_Sync_Code discrete patterns have been received from all re-
dundant set GPC's, a delay is performed to allow sync code detection

by other GPC's and the sync loop is terminated. After loop termination,

the Timer Sync_Code is removed from the Discrete 0utput_Register by

replacing it with the null sync code.

In the event of sync loop timeout before valid Timer_Sync_Code discretes

have been received from all redundant set members, the SyncFail_Inter-

face_Routine and the Sync Fail_Processor are called to remove the GPC's

that failed to exhibit the sync pattern from the redundant set and per-

form any required bus reconfiguration.
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d,

e•

f.

g.

h.

i.

Timer_Synchronization_Processor flow is shown in Figure 3.3.5.5-1.

0utDut - Outputs are shown in Table 3.3.5.5-1•

Module References -

I. (391) Sync Fail Interface Routine (FCMSFINT) is called.

2. (368) Sync_Fail_Processor--(FCMSFAIL) is called.

Module Attributes - Program

Template References - N/A

Error Checks - None

Constraints and As su/aptions - The timing of the sync loop is critical

to the logic employed. Changes to the loop must be assessed for impact

to the loop timeout value•

Detailed Implementation -

i. Issue a Program Controlled Input (PC) command to obtain the current

value of the syne bits in the Discrete_Input_Register_A.

2. Issue a Program Controlled Output (PC) command to place the Null_Sync_

Code_Sending_Pattern in the Discrete_Output_Register.

k.S
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C Enter )

I
Get Leading Edge I

Detection_Mask

And Sync- J

Timeout _Counter J

Value J

I
DO UNTIL All

Redundant Set

Members Agree

On Timer_

Sync_Code Or
Timeout Counter

Expires

Write Null_Sync_

Code Sending_

Pattern To

Discrete__

Output-

Register (2)

Read Discrete_ J

Input Register

_A (11

IF Timeout _1_

C"ounter LE 0

CALL Sync I

Then Fail_Inter face |

Routine (391) I

(Figure 3.3.5,12-1 ) J
I

I
J CALL Sync. Fail

_Processor {368)

(Figure 3.3.5.6-1 )

__ Decrement I

Timeout

Counter

I Read Discrete_

Input_Register_

A Again And OR "

It With Prior

Read (1)

I
A'gree On Timer _-

Sync Code /

J Delay To Allow J

Then Other GPC's To

Detect Timer

Code From

This GPC

___IF A New Valid k

Svnc Code Is )

Present /

Reset Timeout

Value To Max

Then And Remove

Detected GPC

From Detection

Mask

V

Figure 3.3.5.5-1, Timer-Synchronization_Processor (FCMTSYNC)
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3.3.5.6 Sync_Fail_Processor (FCMSFAIL) (368)

The Sync_FailProcessor (FCMSFAIL) controls the processing required in sup-

port of a forced or actual GPC synchronization failure.

a. Control Interface -

io

2.

3.
4.

5.
6.

7.

CALLed by (361) Normal SSIP Synchronization__Processor (FCMCSYNC)

CALLed by (362) I/OSy_chro_ization__Processor (FCM!SYNC)

CALLed by (364) Timer Synchronization Processor (FCMTSYNC)

CALLed by (363) SVC S_nchronization P_ocessor (FCMSSYNC)

CALLed by (220) I/OiC0mpletion_Proc_ssor (FIOC_LT)

CALLed by (244) Level C I/0 Error interrupt Handler (FIOERRLC)

CALLed by (i00) SVC H_n_Ier--(FPMS_C)

b, In__2__ - Register-O, bits 16-31 are zero to indicate Force_Fail to Sync

entry. Other FCOS entries set Register-0 as follows:

Bit 0 - type of sync
1 = common set

0 = redundant set

Bit 11-15 represent GPC's 1-5 In each bit position;

1 = sync failure

0 = no sync failure

Bit 31- set to 1 to show normal (non force fail) entry.

All other bits must be zero.

C, Process Description - The Sync__Fail Processor saves the current Re-
dundant Set Mask and the GPC Prime _D so that they may be restored

if pre-maturely modified by early routine logic. Input parameters are
then modified to eliminate the difference between FCOS and SVC entries.

For fail self entries the fail mask is obtained from the current Common

SetMask (thus fail self is actually accomplished by assuming the fail-

ure of all but self).

Modified (as above) inputs are then examined and if a GPC failure is

not indicated (can occur on fail self entry with a zero Common Set

Mask), the 10P transmitter status if brought up to date and the proces-

sor returns. If a failed GPC is indicated by input parameters, the

Redundant Set,Mask and Common_Set_Mask are updated to reflect removal
of the fai--ling GPC(s). Note that if failure indicaters (input param-

eters) that self is the only survivor and that a majority of CPC's are

being failed, it is assumed that self has failed, and the Fail._Sync_

Flag of Initialization__Fla_s is set before updating the Redundant Set
Mask and Common Set Mask.
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d.

e.

f*

g.

h.

After mask update, the Bus/Data__Path_Mask_Manager is called to set bus

masks for busses controlled by the failing GPC. Concurrent with this,

a mask is constructed for failure annunciation of failing GPC's. This

mask is stored following bus mask update.

Next, the Data Path Masks for all remaining Redundant set GPC's (as in-

dicated by tha_GPCTs Redundant Set_Mask) are logically combined to

form BTU__Port_Masks for each IU_. The Sync_Mask_Build_Routine is then

called to construct a new self sync mask. The Sync Discretes are then

read from the Discrete Input Register A for use in determination of a

new (if necessary) pri_e GPC_

If GPC prime failed with 000 discretes (Halted or powered off) or if a

failure occurred of prime reducing the redundant set from more than two

members, a new prime is selected (if possible). If a new prime is se-

lected, the Bus ?econfiguration_Pre-Processor is called to assign or

release prime buses, [string 5) according to whether or not GPC self

was prime in the old redundant set.

Finally, if voter latches are inhibited and if GPC self was an old redun-

dant set member, CAM lights are driven by invoking the

Start MSC_Processor to start up the Sync Fail_CAM__MSC__Processor. The

software CAM_Status_Votes in the GST_Status_Flags is updated. Sync_
Fail Processor flow is shown in Figure 3.3.5.6-1, 3.3.5.6-2, and

3.3.5.6-3.

-Outputs are shown in Table 3.3.5.6-1.

Module References -

I. (355) Bus/Data_Path Mask_Manager (FCMB_4ASK) is called.

2. (390) Sync,Mask__Build_Routine (FCMSMASK) is called.

. (375) Fault Detection Identification (FCMFDI) is called at entry

label FCMCVTM (VoterOutput__Conversion, 375.1)

_.

.

6.

(210) Start MSC Processor (FIOST.MSC) is called to start the

Sync_FaiI_CAM_MS C_Pro cessor.

(392) RSPrime_Switching_Algorithm (FCMRSALG) is called.

(350) Bus_Reconfiguration_Pre-Processor (FCMBMAN) is called

Module Attributes - Program

Template References - N/A

Error Checks - None

i

#

<_]

<_J
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%

i,

J.

Constraints and AssumDtions - None

Detailed Implementation -

i° The Internal Parameter List Buffer is a shared area used for con-

struetions and passage of Bus and Mask management request parameter
lists.

2, A Program Controlled (PC) I/0 command is issued directly to perform

the indicated operation.

. This is a closed internal subroutine used to build a mask for

voter output. Its code was subroutinized and left in the parent

program rather than to remove it and make it a separate program.

, Fail self is accomolished by assuming failure of all others and

thus terminating all discrete and ICC communication with other

GPC's. This causes them to unilaterally fail self.

7

%
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Begin )

1
Save Current Prime In |
Prime_At_ Fail_To_ ISync And Store Redun-
dant Set Mask In Old_
Redundant_Set_Mask

i

Modify Working
Common_Set_
Mask To Conform
To Normal Fail

Entry For All But
Self Failing (4)

1
Save Input Mask
Of Failed GPCs In |
Bus_Management |
_Parameter_List |

, [ (1) I ___ Perf°rm Failed-

GPC_Processing
(368.1) Figure
3.3.5.6-2

IF _ -One Or More

GPCs Flailed / L ObtainTransmitter|ElseTransmitter_StateAndStatUSupdateFr°mlop_lOP(2)I|1|

( .e, m)

Figure 3.3.5.6-1. Sync_Fail_Process0r (FCMSFAIL)

T
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Detectio_
Identification
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• FCMCV'rM (3)
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Figure 3.3.5.62. Sync - Fail--IProcm_or

Failed _ G PC_Pr ocer_in_ (368.1J
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3.3.5.7 Syn c__Faii_CAM__S C Pro ees sor (FCMS FCAM) (369 )

The Syne_FaiI_CAM_MSC Processor performs CAM fail discrete annunciation for

the Syn c_Fai l__Proces sor.

a, Control Interface - Started by (210) Start MSC Processor (FIOSTMSC) on

behalf of (368) Sync_Fail_Processor (FCMSF_IL)--

b. Inputs- See Table 3.3.5.7-1

C • Processing Description - The GPC fail discretes (CAM) are reset and

set as required by the Sync_Fail_Reset CAM Mesh and Sync_Fail Set_CAM

Mask, respectively. Then The Sync__ail_Set_CTh__Mask and the Syne_Fail_
Set CAM Mask are set to zero. The control flow for this module is

presented in Figure 3.3.5.7-1.

d. Output- The GPC fail discretes may be changed. See Table 3.3.5.7-1.

e. Module References - None

f. Module Attributes - _SC Program

g. Template References - N/A

h. Error checks - None

i. Constraints and Assumptions - None

j. Detailed Implementation - None



: .__:- __ _.
: - " --':=- NAS 9.14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK:

rj

¢3

ALT System Software Design Specification

Flight Software
Part 1

Date 2/28/77
Rev

Page 3.3.5.7-2

--J

rt-
W
-J o

_H ............

Z

#_£ s,_
w<
aZ

-- w
0
ri-
D

_ C_ Cn

I- _ o

t.-- o

uJ _

_ Z

v

m

_1 o3

5
Z _ c_



_'_-- .- -- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part i

Date 2/28/77
Rev

Page 3.3.5.7-3

Enter )

Get Sync_Fail_
Reset_CAM_
Mask And Turn
Off Indicated
Discretes

v

Get Sync_Fail_
Set_CAM_IVosk
And Turn On
Indicated
Discretes

l Reset Sync_Fail

_Reset_CAM_
Mask And Sync
_Fail_Set_CAM
_Mask To Zero

(_ Return )

Figure 3.3.5.7-1. Sync_Fail_CAM_MSC_Processor (FCMSFCAM)
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3.3.5.8 Fault Detection Identification (FCMFDI) (375)

The FaultDetection Identification program (FCMFDI) compares the difference

of a GPC SumWord betwee_ GPC self and other GPC's against an allowable Sum Word

Delta and annunciates compare failures via the CAM lights. -- --

a. Control Interface

I.

2.
CALLed by (220) I/0Completion Processor (FIOCMPLT)

CALLed by (368) Sync Fail Processor (FCMSFAIL) at entry FCMCVTM

(Voter OutputConver_ion)--

b. Input - See Table 3.3.5.8-1

C. Process Description - If the Redundant Set Mask is null, no processing
is performed. Otherwise, the Set CAM Mask and Reset CAM Mask words are

m

set to zero and a working mask is prepared with indiCatiOns for any GPC

whose Sum Word differs from GPC self's Sum Word by more than Sum Word

Delta. If all other GPC's are failed, it is assumed that GPC se_f is--

at fault, and the working mask is modified to reflect a GPC self failure.

Then, for each RS GPC, the following is performed.

The CA_ Counters word is incremented if the GPC has failed, otherwise, it
is set t-o zero. If the error counter reaches the threshold value of CAM

NOGO_Cot_ter, the GST_Status__Flags and VMPT HDR Bits are set to

reflect the failure, if GPC self has failed, all CAM lights are set to

reflect a self failure (other GPC bits in self's column are reset).

Otherwise the failing GPC is reflected in the Set CAM Mask word unless
B

its failure has been previously annunciated.

Finally, if any Set CAMMask bits are set, the failing GPC bits are

reformatted for CAM output and the Start MSCProcessor is CALLed to per-
form actual annunciation.

d. _ - CAM lights may be turned on. See Table 3.3.5.8-1.

e. Module References -

. (376) Fail_DiscretesMSCProcessor (FCMSVOTE) is referenced to

prepare it for execution by (2) below.

1 (210) Start_MSCProcessor (FIOSTMSC) is CALLed to cause execution
of (1) above.

f. Module Attributes - Program

g. Template References - none
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k..#

he

i.

J.

Error Checks - none

Constraints and Assumptions - none

Detailed Implementation -

i. A program controlled (PC) I/0 instruction is issued.

2. FIOSTMSC is used to accomplish the immediate execution of FCMSVOTE

by the MSC.

%.I

k_J
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L Bits = 1 / I Reset_CAM_/ I Mask (375,11

"- • I IFigure 3.3.5,B-2)

(1) p
Return CALL Start

_MSC_Processor

(FI OSTMSC)

(210} Figure

3.2.3-1}

Set Failure

GPC In Working

Mask

Delete GPC

From NOGO

Consideration

Set GPC (]it In J

Reset_CAM_

Mask = 1 And Set

Change In ICC-
GST_Statu$ In

IOC Status

Flags = 1

_ r

Status_ Votes

For CRT Display

__.J

! 'Add GPC Bit To

GST_Status_

Flags

I
i,od,_atoOhao,eT".olR=AI'CAM-I,_:,_c_GsT_ _ St.t.,_Mot.=,

_1
,o)

_'"1_owo,,/ lm_:o,

Figure 3.3.5.8-1. Fault-DetectiQn_ldentification {FCMFDI)
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Output

Return )

Figure 3.3.5.8-2. Fault_Detection_Identification

Voter_Output_Conversion (375.1)
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3.3.5.9 Fail Discretes MSC Processor (FCMSVOTE) (376)

The Fail_Discretes__MSC_Processor performs Fail Discretes annunciation.

a. Control Interface -

Started by (210) Start_MSC__Processor (FIOSTMSC) on behalf of (340)

Miscellaneous CM Request Processor (FCMSVC) and (375) Fault Detec-
tion Identifcation (FCMFDI).

b. Inputs - See table 3.3.5.9-i.

C, Processin_ Description - The GPC fail discretes (CAM) are reset and

set as required by the Reset_CAM_Mask and Set CAM Mask, respectively.

Then the Reset_CAMMask and the Set_CAM_Mask ire let to zero. The

control flow for this module is presented in Figure 3.3.5.9 - 1.

d. Output - The GPC fail discretes may be changed, also see Table 3.3.5.9-1.

e. Module References - None

f. Module Attributes - MSC Program

g. Template References - N/A

h. Error Checks - None

i. Constraints and Arsumptions - None

J. Detailed Implementation - None
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Enter )

Obtain Reset_
CAM_Mask And
Turn Off
Indicated
Discretes

Obtain Set-
CAM_Mask And
Turn On
Indicated
Discretes

Reset_CAM_
Mask And Set_
CAM_Mask To
0

Return )

Figure 3.3.5.9-1. Fail_Discrete_MSC-Processor (FCMSVOTE)
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3.3.5.10 GPC_Discrete_Redundancy_Manager (FCMDSCRM) (380)

To Be Provided
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3.3.5.11 Sync Mask_Bu ild Routine (FCMSMASK) (390 )

To Be Provided
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3.3.5.12 Sync_Fail_Interface_Routine(FCMSFINT)(391)

To Be Provided
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3.3.5.13 RS_Prime Switching_Algorithm(FCMRSALG) (392)

RS_Prime_Switching_Algorithm is used to choose a new prime GPC when prime
switch is necessary within the redundant set.

a. Control Interface

.

2.

CALLed by (351) Bus Reconfiguration Processor (FCMBUSCM)

CALLed by (368) Sync_ail Processor (FCMSFAIL)

bl Input - Register 4 contains the GPC ID of GPC not to be prime when

CALLed from SyncFail_Processor ((FCMSFAIL).

Register I Bits 0-15 contains the address of the Bus_Management_Work_

Area. See table 3.3.5.13-1.

C. Process Description - RS_Prime_Switching_Algorithm (FCMRSALG) will

select a new GPC to be prime from among those GPC's identified in the
redundant set.

The ID of the GPC that has failed is obtained from input Register h.

The address of GPC Self Status Table Address is obtained. The ID of

the GPC that failed--is co--mpared--to seTf's ID. If equal the Old

Redundant Set Mask is used. If not equal an updated Redundant _et

Mask is f_rme_ using GPC ID and Redundant Set Mask. -- --

For each GPC starting with the lowest ID number in the Redundant Set

Mask check if the GPC is in command of strings i, 2 or 3 (as indTcate--d

in the Current_String_Assignment Table). If it is, indicate this
GPC to be new prime (place in register 0 for return to caller) and

stop search.

The control flow for this module is shown in Figure 3.3.5.13-1.

d. Outputs -

i. Register 0 contains the GPC iD of GPC to be prime in integer form,

value of I, 2, 3 or 4.

e. Module References - None

f. Module Attributes - Program

g. Template References - N/A

h. Error Handling - None
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il

J.

Constraints and Assumptions - None

Detailed Implementation - N/A
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Enter

Get GPC_Self_
Status_Table-
Address

IF Input
B--_C=
GPC_ID

Then Get Old_
Redundant_
Set_Mask In

Form Updated
Redundant_Set
_Mask_Using
GPC_ID And
Redundant_
Set_Mask L_j

(

DO FOR
Each GPC
In Working
Mask

Return

Locate Current_

String_
Assignment_
Table

I
_ r

IFGPCIsln kl
Command Of

Strings 1, 2,
Or 3

)

Put I D Of
GPC As New
Prime In

Output
Register 0

I
i Exit

Figure 3.3.5.13-1. RS__Prime_Switching_Algorithm (FCM RSALG)
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FCOS Module List
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FCOS MODULE LIST

Module ID Module Name

!00 SVC Handler

i01 Process Scheduler

102 Process Switcher

103 Process__Dispatcher

104 Wait Processor

105 UPDATE/EXCLUSIVE__Reserve__Processor

106 UPDATE/EXCLUSIVE_Release_Processor

107 Close Processor

108 Terminate Processor
N

109 Cancel Processor

ii0 0PS Cancel Processor

120 Selecti/O_Processor

130 Hybrid_Dispatching__Routine

131 Chain PCT Routine

132 Release PCT Routine

133 Free PCT Routine

140 Timer_Queue_Generator

141 GPC__Clock__ExpirationProcessor

142 TQE_Expiration_Processor

143 TQE_Dequeue_Processor

144 Time/Date_Application__Requests_Processor

148 MTU_Update__Processor

Assembler Name

FPMSVC

FPMSCHED

FPMSWTCH

FPMDISP

FPMWAIT

FPMRES

FPMREL

FPMCLOSE

FPMTERM

FPMCANCL

FPMOPSCN

FPMSIO

#CFPMHYD

FPMCHPCT

FPMELPCT

FPMFRPCT

FPMTMENQ

FPMIHPCI

FPMIHPC2

FPMTMDEQ

FPMTMHAL

FPMUPMTU

Section

3.1.1.1

3.1.1.2

3.1.1.3

3.1.1.4

3.1.1.5

3.1.I.6

3.1.1.7

3.1.I 8

3. l.l._

3.1.1 i0

3.1.i. II

3.1.1 12

3.1.1.13

3.1.I 14

3.1.1.15

3.1. i 16

3.1.2.1

3.1.2 2

3.1.2.3

3.1.2.4

3.1.2.5

3.i.2.
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FCOS MODULE LIST

Module ID Module Name

149 MTU_Redundancy_Manager

150 Time Conversion SVC Servicer

160 Convert To Fixed Point Routine

161 Convert To Floating_Point_Routine

162 Current GMT Routine

163 ProgramCounter 2 Update_Routine

164 Fixed To MTU Format Conversion Routine

165 MTU To Fixed Format Conversion Routine

= 166 Chain_TQE_Routine

167 ExpirationTime_Update_Routine

170 Set Event Processor

171 Reset Event Processor
-- w

172 SignalEvent_Processor

173 Event_Queue_Generator

174 Event Evaluator

175 EQEDequeue_Processor

180 Program_Interrupt_Handler

181 Instruction_Monitor Interrupt_Handler

182 ProcessError_RecoveryProcessor

183 ProcessError_Logger

184 Forced Close Processor

185 ApplicationErrorNumberRequestProcessor

191 Idle Time Processor

Assembler Name

FPMMTURM

FPMTMCVT

FPMCVTFX

FPMCVTFL

FPMGMTIM

FPMITUPD

FPMFXMTU

FP_4TUFX

FPMCHTQE

FPMUPTOX

FP_KTET

FPMRESET

FPMSIGNL

FPMEVENQ

FPMEVAL

FP_VDEQ

FPMIHPCM

FPMIHIM

FPMSDERR

FPMERLOG

FPMFCLOS

FPMSTAT

FPM_DLE

Section

3.1.2.7

3.1.2.8

3.1.2.9

3.1.2.10

3.1.2.11

3.1.2.12

3.1.2.13

3.1.2.14

3.1.2.15

3.1.2.16

3.1.3.1

3.1.3.2

3.1.3.3

3.1.3.4

3.1.3.5

3.1.3.6

3.1.4.1

3.1.4.2

3.1.4.3

3.1.4.L_

3.1.4,5

3.1._.6

3.1.5
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Module ID

200

201

205

210

220

225

24O

242

244

246

25O

251

252

260

261

262

263

264

265

266

267

268

28O

Module Name

I/O_SVC__Service_Processor

Pre-initialized_I/O_SVC_Processor

IOP_Di spat cher

Start MSC Processor

I/O_Completion_Processor

I/O_Termination_Processor

Level A I/0 Error Interrupt Handler

Level_B_I/O_Error_Interrupt_Handler

Level_C_I/OError_InterruptHandler

I/OError_Log_Routine

MSC Control Routine

MS C_I/O_Monit or

MSC BCE Reset Routine

DDU BCE Processor

DEU BCE Processor

ICC BCE Processor

LDB BCE Processor

MDM BCE Processor

P ayl oad__Discret es__BCE__Proee ssor

PMU BCE Processor

PROM BCE Processor

CommorLBCE_Processing

MassMemoryManager

Flight Software
Part i

Date 2/28/77
Nev

Page C-4

Assembler Name

FIOSVC

FIOSVCP

FIOPDISP

FIOSTMSC

F!OCMPLT

FIOPURGE

FIOERRLA

FIOERRLB

Fi0ERRLC

FIOLGERR

FIOMCNTL

F!OMNTR

FIOMSETB

FIODDUPG

FIODEL_G

FIOICCPG

FIOLDBPG

FIOMDMPG

FIOPDSPG

FIOPMUPG

FIOPRMPG

#PFIOECT

FIONMMGR

Section

3.2.1.1

3.2.1.2

3.2.2

3.2.3

3.2.4

3.2.5

3.2.6.1

3.2.6.2

3.2.6.3_

3.2.6.4

3.2.7.1

3.2.7.2

3.2.7.3

3.2.8.1

3.2.8.2

3.2.8.3

3.2.8.4

3.2.8.5

3,2.8,6

3,2.8.7

3,2,8,8

3,2,8,9.

3.2,9,1
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Module iD

281

282

283

29O

291

3OO

301

3O2

3O3

3O5

310

32O

325

330

34O

350

351

355

36O

361

362

363

364

Module Name

Mass_MemoryMSC_Processor

Mass_Memory_BCE_Processor

Mass Memory__Utility__Write__BCE_Processor

BTU__Port__Masking_Houtine

Checksum Generator

Software_System_Loader

SSL MM MSC Processor

SSL MM BCE Processor

Sysie_tLoad_Selection

Normal Initialization Processor

I0P Initialization Processor

Overlay_Processor

Program_Modification_Processor

BCE__Element__Bypass_Processor

Miscellaneous CMRequestProcessor

Bus_Reconfiguration__Pre-Processor

Bus__Reconfiguration__Processor

Bus/Data_Path_Mask_Manager

Initial_SSIP_Synchronization__Processor

Normal__SSIP_Synchronization_Processor

I/O__Synchronization__Proc@ssor

SVC_Synchronization__Processor

Timer2gynchronization_Processor

Flight Software
Part i

Date 2/28/77
Rev

Page C-5

Assembler Name

FIOMM_SC

FIOMMUPG

FIOMUWPG

#CFIOBPM

#CFIOCGR

FCMINSSL

FCMINMSC

FCMINBCE

FCMCH00Z

FCMNiNIT

FCMINIOP

FCMPOVLY

FCMPMOD

FCMBCEMD

FCMSVC

FCMBMAN

FCMBUS CM

FCMBMASK

FCMASYNC

FCMCSYNC

FCMISYNC

FCMSSYNC

FCMTSYNC

Section

3.2.9.2

3.2.9.3

3.2.9.4

3.2,10.I

3.2.10.2

3.3.1.1

3.3.1.2

3.3.1.3

3.3.1.4

3.3.1.5

3.3.1.6

3.3.2.1

3.3.2.2

3.3.2.3

3.3.3

3.3.4.1

3.3.4.2

3.3.4.3

3.3.5.1

3.3.5.2

3.3.5.3

3.3.5.4

3.3.5.5
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FCOS MODULE LEST

Module ID

368

369

375

376

38o

390

391

392

Module Name

Sync_Fail__Processor

Sync_Fail_CAMMSC__Processor

Fault_Detection_Identification

Fail Discretes MSC Processor

GPC__Discrete_Redundaney_Manager

Sync_Mask_Build_Routine

Sync_Fai!__Interface_Routine

RS_Prime_Switching_Algorithm

Assembler Name

FCMSFAIL

FCMSFCAM

FCMFDI

FCMSVOTE

FCMDSCRM

FCMSMASK

FCMSFINT

FCM_SALG

Section

3.3.5.6

3.3.5.7

3.3.5.8

3.3.5.9

3.3.5.10

3.3.5.11

3.3.5.12

3.3.5.1_
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APPENDIX D

Error Conditions
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V

MSG ERROR CONDITION SOFTWARE

# RESPONSE

F

M

P

T

I

D

TEXT

MAJOR MIN

C

L

A

S

S

_001 CHECKS_f ERROR OR REQ REJ

I/0 ERROR ON MMU

TRANSACTION

MM002 REQUESTED MMU TRANS- REQ REJ

ACTION WHEN MS_U IS

OFF/BUSY

TM001 AUTOMATIC TIME

SOURCE C_iNGE

NEXT

SOURCE

SELECTED

OS001 CPC RM FAIL TURN ON

CAM LIGHTS

0S002 CPU DUTY CYCLE NONE

HIGH

OS003

osoo4

osoo5

osoo6

GPCI LOSS OF SYNC

GPC2 LOSS OF SYNC

GPC3 LOSS OF SYNC

opc4 LOSSOF Sn C

I/O ERROR ON FFI/PI

I/O ERROR ON FFI/P2

IOOOl

10002

IGNORE

SYNC

W/FAILED

GPC

IGNORE

SYNC

W/FAILED

GPC

IGNORE

SYNC

W/FAILED
GPC

IGNORE

SYNC

W/FAILED

GPC

DATA PATH INH

DATA PATH INK

R_

MI

I/O TRANSIENT MMU

r._ OFF/BUSY

TI MTU RM

G2 GPC RM

G3 CPC CPU

SI

$2

S3

S_

Ii

Ii

LOSS OF SYNC i

LOSS OF SYNC 2

LOSS OF SYNC 3

LOSS OF SYNC 4

I/O ERROR

I/O mROR

FFI

FFI

3

3

3

k.s
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_G ERROR CONDITION SOYTWARE
# RESPONSE

F

MI
PD

T

TEXT

_[&JOR MIN

C

L

A

S

S

10003 I/0 ERROR ON DATA PATH INH 12

FF2/PI
I/0 ERROR FF2 3

10004 !/0 ERROR ON DATA PATH INH 12

FF2/P2
I/0 ERROR FF2 3

I0005 I/O ERROR ON DATA PATH INH I3

FFB/PI
I/0 ERROR FF3 3

10006 I/0 ERROR ON DATA PATH INH I3

FF3/P2
I/O ERROR FF3 3

I0007 I/0 ERROR ON DATA PATH INH Ih

FF_/P1
I/O ERROR FF4 3

I0008 I/0 ERROR ON DATA PATH INH I4
FF4/P2

I0009 I/0 ERROR ON DATA PATH INH I5

FAI/PI

I/O ERROR FF4 3

I/0 ERROR FAI 3

I0010 I/0 ERROR ON DATA PATH INH 16

FA2/PI
I/O ERROR FA2 3

IO011 I/0 ERROR ON DATA PATH INH I7

FA3/P1
I/O ERROR FA3 3

I0012 I/0 ERROR ON DATA PATH INH 18

FA4/PI
I/O ERROR FA4 3

I0013 I/0 ERROR ON DATA PATH INH I9

PFI/PI
I/O ERROR PFI 3

I0014 I/O ERROR ON DATA PATH INH I9
PF1/P2

I/O ERROR PFI 3

I0015 I/O ERROR ON DATA PATH INH I10

PF2/P1
I/0 ERROR PF2 3

I0016 I/O ERROR ON DATA PATH INH ii0

PF2/P2
I/0 ERROR PF2 3

I0017 I/O ERROR ON SWITCH Iii

LFI/PI BUSES
I/0 ERROR LFi 3
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MSG ERROR CONDITION SOFTWARE

# RESPONSE

I0018 I/O ERROR ON

LFI/P2

I0019 I/O ERROR ON

LAI/PI

1oo20 I/o ERROR ON
LAI/P2

10021

10O22

10O23

1oo24

I/0 ERROR ON DEUI

I/0 ERROR ON DEU2

I/0 ERROR ON DEU3

I/0 ERROR ON PCMMU

OSOlh GPCI ICC ERROR

OSOI5 GPC2 ICC ERROR

0S016 GPC3 ICC ERROR

0S017 GPC4 ICC ERROR

0S038 QUEUE OVERFLOW
(IB_DESIGN)

0S039 CYCLIC PROCESS

WRAPAROUND

(IBM DESIGN)

SWITCH

BUSES

SWITCH

BUSES

SWITCH

BUSES

NO DATA

PATH INH

NO DATA

PATH INH

NO DATA

PATH IN}{

NO DATA

PATH INH

FORCE FAIL

TO SYNC

FORCE FAIL

TO SYNC

FORCE FAIL

TO SYNC

FORCE FAIL

TO SYNC

REQ

IGNORED

CYCLE SKIPPED

Flight Software
Part i

Date 2/28/77

Rev

Page D-4

F TEXT

M I MAJOR

PD

T

MIN

Ill I/0 ERROR LFI

I12 I/0 ERROR LAI

112 I/0 ERROR LAI

I13 I/0 ERROR DEUI

I14 I/0 ERROR DEU2

I15 I/O ERROR DEU3

116 I/0 ERROR PCM

I17 I/O ERROR ICC

I17 I/0 ERROR ICC

I17 I/0 ERROR ICC

I17 I/0 ERROR ICC

G6

G7

C

L

A

S

S

3

3

3
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_G ERROR CONDITION SOFTWARE

# RESPONSE

0S040

oso41

0S042

0S043

oso44

oso45

CUMULATIV_ ERROR

INTERRUPTS

(IBM DESIGN)

BCE ELE_,_NT

BYPASS

BCE ELEMENT

BYPASS

BCE ELEMENT

BYPASS

BCE ELE}._NT

BYPASS

BCE ELEMENT

BYPASS

VARYING

RESPONSE

ON EACH

INTERRUPT

BYPASS

CHAIN ELE

BYPASS

CHAIN ELE

BYPASS

CHAIN ELE

BYPASS

CHAIN ELE

BYPASS

CHAIN ELE

F

M I

PD

T

G4

E1

E2

E3

EL

E5

Flight Software
Part i

Date 2/28/77

Rev

Page D-5

TEXT

MAJOR MIN

GPC BITE

BCE ELE i

BYPASS

BCE ELE 2

BYPASS

BCE ELE 3

BYPASS

BCE ELE 4

BYPASS

BCE ELE

BYPASS

C

L

A

S

S

3
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APPENDIX E

DATA DESCRIPTION TABLE
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The Data Descriptors Appendix provides detailed information about each

parameter. Parameters in the Data Descriptors can be cross referenced to

parameters in the modular Data Tables via a parameter identification tag (ID).

The definition of each field in the table follows.

i, ID - A parameter ID has been assigned to each data item in the format

Z_[. XX]

where:

Z - Single character denoting the function of the parameter,

chosen from one of the following:

A - Moding of Control Segments (See Vol ii, P2)

D - Display Formats (See Vol II, P3)

B - Mass Memory (See Vol II, P2)

T - Annunciation (See Vol II, P2)

V - LDB (See Vol II, P2)

F - Downlist (See Vol II, P2)

W - Read/Write of Main Memory (See Vol II, P3)

H - Time Management (See Vol II, P3)

I - FCOS/CI Common Compool (See Vol II, P3)

J - Common (Miscellaneous) (See Vol II, P2)

L - User Interface Local Variable (See Vol II, P2)

X - System Control Local Variable (See Vol II, P3)

Y - FCOS I/O Management (See Vol II, P1)

@ - FCOS Process Management (See Vol II, P1)

0 - FCOS Configuration Management (See Vol II, P1)

# - FCOS COMPOOL (See Vol II, P1)

Q - FCOS Control Blocks (See Vol II, P1)

S - FCOS SVC Parameter List (See Vol II, P1)

& - Hardware Parameters (See Vol II, P1)

XXX - A unique three digit number assigned to each major division. (A

major division is a structure, table, array, or a single parameter

not contained in one of the previously mentioned items.

XX]- Second level qualifier for elements of arrays, parts of structures
or tables or the bits in a flag or discrete word.

2. ITEM - A unique meaningful EnglishEquivalent_Name for the data item.

, HAL/Assembler Name - The HAL/S or Assembler Name used in coding.

The column is blank if no name is assigned as is the case with bits

in a flag word. (User Interface and System Control column name is
"HAL NAME" FCOS column is "ASSEMBLER NAME").
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.

,

e

.

Description - A concise statement of the nature of the parameter and

its purpose.

Source - A listing of the three digit ID's of all modules updating the

parameter and/or one of the following special codes:

ILD - The parameter is of the Initial Load (I-LOAD) type (see

Level A CPDS, Table 6-4).

MRW - The parameter is available to memory read write (see Level

A CPDS, Table 6-2).

Destination - A list of the three digit ID's of all modules referencing

the parameter and/or one of the following special codes:

DL - The parameter is available for downlink.

CRT - The parameter is available for display.

Attributes - The attributes of the parameter are as follows:

a. Data Type - The HAL/S declaration type or assembler language type

ST(n) - Structure with n copies

A(m,n),k - Array of m,n dimensions of HAL parameter type k

BS(n)

BT

C(n)

SC
I

BO

M(n,m)

V(n)

E

Y

AC

Z

X

F(n)

- Bit string of length n
- Bit

- Character string of length n

- Scalar/Assembler Language Floating Point

- Integer/Assembler Language Fixed Point Halfword
- Boolean

- Matrix of n,m dimensions
- Vector of n elements

- Event

- Halfword Address Constant

- Fullword Address Constant

- Fullword Indirect Address Constant

- Hexadecimal

- Fullword Fixed Point n Copies

NOTE: Double length of a parameter type is denoted by prefixing a 'D' to the
above characters.
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b. Initial Value - The initialization value if applicable;

INIT(value)

c. Units of Measure - The units of measure of the parameter if

applicable :

UM(unit)

d. Other - Any of the attributes such as REPLACE, LOCU(h), etc.

8. MML - The MML number associated with the parameter. The

column is blank if none is defined.

In part I (FCOS) bits in a word will be numbered starting with 0. In

parts 2 and B (UI and SC) bits in a word will be numbered starting with I.
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Supervisor
Call Number Name of Service

FCOS Ser-

vice Routine

1 SCHEDULE FPMSCHED

2 TERMINATE FPMTERM

3 TERMINATE FPMTERM

4 CAN CEL FPMCAN CL

5 CANCEL FPMCANCL

6 WAIT FP_AIT

7 WAIT FPMWAiT

8 WAIT FPMWA!T

i0 unsuDported

ii unsupported

12 SIGNAL

13 SET

14 RESET

15 RESERVE

16 RESERVE

FPMSIGNL

FPMSET

FPMRESET

FPMRES

FPMRES

Explanation

Initialize a process for
execution

Immediately terminate the

current process

Immediately terminate the

specified processes

Terminate the specified pro-

cesses after each one's

current cycle is complete

Terminate the specified

processes after each one's

current cycle completes

Wait for a specified time

period to elapse

Wait until an absolute

time.

Wait until the specified event

expression is true

Modify an event variable

Set an event variable to

TRUE

Set an event variable to

FALSE

Reserves an EXCLUSIVE

procedure or function for

use by the current process

Reserves a data area for use

by the current process (UP-

DATE Block)
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Supervisor FCOS Ser-

Call Number Name of Service vice Routine

17 RELEASE FPMREL

18 RELEASE FPMREL

19 OVERLAY FCMPOVLY

20 SEND ERROR FPMSDERR

21 CLOSE FPMCLOSE

22 RUNTiME FP_MTM/qAL

CLOCKTIME FPMTMHAL

DATE FPMTMHAL

MET FPMTMHAL

23 ERRGRP FPMSTAT

ERRN_ FPMSTAT

_suDported

24 I/0 FIOSVC

25 CM FCMSVC

26 PFMMOD FCMPMOD

27 Unsupported

28 HALTMM FIOHLTMM

29 (Reserved)

30 ISR FCMASYNC

31 UPDATE MTU FP_U

Explanation

Release a previously reserved

EXCLUSIVE procedure or function

Release a previously reserved

data area (UPDATE Block)

Phase Overlay

Pass an error to the FCOS

for processing in accordance

with the ON ERROR statement

in effect

End an execution cycle of

process

Obtain current GMT

(Non Redundant)

Obtain current GMT

(Redundant)

Obtain GMT date

Obtain current MET

Obtain latest error code

Obtain latest error code

Perform I/0 service

Read GPC Discretes

Perform program modifi-

cations

HALT transaction on speci-

fied Mass Memory Unit

Initial SSIP Sync

Perform MTU Update
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Supervisor
Call Number Name of Service

FCOS Ser-

vice Routine

32 TIME MGT FP}._MTUAM

33 0PSCANCL FPMOPSCN

34 Unused

35 DO MSG MGMT

36 RECONFIG

37 BCEMOD

38 SMR

39 FRC FAIL

40 P!O

FCMBMASK

FCMBMAN

FCMBCE%iD

FCMSMASK

FCMSFAIL

FIOSVCP

41 SI0 FPMSI0

43 MTU FMT CONV FPMTMCVT

FXF_CVT-- FPMTMCVT

Exl01anation

Supports MTU sync and

time tagging

Perform cancellation neces-

sary for 0PS transitions

Set/Reset Bus/Data Path

Masks

Perform bus reconfiguration

User modification of BCE

chains

Sync mask build

Force Fail to Sync

Pre-initialize IOQE I/0

Request

Select Timer Initiated I/0

MTU Time Conversion

FCOS Time Conversion
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APPENDIX i

I/0 PROFILE
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i. INTRODUCTION

-w-

This document presents the User Interface detail design descriptions of modules

to be used for the Approach and Landing Test (ALT). The design presented reflects

requirements as specified in the Computer Program Development Specification Level A

(CPDS), Book 1 (Software), dated July 23, 1976 and all approved Change Requests.

The remainder of the INTRODUCTION, Section i, discusses the document's purpose

and Section 2 explains the format used to describe each module.

The MODULE DESCRIPTION Section, Section 3, contains the ALT detailed design for
each module in User Interface.

Appendices contain additional information concerning the User Interface design:

Appendix A contains the User Interface Requirements - Detailed Design Cross
Reference.

Appendix B contains the User Interface resource allocation summary.

Appendix C contains the User interface module list.

Appendix D contains a table of error conditions and the default system

action to be performed in User Interface.

Appendix E contains the data descriptors table.

Appendix F contains a description of the ICC messages.

Appendix G contains a keyboard message time line.

Appendix H contains an explanation of control segment grammar.

A detailed knowledge of the HAL/S Realtime Statements and a general knowledge of

the AP-101 flight computer are assumed. The following list of documents contain in-

formation regarding thes topics:

• HAL/S Language Specification

• Interface Control Document: HAL/FCOS, iBM File #6246156A

• Advanced System/4 Pi Model AP-101 Computer Software Systems Manual,
IBM File #62280045

• User Interface User's Guide, Release 4.

i,i PURPOSE

The Detail Design Specification provides explicit module descriptions of the

implementation of the User Interface requirements. The detailed breakout of the

modules, the detailed logic flows and the detailed data descriptions provide the

final level of design description preceding the actual program listing.
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1.2 SCOPE

User Interface comprises a part of the permanently resident System Software

that provides software services and controls for the applications processing. User

Interface provides software services for external users of the Orbiter Flight Computer

Software, both onboard and ground based. It also provides the interface between the

applications processing and these external system users. It can be divided into three

major areas:

Command Input Processing provides the flight software with user inputs from

the MCDS, messages from the ground through the launch data bus, and inter-

computer channel commuoications from other GPC's.

O_oerations Control performs initiations, sequencing_ and termination of

application and system services processing as requested by command in-

puts and/or application services.

Outpu t Message Processing and Coordination provides flight software with

the capability of presenting displays and messages to the user through the

MCDS, of commanding the C and W indicator alarm, the alert light and the

alert tone and of communicating with the ground by way of the downlist and

the launch data bus.
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2. FORMAT EXPLANATION

The individual detail design description cf each module consists of a Module

Writeup which contains interfaces with other modules, a process description and

any limitations the processing may have. The input and output to the module is

presented in the Module Data Table and Module I/O Table. Finally, the detailed

design is presented in the form of a structured control flow in the Module Control

Flow.

2.1 MODULE IDENTIFIERS

Several methods for referring to a program have been defined. The program

is identified by its HAL/Assembler name, EnglishEquivalentName or its three

digit ID.

2.1.1 EnglishEquivalentNames

An English EquivalentName is provided for each HAL/S or assembly language

program. Each name conforms to the following standards.

a.

b.

C,

d.

e.

It shall be uniquely defined.

It shall not contain other than accepted English abbreviations, acronyms

defined in the Level A CPDS, or the acronyms Appendix to the SDDS.

It shall be concise.

It shall be indicative of its use.

Underscore connectors shall be used between words within the English

name. Each new word will begin with a capital letter.

Example:

i.

2.

ErrorLoggingRoutine

LDBMessage_Router

Note that the same standards apply to the "ITEM" name of I/O parameters

(see Appendix E).

2.1.2 Module Identification (ID) Codes

All programs, procedures, and segments (where segments are convenient modu-

larizations of complex control flows) are identified by a numerical ID of the

format XXX.XX. These codes are utilized in the Source/Destination section of

the Data Table (see Section 2.3) and in the appropriate parts of the Control Flow

(see Section 2.5).
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The module ID's conform to the following standards:

a. A unique three digit code shall be invented for each Program and

Procedure. The numbers are assigned in the following way:

FCOS i00-199

200-299

300-399

UI 400-699

SC 700-999

Process Management

I/0 Management

Configuration Management

b. Segment ID codes shall consist of the same three digit prefix as

the module it is a part of, followed by a decimal and a two digit

number (e.g., ll2.01). Segments are numbered consecutively even

if they are referenced only by another segment.

c. All ID codes are used consistently throughout the entire document.

2. 2. MODULE WRITEUPS

The title at the beginning of each section consists of the section number,

followed by the module English._Equivalent_Name, the module HAL/S or assembly langu-
age name and the module ID.

Example:

X.X.X.X. English_Equivalent..Name (MODb-LEI) (XXX)

Each module writeup is divided into the parts described below.

Function - This paragraph provides a very general description of the

functions performed by the module.

a. Control Interface - This paragraph identifies all known users of

the module and its form of invocation. Priority and rate parameters

are specified as symbolic parameters defined in Software Awareness
Memo (SAM) 10.

Control Interface i. Form of Invocation

2. Known Users

Example:

I. SCHEDULE DMI_MCDS_IN PRIORITY (PRIO_DMI)

REPEAT EVERY TIME_DMI;

2. (a) CALLed by (ID) English__Equivalent__Name

(_L/SN_)

(b) SCHEDULEd by (ID) Eng!ish_Equivalent_Name2

(HAL/S NAME2)
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(c) Event EnglishEquivalentName (HAL/S NAME)

set by (ID) English_Equivalent_Name_3

(_/S__AME3)

b. Input - In most cases this is a reference to the module data table.

However, if special interfaces need to be described they are
described here. For a reference to a table "See Table X.X.X.X.-I"

is used.

C, Process Description - This is a narrative which functionally

describes the processing performed by the module as depicted in

its Control Flow. If data parameters are referenced, they are

referenced by their English_Equivalent_Names. It includes a

reference to the Control Flow Figure number of the form: "The

control flow for this module is shown in Figure X.X-X".

d. Outputs - In most cases this is a reference to the module Data

Table. However, if special interfaces need to be described,

they are described here. For a reference to the table "See

Table X.X.X.X-I" is used.

el Module References - This section identifies all other modules which

this module references. Each module is identified by a line consist-

ing of the three digit ID, English_Equivalent_Name and HAL/S or

Assembly language name. Modules are CALLed or SCHEDULEd. It also

includes the FCOS service routine name of FCOS Supervisor Calls

that are invoked.

Example:

1.

2.

(001) Reset Event Processor (FPMRESET) is CALLed.

(002) Lights_andAlarms_Processing (DLA_LIGHTALARM_
PROC) is CALLed.

f. Module Attributes

gl

This section specifies the HAL compilation type of the module,

whether it is a program, external or internal procedure, func-

tion, or task. A program is the highest level unit of compilation

and can only be invoked by a SCHEDULE. An external or internal

procedure is a subroutine outside or inside the program scope,

respectively, and can only be invoked by a CALL. A task is a

block of code which is invoked by a SCHEDULE. A function is an

operation invoked by the appearance of the name in an expression.

Template References - Specifies all templates referenced in the

module. Each template is identified by an English_Equivalent
Name and a HAL/S name.

1.

2.
English Name i (HALS NAME i)

Engli shZNameZ2 ( HALS_NAME--_2 )
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h. Error Handling

This section describes the error handling techniques employed by this

module. For each error detected by the module an explanation of the

error and the action taken by the module is provided. If the module

outputs an error message via the Annunciation Function the error is

briefly discussed and the error message number (see Appendix D) is

enclosed in parenthesis.

i. Constraints and Assumptions - This section describes the programming
limitations to which this module is subject and delineates the assump-

tions which are reflected in the design of this module.

J , Detailed Implementation - This section is used to provide a text exten-

sion of the logic statements which are usually enclosed within a proces-

sing block of a Control Flow. These logic statements may be in HAL/S

form, but assembler language code is not allowed. The process block

contains a reference number which relates to a number in this section

of the module writeup.

2.3 MODULE DATA TABLE

All data input and output to a module or the hardware and internal parameters

necessary for the understanding of a processing event (i.e., all data referenced

in the control flow, narrative, or detailed implementation section) are itemized

in a tabular format (see Figure 2.3-1). Each item in the table is explained

below.

Nam.____e-The module EnglishEquivalentName along with the HAL/S or

assembler name in parenthesis.

Example:

MCDS_Input__Processor (DMI_MCDS_IN)

Configuration_Management_SVC_Service_Routine (FCMSVC)

Item Number - Items are sequentially numbered in the general order of

their appearance in the associated control flow.

Item ' The English Equivalent Name assigned to the data in the Data

D-_scriptors Table Vsee Append-{x E).

Description ID - The ID assigned to the data in the Data Descriptors

Table (see Appendix E).

Activitz Type - This column denotes the usage of the parameter. Codes

s.re:
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I - An external memory location referenced by the module.

0 - An external memory location changed by the module.
L - Local variable

Z - COMP00L constant

T - Temporary Variable (Variables used only within a HAL DO group)

6

Any number of activity types that apply are specified in this column.

Source - A listing of the three digit ID's of all modules updating the

parameter or hardware source of the parameter. If more than four

modules update the parameter, a reference to the Data Descriptors Ap-

pendix is inserted instead of the list. The three digit ID's are listed
in numerical order.

Destination - A listing of the three digit ID's of all modules refer-

encing the parameter or the hardware source to which the parameter is

being written. If more than four modules reference the parameter, a

reference to the Data Descriptors Appendix is inserted instead of the

list. The three digit ID's are listed in numerical order.

HAL/S- The HAL name is used in coding, (Include the HAL equate name

in parenthesis where applicable). If no name is assigned the column
is blank.

MML - The Master Measurements List number in the requirements source.

If not specified the column is left blank.

l0 - An 'X' is placed in the column if the parameter is available to be
do_rnlisted.

ll - An 'X' is placed in the column if the parameter is available to be

displayed on a CRT.

2.4 MODULE I/0 TABLE

The module writeup contains a table specifying the data passed to FCOS in

each I/O request. The format of the table and explanation of the parameters is

found in Appendix G in Part 1 (FCOS) which contains a table of the I/O request

definitions for each device and 0P code. If the I/O is of the pre-initialized

type the table is not included with the module writeup. Reference to this table

or FCOS Appendix G is included in the control flow where the I/O SVC is issued.
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2.5 MODULE CONTROL FLOW

2.5.1 Flow Charts

System Software modules are documented by Structured Control Flows. Where

possible/practical, the structure of the flow follows the structure of the

program listing. Each page of flowcharting presents a complete picture of a pri-

mary processing objective with subsequent expansions of detail appropriately ref-

erenced. The expansion is accomplished either through a segment that is pre-

sented in detail on later pages of the control flow or through a reference to the

Detailed Implementation section of the module writeup. The first page of each flow

contains one elliptical block specifying "Enter" and a block specifying "Return".

Logic flow is generally from top to bottom and left to right thus no arrowheads

are required on connecting lines. See Figure 2.5-1 for the Control Flow legend.

The initial page of the control flow is titled with the same title as the

module writup; that is English_Equivalent_Name and HAL/S or assembler name.

Example:

Figure X.X.X.X - English_Equivalent..Name (HAL_NAME)

Subsequent ....._ ......... "_' ........_ '_' _pages of a flow have the same title as the inltlal pa_e wlthout

the HAL/S or assembler name. Additionally, they have a subtitle consisting of

an English Equivalent Name for the segment and the ID defined in the process

box which references the segment.

Example:

Figure X.X.X.X-2 English_Equivalent__Name

English_Equivalent_Segment_Name (XXX.I)
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( )
I 1

Terminal - identifies Enter/RETURN point (such as

HAL/S executable units of compilation and internal

procedures and functions)

Mathematical statement/process control block which

sometimes references another flow for a lower

level of detail

Decision statement block

Documentation Examples

S

IFp

DO UNTIL p __

I DO WHILE p>

l DO FOR > [_p=atob

If p true then do Q, and return in-line*.

(The word THEN is required.)

If p true then do Q and return in--line*, else

do r, and return in-line*.

Do Q until p true, then return in-line*.

Note: The decision on p is made after doing Q.

Do Q while p true, then return in-line _.

Note: The decision on p is made before doing Q.

Do Q while p increments from a to b, and return

in-line*.

v

\ l-L[---]

DO CASE p_

Do one of specified processes based on value of

p, and return in-line.* NOTE: Some identifica-

tion of each case choice is given on the line

leading into box, such as an index number, or

the word ELSE (for the branch taken if the case

index is outside its valid range).

- Return in--line means return to _he statement

immediately below the decision. If there is

no such statement, retrace path to the last

previous decision and repeat this logic.

Figure 2.5-1. Control Flow Legend
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3. USER INTERFACE PROGRAM DESCRIPTIONS

User Interface, like FCOS, is a permanently resident set of modules designed

to support users of flight software. User Interface is that part of the Space

Shuttle software which provides the interface between the user or ground and the

various application software. User Interface software provides the user and ground

with the capability to monitor and control the software functions. This is ac-

complished through the various command inputs and support of application control

segments through the use of control segment grammar. (See Appendix H.) User

Interface software provides the exclusive medium for two-way communication with

the crew via CRT displays and keyboard entries, for communication with the ground

via the LDB and Downlist, and for data exchange between computers via the ICC.

Figures 3-1 and 3-2 are high level structured flows of User Interface.

Figure 3-3 illustrates the data and processing flow through User Interface with

inputs from the ICC, LDB, and Keyboard Interfaces. The chart depicts the major

areas in User Interface and their relationship to one another in the processing of

inputs to present displays on the CRT, to support the applications, and to transfer

data to the ground.

User Interface is divided into three major areas (Figure 3-4) and the remainder

of the functional overview discussion addresses the following:

a. Command Input Processing provides the flight software with user inputs

from the MCDS, messages from the ground through the launch data bus,

and intercomputer channel communications from other GPC's.

b, Operations Control performs initiation, sequencing, and termination of

application and system services processing as requested by command inputs

and/or application services.

C. Output Message Processing and Coordination provides flight software with

the capability of presenting displays and messages to the user through the

MCDS, of commanding the C and W indicator 8&arm, the alert light and the

alert tone and of communicating with the ground by way of the downlist and

launch data bus.
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System S_rvices

\

FCOS
User
Interface

Command Input
Processing
3.1

Operations
Control
3.2

System
Control

Output Message
Processing And
Coordination
3.3

Figure 3-4. Functional Overview Hierarchy Diagram
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3.1 Command Input Processin6

The Command Input Processing software conducts the communications necessary to

obtain inputs from the multi-functional CRT Display System (MCDS), the Launch Data

Bus (LDB), and the Inter-Computer Channel (ICC). In addition to the acquisition

of these inputs, the routing of commands and data to target GPC applications soft-

ware is provided. See Figure 3.1-1.

Keyboard Interface software provides input communications with the MCDS

and routes the data acquired from it to Operation Control for further

processing and response.

The LDB Interface controls the I/0 communications with the ground support

equipment through the Launch Data Bus and routes the _cquired data to

the appropriate applications software or to Operations Control for pro-

cessing and response.

ICC Interface provides common support for ICC messages required to be

transferred among the common set of GPC's at common sync time. a service

is provided to accumulate messages between System Interface Program (SIP)

cycles, to merge them into a single message for transfer to all other GPC's

in the common set, and to unpack the messages from all GPC's and make

them available to the processes for which they are destined.
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User
Interface

Command Input
Processing
3,1 Operations J

Control
3.2

1
Output Message1

Processing And
Coordination
3.3

Keyboard J

Interface
3.1.1

I
LOB l

Interface

3,12

ICC
Interface
3.1.3

Figure 3,1-1. Command Input Processing Hierarchy Diagram
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3.1.1 Keyboard Interface

The Keyboard Interface software is responsible for acquiring user's MCDS

keyboard inputs and MCDS status. Any MCDS messages obtained from the ground via

the LDB Interface software are also accepted and filtered by major function and

routed to the appropriate software module for processing. Figure 3.1.1-1 presents
the hierarchial diagram of Keyboard Interface.

a. MCDS_Ynput_Processor (DMI_MCDS_IN) (400) provides the logic to control

and receive all inputs from the MCDS's. This is managed by cyclicly

polling each MCDS and acting on the responses accordingly.

g. MCDS-Message Processor (DMM MCDS_PROCESS) (405) receives all MCDS messages

regardless of organization, monitors the major function switch, initiates

DEU bus changes based on the major function switch and passes the key-

board messages to User Interface Control for additional processing.
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Command Input

Processing
3.1

I MCDS_lnput_ !

Processor
(DMI_MCDS_IN)

3.1.1.1 (400)

Keyboard !

Interface
3.1.1

t

MCDS_Message_ 1

Processor
(DMM_MCDS_
PROCESS)
3.1.1.2 (405)

LOB!Interface
3.1.2

ICC
Interface
3.1.3

Figure 3.1.1-1 Keyboard Interface Hierarchy Diagram
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3.1.1.1 MCDS INPUT PROCESSOR (DMI MCDS_IN) (400)

The function of this module is to receive all inputs from the MCDS by cyclicly

polling each DEU whose buses are in command or listen mode. Successful inputs

are then passed to the MCDS_Message Processor (405).

a. Control Interface:

I,

1

SCHEDULE DMI_MCDS__IN PRIORITY (PRIOR__DMI)

REPEAT EVERY TIME DMI

SCHEDULED by (710) GPC_STARTUP (AIR GPC_STARTUP)

b. _- See Table 3.1.i.i-I

Co Process Descriptio n - The following logic applies for each DEU. For

any DEU input to be processed the DEU data buses must be in command or

listen mode and the DEU Poll Flag must be set. If these two conditions

are met, the DEU_Poll_Flag is disabled so this module has control of

the inputs, the device ID for the DEU is determined, and a mode status

request with wait is issued using FCOS macro DIO. The processing de-

pends on the transmission status.

If there is an error on transmission, an internal flag (PollingError

Flag) is set for use during the next polling cycle. I/0 is suppressed

and MCDS_Message_Processor releases control of the input by resetting

the DEU_Poll_Flag. Processing cycles to the top for the next DEU.

For successful transmission, the Polling__Error_Flag status is checked.

If on, the I/O must now be unsupressed. Also, BITE available and

freeze must be forced by setting it in the Message_Header_Mask. This

signals CyclicDisplay_Processor to perform a refresh of any display

frozen as a result of the I/0 suppression. The Polling Error Flag is

reset to zero. Regardless of the Polling_Error Flag status, MCDS_Message_

Processor is called to further process the inputs.

Upon return from MCDS_MessageProcessor the module cycles to the next
DEU. The control flow for this module is shown in Figure 3.1.1.1-1.

d. Output - See Table 3.!.i.!-I.

e. Module References:

i.

2.

(405) MCDSMessage_Processor (DMMMCDS_PROCESS) is called.

(200) I/0_SVC Service Processor (FI0SVC) is invoked via DI0

macro

3. (815) Force0PSO(AOP__FORCE_OPS__O) is called.
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f,

g.

h,

ie

J.

Module Attributes - Program

Template References:

i. UI FCOS Shared._Compool

2. UI._Sectionof_CommonCompool

3. UI General Compool

4. FCOS Compool

5. MCDS Message Processor

(CZ2 COMMON)

(CZlZCO ON)
(CDM UI COMPOOL)

(FCM OMY
(DMM_MCDS_PROCESS)

Error Handling -When a transmissions error or time out is detected

on the mode status response, I/0 is suppressed by setting CRT Status

Flag 2 and DEU Poll Flag is turned back on (set to I).

Constraints and Assumptions - None

Detailed Implementation - None



=

..... NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

(J

Q

.J

=E

_q

I,M p:;

_ _I _ <1

0,-_ cJ

r-_

,_I _ ol

Z

_Z _

I,LI

o = = ,-,,:o o_

I--
o _ _ _ o

< H° ,-, .
H

Q

o o ,5 ,5 ,,_ ,5 6 5 o-o oe
o

o_ o

Flight Software
Psrt 2

Date 2/28/77

Rev

Page 3,_._._-3

H I

v

o

t_

H I

X

< <
(3 z

i11

I--

d
Z

o _

r_I _ _I
.. "_ °I

r_

ao o_ o



z_=_ ____-_--
.._= __._'_-- ,-"; NAS 9.14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Fart 2

Date 2128/77

Rev
Page 3.].t.]-}_

oE>-

<3

w_

_-< I=o

Z_

i.O

r_



_- %

...... NAS 9.14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77
Rev
Page 3.1.1.1-5

=i

-- _1

i_, __

I-°_L

°_ I
,_T, I

®8 ®1
='_._._

-4_ _=I

z
I

_E

I

Q.
I

I

13

¢-

g.

I0 /--



_ ,,,j



...... NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77

Rev

Page 3,1,1,2-I

3.1.1.2 MCDS_Message_Proeessor (DM_ MCDS_Processor) (405)

This module interrogates the mode status response obtained by MCDS_Input_

Process (h00) and processes the following conditions indicated by the response:

I. DEU initialization

2. BITE availability for downlisting

3. Stand-alone-self-test in progress

4. Keyboard message pending

5. Freeze DEU inputs

The module also checks for major function switch setting and configures the

DEU buses based on the switch setting.

a. Control Interface -

i,

2.

CALL DMM MCDS PROCESS
n w

CALLed by (400) MCDS..Input__Processor (DMI._MCDS._IN)

b. _- See Table 3.1.1.2-1

C. Process Description - The Header_Message_Type is checked for a mode status

response. If it is then the following processing takes place. A test is

made to determine if the DEU requested initialization by checking Header

Initialization. If this bit is on then the memory configuration (MC) for

the GPC is checked. If the memory configuration is proper, either MCO

(0PS 000) or MC3 (OPS 201), and the DEU_Loader is not currently active,
then the DEU Load Table is turned on and the DEU Loader is scheduled.

If the DEU is currently active, DEU POLL_FLAG is turned on and processing

within this module is complete for this DEU.

If the GPC is not in the Proper memory e0nfiguration then the Initializa-

tion_Error_Fiag is Checked_ If off, the initialization error had not

been annunciated and is done so at this time. Also, the Initialization

Error_Flag is turned on to prevent successive annunciation of the same

error. Regardless of this flag's setting, DEU_Poll Flag is turned on

reenabling polling, and processing is complete for this DEU in this
module.
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If Header Initialization is off, o_er bits within the Message Header

Mask are checked to determine the processing path. If Stand-a_one-se[f-

test is indicated, that is, Header_SAST set on, then DEU_Poll_Flag is

set on and processing is complete. If Header SAST is off, the Header
m

DEU._BITE is checked. If on, the Same DEU BITE is checked. If this

flag is off, the same DEU BITE error Fad lot occurred on the pre#ious

poll so it is annunciated at this time and the SAME DEU BITE is set on

to prevent subsequent annunciation if error occurs during the next cycle.

Regardless of the Same__DEU_BITE setting, a BITE status request is sent

to the DEU with a wait by using the FCOS service (DI0) macro.

If DEU_Bite__Transmission_Status is set, a transmission error has occurred
and an error annunciating this fact is set. If DEU Bite Transmission

Status is successful (reset to zero) DEU Power Tran[ient--is checked. --If

on, a power transient has occurred and t_e CRT screen is blanked. To

correct this, Message__Freeze_Process is CALLed to unfreeze the screen.

If DEU_.Power__Transient is off or by continuing from the power transient

logic above, DEU__BTU_BITE has bits set corresponding to the BITE errors

occurring within the DEU registers. Regardless of the transmission

status, DEU Poll__Flag is turned on completing the BITE processing as well

as this modules processing of this DEU.

If the Header DEU BITE is off, the following major function (MF) switch

processing takes place. First, the Same DEU__BITE is reset indicating

BITE error annunciation will not be suppressed the next time a BITE error

occurs. Next, the new MF setting is taken from the Message Header Mask

and is placed in Current MF Setting. Bypass_Logic is turned on. This

flag will be reset when the major function has not changed between polls

and at least three cycles have gone by. Next, Current MF Setting is

checked for an invalid setting of three, if it is not three, Current

MF_Setting is compared with Last_Major Function to determine if there has

been a change. If there has, MF Timing Needed is set to start timing

three cycles. MF 3cycle Timer iV set (_o one) indicating this is the

first cycle in which a major function switch change has been detected.

Also, Last MF is set to reflect the current MF setting.

If there has not been a MF change detected, then MF Timing_Needed is

checked. If on, one is added to the count in MF__3cycle_Timer. Next,

if the count is greater or e_lal to three the new change is ready to be

processed in the following manner. First, DEUNumber Of Keystrokes is

set to two and Keyboard Message is set to twelve to signal User Interface

Control__Supervisor (5007 of the major function change. Next, IC--CAccep- --

tance Status reset to zero is the criteria for determining when the ICC_
Message_Collector (480) is no longer CALLed within a DO loop to send the

MF change to the collector to reconfigure the buses. That is, the ICC

Message__Collector will set ICC__AcceptanceStatus to zero upon successful

transmission. Next, the ICCStatus_Flag is set and MF_Timing..Needed is

reset. If MF Timing_Needed was off then Bypass Logic is turned off.

kJ
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d,

e.

If the major function had not changed or Current MF_Setting was an invalid

setting of three (meaning switch was in between one of the three positions)

or by continuing from the _F logic above, the message router processing

begins.

If BypassLogic is zero meaning the current cycle is not part of any

major function change cycle, then the following is done. First, the

current freeze status is taken from the Message Header Mask and placed

in Current Freeze Bit Setting. This status is _ompare_with the previous

freeze status stored in Previous_Freeze Bit Setting. If the two are

different, Freeze_Process is CALLed. Otherwise, Header_Keyboard is

checked. If on, the GPC sends a keyboard request to pick up the keyboard

message using the FCOS macro (DIO) with a wait for response. If there

is an I/0 error on transmission of the response, an indicator to annunci-

ate this error is set and DEU Poll Flag is set. If there is no I/O error

the internal procedure ConverTKeys is CALLed.

If Bypass_Logic was set to one and either __Timing_Needed on or Current_

MF_Setting set to three then DEU Poll Flag is set on reenabling polling.

If the Header Message Type is not a mode status response, this indicates

the caller was the LDB_Message Router and the only processing needed is

the keyboard message processing. This is done by calling the internal

procedure Convert_Keys.

The internal procedure ConvertKeys takes each keyboard message keystroke
and converts it from a five bit code into an internal code from zero to

thirty-one. The number of keystrokes is stored in DEUNumberOf_Key_

Strokes, the five bit code in Hex_Keystroke_Code, and the internal codes

are placed in Keyboard Message. After the final keystroke is converted,

the DEU_Message_Ready Flag is set to one, and the KeyboardMessage Ready_

Event is set indicating to the UserinterfaceControlSupervisor (500)

the message is ready for further processing.

The internal procedure Freeze Process indicates a freeze or unfreeze condi-

tion to the User_Interface Control Supervisor (500) by setting DEU

Number Of Keystrokes=2, Keyb0ardMessage = display and Keyboard Message_

Ready Flag and the DEU_Message Ready Flag on. Also, the current freeze

condition is set equal Current Freeze_Bit_Setting. The control flow for
this module is shown in Figure 3.1.1.2-1.

Output- See Table 3.1.1.2-2

Module References -

i,

2.
(480) ICC_MessageCollector (DIM_ICC_COLLECTOR) is CALLed.

(790) DEU Loader (AIGDEU_LOADER) is CALLed

f. Module Attributes - external procedure.
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g,

h.

i,

Template References -

i,

2.

UIGeneral_Compool (CDM UI COMPOOL)

Annunciation_Compool (CDLANNUN)

, UI Section_Of Common Compool (CZI COMMON)

4. Ul/FCOS_SharedCompool (CZ2COMMON)

Error Handling - The following errors are detected by MCDS Message_

Processor:

lJ Detection of a further BITE status available indication in the

mode status response causes the issuance of a Bite status request

command. The BITE status registers are made available for down-

listing and an error message (DU001, DU002, or DU003 corresponding

to DEU1, 2 or 3) is output.

1 Detection of a transmission error or a time out (no response) from a

DEU on a keyboard message request command or a BITE status request

command causes the output of an error message (DU004, DU005, DU006

corresponding to DEU1, 2 or 3),

, A test is made to verify that either the IPL overlay (MC=0) or SM-8

(MC=3) is resident when Header Initialization is turned on. If

neither is resident, then the _EU Loader is not scheduled and an

error message (SC008) is output.

Constraints and Assumptions - The keyboard message data obtained from

LDB Message Router is assumed to have previously been processed for

syntax verification and is assumed to be in the same format as that

obtained from the MCDS Input Processor. It is also assumed that only

keyboard messages will be input from the LDB_Message_Router and that

those keyboard messages are addressed only to the DEU's whose buses are

enabled for this GPC. It is also assumed that the major function switch

setting at the addressed DEU is the same as the major function switch

setting specified from the LDB to prevent the ground from overriding

the setting via LDB equivalent message.
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,_FMemo__ \

Configuration_
Number = MC_ ),----

Zero OR MC_ /
Three /

Then

EIs___t_e

Reset
Initialization _
Error_Flag = 0

.I
IF DEU_

Header = 1
(Active)

Then

,F \Initialization_
Error_ Flag = /
0 (Off) /

]

Set DEU_PolI_
Flag = 1 (On)

Then

Set DEU_PolI_
Flag = 1 (On)

Set DEU_Load
_Table = 1 (On)

I
DEU_Loader

(790) Figure
3.1.3

Annunciate
Error Message
(SCOO8)

Set
Initialization _
Error_Flag = 1
(On)

Figure 3.1.1.2-2. MCDS_Message_Processor
Initialization_Process (405.1)
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Enter )

I Same-DEU -

Bite = O

(Off)

I
DEU_Oevice_

_No = 5, 6, Or

7 (DEU No.)

Reset DEU_ !

8ite_

Transmi;sion _

Statu_ = 0

(No Error)

1
J Issue SVC DID J

Device = DEU

1,2, 30P Code

= 2 Table
3.1.1.-2

,l
tF DEU_Bite -k

T-rensmisdon_ _.I

Status = I #f

(Error) /

I
Set DEU_

Poll_ Flag = 1
(On)

I

Annunciate

Then Error Message
(DUO01,

DU002. Or

DUO03)

Annunciate

Error Message ]

(DUOOX.
W_ere X =

4.S,6}

IF DEU_ k

_B_t_ _Status_ \
JMessage = 'I /

/=Power Transient/

I
BTU_Bite = 1

(Downlist)

t J Set

Same_.DEU

Bile = !

(On)

Reset i

Then Keyboard-

Message = O

(Unfreeze)

I
Freeze_

Process (405.6)

Figure 3,1,1,2-7

Figure 3.1.1.2-3. MCDS_Mezsage_Processor
Bite_Process (405,2)
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ILF Curre_t_MF__

Setting NE Last _..._

Maior _F_nction/
Set MF_

3_Cycle_
Timer = 1

(1st Cycle)

IFMF_

_llming_

Needed = I

(On)

Then

Set MF_ 1

3_Cycle_

Timer Up By
!

IF MF

3_Cycle

Timer 3

(Last Cycle)

Reset

Bypass_

Logic = 0

(Off)

Then

Set DEU_ I

Number Of-

Keystrokes
=2

Set

Keyboard_

Mes_ge _ 12

I
Set Current_

MF = Current_

MF_Setting

CALL

Then ICC _Message

Collector (490)

(3 1.3.2)

Set ICC_

Status- Flag

= 1 (On) t t Re_t MF

Timing_
Needed = 0

(Off)

Figure 3.1.1.2-4. MC DS_ Message_ Processor
MF_Process (405.3)
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Set DEU_
Device_No

Reset DiE
Status = 0 (Off)

ISSUE SVC DIO
Device = DEU 1,
2 Or 30PCode =
2 Table 3.1.1-2

1
IF Dlr_Status _
= 1 (Error)

Then

l Annunciate

Error Message
DU004, DU005
or DU006

Set DEU_
Poll_Flag = 1
(On)

CALL Convert
_Keys (_.05.5)
Figure 3.1.1_6

Figure 3.1.1.2-5. MC DS_Message_Processor
Keyboard_Process (405.4)
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Set Keyboard_
Message_Ready
Event = 1 (On)

Set Previous_
Freeze_Bit_
Setting = Current

Freeze_Bit_
Setting

Return )

Figure 3.1.1.2-7. MCDS_Message_Processor

Freeze_Process (405.6)
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3.1.2 LDB INTERFACE

The LDB Interface is a collection of functions which allow Orbiter/ground

communications via the Launch Data Bus. See Figure 3.1.2-1.

a, LDB_I/O Processor - Controls all communications transmitted across the

Launch Data Bus between the ground and the GPC. Cyclic polling across

the LDB establishes the need for communications. Input messages from

the ground are received, validated, and routed to various GPC software

applications. Messages from the GPC software applications are trans-

mitted when no messages are pending on the ground.

b, LDB__OutputMessage_Coordinator - (DGOLDB_COORD) accepts messages from

applications programs, moves them to the LDB Output Buffers and sets

a flag to initiate transmission to the ground by the LDB I/O Processor.
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LDB IInterface

I LDB I/O Processor 1

(DG_ LDB IO)

(4407 3.Y.2.1

,i

LOB_Output_ I

Message Coordinator

(DGO LDB- COORD)
(460T 3.Y.2.2

LDB Interface Hierarchy

Figure 3. I.2-i
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3.i. 2.I LDB_I/O_Processor (DGI_LDB IO )(440 )

The function of this module is to handle all communications transmitted across

the launch data bus (LDB) between the ground and the GPC. Cyclic polling across the

LDB is the mechanism used to determine the need for GPC/ground communications. In-

put messages from the ground are received and validated as a result of affirmative

response from the ground to the processor's poll for pending messages. Messages

from the GPC software applications are transmitted to the ground when no messages

are pending on the ground.

a. Control Interface

l.

2.
SCHEDULE DGI LDB I0 PRIORITY (PRIO_DGI) REPF_.T EVERY TIME DGi;

SCHEDULEd by (910) (Read/Write Specialist Function)(ASB RD WRT)

b. Input - See Table 3.1.2.1-i.

e, Process Description - Upon activation (either the initial SCHEDULE or if

made ready by an expiration of a WAIT), a test is made to determine if

the GPC has a message to send to the ground. If so, the "input/output

poll sequence" is performed. If no outbound traffic is pending, the

"input poll sequence" is performed.

The input/output poll sequence first tests to determine if a message is

being transmitted. A message will be retransmitted if an error was en-

countered in a previous attempt to transmit the message. If a repeated

transmission, am appropriate indicator is set to communicate this fact

to the ground. The poll command, "GPC HAS DATA", is sent to the ground

and a test is made to determine if a valid response has been received.

If a valid response is received and the ground is ready to receive the

GPC data, the message will be transmitted via the "transmit sequence"

which is described later. If the ground responds by indicating that

a ground message is pending, the GPC wfll yield and the ground message

will be received via the "receive sequence" which is also described

later.

The other possible valid response which can be received after the output

poll command has been issued is a response which effectively means the

ground cannot accept the message. In this case, the communication cycle
is terminated and the output message will remain pending.

The "input poll sequence" is executed if the GPC does not have a message

pending for transmission. The LDB I/0 Processor will issue the "inter-

rogate poll" command which prepares the ground to transmit any message

pending. If the ground response is valid and indicates a message is

pending, the message is received by performing the "LDB receive message"

sequence. Otherwise, if any other valid response is received, the com-

munication cycle is terminated. Presumably the ground does not have

message traffic pending.



----_-:==- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77
Rev

Page 3.1.2.1-2

If in either of the above poll sequences any error occurs, the commu-

nication cycle is terminated and the error is processed to determine

if LDB bus switching is required.

The "LDB receive sequence" is executed if during the output or input

poll sequences, the ground indicated a ground message is pending. A "go

ahead"command is issued to the ground and the message is received. A se-

ries of error checks are made which include sumcheck, transaction ID,

message destination and whether the application can accept the message.

(Note - TCS-I, TCS-S, and Mass Memory functional destinations are valid

for vehicle checkout software configurations only). If errors are de-

tected appropriate status indications are set which subsequently will be

sent to the ground. A final check is made to determine if the incoming

message is a DEU equivalent message and, if so, MCDS User Interface poll-

ing is disabled for the addressed DEU. This check and resultant action

is taken based upon asynchronous arrival of LDB messages and DEU polling

processes.

Upon completion of the input message error checks, status is transmitted

to the ground. A housekeeping check is then made to determine if the

input message contained errors and, if so, the errors will be processed

by calling the LDB Error Processor. In this case the input message is
not saved and is lost as far as the GPC is concerned. If no errors were

encountered, error counters are reset and the LDB Message Router is call-

ed to complete message routing and application processing.

The message "transmit _equence" process is executed based upon an affir-

mative ground response received in the "output poll" sequence. A 'here

comes the GPC data' command, message and message sumcheek are transmitted

followed by a status request command. Any response from the ground denotes
a successful communication cycle. Error counters are reset and the LDG

0utput_Contention_Event reset. The Output_ConventionEvent being reset

will allow the LDB_Output_Message_Coordinator to process additional mess-

ages destined for ground transmission.

If the GPC fails, after having requested status, to receive a response

from the ground, an indicator is set which will cause retransmission of

the message on subsequent communications cycles. The error will then be

processed by the LDB Error Processor.

The LDB Error Processor which is called at various points in the above se-

quences, increments the LDB_Error_Count and tests to determine if three

consecutive errors have occurred. If so, the LDB_Error_Count is reset

and the alternate launch data bus is configured as the active bus. The

bus switching is performed by the FCOS bus reconfiguration function.

The control flow for this module is presented in Figure 3.1.2.1-I.
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d.

e.

f.

g.

h.

Outputs - See table 3.1.2.1 - i

Module References -

i. (200) I/0_SVC_Service_Processor (FIOSVC) is CALLed.

2. (291) Cheeksum_Generator(#CFIOCGR) is CALLed.

3. (350) Bus_ReconfigurationPre-Processor(FCMBMAN) is CALLed.
4. (171) Reset Event Processor(FPMRESET) is CALLed.

5. (170) Set Ev--ent__P_ocessor(FPMSET) is CALLed.

6. SACS Inpu_Processor (VS!_SACS_IN) is SCHEDULED.

7. TCS Single Command Processor (V01 TCS SC) is SCHEDULED.

8. MM Message Processor (DMP MM MSG_ROC7 is SCHEDULED.

9. TCS Sequence Acquisition Processor (V02-TCS_SA) is SCHEDULED.

Module Attributes - Program

Template References -

I. MM_Message_Processor (DMP MM MSG_PROC)

2. MM_Utility_Compool_l(CDH MM Utility)

3. MMUtility_Compool 2(CDI MM Utility)

4. SAC--S_GMEM__Compool _CVA__SACS _GMEM__COMPOOL)

5. TCS__CompooI(CVT_TCS_UNIQUE )

6. SACS_Input_Processor(VSI SACS IN)

7. TCS__Single__CommandProce_sor(_Ol__TCS__SC)

8. TCS_SequenceAequisition_Processor (VO2_TCS__SA)

9. LDB_Compool (CDV__COMPOOL)

I0. VC0_Shared__Compool(CVS SHARED COMPOOL )
Ii. Checksum generator (#C_IOCGR_

12. UI Section Of Common CompooI(CZI__COMMON)

13. UI_FCOS_Shared_Compool (CZ2_COMMON)

lb. FCOSCompooI(FCMCOM)

Error handling - The following error checks are performed on each GND to

GPC message:

i, Transmission errors

(a) Parity

(b) GND computer address

(c) Pattern Check

(d) Message length (time out)

2. Sumcheck error.

3. Invalid operation code (in Interrogate Response Word)

4. Duplicate transaction !D

5. Invalid data request (functional destination not valid for software
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configuration or invalid transaction ID on TCS-S continuation)

6. Addressed functional destination cannot accept data (not an error

but message is discarded)

7. TCS resolving linkage (not an error, but message is discarded)

A GPC to ground "status" command is sent in response to each of the

above errors. In addition, a count of consecutive transmission/sumcheck errors

is maintained. When this count reaches three, the FCOSBus_Reconfiguration_Pre-
processor is invoked to switch the alternate LDB to the active state.

i. Constraints and Assumptions - Messages containing the function
destination codes for the EIU interface and LS interface will be treated as an

"invalid data request" and appropriate status will be transmitted to the ground.

Messages of more than 516 words and messages with undefined destinations will not

be transmitted by the ground.

J. Detailed Implementation - None.
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Enter

interrogate _ 1

Response_

Status = 0 /Input_Buffer_

Then Address = Address L--

I _E_ (VCO _input_

IBuffer)

IF VCO_OPS.

Flag = I (True)

Inpu(_ Bu ffer-
Address = Address

ELDB_input-

Buffer)

Interrogate_ 1

Then Word _Count =

O_tpu L Message

_Length 1

j lO _Status- I

Pointer = Address

(VCO_ I

Transaction_ I

Status_Word) I

iD_Status-

Pointer =Address

-- [LDB_

Transaction-

Status_Word)

I
I,....svco,o ! I P.rlorm I
I °awce= LOBOPI _ Tran,mi,_ I
I Code=2 I I I S_que_,_ I

JLFOutput _ I I Table31"2"12 I I \ I I PFigure312.1-2..... (4401) II I'I " I " Then I EInte'°_te-\ I " Then I

I Pending Flag= _ I r--t Response_Code /I"----'1 r !\1. / te_ LF Interrogate_

Response _ Code it,----- _

;:;_.m,oB =..e Oata/, _[_,se__j,se
/ _ Procas-sor (440.3) I

/ Ii .... svc DID I _ I Perform Receive I I
I E_,_I D,vio,=LOB I _ S_q...... I "

OP Code = 1 I _ Process (440.2) I

Table 3,1.2,1-2 J I _ I I Figure 3.1.2.1-3 ] I

, i I='"'"Data'/ I iI '_'oterro_te\I I / I_.1
I Response_ }---1

[Status=0 / _ Else Error J J
--J PerformLDB ' ' w

Processor (440.3l

_ Figure 3.1.2.1-4 I

Perform Receive [

-- Sequence_

Process (4402)

Figure 3.1,2.1-3

Return )

iF Interrogate_ \ I -- 1

-- Th n Input _essageResponse_Code _ Then I

'No Need For _ Status_Word =

Bus" / J 'Invalid OP C°de'

I
Status_Word = Status-Mask =

'tnvalld UP Input_Message

Code" Status_Word

1
Status_Mask = Device = LDB

Input-Message_ UP Code = 6

Status_Word Table 3.1.2,1-2

I
l

issue SVC DID I

Device = LOB ]UP Code = 6

Table 3.1.2,1-2

Figure 3.1.2.1-1. LDB_lO-Procec_r (DGI-LDB-IO)
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issue SVC DID

Device = LDB

OP Code = 3
Table 3.1.2.1-2

//

LDS_Receive_ // Issue SVC DID

Word_Count = _--1 Device = LDB

Input_Message OP Code = 3

_Length Table 3.1.2.1 2

I _ Save InputIF VCO_OPS Checksum In

Save _Area

Save Input
Checksum In

Checksum-

Save_Area

SatEn0I Ic.....t_
Message_Pointer L-----/ TranSaction I D

= End Of VCO _ I = Input_

Message _"J I Transaction_lD

Status_Mask =

Input Message_
Status_Word

Issue SVC DIG
Device = LDB

OP Code = 6

Table 3.1.2_1-2

Masked _Status

Word = Input_

Message rStatus
_Word AND

Error ._Mask

IF Comp kuted Perform Message
J _k,,, • Theni Validati°n

| C'heck_u m "Save _ P'r.... (440-4l

I_Area - , " 1 [| Figure 3.1.2.1-5

/ 'Sumcheck

I grror'

Input_Message_Status_Word

= 10 Error'

IF Masked-

_atuLWord

_0

Perform LDB_

Error_Processor

(440.3)

F igure 3.1.2.1 -4

LDB_Error

I Count = 0

Flight Software
t'art 2

Date 2/28/77

Ray

Page 3. _L. 2.].-22

__{ Set End_

Message _Pointer
= End Of LDB

Message
CrL_rs_t_°n - ID ]
T rLannsPatct_lon tD

I

ic....._Destination =

Input -
Destination

1

Input_Checksum I

_Count = Input

_Message-

Length - 1

I
Generator

(# CFIOCGR)

(291) Figure

(3.2.102-1)

_ Current _Message

Destination =

Input_
Destination

l

OEU_Number

?L%'g_"_!7" J
I

Checksum J

Generator [

(#f CFIOCGR) I

(291) Figure I

(3.2.10.2-I) I

Old_Transaction

_IO = Current_

Transaction_lD

  rrent-\ I
Message _

,Destinat_°n GT 7 J

l
Perform LDB_

Message_Router

_Process (440.5)

Fi_JrB 3.1.2.t-7

Tranaaction_lD

= Current_

Message_
Destination

Figure 3.1.2.1-3. LDB_lO_Processor

Receive_Sequence-Process (440.2)
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LDB_Error_

Count = LDB_
Error_Count +1

11

IF LDB_ >

Error_Count

=3

LDB_Error_

Count = 0

L

IF GPC_IDGPC_Prime

Then

Else

IF lOP_
Transmitter

State 22 = 1

Then

Issue

Reconfig

SVC

IF lOP_ __

T'_ansmitter

State 22 = 1

[
LDB_Prime_

ID = GPC_Prime
_ID

Issue

Reconfig
SVC

Then

EIs._..e___e

LDB_Command

_Bus = 23

LDB_Command

_Bus = 22

LDB_Listen
_Bus = 23

LDB_Listen

_Bus = 22

Figure 3.I.2.1-4. LDB_lO_Processor

LDB_Error_Processor (440.3)
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Then IF Current Intel face_
_ssage_ Check_ Process

stinatlon ; 8 1440 5_ Figure

3¸1¸2.1 6

Input Message
_Status Word

' 'Duplicate
Tr ansac tion IO"

I DO CASE
Message

_estinatldn + 1

1 J IF CurrenL

OPS Not _ 1

Or 2

q
q
q
q

Mput_Mes_age i

Then Slatus

Word = 'Invalid

Request"

Else _ SACS lnpuu_

_APr_ces$or /lclwe

IF VCO_OPS _ Then ! _S ...... WordInput Message

Flag = 0 /_ = 'Invalid

(Off) / I I Request"

I_ I,,,cs_+A I
Else _--Com mand _

= "Invalid lRequest'

J rl_eq°e" I
== l I
vo:v I--15:,:'+ /_

,z,op_ \ I ,..o,-Mo,,._[Receiver_ 0-_ _Status_Word
_jo+-, _+t."c.....

Input Messag_
_Status_Word

= 'fn_alJd

Request'

Perform TCS-S_ I

Interface_Check rProcess 1440.5

Figure 3,1.2.1_

Perform TCS-S I

Interface_Check

Prccess {440 51

Figure 3.1.2,1-6

Input Message I

Status Word

= 'Canno! Accept"

Input_Message
-Status_Word

= 'Cannot

Accept"

Input Mes_lge
-Status_Word

='Cannot

Accept'

J

Figure 3.1.2.1-5. L DB_l/O..Processor

Message_Validat ion _Proce_ (440+4)
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I DO CASE On

Current Mef, s_

_Destination +1/

Move Message he SCHEDULE i

From LDB SACS Input_

-- Input Buffer To Processor

SACS Input- (VSI._SACS_.tn)
Buffer

__ Move Message ]_ SCHEDULE I

From VCO_ _ I

Input Buffer Command

To TCSJnpuI Processor (V01

_Buffer TCS SC)

__ I I M°'eFir'ts....I
Move First Three I I Words From VCO i

4 Word= From VCO _ Input Buffer I

_input Buffer I I To MM_Patch I

, To MM_Header j I Header I

I

I

Flight Software
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Date 2/26/TT
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MM_lnput

Block _Index -

MM_BIock

Number

t

Move 512 Word I I
Block From VCO I I LF MM_lnput

Input_Buffer _ _Block_

To MM_Read_ Index = 1

Write.Buffer

_ MM_Patch- _t

LFInp ut- Word Count =

Checksum_ Input_

Count> 7 Checksum_

Count-7

I'FMM-e\ IOperation _Cod _ MM
_Message.

I f 'MM_Wrlte' //_ Processor

-- Or MM_Block_ {DMP_MM_Msg

Count = MM_ _PROC

Block Number

Mover Message

Then From VCO_

Input_Buffer To

Equivalent -

Header

IF VCO_OPS_

I / Mo,oM..geElse From LDB_

Input_Buffer To

Equivalent-

I Header
Equivalent_

DEU_Number =

Current_DEU_

Number

1

Set LDB_ 1

Equivalent _

DEU_Message

_Event = 1

_L_t Move Message

From VCO-

Input_Buffer To

TCS_Sequence

Buffer

Input_ t

1ChecksumCount

= Input- -- ---

SCHEDULETCS

_Sequence_

-- Acquisition--

Proc_sor(VO2

TCS_SA|

Move Message

From VCO-

Input Buffer To

TCS_Sequence

_Buffer
SCHEDULE TCS I

__Sequence_

-- Acquisition _

Processor (VO2_

TCS SA)

Figure 3.1.2.1-7. LDB_I/O_Processor

LDB_Message_Router -Process (440.6)

Initial _MM_

Rc_ter Header_

Word - MM_

Router _Header_

Word

Move Patch

Words From VCO

_Input_Buffer

To MM_Patch

_Buffer
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3.I. 2.2 LDB Output Message_Coordinator (DGO LDB__COORD) (460)

The LDB Output Message Coordinator accepts requests from applications programs

to process a message for ground transmission. The message is moved from the appli-

cations buffer to the LDB Output Buffer and an event is set to initiate transmission

of the message by the LDB I/0 Processor.

a, Control Interface

I,

2.

Call DGO LDB COORD (ID,Word Count)

CALLed by

(a) Frequency Response Test Waveform generator (V21__WAVEFORM)

(b) TCS Single Command Processor (VOI TCS SC)

(c) TCS Sequence Acquisition Processo_ (V_2_TCS_SA)

(d) Mass Memory Message Processor (DMP MM MSG PROC)

(e) SACSResponseFormatter (VS3 RESP XMI_TERT

(f) RAMP_Call_Processor (VRP___CAL_)

b. In__n_- See Table 3.1.2.2 - i

C. Process Description - The LDB Output Message Coordinator first WARTS for

LDB OutputContentionEvent to be false. When the LDB Output_Contention

Flag becomes false, normal processing continues. The output contention

event is set to indicate the LDB_Output_Buffer contains (or will contain)

an active message. The message is then moved from the application buffer.

A sumcheck is performed after the message is moved. Upon completion of

the move and sumcheck, the 0utput Pending Flag is set which advises the

LDB I/O Processor that a message is ready for transmission to the ground.

The control flow for this processor is presented in Figure 3.1.2.2 - 1

d. Outputs - See Table 3.1.2.2 - i

e. Module References -

i.

2.

3.

(291) Checksum Generator (#CFIOCGR) is CALLed.

(104) Wait Processor (FPMWAIT) is CALLed.

(170) Set Event Processor (FPMSET) is CALLed.

f. Module attributes - Exclusive External Procedure.

g. Template References -

I. LDB_Compool (CDV_COMP00L)

2. VCO _Shared_C°mpo°I(CVS_SHARED_coMPOOL)

3. MMUtility_Compool l(CDHMM UTILITY)

4. SACS_GMEM Compool VCVA S_CS--GMEM COMP00L )

5. MM_Utility__Compool2(CDI MM UTILITY)

6. TCS_CompooI(CVT_.TCSUNIQUE)

7. Ramp__CompooI(CVR_RAMP_.COMPOOL)
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h=

i.

J •

8. UI_ Sect ion_O f._Common_C ompool (CZI COMMON)

Error Handling - None.

Constraints and Assumptions.

I. The message length parameter passed will be in the valid range for the

CALLing application.

2. Input buffer ID's passed will be valid.

Detailed Implementation - None.
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Fieurl 3.1,?.#.-I. LDB_Output_Me_mge_Coordinat_ (DGO-I_DB-COORO)
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3.1.3 ICC Interface

These processes are designed to provide common support for ICC messages

required to be transferred amoung the common set GPCs at common sync time and in

support of System_InterfaceProcessor (SIP) functions. System Services may

communicate across the common set of GPCs only at the time of common sync and as

a function of System Interface_Processor, The exception to this is in the event
of GPC redundancy management fault detection and isolation, and I/0 problem

reporting in the event of I/O anomalies.

A fixed size buffer (6_ fullwords) is provided for System Services to buffer

their individual messages. Mes§ages accumulated between-SIP Cycles are merged

into a single message. The buffer is transferred to all other GPCs in the common

set during SIP activity. Four input buffers (each of size 64 fullwords) are

provided in each GPC to receive the ICC messages from the other GPCs. All GPCs

write on their ICC channels at the same time (during SIP). Upon I/0 completion

the ICC message Router unpacks the messages in each buffer and makes them avail-

able to the processes for which they are destined.

i
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Command Input
Processing
3.1

!
Keyboard
Interface
3.1.1 "°' !Interface

3.1.2

ICC
Interface
3.1.3

!
ICC_Message_
Collector For
SIP (DIN_ICC
_COLLECTOR)
3.1.3.1 (485)

ICC_Message_ ]

Collector (DIM_
ICC_Collector)
3.1.3.2 (480)

ICC_Message_
Router (DME_
ICC_ROUT)
3.1,3.3 (490)

Figure 3.1.3-1 ICC Interface Hierarchy Diagram
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3.I. 3.1 ICC__Message_Collector_For__SIP (DIN__ICC__SIPCOLL) (485)

This module is called to move ICC messages passed from the Caller

to the ICC Message buffer appropriate for its GPC.

a. Control Interface -

I. CALL DINICCSIPCOLL (PASSED_ARRAY) ASSIGN (ASSIGN_VAL)

2.(a)CALLed by (670) Fault_Message_Scan (DMR_FMS)

(b)CALLed by (750) System__Interface__Processor (AIE__SIP)

b. Input - See Table 3.1.3.1-1

C, Processor Description - The ICC__Message__Collector_For_SIP checks.

the status of the ICC__Buffer__Freeze_Fiag and determines the caller. When

the ICC Buffer Freeze_Flag specifies a "Frozen" condition and the

caller _s not t--heSystem_Interface_Processor, the AsslgnRequest__Status

is set to HEX '01' and this procedure returns to the caller. Otherwise

processing continues. Further Processing consists of testing for initial

non-frozen condition, determining if the passed message will fit in

the remaining ICC__Messages space, testing the Message_Header for

reasonable values, and finally processing the Message.

When Initial Value is zero, the ICe Address table structure is loaded

with the addresses initialized in th--eName Table structure, and the

GPC_.ICC_Buffer Name Address is loaded with the address of the proper

copy of the IC__Messages array for this GPC. This provides efficient

structure copy indexing

When the passed message will not fit in the remaining ICC__Messages

space, the Assign__Request_Status is set to HEX '02' and this procedure
returns to the caller.

When the message will fit in the ICC_Message space the passed message

parameters are checked for reasonable values, If the Message_Index

is not in the range of one (1) to twenty eight (28) or the Message__Size

is zero (0), the Assign Request__Status is set to HEX '03' an this

procedure will return to the caller. Otherwise the message is processed.
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This procedure processes two type of messages, direct data messages

and indirect data messages. Direct data messages are those messages

where all data for the message is contained in the array passed by the

caller, and indirect messages are those messages where the array passed

by the caller contains an index to the data to be moved.

The ICC_Message__Index selected from the first word of the array passed

by the caller is used as an index to select the proper entry in the

ICC_MessageTable. The ICC_Message Table contains a Routing_Code value

and this value determines which type of message is to be processed.

The proper location to store the passed messaged is the ICC_Messages

buffer for this GPC (i.e., GPC 1 uses Buffer I GPC 2 user Buffer 2 etc)

indexed by the value ICC Buffer Pointer.
m

When the Routing Code is less than 14, the message is a direct data

message type and the message contents are moved from the array passed

by the caller to the proper ICC Message location.

When the Routing_Code equals 14 or 15 the message is an indirect data

message type and the second word of the pas§ed message contains a value
called the Address Index. The Address Index is used to select the proper

data source address from the ICC Address Name table.

When the Routing_C6de 14, the Message Header is moved to the proper

ICC__Message location followed by the data as specified by the selected
data source address.

When the RoutineCode is 15, the Message_Header and the Address Index

is moved to the proper ICC_Message location followed by the data as

specified by the selected data snurce address.

When message processing is completed, the Assign_Request_Status is set

to HEX '00' to indicate message processed status, the ICC Buffer_Pointer

is loaded with the value reflecting where the next data message is to

be placed, and this ICe_Message location is loaded with a HEX 'FFFF' to

indicate the logical end of the ICC__Messages. This procedure then
returns to the caller.

The control flow for this procedure is presented in Figure 3.1.3.1-1

and Figure 3.1.3.1-2.
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d, Out__ - See Table 3.1.3.1-I.

e. Module References - None

f. Module Attribute - External Procedure

g. Template Reference -

i. UI-FCOS_Shared_Compool

2. UIGeneral_Compool

3. FCOS Compool

h. Error Handling

(cz2_co  oN)
(CDM UI COMPOOL)

(FCMCOM)

i,

The status of each call to this procedure is returned to the caller

in bits 9 to 16 of the Caller_Assign_Value.

When the ICC buffer is set frozen and the caller is not the SystemInter-
face_Processor the status is set to Hex 'Ol' , the message is not

processed, and this procedure returns to the caller.

When the message passed to this procedure will not fit into the ICC

buffer the status is set to Hex '02', the message is not processed,

and this procedure returns to the caller.

When the message passed to this proceudre contains an value less than

one(l) or greater than twenty-eight (28) in bits 1 to 8 of the first

word of the passed message, or contains a value of zero (0) in bits
l0 to 16 of the first word of the passed message, the status is set

to Hex '03', the message is not processed, and the procedure returns
to the caller.

When the message has been pr0c@ss@d the status is set to Hex '00' and

the procedure returns to the caller.

Constraints and Assumptions _

This procedure expects callers to identify themselves correctly, that

is, the System Interface_Processor (AIE SIP) is the only caller that

has bits 1 to 8of its Assign Value set--to Hex '00'.
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IFreeze_Flag RE / J I

tO (FIozen) -- / L__I_. I,.

Assign I

Request_Status
: 0| (Buffer
Frozen Status)

,; Vt.c_..]....Initial_Value Table = Name_
= 0 (Initial) Table

1 J
GPC_ICC_

I Pointer = I
ICe_Buffer_
Pointer

I Message_ I

Header =
Passed_

Array (1)

Buffer_Name = I
ICC_Messages
(GPC_ID}

Initial_Value ]
= 1 (Non
Initial}
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( Return )

Message_Size I
Message_

Header (1 To 8)

IF (Pointer+_ _

r _s_ 2age-Size)

I Message- ]

Then Index =
Message_
Header
(10To 16)

I...L,I"-n
Index = 0 _ _ I
GT 28 OR

Message_Size=0/I El. I

_Status = 02 I
(Message Does I

/ N°t Fit Status) J I

Assign_Request ]

-Status = 03
(Bad Parameters
Status)

Perform

Message_
Processing
(485,1) Figure
(3,1.3.1-2)

I
Assign _
Request_Status =
00 (Good Status)

1

ICC_Buffer_ I

Pointer =
Pointer

_Lm
GPC_lCC-
Buffer_Name
(DiN_Pointar)
= FFFF (Logical
End Of Buffar} ._.J

Figure 3.1.3.1-1. ICC_Collector-For-SlP (DIN-ICC_SlPCOLL)
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Code = ICC_ GPC_ICC_ Pointer =

Message_Table Buffer_Name DIN_

{DIN_Message (Pointer) = DIN_ Pointer + 1

_Index) Passed_Array {1)

IF Routing_ _/
Code LT 14

1 To Message

_Size

Buffer_Name

(Pointer) =

Else Message_

Header

i" IPointer =

Pointer ÷ 1

Message_ [

Size =

Message_

Size -1

r
Code = 15

Address_

Index =

Passed _

Array (2)

Then

GPC_ICC_ }

Buffer_Name

{Pointer) =

Passed_Array (2) t Pointer = I

Pointer + 1

I
Size =

Message_

Size - 1

I Address_

Name = ICC_

Address_

Name (Address

Index)

I=lTo

Message_

Size

GPC_ICC- [

Buffer_Name |

(Pointer) = Address !

_Name (1) I

Pointer :

Pointer + 1

Figure3.1.3.1-2. ICC_Co{lector_ For_Sl P
Meszage_Procetsing(485.1)
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3.1.3.2 ICC__Message__Collector (DIM._ICC_COLLECTOR) (480)

To be provided.
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3.1.3.3 ICe_Message_Router (DME_ICC__ROUT) (490)

This module dequeues messages in each ICC Message Buffer by processing

each message as specified by the ICC Message Table entry.

a. Control Interface - 1. CALL DME ICC ROUT

2. CALLed by (750) System_Interface_Processor (AlE_SIP)

b,

C.

Input- See Table 3.1.3.3-1

Process Description - In order to understand this module, here is a

brief ICC review. Each CPC has 4 buffers, one for each of the ICC

receiving channels. Buffer i contains the input messages for

GPC I., Buffer 2, for GPC 2 and so on. Each buffer contains up to

120 words of ICC messages. Each ICC message consists of a header

and as many data words as required to complete the message. The

messages, for the purposes of ICC_Message_Router, are divided into

fault messages requiring filtering, non fault requiring filtering

and messages requiring no filtering. Filtering means that only

one message for a particular message type is processed with all

others of that type skipped. The header consists of a ICC message

table (IMT) index and an indicator containing the length of the

message. Those messages with an IMT index of one are the fault

messages requiring filtering. The filtering comparison is the

_4PT and major/minor fields of the type one messages. Since there

are many unique combinations of these two fields, the occurrence

of the message with the lower message time for each of these

combinations is saved for processing. The messages with LMT index

of two are filtered according to message class. The first occur-

rence of a narticular message class is processed immediately and

further occurrences are ignored. Messages with an index of 3, 4,

5, 6, I0, ii, or 12, are filtered by first occurrence. For example,

if a message with an fnd@x Of 3 occurs, that message is processed

immediately and a flag is set to inhibit other type 3 messages from

being processed. Those messages with IMT Index of 20, 21, 22 or 23

are filtered by comparing the entire data word of one message with

the same word of a previous message (with the same index). 0nly

the messages whose dataword is identical to a previous message

are skipped. 0therwisethe first occurrence of that unique data

word for each index is processed immediately. Messages with any

other IMT Index are processed for each message; that is, there is

no filtering on these messages.

All the messages for this ICC buffer are processed until the

trailer indicator (FFFF]6) is encountered. In addition to the buffer

for the processing GPC,-_he input buffers of the GPC's in common set

with this GPC are processed in a similar matter until all the

messages of these buffers have been processed. Now for the process
itself.
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The Filter Mask is preset not to filter IMT__Indexes of 7,8,9.

By design IMT Indexes two through twenty-three are assigned to non-

fault filteraKle messages; however, 7, 8, and 9 are not used so

they are inhibited by masking them out with Filter-Mask. Next the

Fault Filter Value and Non-Fault Filter Value are preset to zero as

well a-'sthe Number Of Uniques for each I--CCbuffer. The following

process takes place for every ICC receiving buffer.

First, the Processing__GPC value is compared with the Buffer_

Number value and the Common__Set__Mask for the Processing_GPC. If

equal to either then Buffer End is reset to zero indicating this

buffer should be processed. Next, Buffer End is checked for zero,

If it is zero then the buffer is processed in the following manner.

The ICC_Message__Header is obtained from the ICC_Messages and the

ICC_Message__Header is checked for a 'FFFF' If it is, this indicates
the logical end of the buffer has been reached so Buffer End is

set to one. Otherwise, processing continues. First, the IMT

Index and Message__Size are obtained from the ICC_Message_Header.
The IMT Index is checked to be within zero to twenty-eight (the

valid indexes). If it is then the ICC_Message_Table_Value is ob-

tained from the ICC_Message__Table and Contention_Flag is checked

for off. If off, then Filtered_Message_Match is preset to zero
and IMT Index is checked for one. If it is, the following (fault

type filtered message) processing occurs.

The match for these type one messages is by the FMPT copy

number and the major/minor index. If another message with IMT_

Index set to one is found, those two fields are compared with

the two fields of all the previous saved type ones. If they

match, the Filtered__Message_Match is set to one and the message
of the two tested with the smaller message time is saved by storing

the ICC__Buffer_Number in Temporary_Buffer_Number and the pointer

to the saved message in Temporary Index.
If there is no match, then this message is considered another

unique combination and is saved. The Fault_Filter_Value is in-

cremented by one. Temporary_Buffer_Number and Temporary_Index
are set and the Combined GPC Mask is set.

If the IMT Index is not one, it is checked to be two. If it

is, the Current_Message_Class Indicator is obtained from the ICC_

Message. If Non Fault Filter_Value is greater than zero, the

Current _Message_Class_Indicator is compared with the Saved_

Message_Class Indicator of all the previous type 2 messages that

had unique message class and were saved for that reason. If a match

is found Filtered__Message_Match is set to one. If Non_Fault_
Filtered Value is zero or there was not a match from above, the

Non Fault Filtered Value is incremented by one and the message

class for this saved message is placed in Saved Message_Class_

Indicator and the message is processed immediately by calling

Error_Me ssage_Line _Suppo rt.



--_-- ,'," NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77
Rev

Page 3.1.3.3-3

If the IMT Index is not two, it is checked for 3, 2, 5, 6, I0,

ii, or 12. If it is one of these, the Filter Mask is checked to

make sure a message with this index had not previously been processed.

If not, then the Filter Mask is updated to include this index and

Routing_Code Process (4_0.7) is CALLed.

If the IMT Index is none of the values checked above, it is

tested to be 20, 21, 22 or 23. If it is, the message with the same

IMT Index is filtered by the contents of this one word message.
m

First the Structure_Copy_Number and Saved_Number_Of__Uniques for

this index is obtained. If Saved__Number__Of__Uniques is non zero,

the message value of the current message is compared with the

One_Word_Message__Contents of all the saved messages with the same

index. If the contents are equal, Filtered__Message_Match is set

to one. If Filtered_MessageMatch is zero, the Saved Number

Of__Uniques is incremented by one, this value is stored in Number_

Of__Uniques. The One _ord__Hessage contents are obtained from the

ICC__Message and Routi--ng__Code_Processor (490.7) is called to

process this message.

If the IMT Index is non of the above (1-6, 10-12, 20-23) then

no filtering is done and Routing__CodeProcess is CALLed.

By continuing processing, or, if ContentionFlag was on, or

if it was not a valid IMT_Index, or, if ICC,Message__Header was

equal to FFFF, the ICC__Message_Pointer is updated by Message__Size

to point to the header of the next message within the buffer. If

ICC__Message Pointer is at the physical end of the buffer (greater

than 120 words) Buffer__End is set to one. If not at buffer end,

the next buffer is processed. When the last buffer is processed

all the unique fault filtered messages are processed by obtaining

the Buffer__Number and message pointer from Temporary Buffer_

Number and Temporary_Index. Next, the GPC's to receive the messa4_e

are masked in ICC.Message and Error__Message__Line zSupport is C4JLLed.

As a final process, the ICC Buffer Pointer is set to one to

point to the start of the buffer, ICC__Message for the Processing_

GPC is set to FFFF and ICC Buffer Freeze__Flag is reset to not frozen.

The Routing__Code__Processor processes codes of 3, 14, and 15.

The Processing__Value and Routing_Code are obtained from ICC_

Message__Table__Value. For RoutingCode = 3 or 12, and, depending

on the ProcessingValue, the message is processed as follows. If

Processing Value is other than i, 2, and 3, no further processing

is done. If Processing_Value = i, Reconfiguration_Message__Header

is CALLed; for Processing__Value = 2, ICC/IDLE OPS Processor is

CALLed; and if = 3 Bus__Configuration__Change is CALLed.

If Routing_Code = 15, this means it is a data move action using

an index found in the message content. The Data Move Index is

obtained from the ICC.zMessage. The GetData__From_Index is the

second word of ICC message and the Data__MoveLength iS from Message

Size. The message is moved one word at a time to the Receiving__

Address. If the ProcessingValue is four than BTU Port Masking

Routine (290) is CALLed. The flow for this module is found in

Figure 3.1.3.3-1.
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d,

e.

fo

g.

h.

i.

J,

- See Table 3.1.3.3-i

Module References -

i. (870) GPC Reconfiguration_Message__Handler (ARG_RECONFIG_MSG)
is called

2. (495) ICC/Idle OPS Processor (DID IDLE OPS) is CALLed

3. (830) Bus ConfTguration Change (A_D BU_ CHG) is CALLed

4. (290) BTUiPort_Mask__Rou[ine (FIOBPMT is--CALLed

5. (680) Error_Message_Line_Support _MT_ERR__MSG) is CALLed

Module Attributes - external procedure

Template References -

i. UI/FCOS Shared Compool (CZ2__Common)

2. FCOS_Com_ool(#-CMCOM)

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None

%.J
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C E°,.)
I

I PerfOrm I

Processing+
I In+t+al+zat+on

J 1490+I)

J Figure 3.1.3.3+2

set ICC_Message_

Po,nter = I (lit J

Word Of Buffer) I

=l

I
Set-Member = 12
13,14,15 (For '

GPC 1,2,3 Or 4)

1

[+p+,,+,, _ ]
GPC = Buffer_ "_ Then I Reset Buffer_

Number Or _ End = 0 (Not

C ...... / lend,LSef_Mask •

1
Loo+,. } ++,_d = Then Vatid_Buffer_To I

-Proc,_ss(4_.2_ l
0 (Not End) F_gure 3+1.3.3-3 |

i IF Feult_

i,L=_ter _Value = ",_

0 (At Least t f

Ty_ 1) /

1
I Set ICC-Buffer

| -Pointer =

I (Start Of Buffer)

t
I ISet ICC_

Messages =

FFFF (Buffer

Trailer Record)

1
_Freeze_Flag To

Not Frozen

t
C+n}

Then | Temporary_! =_

1 To Fault_

I Filter-Value /
Set Suffer_ 1

Number To

l Temporary_
Buffer_Number

-Pointer To

Temporary_
Index

Figure 3.1.3,3-1, ICC_Me_sage_Router (DME-ICC-ROUT)
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Set Processing_
GPC From
GPC_ID

Set Filter_Mask
To Mask Out
MessagesWith
IMT_lndex =
7,8,9

l,,

Reset Fault_
Filter_Value = 0
(No Uniques)

Reset Non_
Fault_Filter_
Value = 0

[
DO FOR

Temporary_l
=1 To4

Reset Number_
Of_Uniques = 0

Figure 3.1.3.3-2. ICC_Message_Router

Processing Initialization (490.1)
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Set ICC-

Message_Header
To 1st Word Of

ICC_Message

]
-IF ICC_ k

M"essage_Header _,

E nFd_F F (Buffer y

Then
Set Buffer_
End = 1 (Buffer
End Indicator)

__Set IMT_lndex !

From ICC_MessageI

Set IMT_
Index From
ICC_Message
_Header

I
IF IMT_lndex >_

OAnd _< 28

(Valid) /

I
Set ICC_
Message_Poi nter
To The Next

Message

Then
Perform Valid_
IMT (490.3)
Figure 3.1.3.3-4

[ cc \ Then

Set Buffer_

End = 1 (End Of
Buffer)

Figure 3.1.3.3-3. I CC_Message- Router
Valid_Buffer_To-Process (490.2)
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Set Current_

F M PT_Copv-

Number From

ICC_Message

I
Set Current_
Major_Minor
Index From

ICC_Message

LF Filtered_

Message_

Match = 0

(No Match)

ALT System Software Design Specification

DO FOR

Temporary_l =
1 To Fault_

Filter_Value

Set Saved_

Buffer_Number

From Temporary
_Buffer_
Number

..... i

Set Saved_ i

Index_Number J
From Temp0rary_ I

Index !

• i

I, F,,,eroO\
| Message_M_ch _, Then

[= O (No Match) /

Set Fault_
Filter_Value

Up By 1

Set Temporary_
Buffer_Number

From Saved_
Buffer_Nu mber

1
Set Temporary_
index From
Saved_Index_
Number

Set Combined_
GPC_Mask To
OR In GPC_ID
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Set Filtered_ 1

Message_Match
= 1 (Match
Found}

I

Set Combined_ I

GPC_Mask
From GPC_
ID

l,, , ,

l IF Current_ k

Message_Time<

saved_Message_ /

Time //

Set Temporary_
Buffer_No From
Buffer_Number

....

Set Temporary_
Index From

ICC_Message_
Pointer

Figure 3.1.3.3-5. ICC_Message_ Router

Type_l (490.4)
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Buffer_Number
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Set Save_

Number_Of_

Uniques From
Number_Of_

Uniques

1
I__FSave_Number_

__Of_Uniques =__--_

l
Do FO_____RR

Temporar¥_l =
1 To Save_
Number_Of_

Uniques

Set Save_ 1

Number_Of_

Uniques Up By t

,, l,

Set Number_

Of_Uniques
From Save_
Number_Of_

Uniques

I F One_Word_

Message_Content

= ICC Message /

Set Filtered_

Message_Match
= 1 (Match)

Set One_Word_ ]

Message_Contents |

From ICC_Message I

CALL

Routing_Code_
Process (490.7)

Figure 3.1.3.3-6

Figure3.1.3.3-7. ICe-Message_Router
Type_20+ (490.6)
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Set Receiving_ ___

Address From

ICC_Message

Set Get_Data_
From_Index

Up By 1

CALL BTU_

Port_Masking_
Routine {290)
Figure 3.2.10.1-1

Figure 3.1.3.3-8. ICC-Message_Router

Routing-Code_Process (490.7)
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3.1.3. 3.1 ICC_Idle__OPS__Processor (DID_IDLE__0PS_ICC) (495)

The purpose of this module is to service DPS Configuration Monitor page
inputs in dissimilar GPC's.

a. Control Interface -

i. CALL DID IDLE OPS ICC

2. CALLed by (49_) iC--C_Message_Router (DME_ICC_EOUT)

b. In___ -

See Table 3.1.3.3.1-1.

C. Process Description - ICC/Idle OPS Processor first determines if the

ICC Message issued is a Voter/_ime_ State Message. If it is a Voter

On Message the Voter Latch is set and the Timer Latch is reset. If

not a Voter On Message, the Timer Latch is set and the Voter Latch

is reset. If the ICC Message is a LDB Start Command Message--and this

GPC is the prime or a member of the redendant set then the LDB I/0

Processor is scheduled. If this GPC is not the prime and not i--nt_e

redundant set DGi LDB I0 is CANCELed. The control flow for this

module is shown in Fig--ure 3.1.3.3.1-1.

d. Output-

See Table 3.1.3.3.1-i.

e. Module References -

(440) LDB I/0 Processor [DGI LDB I0) is SCHEDULed/CANCELed

(340) Mis_e!l_neous CM Reques_ Processor (FCMSVC)

(102) Processor Schedu_r (FPMSVC)

f. Module Attributes -

Procedure

g. Template References -

1.

2.
Ul_FC0S_Shared_ Compo ol (CZ2_COMMON)

LDB_I/0_Processor (DGI__LDB_I0)

h. Error Handlin_ -

None
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j ,

Constraints and Assumptions -

None

Detailed Implementation -

i. The following two parameters are input:

• ICC Buffer Number (DID ICC BUFNO)

• ICC_Mes sage__Wo rd__Index (DID_ICC_INDEX)
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CMR SVC Issued

To Reset Timer_

Latch

I Set GSE-Poff- I

State = 1

_l
Schedule SVC Issued

To Activate LDB-

I/O _Processor (DG t

_LD8_IO) (440)

Figure 3.1.2.1 1

Figure 3.1.3.3.1-I. ICC_ldle_OPS-Processor (DIO_IDLE-OPS-ICC)
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3.2 OPERATIONS CONTROL

The User Interface software provides a method whereby the user may communicate

with the GPC for vehicle monitoring and control functions defined in the CPDS docu-

ment. Operations Control decodes user inputs and coordinates the user to GPC

processing (via Command Input Processing).

Operations Control is independant of the mission phase. The flight software

is defined in terms of major functions (MF). The currently defined major func-

tions are Guidance Navigation and Control (GN&C), Systems Management (SM), and

Payload Management (PL). Each of the _'s is capable of executing simultaneously

and independently of each other. A Maximum of 2 is allowed at once in a given

GPC. There are three levels of functions which establish the hierarchy of _A_

support. These are the operational, specialist, and display functions, in that

priority.

The user communications are via the MCDS/Ground interface. There is a

single user/computer communications language. To provide for the support of

the major functions and the mission phases and to provide control of the two-way

communications, Operations Control has three major subdivisions: User Interface

Control, Application Control, and Memory Overlay Coordiantion. (see Figure 3.2-1.)

User Interface Control fulfills the two-waycommunications required by the MCDS/

Ground interface language. The applications program (operational sequences and

specialist functions) are defined in terms of control segments which allow a

GPC-to-user communication via the CRT. Application Control provides the necessary

control for fulfillment of CPDS requirements for the application program. The

flight software is defined in terms of memory overlays. Each memory overlay con-

tains sufficient application software to support a mission phase. Memory Over-

lay Coordination allows the establishment of a new memory load of the application

software within a GPC at operational sequence (OPS) transition.

The data flow from user to GPC and CPC to user is via COMP00L tables. A

more complete definition of the tables defined here may be found in Appendix A.

The DEUInputTable (DIT) is used to pass MCDS (and MCDS ground equivalent) key-

board messages from the Command Input Processor to Operations Control. The for-

mat of these messages is given in the GPC/DEU ICD. The Miscellaneous Application_
Control_Table (MACT) is used to maintain c0ntrol of operational sequences and

specialist functions by major functions. Data communications on a DEU basis is

maintained in the MACT and updated to reflect the status of current processing.

The MCDS_AllocationTable (MAT) is used to associate the respective Major Functions

to the DEUbased upon the major function switch setting and provides the display

format buffer necessary for a CRT cyclic update. The Display Format Buffer (DFB)

is a UI COMP00L area containing the Display Format Tables (D_) necessary for the

processing of the cyclic updates to the MCDS CRT. The display formats residing

within the DFB are of two types: (1) critical formats with skeleton format con-

trol words (FCW's) in the DEUmemory and foreground formatting data permanently

resident in the GPC memory, and (2) noncritical formats residing in the GPC

memory or on the Mass Memory and read in as needed. The DisplayFormat
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Mass Memory Directory (DMMD) is used by the User Interface Control Supervisor
(Section 3.2.1.1) to obtain the Mass Memory address of a di--splay f_rmat table

The Applications ModingTable (AMT) provides data for checking the SPEC's validity

during this current OPS, and address data necessary for the scheduling requested

OPS or SPEC. Additional data to identify the valid memory overlay for a requested

OPS/maJor function is provided via the GPCReconfigurationTable (GRT). The

GRT is established prior to a mission to define all overlay definitions, while

the ANT is a function of the current overlay. Appendix F represents a typical

time line sequence of processing which shows how this section fits into the

overall design of User Interface.

The Keyboard Verification Table (KVT) is defined as that part of the Display_

Format Table that'specifies (1Tthe maximum number of items for the Display, and

(2) th_ application keys valid for a particular display (ITEM key with data, ITEM

key with EXEC ending, PRO,EXEC). It specifies if a renewal of the display is

required after an ITEM update. It also specifies if limit checking is necessary ,
gives the input format of each of the items, and gives their upper and lower

limits as required.

The applications control segments (OPS and SPEC) are defined in terms of a

grammar designed to maintain user control of the application through MCDS type

inputs. A grammar consisting of HAL macros allows the control segments to commu-

nicate with the user. This grammar is defined in Appendix H.
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3.2.1 User Interface Control

The Shuttle Flight software is designed to be interactive with and in the

control of the user. For this purpose, the software is structured to support a

user/computer language defined in terms of a keyboard message. The inputs are

via an MCDS or ground to MCDS interface, The input destinations are to the MCDS

major function selected, and specifically to the control segment which supports

the current MCDS display. The functions supported establish a hierarchy of op-

erational, specialist, and display functions. The inputs are decoded according

to the function supported for the MCDS originating the input. No more than one

operational sequence per MF and no more than one specialist function per MF per

DEU will execute simultaneously. Only one display function per DEU is supported

at a time. The OPS for an _ is the highest level of control and will be under

the control of any MCDS having its major function switch set to that MF. The

SPEC is the second level of control and operates in parallel with the OPS. The

SPEC is controlled by a single DEU. The lowest priority function is the DISPLAY.

The flight software may be partitioned to support a simplex, i.e., a com-

puter may support one or two major functions or a redundant set of one or two

major functions. The GPC configuration is established as a function of OPS tran-

sition. For a single GPC load, the software is divided into memory overlays ac-

cessible at the OPS transition. Memory overlays are defined in terms of the major

function base containing programs common to all the OPS of a MF, and program over-

lays with those programs designed for the individual 0PS. These overlays include

programs and data. No memory overlays are allowed between OPS transitions with

the exception of display formats, as required.

User Interface Control (Figure 3.2.1-1) receives user commands in the form of

MCDS defined messages from Command Input processing and application service requests

from Application Control, It coordinates the execution of OPS, SPEC, and DISPLAY

functions by MF and DEU. To accomplish its function, User Interface Control con-

sists of the User Interface Control Supervisor and its subfunctions which are:

a.

b.

C.

(505) MCDS Functions Processor

(510) MCDS Item Processor

(520) MCDSDisplay_Coordinator
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3.2.1.1 Userinterface_ControlSupervisor (DMC_SUPER) (500)

This processor must supervise the User Interface inputs from (i) the MCDS

keyboard (and LDB equivalent MCDS inputs),(2) the Application Control Seg-

ment service requests and (3) the I/0 completion of Mass Memory reads. Based

upon the inputs, it initiates the required processing.

a. Control Interface -

i. SCHEDULE DMCSUPER PRIORITY(PRIO_DMC)_

. (a)
(b)

(c)

(d)

(e)

(f)

(g)

(i)

(j)

(k)

Scheduled by (710)GPC Startup (AIR GPC STARTUP).

Event Keyboard_MessageReadyEvent(CZiE D MCDSEVENT)set

by (700) GPC_Startup (AIR_GPC__Startup)

Event Keyboard_Message_Ready_Event (CZIE D MCDS EVENT) set by

(405) MCDS_Message_Processor (DMM_MCDS_PROCESS)_

Event Keyboard_Message__ReadyEvent(CZiE D MCDSEVENT) set by

(800) GPC_Switch_Monitor(ARA_GPC_SWITCH).

Event Keyboard_Message_Ready_Event(ZiE_D_MCDS__Event) set by

(830) Bus_Configuration__Change(ARD_BUS_CHG).

Event Application_Service Request_Event(CDME_APP SERVICE) set

by (540)Display_Presentati--on_and_Control(DIS_PLA_)

Event Application Service_Request__Event(CDME APP SERVICE) set

by (550)Application_Moding_and Sequensor(DNX_--BMST.

Event Application_Service_Request_Event(CDME__APP_SERVICE) set

by (870) GPC_Reconfiguration_Message_Handler(ARG_RECONFIG_

MSG)
Event Application_Service__RequestEvent(CDME_APP__SERVICE) set

by (880) Secondary GPC_Reconfiguration(ARH_SEC_GPC__RECONFIG)

Event Application_Service_Request Event(CDME APP SERVICE)

set by (820)GPC_Reconfiguration(ARC__GPC_RECO_FIGT.

Event W_Read_Complete_Event (CDME_ID MM EVENT)set by FCOS.

b. l__uts - See Table 3.2.1.1 - i

C, Process Description - This process is scheduled at the GPC initialization

based upon Initial PrOgram Load (IPL) or Status change from HALT to RUN

or STANDBY. Initialization data is set to allow for GPC initialization

processing by sub processes. The Control_Segment_Request_Control_Block

is set to the Initialization_Request _ontrol Block The DEU Request

MACT Index is set to zero to indicate that no request by DEU has been

made. The OPS 0 00 Initialization_Flag is set to zero. The Reconfigura-

tion In Progress,Reconfiguration In Inialization,and the MM/DFT i0

Completion_Flag are zeroed. The BlankScratch_Pad_Line_Flag is zeroed

to force scratch pad line clearing on new display updates.

User Interface Control Supervisor continues in execution or awaits inputs

via events. The WAIT is for Keyboard_Message_Ready_Event or Application

Service Request_Event or MM Read Complete Event. This wait and associat-

ed processing after the wait is contained within a infinite loop until

the process is halted (i.e. GPC Halt).
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When the wait is terminated by an Event change, each event is tested

in tern and processing of the respective request is done.

For the Keyboard Message_Ready_Event, the event is reset (disabled)

and the DEU_Message_Ready__Flags are tested in a loop from 1 to the
number of DEU's with DEU Number as the loop counter. If a keyboard

message is found, the MCDS_FUNCTION is set as the first keystroke

of the entered keyboard message. The MCDS_Major__Function is taken

as the DEU MF Switch__Setting +l. The data in the input message is
tested for validity with the DEU__Message_Length__Table (for this

DEU) is turned off, and the DEU Poll Flags for the DEU is turned

on. Also a Keyboard error (DU0_Q) i_ output to the DEU. For valid

inputs, the MCDS Functions_Pr0cessor is called.

For the Application_Service_Request__Event, the event is reset (dis-

abled),the MCDS__Function is set to ll, and the MCDS__Functions
Processor is called.

For the MM Read_Complete_Event, the event is reset (disabled), the
MCDS FunctTon is set to i0, and the MCDS Function Processor is call-

ed.

At this point, the infinite loop returns_the User_Interface_Control

Supervisor to the _JAIT, awaiting further inputs via the above des-
cribed events.

d. Outputs - See Table 3.2.1.1 - i.

e. Module References -

I. (104) Wait_Processor(FPMWAIT) is called.

2. (171) Reset_Event_Processor(FPMRESET) is called.
3. (675) Annunciation Macro Interface(D_ MAC) is called.

h. (505) MCDS_FunctionsProcessor(DMC_FUNCTlONS) is called.

f. Module Attributes - Program.

g. Template References -

1. FCOS_Compool(FCMCOM)

2. UI Section of Common__Compool(CZl_Common)

3. GPC__Reconfiguration(ARC_GPC_RECONFIG)

h. UI_FCOS_Shared_Compool(CZ2-Common)

5. UI__GeneralCompool(CDM UI COMPOOL)

6. Annunciation_Compool(CDL_ANNUN)

7. Annunciation_Macro_Interface(DMAMAC)

8. Idle Operational__Sequence (ARB YDLE ORS)

9' ICC__Message_Collector(DIMICCCOLLE_TOR)
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hs

j.

i0. Time _Management Specialist Function (ASC_TIME_MGMT)

ll. Eead/Write_SpeeialistFunction(ASB RD WRT).

12. Display__FormatBuffer l(CDB DFB1 UI)

13. Display_Format_Buffer _2 (DD-_2 _2DF--B)

14. Disp_lay_Format_Buffer_3(CDF 02 3DFB)

15. Display_Format__Buffer_4(CDG 02 4DFB)

16. Display__Format__Buffer 5(CDH-02 5DFB)

17. DFT_Mas s Memo ry__Direc_ory (CDR _2 DMMD )

18. Appli cat ions,Moding Table (CDA P02 )

Error Handling - Messages via the DEU Input_Table are tested for validity

as to MCDS_Function,DEU MF Switch_Setting, and the DEU_Number_Of_Keystrokes.

When they are found to be invalid, GPC Detected_Inpu_Message_Syntax_
Error(DU009) is output to the DEU via the Annunciation Macro Interface.

Constraints and assumptions - none,

Detailed Implementation - none,
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Figure 3.2.1.1-2
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Figure 3.2.1.1-1. User_Interface_Control_Supervisor (DMC_SUPER)
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3.2.1.1.1 MCDS_Functions Processor (DMC_FUNCTIONS) (505)

This processor provides the functional processing necessary to support the

MCDS keyboard. It consists of a series of cases each of which supports a specific

keyboard function key either directly or by a call to the appropriate subroutine.

a. Control Interface -

I. CALL DMC_FUNCTION;

b.

2. CALLed by (500) User_Interface_ControlSupervisor(DMC_SUPER)

Inputs - See Table 3.2.1,1.1-I.

C, Process Description - MCDS Functions Processor receives calls to service

three types of inputs: l) M--CDSor MC_S equivalent (i.e. LDB) keyboard

messages. 2) application service requests, and 3) mass memory IO com-

pletion. Each input is processed as a member of a group of cases whose

case number is specified by the MDCS__Function less the Function_Case_

Offset. The MCDS Function is based upon the Level A description of the
i

MCDS keyboard and the processing required for each function. The Mass

Memory IO Completion (MCDS_Function = 10) comes as a result of the re-

quest (by keyboard or control segment input) of a display whose Display

Format Table (DFT) resides on the MM and requires MM I/O. The applica-

tion service requests (MCDS_Function = ll) are fielded through the Mis-

cellaneousApplication Control Table (MACT). The remainder of the inputs

are through the DEU_Inp--ut_Tabl_ (DIT).

A WAIT for Cyclic_DisplayProcessor to complete processing is done
to prevent a conflict in the use of MCDS Allocation Table (MAT) data.

Initialization data is set as follows: l) GPC ID is moved from FCOS
i

Compoool to local data. 2) the Annunciation_Error_.ID is set to -1 (any

error discovered results in this parameter being set to the appropriate

ID which is in turn annunciated through Annmnciation Macro Interface. A
i I

core saving results in there being only one call at the end of this pro-

cess instead of many scattered throughout the process); 3) the Display_

Request_Level is set to 3 (display) and 4) Bits 9 to 16 of the ICC_Sta-

tus_Word is set to zero to flag a valid ICC return. For keyboard inputs

only, the MCDS MACT Index is set for the given DEU from the Active Con-

trolSegmentMA--CTIn--dex (for OPS or SPEC) and the Keyboard._NextIn_ut is

incremented by one.

The DO CASE which follows consists of 22 cases to support all cur-

rently defi_ed keyboard functions. Some of the cases are left undefined.

The cases are defined as follows with each case number being determined

by MCDS_Function-Function_Case_0ffset.



_--_ NASg-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77
Rev

Page 3.2. i. I.1-2

i.

.

,

Case 1 is the Display MM IO Completion processing. The MM/DFT_I0_

Completion is set to 1 and the MCDS Display Coordinator is called.

Case 2 is the application interface processing. A loop of seven is

set up to check each MACT for an application request through (a) the

MACT_Service_Request_Ready_Events and (b) the MACT ServiceRequest_

Flags. The former indicates which application (M_CT) is making the

request and the latter flags the specific request. If a _CT request

is found, the MACT_Service..Request..Ready_Events is RESET. The Major_

Function._ID, the DEU Number, and the MCDS MACT Index are set respec-

tively from the MaJo[Function_ID (in the--MACTT, the Keyboard_Input_

DEU Number and the Loop_Counter. As each MACT Service Request Flags
is _ound to be Set = 1 (Enabled), it is Reset = 0 [Disable[) and

the service performed. The following outlines each service request:

me For the New Display_Request Flag enabled - if the DEU Number is
-zero (i.e. an OPS), the Dis ay._Request__Level is set To I. The

DisplayRequest_.Number is set to the NewDisplayNumber and MCDS_

DisplayCoordinator is called. The New Display_Number is then
set to zero.

b. For the ITEM.Processing_Complete_Flag - the MCDSFunctlon is

set to zero and the DEU Number is set to the Keyboard_Input_DEU_

Number. If the Loop_Counter is zero (OPS 0-00) the MaJor_Func-

tion__.ID (local) is set to the MAT_Major_Function_Setting for
this DEU. MCDS ITEM Processor is called. The MCDS Functions

is Reset to ll.

C. For the Control_Segment_Termination___Flag_SequenceRequest_
Processor is called with a calling parameter (action type) of

zero.

d, For the GPCReconfiguration_Completion (tested only whom Loop_
Counter is l) Sequence__Request Precessor is called with a call-

ing parameter (action type) of--one (i).

e. Forthe GPC_Secondary__Reconfiguration__Request (tested only when

Loop_Counter is l) - Sequence Request Processor is called

with a calling parameter (action typeT of two (2).

Case 3 is the major function switch change processing. The Major

Function switch change is a pseudo keyboard message generated when

the DEU is switch from one GPC to another or when the MF switch for

that DEU is changed. The DEUDisplay_Support Level, the Display

Level_Page_Number (i to 3) and Reconfiguratio__In_Initialization

are set to zero. The MAT_Major Function_Setting is set to the Major_

Function ID (local). The CRT Status Flag i (freeze) is Reset. If

the secon--d element of the Keyboard_Message is not zero, another GPC

kJ
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6.

7,

.

e

10.

will take control of the DEU and no further processing is done on this

DEU. If zero, the DEU is to be switched to the new Major Function (MF)

with the SPEC or OPS display which may be supported in that MF at that

DEU. If a SPEC is being supported (that is the MCDS MACT Index is not

equal to the Active Control Segment _CT Index for this MF's OPS or the

Active_Control_Segm_nt__CT_Index_ f_r th_s DEU's SPEC and for this

MF then MCDS_Display_Coordination is called to drive the SPEC display.

The MCDS MACT Index is reset to the OPS index from the Active Control

Segment MAtT_Index and the DisplayRequest_Number is reloaded--with th_

Current Display Numbers (the OPS Display). The Display Request Level

is set To 1 (OPt) and MCDSDisplay_Coordination is calle--d to drTve the

OPS display.

Case 4 is the fault summary key processing. The DisplayRequest Level

is set to 3. The Display Request Number is set to 51 (the page _umber

for the Fualt Summary page). MCD_Display_Coordination is called to

request the display.

Case 5 is undefined as no MCDS function has been defined for this number.

Case 6 is undefined as no MCDS function has been defined for this number.

Case 7 is the acknowledge key processing. The Annunciation Error ID is

set to 1 to be passed to Annunciation Macro Interface which--will a--sa

result initiate the acknowlege key processing.

Case 8 is the OPS key processing Sequence Request Processing is called

with a calling parameter (action type) of l_ to pro_ess the OPS request.

Case 9 is the SPEC key processing. Sequence Request Processing is called

with a calling parameter (action type) of 18--to process the SPEC request.

Case I0 is the display key processing. The display request may be an

actual keyboard request with 6 keystrokes or a pseudo request with 2

keystrokes to process the freeze (the second keystroke in Keyboard Mes-
sage_ is a l) or the unfreeze (the second keystroke is a 0. The three

types of processing follow:

a. Freeze - the CRT Status Flag 1 (one time update) and the CRT Status
Flag 2 (Freeze) _re eac_ set. -- --

b. Unfreeze - If the Display Level Page Number for the display (DEU

DisplaySupportLevel = 3_ is z_ro, The Display_Request_evel will

be reset to 1. If the SPEC display (Display Level Page _umber) for

the SPEC is not zero, the DEU_Display_Suppor__Leve_ = is set to 2.

The Display_RequestNumber is set to the Display_Level_Page_umber

indexed by the Display Request_umber. The CRT_Status Flag 1 is
Reset to clear freeze condition.



_____-_--- -.-'- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77
Rev

Page 3,2.1.1.1-

ll.

14.

15.

16.

The Blank_Scratch_Pad_Line_Flag is set to 1 to inhibit the SPL clear.

MCDS_DisplayCoordinator is called to redrive the frozen display and

the Blank_Scratch_Pad_Line_Flag is reset to zero.

Co Display request - the Keyboard Message inputs I to 3 are combined to

form a display number and placed in Display Bequest Number. If this

number is 51 (the Fault Summary page) the Annunciation_Err,riD is

set to zero to be passed to Annunciation_Macro Interface to cause a

clearing of the Fualt Summary page errors. The MCDS_Display_Coordi-

nation is called to drive the requested display to the DEU.

Case ll is the item key processing.

process these inputs.

The MCDS ITEM Processor is called to

Case 12 is undefined as no MCDS function has been defined for this number.

Case 13 is the message reset key processing. The Annunciation_Error_ID

is set to 2 to be passed to _mnunciation Macro Interface which will as a

result initiate the message reset key pr_cessi[g.

Case 14 is undefined as no MCDS function has been defined for this number.

Case 15 is undefined as no MCDS function has been defined for this number.

Case 16 is the CMPTR/CRT key processing. The keyboard message consist of

a GPC number A (A is the second keystroke of Keyboard Message) and a CET

number B (B is the third keystroke of Keyboard Message). The inputs are

valid if A is less than 5 and B is less than 4 and B is not equal to zero.

a. For valid inputs, the second element of the ICCMessageForCMPTR/

CRT Key is packed as follows: bits 1 to 4 are the DEU_Number, bits

5 to 8 are A and bits 9 to 16 are B. The ICC_Message_Collector is

called to pass this message to BusConfigurationChange in each of
the G.P.C.

b, For invalid inputs, Annunciation Error ID is set to 42 {SC009) to be

passed to AnnunciationMacro_Interface.

Case 17 is undefined as no MCDS function has been defined for this number.

Case 18 is the resume key processing. This input is made to terminate a

display or SPEC support at the DEU.

a. If the third element of Display Level Page Number is not zero then

terminate display support as follows:--(1) --DEU_Display_Support_Level

is reset to zero. (2) If the second element of Display_Level_Page_

Number is zero then the Display Request Level is set to 1 and MCDS_

DisplayCoordination is called.
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b, Otherwise, if the second element of Displav__Level__fumber is not
zero, the SPEC is terminated as follows: (i) If the _CDS _ACT Index

is i, the Sequence_equest Processor is called with a calling para-

meter (action type) of zero to terminate SPEC 00, (2) otLe_isc the

Ifeyboard_'lessage !D i_ set to the MCDSJ_m_tio_, hit_ i _o _ o_

_ACT__plication Control_Flags %re set, and the ?Tame of Keyboard

"_essage Event is SET to signal the SPEC control segment to term-
mate normally.

C, Otherwise, the Annunciation Error ID is set to 43 (See Appendix D

for error DU011).

19. Case 19 is undefined as no MCDS function has been defined for this number.

20. Case 20 is the CMPTR/BUS key processing. The keyboard message consists

of a Bus string number A (A is the second keystroke of Keyboard Message)

and a bus ID B (B is the third keystroke of KeyboardMessage). The inputs

are valid if (A is 6 and B is 6 or 7) or both A and B are zero.

a. For valid inputs, the second element of the ICC_Message_For_CMPTR/

BUS_Key is packed as follows: bits 1 to 4 are the DEU_Number, bits

5 to 8 are A and bits 9 to 16 are B. The ICC_Message_Collector is

called to pass this message to BusConfigurationChange in each of
the GPCs.

21. Case 21 is the EXEC key processing. The input is checked for validity

against the current DisplayFormat_Table. An invalid input is one for

which (1) the ITEM PR0 EXEC_Allow is set or (2) the DEU Display Support_

Level is 3 or (3) the Keyboard Verification Table Data bit for this key
is reset. The Annunciation Error ID is se_ to KU (See Appendix D for

errors DU014, DU015, DUO28). For valid inputs, the Keyboard Input_DEU

Number is set to the DEU NUMBER, the Keyboard Message ID is set to the

MCDS_Function, and the Name of Keyboard Message Event is SET.

22. Case 22 is the PRO key processing. This processing is the same as for

the EXEC key. (See case 21 above.)

Case 22 ends the DO CASE. If the MCDS Function is greater than eleven then

the process waits ( i.e. does a loop) until the MCDS Input Busy is off. The DEU

Message Ready Flags for this DEC is reset. If the Reconfiguration In_Progress is

zero, the DEU Pole_Flags for this DEU is set.

If the Annunciation Error ID is not -i, it and the DEU Number are passed in a

call to Annunciation Macro Interface.
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do

e.

f.

g.

h.

Outputs - See Table 3.2.1.1.1-1.

Module References -

i, (104) Wait Processor (FPMWAIT) is called.

2. (520) MCDS_Display_Coordination (DMCDispiay) is called.

3. (510) MCDS ITEM Processor (DMC_ITEM PROC) is called.

h. (560) Sequence RequestProcessor (DMC_SEQ_REQ_PROC) is called.

5. (171) Reset Event Processor (FPMRESET) is called.

.

7.

(170) Set Event Processor (FPMSET) is called.

(480) ICCMessageCollector (DIMICCCOLLECTOR) is called.

8. (675) Annunciation Macro_Interface (DMA MAC) is called.

Module Attributes - Internal Procedure

Template References - none

Error Handling -

i. Invalid CMPTR/CRT key input are rejected with an SC009 error message.

2. Resume key input with 0PS supported is rejected with a DUO!I error message.

3. Invalid CMPTR/BUS key inputs are rejected with a SC003 error message.

.

EXEC key inputs are rejected if incompatible with current format or

current format not supported, or display supported with DU014, DU028,

or DU014 respectively.

i,

J.

PRO key inputs are rejected if incompatible with current format, or

current format not supported, or display supported with DU015, DU028,

DU015 respectively.

Constraints and Assumptions - none.

Detailed Implementation - none.
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I F Active_
Control_
Segment_MACT
_Index For /
SPEC NE 0 /

I
DEU_No
= DEU_

Number (DIT
Index)

Key board_Next
_Input For This
DEU = Keyboard
_Next_Input + 1

Then

Else

MCDS_MACT_
Index = Active_

Control _Segment
_MACT_lndex
For SPEC

MCDS_MACT_
Index = Active_
Control _Segment
_MACT_lndex
For OPS

Figure 3.2.1.1.1-2. MCDS_Functions_Processor

Keyboard_ I nput_ I n itial ization (505.1)
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I I_.FMCDS_ 1_
Function GT I

DEU_Number
(DFT_lndex)
= DEU_No

I
WAIT FOR Not

MCDS_lnput_
Busy

1

I

Set DEU_ 1

Input_Table_
Message_Ready
= 0 (Disabled)

I
I In_Initialization /

I = 0 (Disabled) //

Set DEU_

Poll_Flags
= 1 (Enabled)

Figure 3.2.1.1.1-3. MCDS-Functions_Processor

MCDS_ Functions_Clean_Up (505.2)

xj
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OOFO.,oo.-\ I_MACT- \ ThenI _ ACT-
_= 1 To _ Service_Request _ Servlce_r_equest

MAC,_Co0,.,/l_._y,v..t_/ I-Ready-EventsSet New_Display I

_Request_Flag
= 0 (Disabled)

I
\ I

If DEU- k Then I Display_Request

Number = 0 _-_ Level = t

I

I Display_Request

_Number = New

_Display_
Number

I

CALl- MCDS- I

Display-
Coordinator
(520) Figure

, 3,2.1.1.3-1

I

Number = 0

I Major_Function

_ID (Local) =
Major_Function
_ID (Control
Segment)

I
DEU_Request_

MACT_lndex

I

I MCDS_MACT-

Index = Loop-
Counter

I
l_ New_Diso,ay\
|_Request_Flag = ,--

1 (Enabled) _

I
Pr'--oces$ing-- Processing _
Complete_Flag Complete_Flag
= t (Enabled) = 0 (Disabled)

I
MCOS_Functlon
= 0 DEU-
Number =
Keyboard_
Input_DEU_
Number

!

Counter = 1

I

Call MCDS_ I

Item_Pr0cessor
(510) Figure
3.2.1.1.2-1

Major_ !

Function ID =
MAT_Major_
Function Setting

MCDS_Function
=11

I,F Co.trol_ \ I
_gment_ _ Then I Control_Segment
Termination- _ _Termination_

Flag 1 (Enabled/ lFlag 0 (D'sabled'

,J
If Loop-- Reconfiguratloo
Counter = 1 (505.11} Figure

3.2_1.1 .I -2

f CALL Sequence_

Request_
Processor (560)
Figure 3.2.3.1-1

Figure 3.2.1.1.1-4. MCDS_Functions_Processor
Application_l nterfece (505.3)
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DEU_Display-

Support_Level

=0

Display_Level_

Page_Number
= 0 For All

Three Levels

Reset CRT_

Status_Flag 1

= 0 (Disabled)

I__FFKeyboard_

Message
(Keyboard 2)

=O

Reconfiguration

_In_
Initialization

= 0 (Disabled)

Then

Display_Request

_Number = 0

Current_Display

_Number

I
IF MCDS_MACT_

Index NE Active Control

_Segment_MACT_lndex

For This MF/OPS

OR Active_Control_

Segment_MACT-Index
For This MF/SPEC = 1

Display_Request
_Level = 1

(OPS)

_1_
CALL MCDS_

Display_

Coordination

(520) Figure
3.2.1.1.3-I

CALL MCDS_

Display_
Coordination

(520) Figure

3.2J.1.3-1

MCDS_MACT_

Index = Active_

Control _Segment_
MACT_lndex For

This MF/OPS

Display_Request
_Number =

Current_Display

_Number (For

OPS)

Figure 3.2.1.1.1-5. MCDS_Functions_Processor

M F_Change (505.4)
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Display_Request
_Level = 3

Display_Request
_Number = 51

Call MCDS_
Display_
Coordinator
(520) Figure
3.2.1.1.3-1

Figure 3.2.1.1.1-6. MCDS_ Functions_Processor

Fault_Summary (505.5)
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I Display_ I

Request Level

=3

Then

Then

IF Keyboard__ ___

Message $(1 }

=1

__ Display _ Request _Nu mber

= (IOO Keyboard_Message

$(2) + ID Keyboard_

Message $(3) + Keyboard

_Message $(4)

LF Display -L_ Then

1

CALL MCOS_

Display_

Coordinator

(520) Figure

3.2.1.1.3-1

Set CRT_

Status_Flag3 = 1

(Enabled)

I

Set CRT_ 1

Status_Flag 1

= 1 (Enabled)

IFDisplaY- k Then I

Level Page_

Number $3 = 0/ I

Display_Request

__Number =

Display_ Level-

Page_Number

$(Disptay_

Request Level}

l
Set Blank_

Scratch_Pad_

Line_Flag = 1

(Enabled)

[
CALL MCDS_

Display_

Coordinator

(520) Figure

3.2.1.1 3-I

l-
Reset Blank

Scratch_Pad_

Line_Flag = 0

(Disabled)

Annunciation_

Error_l D = 0

DEU_Display_ I

%Ppo't-Le_e_I

'<t !Display_Request _Level_

iFDisplay_ _ I ,I =1

_vel_Page_

Display-

__Re2quest-Lever

Figure 3.2.1.1.1-7. MCDS_Functions_Processor

Display-Key (505.6)
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IF Keyboard_

Message $(2) LT \

5 AND Keyboard T_._..___
_Message $3 LT
4 AND Keyboard / I

_Message $3 NEO/ J

ICC_Message_
For_CMPTR/
CRT_Key $(2)
Bits 1 To 4 =
DEU_Number

i

ICC_Message_
For_CMPTR/
CRT_Key $(2)
Bits 5 To 8

Keyboard_
Message $(2)

_L
tCC_Message_
For_CMPTR/
CRT_Key $(2)
Bits 9 To 16 =

Keyboard_
Message $(3)

!
DO_UNTIL

ICC_Status_
Word = 0

i

Elsie Annunciation_

Error I D = 42

(SC009)

CALL ICC_

Message_
Collector (480)
Figure
3.1.3.2-1

Figure 3.2.1.1.1o8. MCDS_Functions_Processor

CMPT_CRT_Key (505.7)
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IF Display_

-_evel _Page_

Number NE 0 DEU_Disptay.
=S%pport_ Level

Display_ Level_

Page_Number
$(3) = 0

I
IF Display_
Level _Page_
Number $(2)

=0

I
CALL MCDS_

Display_

Coordinator (520)

Figure
3.2.1,1,3-1

I.F Display_ >

Level _Page_
Number $(2)
NE0

Then
E_

Display_Request
_ Level = 1

t __

I._EFMCDS_ =_____

MACT_lndex
1

Annunciation_

Error_lD =

43 (DU011)

CALL Sequence_
Request_

Processor (560)

Figure 3.2.3.1-1

Keyboard_
Message_l D =
MCDS_Function

mL
Set MACT_

Application_

Control_Flags =
111 (Enabled)

SET Name_Of_

Keyboard_

Message_Event

Figure 3.2.1.1.1-9. MCDS_ Functions_Processor

Resume (505.8)
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tF (Keyboard_Message k !

$(2) = 5 AND (Keyboard _k I
_Message $(3) = 6 OR \ I
Keyboard_Message $(3) T__T_h_
= 7)) OR (Keyboard_
iessag-e-$(2) = 0 AND _f I I

Keyboard_Message $(3) /f I

=oi I I '

ICC_Message_
For_CMPTR/
Bus_Key $(2)
Bits 1 To 4 =
DEU_Number

1
ICC_Message_
For CMPTR/
Bus_Key $(2)
Bits 5 To 8 =

Keyboard_
Message $(2)

I

ICC_Message_

For CMPTR/Bus
_Key $(2) Bits
9To 16 =

Keyboard_
Message $(3)

]
DO_UNTIL
ICC_Status_
Word = 0

Elsie Annunciation_

Error_lD = 40
(SC003)

CALL ICC_
Message_
Collector (480)

Figure
3.1.3.2-1

Figure 3.2.1.1.1-10. MCDS-Functions_Processor

CMPTR_Bus_Key (505.9)
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IF Item_PRO_EXEC_

Allow = 1 OR DEU_

Display_Su-'_ort_

Level = 3 OR

Key boa rd_'_erification

_Table_Data = 0

Then

Else

Annunciation_

Error_lD = 40

(DUO 14, DUO

15, DUO 28)

Keyboard_

Input_DEU_

Number = DEU_

Number

Keyboard_

Message_lD =

MCDS_Function

_t_
SE___TName_Of_

Keyboard_

Message_Event

Figure 3.2.1.1.1-11. MCDS_Functions_Processor

Application_Key (505.10)
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I_FGPC_ X

Reconfigu ration _..
_Completion =

2 (Enabled) /_

IF GPC_ k

Secondary_
Reconfiguration
Request = 1

(Enabled)

Set GPC_

Reconfigu ration_
Completion = 0
(Disabled)

lm

CALL Sequence
_Request_
Processor (560)

Figure 3.2.3.1-1

Reset GPC_

Secondary_
Reconfiguration_
Request = 0
(Disabled)

lu

Call Sequence_
Request_
Processor (660)
Figure 3.2.3.1-1

Figure 3.2.1.1.1-12. MCDS_Functions_Processor
Reconfigurator (505.11)
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3.2.1.1.3 MCDS_Display_Coordinator (DMC_DiSPLAY) (520)

s

MCDS_Display_Coordinator searches all Display Format Buffers (DFB's) to de-

termine the starting location of the Display Format Table (DFT) containing the re-

quested display number. If found, it updates the MCDS Allocation Table (MAT)

and performs the logic necessary to control output of the background FCW's to the

DEU. If not found, it initiates a Mass Memory read to load the proper DFT into
the buffer.

a. Control Interface -

i. CALL DMC DISPLAY

2. a.CALLed by (505 ) MCDS Functions Processor (DMC FUNCTIONS)

b.CALLed by (560) Sequence_RequeSt_Processor (DMC_SEQ-REQ_PRQC)

b. _-

See Table 3.2.1.i.3-1

C, Process Description - MCDS Display Coordinator receives requests for new

displays based upon i) keyboard inputs, 2) MF switch changes at a DEU

3) status change of a DEU (FREEZE), and 4) requests via initiated con-

trol segments. There are five Display Format Buffers (DFB's) which con-

tain the Display Format Tables (DFT's) necessary to support a given

display request. DFB i contains permanently resident displays. DFB 2

contains displays resident for a given MF overlay. DFB 3 contains dis-

plays resident for a given program overlay. DFB 4 and DFB 5 are buf-

fers set aside for displays to be read from the Mass Memory (MM) as

needed. The MM addresses to these displays are contained in the DF2 MM

Directory (DMMD). Each of the five DFB's are searched for a display.

If found, the MCDS_Allocation_Table (MAT) is updated and the background

is output via New__DisplayProcessor. If not found in one of the five

DFB's, the DMMD is searched to determine _f the required display is

available on the MM. If found, the necessary I/O is initiated to obtain

the DFT for the requested display (provided DFB 4 and DFB 5 are not both

busy with a previous display request) into DFB 4 or DFB 5. A subsequent

request for the display will be made by MCDS_Functions Processor when

the I/0 is complete should any error be encountered (i_e., IO error to

MM or DEU, requested display not found, DFB 4 and 5 busy, etc.) an appro-

priate error will be annunciated via the Annunciation Macro Interface.
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d. Output s -

e,

f,

g,

h.

i°

J ,

See Table 3.2.1.i.3-1

Module References -

i,

2.

3.

(600) New_Display_Processor (DMC_NEW_DISPLAY) is called

(675) Annunication Macro Interface (DMA-MAC) is called

(104) Wait Processor (FPMWAIT) is called.

Module Attributes -

Internal Procedure

Template References -

None

Error Handling -

1. Display not found in DFB 1 requested during GPC reconfiguration

rejected with a DUO28 error.

2. Invalid display request rejected with a DU010 error.

3. Buffer not available for MM DFT error indicated with a [UOI6 error.

Constraints and Assumptions -

i,

2,

All displays will be formatted into DFT's via the offline Display_

Format Cenerator (DFG)

Each memory configuration will contain valid DFB's 2,3,4, and 5

and a valid DMMD.

Detailed Implementation -

See Figure 3.2.1.i.3-1

kJ
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Read_Pending_
Indicator = DFB
_Read_Status + 3

l
IF DFB_4/5_ k
NameS(Read_ _k
Pending_
Indicator; 1) = /

Hex "0000" /

Then DFB_Read_
Status = 0 1

__IF MM/DFB_ID_
-Completion

NE0 /

Then
F_lndex = 3

DFB_4/5_
Name $ (Read_
Pending_
Indicator; 1) =
Hex 'FFFF'

Figure 3.2.1.1.3-2. MCDS-Display_Coordinator

D FB-Buffer_Status (520.1)
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IF Display_

Request_Level

2 AND DEU_

Number = 0

Then

Else

Start_DEU = 1

End_DEU = 3

Start DEU =

DEU Number

End_DEU =

DEU_Number

DO_FOR K_

-- Start_

DEU To End_

DEU

IF Mat_Major_ k

Function_Setting _

TDMaj°r-Functi°/

Then Valid DEU =

K_lndex

Figure 3.2.1.1.3- 3. MCDS_Display_Coordinator
DEU_Find (520.2)
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I_F Display_ >

Request_Level

=3

Then

Keyboard_

Verification_

Table_Data $ (DEU_

Number ) = KVT_

Data_Save $ (DEU_

Number)

IF DFB_Read_ _

Status NE 0 /

Then

Else

Display_Request

_Status = 4

Perform DFB_

Search (520.5)

igure 3.[.1.1.3-6

IF Display_

Found_lD GT O/

Then

Else

DFB_Number =

DFB_lndex

Perform Display_

Processor (520.6)

Figure 3.2.1.1.3-7

Display_Request

_Status = 6

Figure 3.2.1.1.3-4. MCDS_Display_Coordinator
IO_Display_Complete (620.3)
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Perform DEU_ ]

Find (52(]2)

Figure 3.2,t .1.3 3

I IF Display_ >

Request _ Level
LT 3

Figure 31!.f,3g

f
Then / OFB Buffer_

1Number= 1DF8

_Number=lDFB_Number

=0

Perform DFB_

Search (620.5)

F igure 3.2 1.1,3-6

I
[ o,o.y\

Four_ IO GT O/

Perform Display I

Then _Processor

f (520.6) Figure

3.2.1.1.3-7

Else I FMPT_Error_

ID = 40 Display_

Request_Status
=7

IF (AMT_TaSle_Vatid = 0 _ [

AND (DPB_lndex = 2 OR _, I

D--__Index = 3)) OR (DFB

_Index > 3 AND Display_ / _ J

Buffer_Allocation_Indicator / J J
$(DFB-Index - 3) NE O) / | J

Perform DFB_ J

Search 1520.5) J

Figure 3 21.1.3"6 I

I LF Display X

Found_lD GT 0/

Then

OFB_Number = 1

DFB_lndex

T IPer'o.mDi.p,.yI
nen j Processor (520.6)- I

I lP_r,o,_D..o_]
I Else | Display_ J

Processor |520.9l |

J Figure 3.2,1,f ,3-10 1

Figure 3.2.1.1.3-5. MCDS-Display_Coordinator

DMM D_Dizplay _Proceszor (520.9)
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OFB Offiet

tndex = 1

I

I IF OFB Index

_'T3

I

D_play Found I

_D ± 0 Numb_*r

Of .DFT_ _ 0

.

_undOOiD:WHILED

DFB Offset

Numb_ Of_ I

O_spfays Bils
13To 16 Of DFB

Names S(DFB

Indew, DFB

Of fset_Index)

I

IDFT Length =

DFB_Names $ ( I

_,,o %,_,,2d,%°,?I

1

I
Index - 1 To

Number Of-

Display WHI LE

splay= Found

IF Display_ >

F-ound _ID = 0

Flight Software
Part 2

Date 2128/77
Rev

Page _ ? 1 _._-z]

I Display_Found

IO = -1

Bit _Value _ I

OFB_Name S$

(DFB_tndex:

OFB._Offset_

Index 4- 4 + J_

Index

I

DFT MF = Bits ]

1 To 2 Of Bit_

Value

T
Bits 3 To 16 Of

Bit_Value

I
Display Request_ Display_Four_l _

Number AND Th_n IO = DFB_

(DFT_MF = O OR Offset_Index

DFT_MF = Major / I
_Function_lD)

OFT_Offset

Index = OFT_

Offset Index

DFT Length

1
DFT_ ; Number

_Of_OFT_ + 1

Figure 3,2,1,1.3-6, MCDS_Display-Coordinator

OFB_Search (520,5)
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LF Display_
Request_Level
LT 3

Then

Current_Display
_Number $
(MCDS_MACT_

Index) = Display_
Request_Number
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Bits _ To 2 Of Bit

_Value = Major_
Function_lD Bits
3To 16Of Bit_

Value = Display_

Request_Number

J
DO_FOR K_Index = Start_

DEU_TODEuEnd_ /

I LF MAT-Major_ k
Function_Setting
$ (K_lndex) =

M_jo°r -Fu nction /

Then WAIT FOR NOT

Cyclic_In_
Process_Event

I
DFB_Number_

For_Processing_
Display = DFB_
Number

I i

Display_Level_

Page_Number $
(K_lndex; Display
_Request_Level)

= Display_Request
_Number

Processing_Display
-DFB_lndex $ (K

_Index; Display_
Request_Level) =
DFB_Offset_lndex

I
SET CRT_Status

_Flags $ (K_
Index) = 1
(Enabled)

I
,FOisp, y_ \
R'equest_ Level = _,

DEU_Display_
Support_Level f

AND Bits 1 To 2 /
Of CRT_Status_ /
FI_Js = 0 _Dis_blecl_/

I

Figure 3.2.1.1.3-7. MCDS-Display_Coordinator

Display-Processor (520.6)

Then [

Perform New_

Display_Call
(520.7) Figure
3.2.1.1.3-8
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DEU_Display_

Support_Level $
(K_lndex) = 0

New_Display_
Status = 0

Keyboard_
Verification_
Table_Data $

(K_lndex) =
HEX "0000'

DEU_Number =
K_lndex

CALL New_

Display _Processor
(600) Figure
3.3.1.1-1

1

I F New_DisplaY_l _
--_Status = 0

t

Then

EIs_

Display_Number

_With_Major_

Function_Setting
$ (K_lndex) =
Bit_Value

ICC_Status_

Flags $ (3; K_
Index + 6) = 1

(Enabled)

1

IF Display_

Request_Level
NE3

FMPT_Error_
ID=5

Then

D FT_Length =
Display_Buffer_
Name $ (DFB_

Number; DFB_
Offset_Index + 2)

I
Display_Found_
ID = DFT_

Length + DFB_
Offset_Index

1
Keyboard_Verification_
Table_Data $ (K_lndex)

= Display_Buffer_Name
$ (DFB_Offset_lndex;
Display_Found_lD)

Scaler_Limits_Offset

$ (K_lndex) = Display
_Buffer_Name $ (DFB

Offset_Index; Display

_Found_lD + 1) + DFB
_Offset_Index

General _Limits_Offset

$ (K_lndex) = Display_
Buffer_Name $ (DFB_

Offset_Index; Display_
Found_ID + 2) + DFB
_Offset_Index

Item_Start_

Offset = Display_
Found_lD + 3

Figure 3.2.1.1.3-8. MCDS_Display_Coordinator
New_Display_Call (520.7)



- ==__--_--:
--_-- _-- NAS 9-14444
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77
Rev

Page 3.2.1.i. 3-16

DO_FOR K_I ndex = Start_

DEU To End_ /
DEU /

IF MAT_Major_Function k
_-Setting $ (K_lndex) =

Major_Function_lD AND
Display_R equest _ Leve-_-- ,/
GE DEU_Display_Support /

_Level $ (K_lndex}

Then

Keyboard_ I

Verification_
Table_Data $
(K_lndex) =
H E X '0000'

Figure 3.2.1.1,3-9. MCDS_Display_Coordinator
KVT_Clear (520.8)
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tO_D_sPIaV

Buffer_Count $

(1) = 0 IO_

Display _Buffer_

Count $ (2) = O

DFB_lndex = 0

I DO_FOR I_ k

_To 2 \
WHILE DFB_ /

Number = 0 /

DO_FOR J_
Index _ T TO 3/

F_lndex = DFB_Number_For

Processing_

Display $ II
Index; J_tndex}

I
l,FF_,o0ox ,\

OR F_index = 5/

Then

IF Display_

B-uffer_ \

Allocation_

Indicator $ {1_/
Index) = O /

/

Then Display_Found_liD = ID_Display

I -Buffer-Count $

{l_lndexl

Then

I IF DFB_Number_
_T0 /

IF Display_

F-ound_ID = 0

OR {Display_ _t

_oound_lD = 1

AND IO_Display _t

----_el $ (1_ _ Then

Index) = 3 AND I

Display_Request I

_Level = 3 AND /

IO_Display_U jf

: DEU_Number) /

I Perform Continue 1

_DMMD(S20.10I

I Elae I --Status = 3 l

FMPT_Error_ I

l

Flight Software
Part 2
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Rev

Page 3.2.1,I.3-17

Display_Found_ ]

tO = F_lndex-3

IF Display_

B-uffer_

Allocation_

Indicator $

IDisptay_Found#

_ID)= 0 /

Then

IF_Display_

Buffer_Count $

{Display_Found_

ID) = IO_Display

_Buffer_Count $

( Display _Found

_ID) + t

DFB_Number =

I_lndex

IO_Display_

Level $ (Display_

Found ID)=

J_lndex

1
i IO_Display_

DEU = I_lndex

Figure 3.2.1.1,3-10. MCDS_Display_Coordinator
DMMD_Display_Processor (520.9)
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I DFB 4. Read

Th,m MM _Address

I DFB_5 Read

MM_Address =

Block. Strir]g

B_J_[ef S_a_us

[520 11 Figure

I32 ||32

Then | Display Requegt

IStatus = 4

Device MM t

Or MM 20P Code

: 3 Tabte

321 13-2

Device = MM I

Or MM 20P

Code = 3 Table

32.11.32

I
LF DFR Read

Stalu_ NE O ' I
{OFB N_mbe=] = MCDS .

MACT_Index DFB Index |
DFR Number + 3 DFB_ IPointe[ $ (OFB_Store

Index} = DFB_Number DFB m
Slore Index = DFB Store I

i Index + I |

J

1
IF Display_

Request Level

=3

Then

KVT_Data

Save $ (DEU

Number) =

Keyboard_

Verification

Table Data $

{DEU _Number )

Perform KVT

-- Clear (520 8)

Figure 3 2.1 1,3 9

i

Figure 3.2.1,1.3-12. MCDS_Display_Coordinator

MM_Read (520.11}
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3.2.2 Application Control

Control Segments are functional components of the software system. All

operational sequences and specialist functions shall conform to the constraints

of control segments. A grammar (See Appendix H) consisting of HAL macros defines

the limits and constraints of control segments.

Control segments (i.e., OPS and SPEC) shall conform to the fo!!owing operational

requirements:

a. Control segments and their inputs via MCDS are bound to the current

display.

b. Sequencing may be a function of MCDS input or event.

C, OPS may be entered at multiple entry points (MODEs); SPEC amy be entered

at only the topmost point of their logic.

d. The path through an OPS or SPEC is defined by the application.

e. An OPS may not initiate a SPEC.

The structure of the control segment and the service required from User Interface

is provided through the grammar macros provided by User Interface and jointly

supported by Application Control and the User Interface Control_Supervisor. The

control segment defines three levels of proces--sing: (1)--0PS or SPEC, (2) Mode

(OPS only), and (3) Block. Each level is provided with two levels of application

processing: (i) Initiation and (2) Cleanup. The block has an additional level

required to satisfy the requirements of the display defined for the block level,

It is at the block level that the display is requested. The blocks are associated

with the display pages in aD _rder!y sequence on a one-for-one basis. The

numbering scheme defines the structured format of the blocks.

Application Control provides the control necessary to maintain user control

of the application programs. It also provides display and control services to

the application through the control segment. The control and services are pro-

vided through the grammar macros by (1) Display_PresentationAnd_Control, and

(2) Appiication_ModingAnd_Sequensor. (See Application Control Hierarchy,

Figure 3.2.2-1).
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Operations
Control
3.2

User
Interface
Control
3.2.1

Application
Control
3.2.2 Memory J

Overlay
Coordination
3.2.3

Display_
Presentation_
And_Control
(Display) (540)
3.2,2_1

Application_
Moding_And_
Sequensor
(DNX_BMS)
(550) 3.2.2.2

Figure 3.2.2-1. Application Control Hierarchy Diagram
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3.2.2.1 Display__Presentationand_Control (DIS__PLAY) (540)

This process provides the User Interface logic required for an application

control segment to initiate a display and wait for a response.

a. Control Interface -

i. CALL DISPLAY (DIS_PLAY_NUM, DIS_MACT,LNDEX);

2e CALLed by (a) (810) idle_(0perational Sequence (ARB IDLE 0PS)
(b) (910) Read/Write Special--ist Functi0n TASB _D WRT)

(c) (950) TIME MANAG_4ENT_Specialist_Function (ASC
TIME MG_)

b. Inputs - See Table 3.2.2.1-i

Co Process Description - Display Presentation And Control is entered by the

control segments under two conditions: (1)--new--Display Request, and (2)

to continue processing after servicing a user input. The data via the

calling sequence are: (1) the Required Display Number and (2) the _CT-Index.

The Application Service_Event Flag is reset = 0 (Disabled). If the Con-

trol Segment First Display Entry Flag is set =2 (Enabled), it is reset

=0 (_isabled_ and _he INIT--Block--flag is set =i (Enabled). Further, if

the RequiredDisplayNumber is not equal to the Current Display Number,

the NewDisplayRequest Flag,s set =l (Enabled), the New_DisplayNumber

is set equal to the Required DisplayNumber and the Application_Service_

Event Flag is set =l (Enable_). The following processing describes the

ELSE processing to the above described THEN processing. If the NEW_Block_

Number is greater than or equal to zero, the ControlSegmentBlock

Termination Request is set =l (Enabled). Further, if the New B10ck_Num-

ber is greater than zero and the Current Mode_Number is greater than or

equal to zero the New Mode_Number is computed as the remainder of the

Current Block Number divided by 1000 which is then divided by 10,

(Note: the Current_Block_Number is set by the Grammar macro - CHANGE

(See Appendix H - when a new mode or ops request is made). If the New_

Mode Number is not equal to the Current Mode Number, a mode switch is

being requested the ControlSegment_Mode_Termination_Request is set =l

(Enables). In either case the New Block Number is set to the remainder

of the New Block Number divided by 10. A return to the calling program

is made to finish block change processing.

If the Keyboard Message_ID is ITS,{ (See Grammar Macros Appendix H) or

ITEM EXEC then the Item_Processing Complete Flag is set =l (Enabled)

and t--heApplication Service Request Event is set =l (Enabled).
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d,

e.

f,

g.

h,

i.

J.

The Keyboard_MessageID is set to zero. If the Application_Service_Re-

quest Event Flag is set = i (Enabled), then the MACT_Service_Request_

Ready,Events is set and the Applicati0h_.Service__Request Event is SET.

This process then WAIT(s) for Name_Of_KeyboardMessage Event or OPS_

Advance Event or Mode Advance Event or Block Advance Event. If the

NameOf_--KeyboardMessa--geEven_ is SET, then _t is RES--ET otherwise the

following processing is done. The Control_Segment_BlockTermination_

Request is set = 1 (Enabled). If the 0PS Advance Event was SET then
the Control Segment Mode Termination Request and--the Control Segment

Termination--_Request--are etch set = 1 VEnabled). If the Mode _dvance__--

Event was SET then the ControlSegment_ModeTermination_Request is set

= 1 (Enabled).

Outputs - See Table 3.2.2.1-1

Module References -

i,

2.

(170) Set Event Processor (FPMSET) is called.

(171) Reset Event Processor (FPMRESET) is called.
m

Module Attributes - External Reentrant Procedure

Template References -

i. UI_S ect ion 0f_Common_Compool (CZI_COMMON)

2. UI_General_Compool (CDM UI C0MPOLL)

Error Handling - NONE

Constraints -Calls must be made by Grammar Macros (See Appendix H)

Assumptions - NONE
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Set New Display

_Request_

Flag = 1

(Enabled)

1
Set New_Display

_Number =

Required_

Display_ Number

_m

Set Application

__Service_Event

_Flag = 1

(Enabled)

Perform

Program_

Control (540.2)

Figure 3.2.2.1-3

EIs____/__e

IF New_

Block_

Number

GEO

Then

Set Control_

Segment_Block_

Termination_

Request = 1

(Enabled)

]
Perform Mode_

Transaction_

Check (540.1)

Figure 3.2.2.1-2

RETURN

(To Calling

Program)

Figure 3,2.2.1-1. Display_Presentation-And_Control (DiS_PLAY)
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t F Keyboard_

Message_lD Is
Item Or Item_
Exec

Then
Set Item_

Processing_
Complete_F lag
= 1 (Enabled)

IF Application_ _ Then

Service_Event_

Flag = 1 (Enabledy
/

Set
Keyboard_
Message_lD
=0

,, ,..

i

WAIT FOR

1) Name_Of_Keyboard_
Message_ Eve nt

O_z_r2) OPS_Advance_Event

Or 3) Mode_Advance_Event

Or 4) Block_Advance_Event

SET MACT_
Service_ Request
_Ready_Event

_J
SET

Application_
Service_ Request
_Event

Set Application_
Service_Event
Flag = 1
(Enabled)

i

Perform Display_
Event_Check
Figure 3.2.2.1-4

Figure 3.2.2.1-3. Display_Presentation_And_Control
Program_Control (540.2)
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3.2.2.2 Application Moding and Sequencor (DNX_BMS) (550)

This processor establishes communication between a control segment and

the User_Interface_Control__Supervisor and provides the logic to control the

flow through the modes and/or blocks of the control segment.

a. Control Interface -

i. CALL DNX BMS(DNX LEVEL)

-  SYGN(DNX_MACT_INDEX);

w CALLed by a) (810) Idle_Operational_Sequence (ARB IDLE OPS)

b) (910) Read/Write_Specialist Function--(ASB--RD WRT)

c) (950) Time Management_Speci_list_Function--(A_C_TIME

MGMT)

b. _- See TAble 3.2.2.2-1

Co Process Description - This process is called from control segments by

the GRAMMAR macros (See Appendix H). On first entry, the CSMACT_Index

is zero.This indicates an initial SCHEDULE of the CS requiring inlali-

zation of the Miscellaneous_ApplicationControl_Table copy pointed to

by the CS Index To MAC2. Any further entries will be for the purpose

of a CS, Mode, or Block level processing.

For the initial entry, the Current OPS Number is set to the New OPS

Number, the Current Mode_Number is set to the New_ModeNumber -1 and

the Name Of Keyboard Message Event is set to point to the corresponding
element VCS--MACT INDEX) of tKe Keyboard Message Ready Event Array. The

following d_ta items are initialized to--zero: 1T Curr_nt DiSplay Number,

2) Current Block Number, 3) New 0PS Number, 4) New Mode Number, K) New_

Block_Number, 6)--MACTService#equ_stFlags, and _) MATTApplication

Control_Flags. The MACTService_Request_Ready_Events is RESET. The

MACT_IndexEvent is SET to signal Sequence_RequestProcessing that the
required initialization has been completed.

All further processing is based upon the CS Process Level and is pro-

cessed by case with case i (CSProcess_Leve_ = I) f_r the OPS/SPEC level,

case 2 for the mode level and case 3 for the block level.

The 0PS/SPEC (Segment) level is reserved for control segment termination,

The Control_Segment_.Termination_Flag is SET, the Control_Segment_Termina-

tion__Request is reset, the MACTServiceRequest_Ready_Events is set, and

the Application_Service_Request Event is SET to signal the User.Interface_

Control__Supervisor of the control segment termination request.

The Mode level is reserved for Mode to Mode transitions which may include

OPS CLEAN UP (structured to be Just another mode - see grammer macros).
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e.

f.

g.

The ControlSegmentModeTermination_Request is reset, the Current_

Block_Number is set to zero, and the INIT Block Flag is reset. If

the ControlSegmentTerminationRequest is set, the Current Mode

Number is set to l+ Number Modes. Otherwise, if the New Mode Number

is zero, the Current Mode Number is incremented by 1. For non zero

the Current_Mode NumKer is incremented by 1. For non zero NewMode_

Number, the Current Mode Number is set to the New Mode Number and
the New Mode Number is set to zero.

The block level is reserved for block transitions, for mode or SPEC

terminations, or for block to block transitions. The ControlSegment

BlockTerminationRequest is reset, the Control_SegmentFirst Display_

Entry_Flag is set, and the NameOfKeyboardMessageEvent is reset. If

the ControlSegmentModeTermination_Request is set or the Control Seg-

ment_TerminationRequest is set, then the processing required is as
follows :

If the Current_Mode Number is less than zero, this is a SPEC termination

with the SPEC Clean_Up block given by the Termination Sequence Index +I.
Otherwise it i--sa mode termination with the pointer (To the move clean up

block) into the OPS Moding Data given by ModeDataArray_Pointer indexed

by the Termination Sequence Index plus the Current Mode Number minus 1.

The Current Block_Number is given by the integer value of the last 4 bits

of that 32 _it array.

For a block change, if the New Block Number is less than or equal to zero

the Current Block Number is incremented by i; otherwise the Current Block

Number is set equal to the NewBlock_Number. In either case, the NewBlock
Number is set to -1.

Outputs - See TAble 3.2.2.2-1

Module References -

10 (171) Reset Event Processor (FPMRESET) is called.

2. (170) Set Event Processor (FPMSET) is called.

Module Attributes - External Reentrant Procedure.

Template References -

i. UI_SectionOf_CommonCompool (CZI_COMMON)

2, UIGeneralCompool (CDM_UICOMP00L)

3. Applications_Moding_Table (CDAP02)
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h. Error Handling - NONE

i. Constraints - CALLs must be made by the Grammar Macros

J. Assumptions - NONE

h. Detailed Implementation - NONE

(See Appendix H)
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Enter )

1
FCS_MACT_
Index = 0

Then

Perform Moding_ I

Initializer (550,1)

Figure 3.2.2.2-2

DO CASE

CS-Process
_Level

Return

Set Control_

1 Segment
Term ination _

Flag = 1
(Enabled)

Set Control_

Segment
Termination_

Request = 0
(Disabled)

I
l SET MACT_

Service_Request_

Ready_Event Set
CS_MACT_Index

= 0 (Disabled)

1
SET

Application_
Service _ Request
_Event

Perform Mode_

_ Level_Case

(550.2) Figure
3.2.2.2-3

3_2___
Perform Block_

Level _Case

(550.3) Figure
3.2.2,2-4

Figure _,2.2.2-1. Application_Moding_And_Sequencor (DNX_BMS)
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Figure 3.2.2.2-2. Application_Moding_And_Sequencor

Moding_!nitializer (550.1)
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Set Control_ !

Segment_Mode_
_Termination
= 0 (Disabled)

1,
Set Current_
Block_Number
=0

Set Init_

Block_Flag
= 0 (Disabled)

r

r
IF Control_
Segment
Termination_
Request = 1

(Enabled)

Then

Else

i

Current_Mode_
Number = 1 +
Number_Modes
$( Termination_
Sequence_ Index

New_Mode
Number = 0

Then

Else

Current_Mode l

_Current_Mode
_Number + 1

Current_ Mode
_Number = New
-Mode_Number

New_Mode
_Number = 0

i

Figure 3.2.2.2-3. Application-.Moding_Sequencor
Mode_ Level-Case (550.2)
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Set Control_
Segment_Block
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Request = 0
(Disabled)

[
Set Control_

Segment First_
Display Entry_
Flag = 1
(Enabled)

lm

SET
Name_Of

Keyboard_

Message_
Event

LF Control_Segment_

Mode_Termination_
Request OR Control_
Segment_Termination
_Request

Then

EIs.__.e_e

I_F
Current
_Mode_
Number

LT 0

IF
Current_
Block_
Number
<OR =0

Then

Else

Then

Else

Current_Block_
Number =
Termination_

Sequence_
Index + 1

Block_Index = Mode_
Data_Array_Pointer
$(Termination_

Sequence_Index +
Current_Mode_
Number_l)

Current_Block_

Number = Integer
(OPS_Moding_
Data $ (Block_
Index) + 1

I Current_Block_

Number = Current
_Block_Number
+1

Current_Block_
Number = New_
Block_Number
+1

Figure 3.2.2.2-4. Application_Moding_Sequencor
Block_Level_Case (550.3)
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3.2.3 Memory Overlay Coordination

The FCOS has the capability to perform overlays from mass memory. Program

overlays are limited to points of operational sequence transition. OPS transitions

involve the orderly termination of current OPS processes, memory overlay, and OPS

initiation. Memory overlay may involve one or more GPC's in simplex or redundant

sets requiring system reconfiguration of the GPC's. The transitions are initiated

by user input which must be verified with current functions and with current and

requested GPC status. Memory Overlay Coordination must verify and coorindate all

processing associated with the initiation of the requested memory ocerlay. Memory

Overlay requirements are satisfied by SequenceRequestProcessing and GPCReconfi--
guration.

Sequence_Request_Processing must verify the OPS transition request, provide

for the overlay termination of current OPS processes and the initiation of the

requested OPS process.

GPCReconfiguration must form the GPC reconfiguration and invoke the FCOS

Program Overlay service to perform the program overlay.
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3.2.3.1 Sequence_Request__Processor (DMC__SEQ__REQ__PROC) (560)

w

SequenceRequest_Processor provides the logic necessary to validate 0PS

requests, perform 0PS to 0PS transitions,perform mode to mode transitions, validate

SPEC requests, perform SPEC scheduling, and provide reconfiguration processing

pertaining to the formation of redundant GPC operation.

a. Control Interface -

i.

2.

CALL DMC SEQ REQ PROC (Action Type)

CALLed by (5_5) MCDS Function___Processor (DMC FUNCTTONS)

b. Inputs - See Table 3.2.3.1

Co Process Description - This procedure will respond to four (4) types of

requests as specified by the caller. The caller identifies the type of

logic and processing required via the passed parameter, Action_Type.

The four types of requests which will be honored and the value of Action

Type associated with each are:

la Processing required as the result of the termination of an 0PS or

SPEC control segment. Action_Type = 0.

2. Processing required to bring all secondary GPCs together prior to

the formation of a redundant set. Action Type = 2.

. Processing required after reconfiguration has been completed.

ActionType = 1.

_o Processing required as the result of an 0PS or SPEC keyboard input

request, Action Type = 17 for an OPS request and Action Type = 18

for a SPEC request.

Sequence_Request_Processor will perform the requested processing through
the use of in-line logic and seven (7) procedures internnl to Sequence_

Request_Processor.

Since this procedure performs a variety of tests and executes a complex

set of logic paths a functional view of the processing performed will be

described here and a detailed description of all Perform Blocks and internal

procedurer is provided later in this section.

When Action Type = O, the Termination Processor logic is envoked to up-

date internal parameters associated with the major function of the termi-

nating control segment and provided any control segment scheduling required

as the result of the control segment termination.
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When ActionType = 2, the Secondary Reconfiguratlon Processor logic is

envoked to provide the processing necessary to cancel all System Spe-

cialist functions active in all major functions.

When ActionType = I, the ReconfigurationCompleteProcessor logic is

envoked to determine status of the requested reconfiguration and to

develop a request for the requested OPS requireing reconfiguration when

no errors occured during reconfiguration,or to develop a request for

SPEC 00.

When Action Tupe = 17 or 18, the Keyboard Processor logic is envoked to

determine the type of request (OPS or SPE_) and calculate the requested

OPS and Mode number or the requested SPEC number.

The following logic will be executed when Action_Type = I or 17, or 28.

When the request is an OPS request (as the result of Reconfiguration_

CompleteProcessor or KeyboardProcessor) the OPS number being requested

is tested. When the requested 0PS number = O, the OPS Zero Processor

logic is envoked to provide the processing for all OPS0-00 requests,

otherwise the OPS Non Zero Processor logic is envoked to determine OPS

and mode legality, provide the processing necessary to determine
whether the request is a mode to mode transition, or an OPS transition with

or without reconfiguration.

When the request is a SPEC request (as the result of Reconfiguration

CompleteProcessor or KeyboardProcessor), the SPECValidity__Process_r

logic is envoked to determine if the requested SPEC is a valid SPEC

(legal for current OPS, not active elsewhere, and two SPECS are not

already active for the major function associated with the SPEC request).

When the SPEC is legal, the SPEC Processor logic is envoked to provide

the processing necessary Go schedule the requested SPEC or to terminate

an active SPEC, and upon receiving its termination indication thru a

request with Action Type = 0, to schedule t_e requested SPEC.

The control flow for SequenceRequest_Processor, its "Perform block",

and its internal procedures is described in Figures 3.2.3.1-1 thru

3.2.3.1-22.

All indexing described in the control flow is specified v_thin braokets

5_] and comments are placed with parenthesis()

The following are descriptions of all Perform block logic and all procedures

internal to SequestRequest_Processor.
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Termination Processor

When the passed parameter Action_Type equals zero (0), the caller is

requesting processing as the result of an OPS or SPEC control segment

terminating.

This processing consists of locating and removing the terminated control

segments indication in the Control Segments Request_Block, and reducing
the count of active control segmen[s by one--(l).

When Process Type = I (OPS transition) and Wait_Count = 0 (no active

control segments), the Control_SegmentScheduler is called to schedule

the new OPS and if Reconfiguration In Progress is not equal zero (Recon-

figuration required), the Sequence Reconfiguration__Processor is called

to determine if reconfiguration can begin.

When Process_Type is not = 1 (not OPS Transition) and the control segment

that terminated was an OPS then this major function will go to OPS0-00.

This is done by calling the Control__SegmentTerminator to terminate any

active SPECS and load the Control_SegmentRequestBlock with a request

for OPS0 mode 1. When all SPECS have terminated, the Control_Segment_

Scheduler will be called to schedule OPS0-00.

When the Process Type is not = 1 (not OPS transition) and the control

segment that terminated was a SPEC, then either a SPEC will be scheduled

or the OPS page will be placed on the DEU associated with the terminated
SPEC. The Next SPEC Number is loaded and if it is not = 500 then the

SPEC terminated as the result of a request for new SPEC to be scheduled

in its place. The ControlSegment__Scheduler is called to schedule the

waiting SPEC after loading the Sequence MACTIndex from the Next SPEC

MACT and the Sequence AMT Index from the Next SPEC AMT tables and setting

Sequence_Request_Mode--to m--inu_ 1 (to Indicate--a SPEC schedule).

When the Next SPEC Number is 500, the SPEC did not terminate as the

result of ano[her S--PECwaiting to be scheduled. The MCDS__DisplayCo-

ordinator is called to process a display request for the active 0PS

display to be placed on the DEU previously controlling the terminated

SPEC.

The control flow for Termination Processor is described in Figure

3.2.3.1-2.
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Sec ondaryReconfigurat ion_Proc essot

When the passed parameter Action_Type equals two (2), the caller is

requesting a secondary GPC to perform preparitory functions related to

formation of a redundant set and to specify through the ICC when these

functions have been completed.

System Specialist 02 is removed from the list of legal System Specialists

so that if requested it can not be scheduled.

The OPS__Zero_Page is set to zero (0) if the Reconfiguration OPS value is

2, otherwise it is set to one (I). (The 0PS_Zero__Page = 0 indicates that

the normal OPS0-00 display is no longer valid and it will not be used).

Reconfiguration In Progress is set to minus one hundred (-I00) to indicate

secondary reconfiguration and Reconfiguration_IN-Initialization is set

to two (2) to indicate reconfiguration has begun in this secondary GPC.

The Sequence_Reconfiguration_Pre-Processor internal procedure is called
to switch the OPS zero page from Display Format Buffer (DFB) three to a

blank page in DFB one since DFB three will be part of the overlay. This

procedure will also cause all System Specialists that were active to be
cancelled.

The Sequence__Reconfiguration_Processor internal procedure _s then called

to determine if all System Specialists in all major functions have been

cancelled and if so to send an ICC message indicating this condz_1on.

The control flow for Secondary_Reconfiguration__Processor is described

in Figure 3.2.3.1-3.

Reconfiguration_Complete_Processor

When the passed parameter Action_Type equals one (i), the caller is

requesting processing as the result of the completion of reconfiguration.

Reconfiguration In Process and Reconfiguration In Initialization are set

to zero (0) to specify reconfiguration completion.

The status of the reconfiguration is tested and,if overlay was performed.

the status of the Applications Moding_Table (AMT)is determined (if an

error occured with overlay the AMT is no longer valid, otherwise it is
valid).
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The Buffer Address Mover internal procedure is called to determine the

proper addresses to use for Display Format Buffer (DFB) 1 thru 5 and the

Mass__Memory__Directory address.

The status of the reconfiguration is tested and if an error exists (either

overlay performed or not), a request for SPEC00 is developed and

Reconfiguration DEU is restored to DEU Number and Peconfi_uration
Major_Function Ts restored to MCDS_MaJ_r_Function.

When no error exists,the real 0PS0-00 page is restored if it is valid,

and Reconfiguration_0PSRequest is restored to Sequence_Request_0PS/SPEC,

ReconfigurationMode__Request is restored to Sequence,Request_Mode, Re-

configuration_Major_Function is restored to MCDS__MaJor_Function and an
OPS request is developed.

The control flow for Reconfiguration_Complete_Processor is described in
Figure 3.2.3.1-4.

OPS Zero Processor

Processing required for an 0PS0-00 request will be to determine if its a

GPC 0PS Zero request or an OPS0-00 request for a single major function

only.

If GPC_0PS_Zero_Keystrokes is greater than five (5), the request is for

GPC 0PS zero processing. If InitializationFlag = 0 then initialization
is required, and the internal procedure Buffer Address Mover is called

to establish the Display_Format_Buffer (DFB) an--dMass_Memory_Directory

addresses, followed by a call to the Control___egment Scheduler to schedule
the Idle_Operational_Sequence control segment (810)-? When Initialization

is not required then all major function are requested to transition to
OPS0-00.

When the request is not for GPC 0PS Zero processing,the Mode to Mode-

Processor is called if the current active OPS is currently 0PS0-00,

otherwise a call to the Control_Segment_Terminator is made to request a
transition to OPS0-00.

The control flow for 0PS_Zero_Processor is described in Figure 3.2.3.1-6.

OPSNonZeroProcessor

The OPS_Non Zero Processor will determine if the request is a mode to mode

transition, an OPS transition with reconfiguration required, or an 0PS

transition without reconfiguration required.
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When Sequence_Current_0PS equals Sequence Request_OPS/SPEC the request is

for a mode to mode transition. When Sequence Request Mode (requested

mode) is legal the Mode To Mode Processor is called to provide the pro-

cessing required to transition to the requested mode within the current

OPS. The determination of mode legality is made by extracting the Num-

ber modes value for the current active 0PS from the Applications_Moding_
Tabl--e (AMT) and that value must be greater than or equal to the requested

mode.

When the request is not for a mode to mode transition the AMT/GRT Search
m

Processor is called to determine legality of the request, and to determine

if reconfiguration is required. AMT/GRTSearch Processor will return

status of the request in the variable Sequence_ProcessType.

When Sequence_Process_Type = i, the request is legal and it is an OPS

transition without reconfiguration. This is accomplished by calling the

Control_Segemnt__Terminator to request all active control segments to _
terminate and if Wait Count = 0, the requested OPS is scheduled via a

call to the Control__Segment__Scheduler. Note that Wait Count will be
zero when the active control segments were SPEC 00 and/or OPS0-O0 only.

When Sequence_Process_Type = 7, the request is legal and its an OPS

transition requiring reconfiguration. This processing includes saving

the requested OPS parameters, calling the Reconfiguration_Pre-Processor

internal procedure to provide access to the "blank" OPS-O0 page and

request transition to OPS0-00 for all major functlors, and calling the

Reconfiguration_Processor to determine if reconfiguration can begin.

The control flow for OPS-Non Zero Processor is described in Figure

3.2.3.1-7.

SPEC_ValidityProcessor

The SPECValidity__Processor will determine if two-SPECS are currently

active on DEU's other than the one requesting this SPEC, determine if

the requested SPEC is legal for the OPS that is active, determine if the

requested SPEC is currently active, and when all checks have been com-

pleted, the variable SequenceProcess_Type will reflect the status of
the request.

The two SPEC active validity check is performed in two parts.

l, Determining if a SPEC is currently active on the same DEU as the

SPEC being requested. If true, then no further test need be made

and the current active SPEC on that DEU will be made to terminate

prior to scheduling the requested SPEC provided the requested
SPEC is not active.



wl --_ -.

_-_-:.----- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77
Rev

Page 3.2.3.1-7

. The DEU_RequestMACT__Index array is searched for active SPECS

within the requested major function. (This array is updated upon
scheduling a SPEC and reflects the current status of all active

SPECS). When the two entries associated with this major function

are non zero it indicates that two SPECS are currently active and

neither are active on the DEU of the requested SPEC, therefore

an error condition exists and error message DU026 is annunciated.

When at least one of the entries tested in the DEU Request MACT

Index array associated with requesting major function is z_ro t_en

the requested SPEC may be scheduled immediately provided the re-
quested SPEC is not active.

(The array entries checked are 3, 4 for major function GN&C and
6, 7 for major function SM).

The legality of the SPEC request is determined by matching the requested

SPEC with all System_SPECkS and if its not a System SPEC envoking the

SPEC_Search_0PS_Type logic to determine if the requested SPEC is legal
for the current 0PS.

When it has been determined that the requested SPEC is a System SPEC or

a SPEC allowed in the current 0PS the SPEC Active Search logic is envoked

to determine if the requested SPEC is currently active.

The control flow_ SPEC Validity Processor is described in Figure

3.2.3.1-8. _ -- --

SPEC Search OPS Type

The SPEC_Search_OPS_Type processing consists of locating the SPECs associ-

ated with the active 0PS and matching these against the Requested SPEC

to determine if the requested SPEC is legal for the current OPS.

The value Active 0PS AMT Index is an index to all data in the Applications_
Moding_Table (AM_) a_soc_ted with the active 0PS. This value is used to

calculate the beginning and ending loop variables to use in matching the

requested SPEC against all SPECS legal for the active OPS.

The control flow for SPEC_Search_0PS_Type is described in Figure
3.2.3.1-9.
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SPEC Active Search
w

The SPEC Active__Search processor will determine if the requested SPEC is

active within the requested major function when the requested SPEC is

not a system SPEC and will determine if the requested SPEC is active on

any major function when the requested SPEC is a system SPEC.

The search for SPEC activity is made by looping thru the Active Control

Segment MACT_Index array values associated wdth SPECs (2 thru h_. When--

a non zero value is found, the value is used as an index into the Miscel-

laneous_Application_Control__Table (MACT) and the requested SPEC is matched

against the value Current OPS (which will contain the SPEC number). When

a match occurs Sequence AMT__Index is set to minus one to indicate the

SPEC was active, otherwise, Sequence_AMT_Index is not updated to indicate
the SPEC was not found to be active.

The control flow for SPEC Active_Search is described in Figure 3.2.3.1-10.

SPEC Processor

The SPEC Processor will cause the requested SPEC to be scheduled immedi-

ately or will cause the active SPEC on the DEU thats requesting a new

SPEC to terminate prior to scheduling the requested SPEC.

The active SPEC, except SPEC 00, will be required to terminate prior to

scheduling the requested SPEC when Sequence_CT Index is less than i00.

The requested SPEC id and the calculated values, Sequence_MACT_Index, and

Sequence kMT_Index are saved to be used as scheduling information when

the active SPEC terminates. The MACT Application Control Flags are set
to reflect a SPEC termination and the Name Of KYBn MSG Event is set to

request the termination to begin.

When the requested SPEC can be scheduled immediately, the Control_Segment_

Scheduler is called to provide the processing associated with the Schedule.

The control flow for SPEC Processor is described in Figure 3.2.3.1-11

Control__Segment_Scheduler

The Control_Seg_]ent_Scheduler internal procedure is called to perform
all processing associated with the scheduling of 0PS and SPEC control

segments.

This processing includes updating the Control_Segment_Request_Block
structure to reflect the new control segment being scheduled, loading

the scheduling parameters (program nameand priority), setting the DEU

Display Support Level to zero (0) so that the control segment display
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request will be honored, updating the MiscellaneousApplication Control

Table to provide information needed by the control segment and _I,

issuing the schedule statement to cause the control segment to become

active and issuing a Wait statement to determine when the control seg-
ment has gained control.

The IdieOperationa!_Sequence (810) control segment (0PS0-00) will cause

the issuance of a schedule statement only if Initialization_Flag = 0.

All other requests for 0PS0-00 will cause a display request for display i

(IdleOperational_Sequence display page). All requests for 0PS0-00 are

controlled from MiscellaneousApplicationControlTable copy one (i).

The Idle_SpecialistFunction (900) control segment (SPEC 00) will never

result in the issuance of a schedule statement since it is the same con-

trol segment as Idle 0perational Sequence. All requests for SPEC 00 re-

sult in a display request for display i, level 2 (SPEC level display

request) and are controlled from MiscellaneousApplicationControl Table

copy one (I).

The ActiveControlSegmentMACTIndex array which is part of the Control

Segment_Request_Block structure is the mechanism used to determine what --

control segments are active for specific major function and is updated
as follows:

Active Control Segment MACT Index [l]will contain the MACT copy control-

ling the OPS control segmenT, [2], [3_, and [4] will contain the MACT

copy controlling a SPEC function active on DEU i, 2, and 3 respectively
a zero (0) when no SPEC is active on a DEU.

When Sequence Request Mode is minus one it indicates that it is a SPEC

that is to be scheduled and the SPEC Control Processor logic is envoked

to perform processing unique to scheduling a SPEC, otherwise, the OPS

Control_Processor logic is envoked to perform processing unique to sched-
uling an 0PS.

The DEUSupportLevel and the SPEC and DISP Display Level_PageNumbers

are set to zero for the DEU(s) supporting the same major function as

the 0PS or SPEC being scheduled (one DEU is tested in the ease of a SPEC

being scheduled and all DEU(s) are tested in the case of an 0PS being

scheduled). This processing is required to allow the 0PS or SPEC dis-

plays request to cause a DEU background update.

If Display_Request_Level is non zero a call to MCDSDisplay_Processor is

made to request the 0PS0-00, or SPEC00 page.
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When the DisplayRequest_Level is zero the proper Miscellaneous_Appli-

cation Table will be loaded with parameters required by UI and the con-

trol segment. These parameters are major function, DEU number, Termina-

tion information, the OPS/SPEC number, and the mode number (-i in case

of a SPEC). The MACT Index Event is reset, SCHEDULE of the 0PS/SPEC is

issued and a wait is Tssued--to determine when the control segment has

gained control.

The control flow for Control_Segment_Scheduler is described in Figure

3.2.3.1-12.

SPEC Control Processor

The SPEC Control Processor will update the DEU_Request_MACT_Index array

to reflect the DEU controlling the SPEC to be scheduled, determine which

SPEC to schedule, collect the schedule parameters, and update the Actiye_

Control_SegmentMACT_Index array to reflect the miscellaneous_Applica-
tion Control Table (MACT) copy controlling the SPEC to be scheduled.

The DEURequest_MACT_ndex array is a seven entry array which is parallel

to the seven copies of the MACT. This array will contain zero for those

MACTs controlling OPS control segments (i.e., copy i, 2, & 5) and will

contain the DEU number for those M&CTS controlling SPECs or zero when no

SPEC is controlled by the MACT (i.e., 3, 4 are copies reserved for GN&C

SPECS and copy 5, 6 are copies reserved for SM SPEC).

Sequence_AMT Index is teste_ and if its greater than i00 the SPEC to be

scheduled _s not a System SPEC and its name and priority are extracted

from the Application Moding Table (AMT). When the SPEC to be scheduled

is a System SPEC its name and priority are extracted from a table in-

ternal to SequenceRequest_Processor

The Active Control_Segment_MACT_Index array which contains the MACT copies

of all active control segments for a major function. Entry one contains

the MACT copy controlling the 0PS control segment, Entries 2, 3, 4 contain

the MACT copies controlling SPEC control segments active on DEU i, 2, 3

respectively or contain zero when a SPEC is not active on its appropriate

DEU.

The control flow for SPEC_Control__Processor is described in figure 3.2.3.1-13.

OPS Control Processor

The OPS_Control_Processor will update Control_Segment_Request_Block to

reflect the scheduling of this OPS, collect the scheduling parameters,

and perform all processing unique to scheduling 0PS0-00 if appropriate.

k_y

k_/
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The Control Segment_Request_Block entry, Process._Type, is set to 3

(Schedule) ,--and the Active_Control_Segment_CT Index array entry i is

loaded with the MACT copy controlling the OPS being scheduled.

When the 0PS being scheduled is not OPSOrO0 the scheduling parameter

(Name and priority) are loaded from the Application Moding Table (AMT)

and the OPS Transition Parameters are loaded with the Update_OPS_

Transition Parameters.

When the OPS being scheduled is 0PS0-00 and Initialization Flag = 0, the
name and priority are loaded with the name of ARB IDLE OPS (810) and its

-- w

associated priority and InitializationFlag is set non zero.

When the OPS being scheduled is 0PS0-00 and Initialization Flag is non

zero the 0PS0-00 control segment will not be scheduled, as it has never

been terminated. Parameters are loaded to cause the 0PS0-00 page to be

placed on all DEU's which are sup;orting the requested major function.

When Old OPS (OPS cancelled prior to this schedule) is not equal zero then

the OPS_Cancel__Processor SVC is issued (ii0) to cancel all processes

active for this major function, and if all major functions are in 0PS0-00

then the redundant set of GPCS is "broken" by setting Redundant Set Mask to

Hex '0000' and issueing the Sync_Mask__BuildRoutine SVC (390).

The 01d 0PS test is required to prevent cancelling of active processes

and "breaking" the redundant set when the transition to 0PS0-00 is as a

result of reconfiguration.

The control flow for OPS Control processor is described in Figure
3.2.3.1-14.

Control__Segment__Terminator

The ControlSegment_Terminator internal procedure is called to perform

all processing required to terminate all control segments active for the

major function as specified in Sequence_Major_Functions.

This processing includes saving the OPS number of the OPS control seg-

ment being terminated in OId_OPS, updating the Control_Segment_Request

Block to reflect an OPS transition and the new OPS parameters, locating

and requesting active control segments to terminate, and calculating the

number of control segments that were requested to terminate.
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Locating and requesting the active control segments to terminate is

accomplished by searching the Active_Control_SegmentMACT_Index array.

A non zero entry in this array indicates a control segment active and

controlled by the MACT copy value found in this array. This value is

used as an index to the Miscellaneous_Application_ControlTable. The

New_OPS_Number, New_Mode_Number are updated with Sequence_Request_OPS/

SPEC and Sequence_RequestMode res;ectively to provide the active con-

trol segment being terminated with the new OPS/mode being requested.

The MACTApplicationControl_F!ags are set to indicate a block, mode,
and control segment termination request and the Name of KYBD MSG Event

is set to signal the request for termination to begin.

0PS0-00 and SPEC 00 are not terminated and do not contribute to the count

of active control segments which were requested to terminate. In the case

of SPEC 00 its entry in the Active_Control_SegmentMACT__Index is removed.

The control flow for ControlSegmentTerminator is described in Figure

3.2.3.1-15.

Sequence_ReconfigurationPre-Processor

The Sequence ReconfigurationPre-Processor internal procedure is called

to perform all processing associated with preparing a GPC for reconfigu-

ration (Prime GPC(s) and/or Secondary GPC(s)).

The processing includes providing access to the "blank" 0PS0-00 page,

and requesting all major functions to transition to 0PS0-00.

Access to the "blank" OPS0-00 page is provided by loading Display Format

Buffer (DFB) 1 with the display number !, and since MCDS Display Coordinator
(520) searches the DFBs in the order 1 to 5, it will find--display 1

(OPS0-00 display page) in DFB1. This is necessary since the "real"

OPSO-00 page is located in DFB3 which will become part of the overlay.

All control segments for all major functions are then requested to tran-

sition to 0PS0-00 via a call to the Control_Segment_Terminator. For all

major functions not equal to Eeconfiguration In Progress or when Memory

Source is zero (0) (overlay) the active control segment is "told" that

he is transitioning to 0PS0-00 so that the control segment can take

appropriate action of terminating processes that would normally run

across the transition, otherwise the control segment is told the specific

OPS/MODE. The Requested_0PS Number and Requested Mode Number entries in

the Control Segment Request Block are loaded to specif_a transition to

0PS mode I _0PS0-00_.

The Wait_Count is tested and if zero (0)then the Control Segment Sched-
uler is called to schedule OPS0-00.
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The control flow for Sequence_Reconfiguration_Pre-Processor is described

in Figure 3.2.3.1-16.

Sequence_Reconfiguration__Processor

The Sequence_Reconfiguration_Processor internal procedure is called to

determine when all processing prepatory to a reconfiguration has been

completed (all major functions are in OPS0-00) and when true, provide

processing essential to reconfiguration.

To determine the status of a major function, the Active_Control_Segment

_CT Index is compared against the Initialization 5{ACT IndexBlock.

When--these two arrays are equal,the tested major _unct_on is in 0PS0-O0

only.

Tghen all major functions are in OPSO-00 only, the following processing

Occurs:

1. A wait is issued to insure that the Cyclic__Display_Processor (620)

is not active

2.

3.

The DEU(s) are set to I/O Suppressed condition to stop DEU updating

The Downlist Formatter Enabled Flag is set to prevent execution

of the Downl[st Formatt--er (6607

,

5.

The DEU_PolI_Flags are set to disallow polling on any DEU.

if Reconfiguration In Progress is less than zero (secondary recon-

figuration), the iCC_Message_Collector (480) is called to indicate

that this secondary GPC has completed all processing requested,

otherwise GPC_P, econfiguration (820) is scheduled (primary recon-

figuration).

The control flow for Sequence_Reconfiguration_Processor is described in

Figure 3.i.2.!-i7.

AMT/GRT_Search_Processor

The _4T/GRTSearch_Processor internal procedure is called to determine

the legality of a non-zero 0PS request and to determine if reccnfiguration

is required.

The In Core Tester logic is envoked to search the App!ications_Mcding_

Table [N._T)--for the requested 0PS. The status of this search is returned

in Sequence_2hM__!ndex. (0 not in core, non zero in _).
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The 0verlay Allowed Tester logic is envoked to search the GPC Recon-

figurationTable (GRT) to determine if the request OPS is an overlay
initiator. The status of this search is returned in GRT Index. (0 is not

an overlay initiator, non zero is the GRT table index defining this OPS).

When GRT Index = 0, Sequence_AMT__Index is tested and if non zero an OPS

transition without overlay is specified in Sequence__ProcessType. Other-

wise, an error condition exists and error message OTO01 is annunciated.

When CRT Index is non zero and this GPC is in "STANDBY" mode, reconfigu-

ration iV required if Sequence AMT Index = 0 (not in core) or Action

Type is greater than i (keyboard r_quest) and Memory__Source = 0 (overlay

required).

When GRT Index is non zero and this GPC is not in "STANDBY" mode, the

GPC Set _the GPC(s) required for this OPS execution as defined in the

GRT_ is used to determine if the required GPCs are in "RUN" mode.

When none of the required GPC(s) is in "RUN" mode, error message 0T005

is annunciated, otherwise reconfiguration is required if the requested

0PS is not in core or Sequence__Run__Bits (GPC(s) required that are also

in "RUN" mode) is not equal the Redundant Set Mask (current redundant

set of GPC(s)) or Memory__Source = 0 (overl--ay required) and Action

Type greater than i (keyboard request). A warning message (0T004Twill

be issued if at least one but not all the required GPC(s) are in a mode

other than "RUN".

The control flow AMT/GRTSearch_Processor is described in Figure

3.2.3.1-18.

IN Core Tester

The TN Core Tester will search the Application__Moding_Table (AMT) for
w

the requested 0PS and determine its mode validity if found.

The loop variables that will be used to search the AMT are determined by

the first copy of 0PS data in the AMT for this major function (First_OPS_

Copy__Number) and the number of OPS control segments in this major function

(Number Legal 0PS ).

When the major function is supproted in the AMT (loop variables are

both non zero) and the AMT table is considered valid (AMT__Table_Valid

non zero) the AMT is searched for the requested GPC. When found, Sequence

ANT Index is set to proper copy value and then requested mode is

mat[hed against Number Modes. (Maximum mode allowed this OPS) when the

mode is in error, Found Value is set to zero.

k.J
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The control flow for INCore_Tester is described in Figure 3.2.3.1-19.

0verlay_Allowed_Tester

Overlay_Allowed_Tester will search the GPC_Reconfiguration_Table (GRT)

for the requested OPS and when found, determine the mode validity.

Sequence_Major_Function and Sequence Eequest_0PS/SPEC are matched against

Major Function and 0PS_Number for all memory configuration defined in

the GRT. When a match is found, GRT Index is set to the GRT copy number
where the match oceured and requeste_ mode is verified. When Maximum

Number_Modes as defined in the GRT is less than the requested mode,
Found Value is set to zero to indicate a mode error.

The control flow for Overlay_Allowed_Tester is defined in Figure
3.2.3.1-20.

Mode To Mode Processor

The Mode to Mode Processor internal procedure will be called to perform

the processing required when the requested 0PS is equal to the current
OPS.

This processing includes updating the New_Mode_Number with Sequence_

Request Mode, setting the MACTApplieation_Control_Flags to request
block and mode termination, and setting the Name Of KYBD MSB Event to

signal the request for block and mode termination to begTn. --

The control flow for Mode To Mode Processor is described in Figure
3.2.3.1-21.

Buffer Address Mover

The Buffer__Address_Mover internal procedure is called to move the ad-

dresses of Display_Format_Buffers (DFB) l, 2, 3, h, 5, and the Mass

Memory_Directory address from the Application Moding_Table (AMT) to the

Display_Buffer__Name Table (local storage tabl_ within User Interface

Control Supervisor) and to the DFB Name Structure (for use by Cyclic_
DisplayProcessor (620)). -- --

The data will be moved only if AMT Table Valid is non zero. It is set

to zero whenever an overlay error occurs and is set non-zero upon the

completion of a successful overlay.

The control flow for Buffer_Address_Move- is described in Figure
3.2.3.1-22.
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k..#

dl

e.

fo

g.

h,

- See Table 3.2.3.1

Module Reference -

i. (_80)

2. (52o)

3. (675)

_. (81o)

5. (82o)

6. (91o)

7. (95o)

8.

,

lO. (lOl)

ii. (lOb)

12. (lOT)

13. (!lO)

14. (17o)

15. (171)

16. (390)

ICC_Message_Collector (DIMICC__COLLECTOR) is CALLed

MCDS_DisplayCoordination (DMCDISPLAY) is CALLed

Annunciation_Macro__Interface (DMAMAC) is CALLed

Idle__OperationalSequence (ARB_IDLE__OPS) is SCHEDULed

GPC__Reconfiguration (ARC__GPC__RECONF!G) is SCHEULed

Read/Write Specialist Function (ASB RD WRT) is SCHULed

TimeManagement_SpecialistFunction (ASCTIMEMGMT) is SCHEDULed

All OPS control segments as defined in any

ApplicationControl_Table (AMT) are SCHEDULed as required

All Specialist (SPEC) control segments are defined in

any Application_ControlTable (AMT) are SCHEDULed as

required

Process Scheduler (FPMSCHED) FCOS SVC envoked

Wait Processor (FPMWAIT) FCOS SVC envoked

Close Processsor (FPMCLOSE) FCOS SVC envoked

OPS Cancel Processor (FPMCANCL) FCOS SVC envoked

Set_EventProcessor (FPMSET) FCOS SVC envoked

Reset Event Processor (FPMRESET) FCOS SVC envoked

SyucMask__BuildRoutine (FCN_MASK) FCOS SVC envoked

Module Attributes - Internal Procedure

Template References - See User interface _Control Supervisor (500)

Section 3.2.1.1.

Error Handling -

When the requested OPS is not found in the Application Moding_Table and

it is not found in the GPC Reconfiguration_Table (GRT), error message

0T001 is annunciated and processing is terminated.

When the requested 0PS is found in the GRT but there are no target GPCs

associated with the requested OPS, error message 0T003 is annunciated

and processing is terminated.

When the requested OPS is found in the GRT but at least one target GPC

is found in "RUN" mode but not all target GPC are found in "RUN" mode
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J •

the warning error message 0TO04 is annunciated and processing continues.

When the requested OPS is found in the GRT but none of the target GPC

are found in the "RUN" mode error message OT005 is annunciated and

processing is terminated.

When the requested OPS has a mode requested that is greater than the

maximum number of modes for that OPS as defined in the ANT and/or GRT_

error message 0T010 is annunciated and processing is terminated.

When a SPEC is requested and it is found to be currently active (in any

major function if its a System SPEC or the requested major function if

its not a System SPEC), error message DUO07 is annunciated and process-

ing is terminated.

When a SPEC is requested and it is found not to be a System SPEC and it

is not a SPEC defined in the AMT for the current OPS, error message

DUOI2 is annunciated and processing is terminated.

When a SPEC is requested and two other SPECs are found active on DEUs

other than the one requesting this SPEC, error message DU026 is annunci-

ated and processing is terminated.

When an 0PS or SPEC keyboard request is received during the process of

0PS transition for the requested major function or during the time re-

configuration is being performed, error message DU028 is annunciated

and processing is terminated.

Constraints and Assumptions - The caller must provide a proper value in

the passed parameter Action Type. This value must be 0, i, 2, 17 or 18.

Detailed Implementation -

None
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System_Spec-
ID[1] = -1
(Remove Spec
2 From Legal
System Specs)

i
-_econfiguration_._.

_-2OPS-Request/

,1
Reconfiguration_ I

In_Progress = - 1O0I

(Secondary) I

__1__

Reconfiguration
_In_Initialization
=2

__t__
CALL Sequence_
Reconfiguration_
Pre_Processor
(560.15)
Figure 3.2.3.1-16

l
CALL Sequence_
Reconfiguration_
Processor (560.16)
Figure 3.2+3.1-t7

Then OPS_Zero_
Page = 0
(Not Valid)

Else I PageOPS-Zer°-(Valid)= 1

Figure 3.2.3.1-3. Sequence_Request_Processor
Secondary_Reconfigu ration_Processor (560.02)
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Reconfigeration I

_In_Progress

= 0 (Not In

Progressl

1

i Recon figuration I

In Jnit_alization

= 0 INo_ In

Initialization}
i

I
[se_...... I !

. l Th n / AMT._,Tabte._

Ir'lSequence_Test

1=1

F u Ince _

|{Reconfiguration _ ,=_" ',- ,u, /"---'_'--'---1 Vahd_ 1 IAMT

lw'_°"r"r'/ 1..... ,/ I ''Va''d,
I I

| (Remove SPEC 02 Page = 0 (OPS Sequence_

|From Legal Systerr Test | = 0

JSpe_)

- l
IF Sequence_ _

[ _que s½_O PS /

I = /

1
Address_Mowr

1560.21 ) Figure

3.2.3.1-22

I
T-est 1 =0
(Successful

Reconfiguration_

1

MCOS Major_

Function =

Recor_figuration

-Major Function

UPS-Zero-

Then

O-00 Page Not

Valid)

UPS-Zero_

Page= !

I IF OPS_Zero_ k

Th*n I I_';geNE0 _ _

lopso_o P_ge/_

I Test 1 = 17 |

I I°"S' I
I

i" r......Request Mode =

Reconfiguration

_Mode _Request

___ _equence_ t

Test I = 18

(Spec)

Display -Buffer_

Name (1,6) =
Hex '3FFF'

(Remove Blank

OPS O-O0 Page

From DFB1)

I

MCDS_MACT_ i

Index, ]Display_

Request _ Level,

Display -Request
_Number = !

DO FO!MCDS

I
Request_UPS/ Display_

SPEC _ 0 Coordinator

(SDec 00) ($20) Figure
3,2.1 1 3-I

x..j

Figure 3.2,3.14. Sequenoa_Request_Processor

Reconfiguration_Complete (560.03)
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GPC_OPS_
Zero_
Keystrokes =
DEU_Number

Of Keystrokes
[DEU_Number]

Sequence_Test
1 = Keyboard_
Message [DEU_
Number, 1]

J
l Sequence_

Request_OPS/
SPEC = Keyboard
_Message [DEU_

Number, 2]

Sequence_
Update_ I ndex =
Keyboard_
Message [DEU_
Number, 3]

I
i IFSequence-____

Test 1 = 17
(OPS)

Then

E Ise

Sequence_
Request_Mode =
(Sequence_Update
_Index X 10) +
Keyboard_Message
(DEU_Number, 4)
(Mode Number)

Sequence_Request_
OPS/SPEC = (Sequence
_ Request_OPS/SPEC
X 10) + Sequence_
Update_Index (SPEC
ID)

Figure 3.2.3.1-5. Sequence_Request_Processor
Keyboard_Processor (560.04)
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I IF Sequence_ V

I_'eque,t Mode

N E0

Th_en Sequence MACT I

Index = ACtiVe

Then Control
Segment; MACT
_ndex [Sequence

I I " Major Functio,L I
I] (OPS MACT)

Then Curret_l_OPS T Index = Active
Sequenc_ OPS AMT
Reque_I

OPS/SPEC Index [Sequence/ I _M .... F ......... I

Error Message
OT010 ._ Sequence .MACT

Index = Assign
MACT Copy

iSequence_
Major Functionl

I
I CALL AMT_GR T

(560,I7}F_gu, e

I 3_31i

Process Type
=1 (OPS

Call Mode To
Mode _Processor

( 560.201 Figure
3231 2

__ Annunciate 1
Error Mess_
Or0tO

___ CALL Control I
S_gmeni _
TerminaIo=

(560.14) Figu,e
3231-15

:,o__.o_,;oo/,?_:1::_;.;.,,o

Required) /
Th_ I Rec°nfigu'ati_I

DEU_Source =
, DEU_Number

I

Reconfiguratlon_ I

OPS_Reque_t _
Sequence_

Request OPS_!
SPEC

I

Reconf_gL_rat_on _ !

Mode Fleque_ _
Sequence_

R_q_e_t Mode

I

I IT_bI_ l_d_× _
_T_l_d_×

I

_¢o_fi_ _t_o_

_ Sequence

M_i_r _uncti_

I

I_ALL 1

_on_u_t_n

3 2_3,_-_

I

Ic'_ !Prcc_so_

_60_1_ F_r_

L3231-,7 J

Figure 3,2.3,1 7. Sequence_Request_Processor
OPS_Non_Zero_Processor (560.06)
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Sequence_Test
3 = Active_OPS
_AMT_lndex

[Sequence_Major
_Function]

Sequence_Tester
= First_Spec_
Copy [Sequence
_Test 3] (Loop
Start Value)

J

Sequence_Test
2 --- Sequence_
Value + Number

_Specs [Sequence
_Test 3] + 1
(Loop End Value)

r
I DO FOR Test_ _

rn-de"ff-2-=Se qu e nce _

_Tester To
Sequence_Test 2 /
WIll LE Sequence/

-__lndex = -1/

I IF Spec_Number_
_est_lndex) =
Sequence_ )
Request_OPS/ /

Spec /

Then

Sequence_AMT_
Index = Test_
Index + 100
(AMT For OPS/

Spec) •

'Sequence_Test 1,
Sequence_Test 4 =
Sequence_Major_
Function (Start
And End Of

Active Search Loop) i

Figure 3.2.3.1-9. Sequence-Request_Processor

SPEC-Search_OPS_Type (560.08)
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DO FOR Test_Index

= Sequence_Test 1

To Sequence_Test
4 (Loop Thru All
Major Function If

System SPEC And A
Major Function If

OPS Spec)

t DO FOR J = 2To_
4 (Loop Thru /_

Spec's MACTS) /

Sequence_Test
3 = Active_

Control _Segment
_MACT_lndex

[Sequence_Major
_Function, J]

I
IF Sequence_

Test 3 NE 0

(MACT Has A

Spec Active)
k ThenII'FCurrent_OPS_\ i I

Number [Sequence _ Then I Sequence_AMT_

_Test 3] = Sequence_L-----! Index = -1 (This

/ I_Request_OPS// I_SpecActive,
/ isPEc / L

Figure 3.2.3.1-10. Sequence_Request_Processor
SPEC_Active-Search (560.09)
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100 (This DEU Is
Active With

Another Spec)

Then
IF Sequence_
MACT_Index =

1 (The Other
Spac Is Spac 00)

saquence_MACT
_Index =

saquence_MACT
_Index - 100

CALL Control_

nt_
haduler (560.11)
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Then
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J Sequence _MACT_

--t Index = Spec_

Zero_MACT

I
DEU_Request_ I

MACT_lndex, Spec I

_Zero_MACT_ I

Index = 0 I
I

I
CALL Control_

Segment_
Scheduler

(560,11) Figure
3.2.3.1-12

Next_Spec_MACT

[Sequence_Major_
Function, DEU_

Number] - Sequence
_MACT_lndex

1
Next_Spec_AMT

[Sequence_Major_
Function, DEU_

Number] = Sequence
_AMT_lndex

t
Next_Spec_Number

[Sequence_Major_
Function, DEU_
Number] = Sequence

_Request_OPS/SPEC

Sat MACT_

Application_

Control_Flags (1
To 3) - t (Block,
Mode And Control

Segment Termination

Request)

I
MAICTSetName_Of_

KYBD+MSG_

Event (Sequence_

_Index)

Figure 3.2.3.1-11. Sequence_Request_Proceuor

SPEC_Proce.or (560.10)
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I
Proce_ Type =

3 (Schtdu;e)

1
_Number = I

I
r ....I

I

Requelt _Mode

=-f (S_c)

(Sequence _Majo

I Function[ = I

I S_Ioerme+wait - I i

Ico-o, I I

_ I
I Do_o.T.... \ I
m,++-=s.0..o___ l

Tester To Sequence

I lest ' (Loop ]_ru

All DEU's ff OPS

1
Control __nt _

Indew _To _MACT,

AppI}cafio+LMACT_

Index, MCDS_

MACT_lndex -

Sequence_MAC'r_
fndex

1
I MCDS_Major_ I

Function =

SeQuence_Minor _

IF°_"°° I

Perform SPeC_ |

Control.. IProcessor

(5_0 12) Figure

3.2.3.1-13

Perform OPS_

Control_

P_ocesso_

(560.13) Figure

3,23.1 ++14

(.F MAT_Major _

Function _Settin 9 Then
[Test Index]- )-

Sequence..Major _ J

Function /
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DEU_Display _

Support_Level

[Test_Index] = 0

,,I,,

i Ditptay _ LeveLPage _

Number [Te_t_lndex. 2),

Oispiay_Level _Page _

Number [Test_Index, 3] = 0

(Clear Spe¢ And 01,% ° Di_playtl

I Call MCDS_ I

Then Display _Processor

-_-_ (520) Figure I

1 '2"3" I

___ Name __MACT_Copy =

Name (Miscellaneous_ l

Applications_Control_ |

Table [Sequer, ce_MACT_ I

Index) iGeI Name Of Proper I

MACT_,_ l

Fi_re 3.2.3.1L12. Ssquenc__ Request-Proeenor

Control _Segmet __Scheduler (560.1 t)

Major Function_

#D =Sequence_

Major Function

Terminatlon_

Sequence_lndew =

Sequence_Value

New_OF"S_

Number =

Sequence_ Request

-OPS/SPEC

Refit MACT_

Index _Event

l SCHEDULE

_Program

-Name) Priority

{_quence_Program

-P_iorlty) {Schedule

0 PS/SPEC Control

Segment)

I, I
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DEU_Request_
MACT_lndex
[Sequence_MACT_
Index], Sequence_
Tester, Sequence_
Test 1 = DEU_
Number

If Sequence_.

Request_
OPS/SPEC
= 0 (Spec00)

=

,[
l Sequence_Wait_

Count = Sequence_

Wait_Count + 1

1
Active_Control_
Segment_MACT_
Index [Sequence_
Major_Function, 1
+ DEU_Number] =
Sequence_MACT_
Index

Then

t Display_Request_

Level = 2

(Display Only)

1
SPEC_Zero- i

MACT = Sequence
_MACT_lndex

I
I Sequence_MACT-

Index = 1

Next_SPEC_ID

(Sequence_Major_
Function, DEU_
Number) = 500
(Make Next SPEC
Not Waiting To Be
Scheduled)

_ sequence _AMT_

Index = Sequence_
AMT_lndex-100

I
I sequence_Value =

SPEC_Block
[Sequence_AMT-
Index] (Number

Blocks This Spec)

I
I Sequence_

Program_Name =
Spec_Program_
Name [Sequence_

AMT_lndex]

Sequence_
Program_Priority
= SPEC_Priority
[sequence_AMT
_Index]

I
., | Sequence_Value =

System_Spec_
Blocks [Sequence_

AMT_lndex]

1
Sequence_
Program_Name =
System_Spec_
Program_Name
[Sequence_AMT_
Index]

Sequence_
Program_Priority =
System_Spec_
Priority [Sequence_
AMT_lndex]

Figure 3.2.3.1-13 Sequence_Request-Processor
SPEC-ControI-Processor (560.12)
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I Currant_OPS I
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Sequence_ Requesti_oP_EOI

I

I SetIcc_c..ent [
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I DaLai

_ Sequence Program

l_Name = Name

[ARB_Idte_OPS]

I Se_..ce_p,og,.o,I
| Priority=PRlO |

rAR" I
I

,,.° ,o,,,.,,..,,o°i

I----L-- I Courtt=Sec! .... I _ _D,isePlvai_,Req ....

/-w'"-°°u°'+'I I
I

I OPS. Transition_ I

Parameters =
I Update_OPS_ fI Transition_

I Parameters

1
I Sequence_Program I

I .Name = OP5_ I

I Program Name I

IISeq°"ce-AMT I
I-'_.'1 I

1
I Sequence _Program I
-P,ioritv : oPs_ I
Priority [Sequence I

_AMTllndax] I

_Function] NE 7

I

_Walt_Count ÷ 1 I

Then

t The_OPS_ I

Then Cancel Processor
SVC is Issued

OPSCANCL

1110)

I
I IF Active _Control \ I

-_seg_nentlMACT % I

_index (All Major

_Function) = 1 _ I

AND Redundant
__Mask [GPC l

_ID) NE Hex 1.o_o_,aInA l
Redundant Set) /

LasI_MF I

It To 31
=.l

I

0.6

1 ,

Set ICC_CS/RS I= 1 (ICC Data)

J

The Sync_Mask [

_Build_ Routlne
SVC Is issued

SMR (390)

_.,.J

Figure 3.2.3.1-14. Sequence_Request_Procelsor

OPS_Control_Processor (560.13)
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I
OId_OPS ]

[Sequence_Major

_ F_nction] =

Requested_OPS

_Number

[
J Process_Type,

Sequence Process

Type = t

I IOPS Transition)

I
Requested _MACT J

-OPS_lndex =

Sequence_MACT J

Index J

I
J Active_OPS+

AMT_tndex =

$equeno__AMT
_index

I
I Requested_Mode ]

_Number -

Sequence_

Requ_t_Mode

I
I !_Number =

Sequence_

Request_OPS/
SPEC

]
i Sequence_ l

Wait_Count

=O

f
Sequence_

Update_Index
=1To4

I
r wait_count =

Sequence_Wait

_Count

I
r(eturn )

JTest Index= |

| Active_Contro! |

--,J _Segment_ MACT |

| Index [Sequence |

J-Upd,--Ind.I I

I
J_ Test_ Index

N_ 0 [Control ?Segment_

Active) t New_Mode_ I

Then Number [Test _Index] =

Sequence_

Request _Mode

I

New_OPS_ ]

Number [Te=t _

Index] -

Sequertce_

Requ_t_OPS/
SPEC

I
J,_T.t_,_,-\

1 (OPS/SPEC 01/

C_! ! (SPEC 00)/

J SET MACT_

J Application_

| Control_Flags [1
Else | To 3] = 1 (Block,

J Mode And

J Control Segment

J Termination

J Request)

I

!o--0,]-KYBD_MN_
Event [Test_

Index]

I
I S_luence_Wait_

Count = Sequence

_Wait_Count +1

Figure 3.2.3.1-15. Sequence-Reque=t_Proce.or

Control_Segment_Terminator (560.14)
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1
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J
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I
Index = 0 (OPS
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l
lOOFO.\
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_Function = 1 f

To 3. /

Return )
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Maim_Function _ _ _OPS/SPEO = 0

NE Reconfigurat[on _ (Tell Active

_ln_Prngresl OR )._ COnlrol Segment

Memory_Source / It's Going To
= 0 (Access From jr OPS 0_0)

MMU)

I CALL Control_ I

Segment_
Terminator

(560.14)

Figure 3.2.3.1-15

Request_
Mode = 1

Requested_OPS_ I JSeq ..... Request

Number [Sequence| | _OPS/SPEC-

-Major-Function] I Else I Rec°nfig uratiOn-

= 0 (Always Go J _ OPS_Request
/ {Tell Active Control

|To OPS0-0oFirstlJ JSegment It's Going

Mode _Number I
S_uence_

[Sequence_Major I
_.Function] = 1 Request_Mode = J

RecOnfiguration_ J

I Mode_Request J

JE S_uence_ \ I
Meior_Func_ion

I-Re confi gu ratl;n )P_""_ I O_ orO_-F[uSe_q_t_nn_.

J _ln_ProQress / J J _-0 (SoC.onttol_

i I I T_,. I .s,,_,_t_s_,,_
J _ Will Not Break

l _ Redundant Set

J _ When Going To

wa,t_ ooo,\ I
| [Sequence_Major _

|_ Function] = 0

J (All Control _ I I

|Segments / ) J CALL Control_ |

[T...... ted) / I T... Is_..t- I
r _ Scheduler (580.11)|

_ F,_re 3.2.3.1-12 J

Figure 3.2.3.1-16. Sequence-Request_Processor
Sequence-Reconfiguration_Pre.Procer,sor (560.15}
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(Sequence_ I
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{Sequence I
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Figure 3.2.3.1-17. Sequence_Request_Pr_r
Sequence_Reconfiouratlon_Procetzor (560.16)
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_Function AND _ Then = Sequence_
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Sequence_Request /

_OPS/SPEC /

]
I_F Maximum_.
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Found_
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Figure 3.2.3.1-20. Sequence_Request_Processor

Overlay_Allowed_Tester (560.19)
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Figure 3.2.3.1-21. Sequence_ Request_Processor

Mode_To_Mode_Processor (560.20)
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C Enter )
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(Valid) y

Then

Display_Buffer_
Name_Table =
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DFB_Name_

Structure = AMT
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C Return )

Figure 3.2.3.1-22. Sequence_Request_Processor
Buffer_Address_Mover (560.21)
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3,3 OUTPL_ MESSAGE PROCESSING AND COORDINATYON

The Output Message Processing and Coordination software provides flight

software with the capability of presenting displays, messages, lights and alarms

to the crewman through the MCDS and of communicating with the ground by way of

the downlist and launch data bus. It has four major subdivisions. See Figure

3.3-1 for a hierarchial diagram of Output Message Processing and Coordination.

CRT Interface generates the Format Control Words (FCWs) which pro-

duce the CRT displays. The FCWs are regenerated on a cyclic basis

to provide updated display parameters. The CRT Interface also sup-

ports the error message line and the tutorial message line on the

displays.

The Downlist Interface is the means through which the various applica-

tions and system services provide data to the ground via the PCM Master

Unit (PCM_). The Down!ist software collects, buffers, formats and
transfers the data to the PCMMU.

The LDB Interface has the responsibility of coordinating messages sent

to the ground via the launch data bus. It provides the data formatting

and buffering required to accomplish this communication.

The Annunciation Support software provides the interface for flight

software to drive the Caution and Warning indicator alarm, the alert

light and the alert tone. It also supports the Fault Summary Page

Display on the MCDS which contains a history of software-detected fault

messages.
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Figure 3.3-1. Output Message Processing And Coordination Hierarchial Diagram
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3.3.1 CRT Interface

CRT Interface provides for the support of the MCDS CRT by generating and

updating displays. A display consists of backgroumd CRT presentations which

remain constant throughout the display's update and variable CRT presentations

which may change during update. Both background and variable data updates are

supported, as well as message line presentations. Figure 3.3.1-1 presents a
hierarchial diagram of the CRT Interface.

ao New_DisplayProcessor provides for the generation of the background

presentation. It is an internal procedure in the User-lnterface Control

Supervisor. -- --

bo Variable Data Processing provides for the generation of the dynamic

portions of the display. It is comprised of the following:

o CyclicDisplay_Processor - Provides for updating the message and

tutorial lines.

Data_Formatter - Formats and interprets user inputs for display

on CRT.

o Data_Conversion - Converts and formats time and other mumerical

data into displayable form for the CRT.

C.

In addition, DEU_I/0_Management is used to output data to the CBT and

Header_Builder builds the header information for display on the CRT.

All programs mentioned are internal procedures to Cyclic_DisplayProcessor.

Message_Line_Support_Functions formats tutorial messages for the tutorial

message line of the CRT. FCW__Builder is an internal procedure.
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CRT
Interface

I
New_Display
Processor
(DMC_New_
DISPLAY) (600)
3.3.1.1

Cyclic_D isp lay
_Processor

(DCI # CYC)
(620) 3.3.1.2

Data_
Formatter
(DCI # FMT)
(635)
3.3.1.3

Data_
Conversion
(DCI # CON)
(640)
3.3.1.4

Message_Line_
Support (DMS_
MSG_LSF) (650)
3.3.1.5

V

Figure 3.3.1-1. CRT Interface Hierarchy
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3.3.1.1 New_Display_Processor (DMC_NEW_DISPLAY) (600)

This module does I/0 to the DEUs with background FCWs and resets the

scratch pad line.

a. Control Interface

I.

2.

CALL DMC NEW DISPLAY

CALLed by (530) (MCDS_Display Coordination) (DMC DISPLAY)

b. Input - See Table 3.3.1.i-I.

C. Process Description - This module when called will issue I/0 requests

to stop updating the variable portion of the current display, background

FCWs for the new display and resetting of the scratch pad line.

The control flow for this module is presented in Figure 3.3.1.1-1,

do

e.

0utputs - See Table 3.3.1.1-2.

Module References - None

f. Module Attributes - Internal Procedure

g. Template References - None

ho Error Handling - If a bad return_status is received from FCOS concerning

an I/O transaction, the return status indicator is set for MCDSDisplay_
Coordination.

i. Constraints and Assumptions - None

J. Detailed Implementation - None
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- Enter )

Load End_Of_Refresh
FCW In Local Buffer
Issue SVC DIO Device
= DEU 1,2, 30pcode
= 1 See Table 3.3.1.1-2

Calculate The
Number Of FCWS
To Display On
The CRT

IF There Are k
More Than 508 /Background
FCWS

i

\
IF There Was \

A--nError In t Then

Transmission
Of The FCWS

L
IF The

Display Then
Is Not
Fro zen

Set DMC_Status
= 1 (Enable) Set
CRT_Status_
Flag 4 = 1
(Enable)

I Reset Scratch Pad
Line Issue SVC
DIO Device = DEU
1,2, 30pcode = 6

Table 3.3.1.1-2

Then

EIs__e

Load FCWS In Output I
Buffer Issue SVC DIO I
Device = DEU 1,2, 3 I
Opcode = 1 See Table I
3.3.1.1-2 I

I
Load The Remainder
Of FCWS Issue SVC
DIO Device = DEU
1, 2, 30pcode = 1
Table 3.3.1.1-2

I
Load FCWS In Output I
Buffer Issue SVC DIO I
Device = DEU 1,2, 3 J
Opcode = 1 See Table J

3.3.1.1-2 J

Return )

Figure 3.3.1.1-1. New_Display_Processor (DMC_NEW_DISPLAY)
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3.3.1.2 Cyclic Display Processor (DCI#CYC) (620)

Provides the logic necessary to control the update process. It is responsible

for the variable portion of all displays on CRTs, does the I/0 and time conversion

for Annunciation, and displays MET on each CRT.

a. Control Interface -

I. SCHEDULE CYCLiC_DISPLAY_PROCESSOP priority (PRIO_DCI) repeat every
TIF_ DCI.

2. SCHEDULed by (710) GPC Startup (AIR GPC_STARTUP)

b. _ - See Table 3.3.1.2-i.

Co Process Description - This module checks the Cyclic Display Initialize_

Flag to see if normal reinitialization has occurred. If so, several
internal data items are reset. The data items are as follows:

• CRT_NextDynamicFill
• CYCLIC LOGIC CONTROL FLAG

• CRT Feature CONTROL WDI

• CRT Feature CONTROL WD2

• CRT Feature CONTROL WD3

• CYCL--IC 0UTP_ BUFFEl_

The module then goes into a loop from I to Cyclic__Number_DEUS. In this

loop DEU Update__Rate is used to determine the current DEU_UpdateRate,

it is calculated by decrementing DEU_Update P,ate until equal to 0 at

which time it is reset to 16 and CRT_Status_Flag 9 is disabled indicating

display has not been processed. If CRTStatus_Flag6 enabled, MAT Major_

Functlon positive, CRT Status_F!ag2 disabled, CRT 3tatus_Flag 7 disabled,

and CRT_Status_Flagl0 _isabled then, if CRTStatu__Flagl enabled pick

up fault_Message__Time and place in Cyclic_Time_Conversion_DDT. Call

Data_Conversion to convert Fault_Message_Line_#ime into displayable

format for output to DEU. After returning from Data-Conversion, format

time in FaultMessageLine_Time in the following format: hh:mm:ss.

Reset CRT_StatusFlagll disabled.

Reset CRT Status Flag6 disabled and issue SVC DIO. If I/O_Error Return

Buffer not zero _disabled) set CRT_Status_Flag6 enabled, increment to

next copy of HCDS Allocat±on_Table and end loop.

If DEU number one DEU Update Rate indicates that this is a once per

second entry and CRT Status_Flag2 enabled the Met SVC is issued to get

current met. The met is stored in Cyclic Time_Con--version__DDT along
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d,

e,

f,

g.

h.

i.

with the address of the met save area.

called to format met time.

Data Conversion is then

A loop is initiated to perform processing of display format tables,

for each active DEU, scanning from i to Cylic__Number_Deus.

If Mat_Major Function_Setting greater than zero, CRT Status_Flag2
disabled, CRTStatus_Flag9 disabled and DEU_Display__evel greater

than zero calculate DFT address and store in Cyclic DFf Save Area.

Store DEU number in Cyclic_DEU__Save-Area. If CRT_Status_Flagl disabled

or if CRT Status_Flag3 enabled initialize Cyclic_DynamicBranch_Address.

If DEU Update__Rate setting indicate once per second entry or if CRT

Status_Flag3 enabled call Header_Builder else change CRT_Next_DynamTc_
fill to X'0433' for fill with no header data.

Call Data-Formatter to process each dynamic data table entry associated

with the DFT for this DEU. Set CRT_Status_Flag3 disabled and call DEU

I/O_Management to output 0yn&mic data to DEU. Increment to next copy
of the MCDS Allocation Table and end loop. The control flow for this

module is presented in Figure 3.3.1.2-1.

Outputs - See Table 3.3.1.2-1.

_odule References -

!. (630)
2. (635)
3. (625)
h. (6ho)

Header Builder (DCIBHDR) is CALLed

Data Formatter (DCI#FMT) is CALLed

DEU_I/O_Management (DCIBIO) is CALLed

Data Conversion (DCI#CON) is CALLed

Module Attributes - Program

Template References - None

Error Handlin_- If an error is detected during I/0 for message line

processing CRT_Status_Flag6 is re-enabled so that the message is re-

issued on the next cycle of Cyclic_Display_Processor.

Constraints and Assumptions - None

J. Detailed Implementation - None
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C Enter )

II= Cyclic_

Display_
Initialize_.

Flag = 1
(Enabled)

Then

Re-Initialize (CRT_
Next_Dynamic_Fill,
Cyclic_Logic_Control_
Flag, CRT_Feature_
Control_WD1, CRT_
Feature_Control_WD2,
CRT_ Feature_Control
_WD3, Cyclic_Output
Buffers To Initial Values

DO UNTIL

Counter =
Cyclic_
Number_
DEUS

Perform Cyclic_
Met_Processing
(620.2) Figure
(3.3.1.2-3)

Perform Cyclic_
DFT_Processing
620.3 Figure
(3.3.1.2-4)

C Ret°rn)

Increment
Counter

By 1

Decrement
DEU_Update_
Rate By 1

IF DEU_
Update_Rate
LT 0

Reset CRT_
Status_Flag 9
= 0 (Disable)

Perform

Message_Line_
Processing (620.1)
Figure (3.3.1.2-2)

Then

Set DEU_

Update_
Rate = 16

Figure 3.3.1.2-1. Cyclic-Display_Processor (DCI#CYC)
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The Met_SVC

Is Issued To

Get Current
Met

Store Met In

Cyclic_Time

_Conversion

_DDT

Store Met_

Buffer Address

In Cyclic_Time
_Conversion_

DDT

CALL Data_

Conversion

(604)

Figure (3.3.1.4-1)

Figure 3.3.1.2-3. Cyclic_Display_Processor

Cyclic_Met_Processing (620.2)
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3.3.1.2.1 DEU I/O_Management (DCIBIO) (625)

Provides logic to output data to the DEU's.

a,

bl

C.

Control Interface -

i. Call DEU__!/OManagement

2. Called by (620) CylicDisp!ay__Processor(DCl#CYC)

Inputs - See Table 3.3.1.2.1-i

Process Descript.ion - The Module picks up a pointer to the cyclic_Output
Buffer and stores an End of Refresh Feature control word (FCW) in the Buffer,

if the cyclic Logic Control_fla_ indicates that this is the last fill for

display or if the CRT status FLAG3 is enabled else the cyclicOutput_Buffer,
pointer is decremented. An End Of Refresh FCW indicates to the DEU's symbol

generator that all of the symbols have been processed for a refresh cycle. A

calculation of the amount of data is made and stored in FCW's Parameter list

along with the DEU address and address of Data to be sent to the screen. The

data is then transmitted to the DEU via a DEU fill SVC (SVC DIO).

The Module checks the next highest DEU to see if same display is to be pro-

c_ssed and CRT_Status__fla_s equal zero. If so, a check is made on CRT_Status
Flagl and CRT Status Flag2 to see if they are disabled and change the DEU

_Update_rate to that of the processed display if test is true. If once per

second entry for DEU and CyclicLogic__Control__flag equal x '0008' disabled

call Header Builder to have header information placed in buffer for this DEU.

The Device _D is stored and the displayed is shipped via the FCOS DEU fill SVC

(SVC DIO) and CRT Status Flag9 is enabled.

If cyclic_DEU_Save area high order bit is enabled (i.e. Two or more fill Buffers

needed to update display) add number of FCWS outputed to DEU Fill address and if

CRT Status Flag3 enabled decrement sum by one. Else, point to start of

Dynamic are--ain DEU and re-initialize cyclic__dynsx_ic_Branch_Address. The re-

sults obtained by the IF processing is stored in CRT_Next Dynamic_fill.
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d°

e.

f,

g.

h.

i.

J.

Outputs - See Table 3.3.1.2.1-1

Module References -

I. (630) Header_Builder (DCIBHDR) _s CALLed.

Module Attributes - Internal Procedure

Template References - None

Error Handlin 6 - None

Constraints and Assumptions - None

Detailed Implementation - None



=- =____--___T = NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

O

:, : _ ._ .-- .__

e_

Flight Software
Part 2

Date 21281T_
Rev
Page 3.3._.2.1-3

.J

=E

E_

_J .--t OOJ

f

o
_ u"x_ ..::t ',,D _

I-

t_

t5

v

oI

l.g

z

I-

d
Z

O3

,<

,_ , _i_ _oo, _ o,,_



=_==--
-_-=-= NAS9-_AA44

sPACE SHUTTLE ORBITER AviONiCS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Sottware
Part 2

Date 2/_B/71

Rev

Page 3.3,1.2.1-_

kJ

Store DEU

Address tn OEU-

Fill _Addres4

Or 30P Code =

2 Table
3.3. 1,2.2-3

r In CRT- |

| Naxt Ovnarnlc-_

|

Figure 3,3.1,2.1-1. DEU_l/O_Management (oCIBIO)

OEU Processing
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If CRT_
Status Flag 3 =
0 (Disabled)

If CRT_Status_k

Flag 1 And CRT
_Status_Flag 2
= O (Disabled)

Store D EU_
Update_Rate
In CDMV_
MAT_DEU_
Rate

sfeO;C_ Iprd ate

Rate And C¥clic__

Logic_Control_ /
Flag = X'O008' /

(Disabled) /

Then

ICall Header_ t
I Builder (630)

(Figure 3.3.1.2.2-1

Store Device ID
In DEU_Device_
ID

IssueSVC DIO
Device = 2 Or 3
OP Code = 2
Table 3.3.1.2.2-3

Set CRT_Status
_Flags = 1
(Enabled)

Figure 3.3.1.2.1-2. DEU_l/O_Management
Multi_DEU_Processing (625.1)
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3.3.1.2.2 Header Builder (DCIBHDR)(630)
t

This subroutine provides logic to build the display header containing the

0PSPageNdmber, the SPEC__Page_Number, DISPPage_N1nnber, GPC_ID and the mission

elapsed time in days, hours, minutes and second,s.

a. Control Interface -

i.

2.

3.

CALL DCIBHDR

CALLed by (620) CyclicDisplayProcessor (DCICYC)

CALLed by (625) Deu_I/O__Management (DCIBIO)

b. Input - See Table 3.3.1.2.2-1.

C. Process Description - The dynamic header information is built in the

following manner: First. the x and y position of the 0PS__Page_Number

to be displayed is obtained from the values stored in OPS_Page_X

Coordinate and OPS_Page Y Coordinate. These values are placed in the

0utput_Buffer to force the cursor on the CRT to move to this location.

Next the address of the OPSPage_Number is obtained and the OPS_Page
Number is sent to Data Conversion where this 0PS level will be con-

verted to displayable format and placed in the OutputBuffer. So far

the header has the 0PSPageNumber ready for display, and the Output

Buffer pointer is at the end of the 0PS.

If there is a current SPEC display, SPECpageNumber greater than zero,

the address of this SPEC level is placed in Pseudo_DDTEntry to pass
to Data Conversion where the SPEC will be converted to displayable

format and placed in the Output_Buffer. The pointer is still at the

end of the OPS display, so, at this time, a slash fcw is placed between
the OPS and SPEC. The converted number returned from Data Conversion

includes a sign which, for this type of data, is a blank. The slash

overlays the blank and is the only character showing at that location.

If there is no SPEC__Page Number, first a slash is placed after the

OPS displayed and then NOOP_FCW is generated for each position that

would have had the SPEC displayed. The Output_Buffer is updated to

point to the end of the SPEC.

The same test is made to determine if there is a display level to

display. If DISPPage_Number is non-zero, then the address of that

number is placed in Psuedo_DDTEntry, Data_Conversion is called and

the DISP level is placed in the 0utput__Burfer in converted format.

The pointer to the Output_Buffer is at the end of the SPEC so a slash

is placed in the Output_Buffer and the pointer moves to the end of

the DISP. If there is no DISP_Page_Number, a slash is placed after

the SPEC, and NOOP FCW fills the vacant Display Locations. The 0PS,

SPEC, and DISP are all placed in the Output Buffer for display.
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The cursor on the CRT is moved to the location to display the GPC

ID by placing the GPC ID X Coordinate fcw in the Output Buffer.

Next, the GPC ID fcw itself is placed in the Output_Buffer. The

pointer to the OutputBuffer is updated to the x coordinate to

display mission elapse time (MET). The MET, already in converted

format, is stored in the MET Buffer. This buffer is moved a half-

word at a time into the OutputBuffer until the whole MET is moved.
The finished ,header looks as follows (with numbers added for

illustration).

2011/0321/0051 2 041/06:08:22

t t t " -i- -
OPS SPEC DISP GPCID MET

(days ,hrs ,mins, secs)

The control flow for this subroutine can be found in Figure 3.3.1.2.2-i.

d. Output - See Table 3.3.1.2.2-i.

e. Module References -

i. (640) Data Conversion (DCI#CON) is CALLed.

f. Module Attributes - Internal Procedure

g. Template References - None
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! ! .Data_Conversion Data Conversion |

16401 Figure |
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In Output--
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In Output_ 1Suffer

FCW Tnto

Output_Buffer

Then i Put Address

Of DtSP_PAGE
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I
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I
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Figure3.3.1.2.2-1. Header_Builder(DCIBHDR)
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3.3.i.3 Data Formatter (DCI#FMT) (635)
m

Provides logic to scan the Dynamic Data Table (DDT) and build Format Control

Words based on information contained in the DDT entries.

a. Control Interface

i. CALL DATA FORMATTER

2. CALLed by (620) CyclicDisplay_Processor (DCI#CYC)

b. Input - See Table 3.3.1.3-1

Cw Process Description - This module picks up the DFT Address from the Cyclic

DFT Save Area and calculates the address of the end of the DFT using the

DFT_Lengt--h field of the DFT. The DFTDDTPolnter is then obtained to

provide the address of the first DDT to be prccessed. The module looks

at the second DDT entry to determine if it is an On Demand_CMD, (the

first DDT entry is a Rate CMD), it so, the On_Demand Bit Number is used

on the On Demand Bit Address to point to a bit that the application user
sets to indicate that the dynamic portions of this display are to be

refresh entirely with regards to the Rate CMD's. If the test bit i_

enabled the CRT_StatusFlag3 is enabled a_d processing continues.

The module enters a DO Loop until the previously calculated End of DFT

address is reached picking up DDT Op_Codes and performing a DO case on

the 0P codes as described below.

le Bi-Level Test - this routine picks up the CRT Feature_Control WD3

initializes the high intensity bit and stores the CRT FeatureCon-

trol_WD3 in the Cyclic0utputBuffer If bit in BCTAdrl__tr

enabled store character "m" in Cyclic_Output_Buffer else if bit in

BLT Adr2 ptr enable store DOWN Arrow else store blank in Cyclic

0utputBuffer.

The routine stores a backspace FCW and stores the desired character

as determined above again in the Cyclic_Output_Buffer. This pro-

cedure provides for the double Bright/Double Overwrite capability

of this command. The normal intensity bit is set in the CRTFeature_

Control_WD3 and the control word is stored in the Cyclic_Outl_

Buffer to resume normal intensity on the CRT screen. The DDT

pointer is indexed to point to the next DDT entry.

° FCWRemoteCI_D - if FCWType disabled pick up pointer to fault_

Summary Page Buffer and use message number to index to the text
associated with this entry. The text is moved into the Cyclic

Output_Buffer two characters at a time. If the Ti_eConversio___t
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.

Q

10.

13.

has been enabled by the annunciation routine fixed point time is

stored in the Cyclic Time Conversion DDT and Data Conversion is

called to convert the data to displayable format. The fixed point

time is passed at the end of the text for the displayed message.

The routines concludes by incrementing to the next DDT Entry.

Remote Text CMD - The test bit is obtained and if enabled with the
RTC Control Bit enabled to ones or if test bit disabled and the RTC_

ConTrol Bit--disabled to zeros store CRTFeature_Control WD3 with

high int--ensity bit enabled in Cyclic 0utput Buffer. The high inten-

sity bit indicates double intensity is to be used on the CRT. If

test are not true the Cyclic Logic Control Flag is set equal to X

'4000'.

If test bit is disabled point to second set of text data else point

to first set of text Data Text data is pointed to by RTC Adr2 with

both sets of text residing adjacent to each other and of the s_me

length. The text data is sotred in the CyclicOutput Buffer and the

Cyclic_Logic Control Flag is tested to see if equal to X'4000'. If
test is tzue the CRT Feature Control WD3 is stored in the Cyclic_

0utputBuffer with th--enorma_ intensi--ty bit enabled. The routine

finally encrements to the next DDT entry.

Variable Parameter CMD - The next DDT entry is checked to see if a

status b_te CMD is--the next to be processed. If so, the high order
bit is checked to see if initialized and blanks are stored in the

Cyclic_Output_Buffer for the length provided by VparmFMT1 if test
is true, else Data Conversion is called. Data Conversion will

interpret the Variable Parameter_CMD and format the output for

display (see writeup for Data Conversion 3.3.1.4). The routine

new increments the DDT pointer to the next DDT entry.

Remote Character - A DO LOOP is created until Remote Character_

Length equals zero picking up characters from RemoteCharacter
Addr. The characters are formatted into format control words VFCW)

and stored in the Cyclic_0utputBuffer. RemoteCharacter--Length is
Decremented and Remote Character Addr is incremented to the next

characters. The loop is re-cycled from this point.

At exit from the above loop the DDT pointer is incremented to the

next DDT entry.

Status ByteCMD - The CRT_Feature_Control_WD3 is stored in the

Cyclic0utput_Buffer with the high intensity bit enabled. The

status bit is checked in Status_ByteAddr and if disabled a blank

character is stored in the Cyclic0utputBuffer else the character

is picked up out of the StatusByteCharTable and stored in

kj
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v- =

17.

18.

20.

21.

the Cyclic_Output Buffer. Next, the routine stores a backspace FCW

in the Cyclic_OutputBuffer and the character is stored in the Cyclic_

Output Buffer again. This procedure is enacted to provide for double

overbright/overwrite of status indicators.

The CRT_FeatureControl WD3 is stored in the Cyclic_OutputBuffer
with the normal intensi_y flag enabled and the DDT pointer is

incremented to the next DDT entry.

Multiple Discrete - A loop is invoked on the entries presented in
the MDT Xtable until a minus one is encountered, A discrete is

tested and if enabled a work register has a bit set if not the bit

is set off with the register than being shifted one position to the

left. This procedure allows the program to eventually end up with
an index to be used to index into the MDT Ytable. The next MDT

Xtable_Addr is picked up a recycle of the loop is executed if nec-

essary.

The index this calculated is now used to point into the MDT Ytable

to obtain and index into the MDTXtble. The index into the MDTXtble

is used to point to characters within thistable for display purposes.

The characters are formatted into FCWS and stored in the Cyclic_Output

Buffer. The routine increments the DDT pointer to the next DDT entry.

Test CMD - The Test Addr is picked up and a calculation of the test

bit is performed by using the Test Control Bit. If the test bit is

enabled add Test DDTS To Skip to the current DDT pointer.

The current DDT pointer is incremented to the DDT entry.

Immediate Data - The first FCW to be moved is checked to see if it

is one of the three CRT Feature Control Words, if so, the appropriate

CRT Feature Control Wor_ is repl--aced by--the new FCW.

A Do loop is enacted until Number Of FCWS equal zero storing the FCW

in the Cyclic 0utput_Buffer and incrementing the DDT pointer by one.

Rate_CMD - The Cyclic_DynamicBranch_Address is stored in the Cyclic_

Output__Buffer. If Cyciie_DynamicBranch_Address plus Rate FCW count

exceeds Cyclic__OutputBuffer length the high order bit of _EU_Device_

ID is enabled and DEU_I/0_Management is called to output the buffer

to the CRT. Upon return, the high order bit of DEU Device ID is
-- m

disabled and Cyclic_LogicControlFlag set equal X'0008'

If CRT Status Flag3 disabled the Rate Value is checked to see if

equal to six in which case the routine is exited. Else, the DEU_Up-

date Rate is picked up and calculations are performed to see if rate
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d.

e.

f.

g.

h.

i.

J.

should be executed on this cycle, if not the routine is exited.

Else, the Cyclic Dynamic Branch Address is added to Rate_FCW

Count and stored in Cyclic_Dynamic_Branch_Address.

The routine now increments the DDT pointer to the next DDT entry.

22. Branch_C_ - The Branch_DDT_Skip_Count is added to the DDT pointer

to get to next DDT entry.

23. On Demand CMD - The DDT pointer is incremented to the next DDT

entry. --

The routine recycles through the loop if necessary, if not, the routine

is complete.

_- See Table 3.3.1.3-i,

Module References - (640) Data Conversion (DCI#CON)

Module Attributes - Internal procedure.

Template References - None

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None
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3.3.1.4 Data Conversion (DCI#CON) (640)

Provides logic to convert data from internal format to displayab!e ASCII

according to user specified format.

a. Control Interface

I,

2.

CALL Data Conversion

(a) CALLe--d by (620) Cyclic Display_Processor (DCI#CYC)

(b) CALLed by (635) Data F_rmatter (DCI#FMT)

(c) CALLed by (630) Head[r Builder (DCIBRDR)

b.

C.

Input - See Table 3.3.1._-i

Process Description - This module saves the current DFTDynamic_Data_

Table entry in Temp DDT Address and picks up the Vparm 0utput

Characteristics from the DFT_D_amic_Data Table entry. A DO case is

then performed on the Vparm 0utput Characteristics to determine which

of the following cases is to be performed;

TIME Conversion

Integer Conversion
Octal Conversion

Engineering Conversion

System Management Calibration

Processing for each of the cases is described below:

io Time_.Conversion - If Vparm internal characteristics equal X'0060'

then input is fixed point _ise input is floating point. If

floating point input then perform CVFX Routine which is described
here, .....

o CVFXRoutine - If number is negative set Cyclic_Logic_

Control_Flag equal X'8000'. This setting indicates to
Data Conversion routine that the input number was negative.

The routine then subtracts sixty four from the characteristic

of the input number. If the remainder is positive, multiply

the remainder by four and divide the input number by two

raised to the power of the product. If remainder is negative

complement remainder, multiply by four, subtract thirty two

from product of multiply and divide input number by two raise

to the power of the remainder. If inp_ number was negative

make integer portion of converted number positive. The routine

then takes integer portion of number and save in Cyclic

Integer__data and proceeds to determine number of decimal places

to be displayed for this DDT entry. A DO loop is established

picking up sixteen fraction bits and multiplying by ten for

each digit until number of decimal places equal zero. The

fractional data is stored in Cyclic_Fraction_Data.
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The fixed point time is saved in Total Time and the total number

of days is calculated by dividing the fixed point time by total

number of seconds in a day. The routine then performs character

conversion of total number of days using Character Conversion as

described below.

Character_Conversion - Pick up number from Cyclic_Integer_Data.

If Cyclic_Logic Control_Flag equal X'8000' set Cyclic_Logic_

Control_Flag equal zero and enable high order bit of Cyclic_

IntegerData. The Work_Buffer is then picked up cleared and
a pointer to the last character slot is established, this is done

because the conversion routine generates the characters

starting with the last character. This routine then goes into

a DO loop generating characters until all characters have been

generated, for further information concerning this procedure

see the explanation under detailed descriptions. If Cyclic_

Integer_Data high order bit equal one, store minus sign in

sign slot of Work Buffer else place a plus sign in Work_Buffer.
The date is then _oved from Work Buffer to Char Buffer.

m

The routine then takes converted days ad@s a slash and store in

TempTime_Save. The remaining number of seconds is now divided by

total number of seconds in a hour to calculate number of hours and

Character Conversion as described above is performed on the number

of hours. The number of hours along with semi-colons is stored in

Temp_Time_Save. The number of minutes is calculated from the

remaining seconds and Character_Conversion is performed, minutes

and semi-colons are then stored in TempTime__Save. Character conversion

is performed on the remaining seconds with the results stored in

Temp__Time_Save. Next, the routine performs FCW_Builder on the

converted characters, this process is described below.

FCWBuilder - Pick up DDT entry and get Vparm_Sign_Status,

Vparm_F}gfl and VparmFMT2 from DDT entry. If Cyclic_Logic_

Cont_olFlag equal X'0020' a blank is displayed as the sign

value else pick up sign from Char Buffer and if sign equal

X'2D00' (negative) then DO case V_arm_Sign_Status.

I - Display plus sign

2 - Display minus sign

3 - Display "D" as sign value

- Display "U" as sign value

5 - Display "L" as sign value

6 - Display "R" as sign value

7 - Display minus sign
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else DO case Vparm_Sign Status;

I - Display minus sign

2 - Display plus sign

3 - Display "U" as sign value

4 - Display "D" as sign value

5 - Display "R" as sign value

6 - Display "L" as sign value

7 - Display blank sign

Place sign in Cyclic0utput_Buffer and continue with fraction pro-

cessing. If VparmFMT2 not equal zero point to data in Cyclic
Fraction Data. if number of fractional characters odd pick up

character, decrement Vparm_FMT! and Vparm_FMT2. If Vparm_FMT2
not equal zero build double character feature control word for DEU

else add a decimal point to character and build feature control

word for DEU. The feature control word is stored in Cyclic Output_
Buffer.

If Vparm FMT2 not equaZ zero DO while Vparm FMT2 not equal zero

the following. Pick up character and decrement Vparm_4T$ and

Vparm FMT2. If Vparm FMT2 equal zero add decimal point, build fcw

and store in Cyclic_Output_Buffer. Exit DO loop.

Pick up another character build fcw and store in Cyclic Output Buffer.
If Vparm FMT2 equal zero build decimal point fcw and st_re in

Cyclie_0utput_Buffer then exit DO loop else recycle through DO loop.

The routine then processes the integer portion of the data using the

following procedure. Point to integer data, if Vparm FMT1 not equal

zero DO for infinity (i.e. until Vparm FMT1 equal zerO) the follow-

ing. Pick up character, decrement Vparm_FMT1 and test to see if

VparmFMT1 equal zero. If yes then build double character fcw,

store fcw in Cyclic Output Buffer and exit DO loop. If no, pick

up another character, build fcw and store in Cyclic Output Buffer.

If VparmFMT1 equal zero exit DO loop else cycle ba_k through
DO loop.

Integer Conversion - Get Vparm Internal characteristics and DO

case on Vparm_InternalCharacteristics performing the following
processing:

(a) Vparm SPS - Pick up input data (32 bits) and perform Set Sign

as described below;

o Set_Sign - If input data equal zero then set CyclicLogic
Control Flag = X'O020'
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.

The routine then performs CVFX Routine, as
described under Time Conversion.

(b) Vparm_SPl - Pick up input data (16 bits) and perform Set_Sign

as described in Vparm_SPS.

(c) Vparm_DPl - Pick up fullword (32 bits) of data and perform

Set_Sign as described in Vparm__SPS.

(d) Vparm DPS - Pick up two fullwords (64 bits) of data, perform

Set_Sign as described in Vparm_SPS and perform CVFX_Routine
as described under Time Conversion.

Upon completion of the case processing the module performs
Character Conversion and FCW Builder both of which are described

under Time Conversion.

0ctalConversion - Get Vparm__Internal_Characteristics and DO case

on Vparm_InternalCharacteristics to perform processing described
below;

(a) VparmSPS - Pick up data (32 bits) and perform CVFX_Routine
as described under Time Conversion.

(b) Vparm__SPI - Pick up data (16 bits) and convert to full word
by appending 16 high order zeroes.

(c) Vparm_DPI - Pick up a fullword of data (32 bits).

The routine then performs SetSign as described under Integer_

Conversion and set a counter initialized to eleven. A DO loop is

then entered generating octal characters until counter equals zero.

The processing for generating octal characters consist of taking

all 16 bits inputs and expanding to a fullword by appending 16 high

order zeroes. After getting all data in 32 bit format the bits

are taken three bits at a time to form characters from right to

left until the full 32 bits have been exhausted. After all char-

acters have been generated FCW_Builder is performed as described
under Time Conversion.

Vparm_SM__CAL - Pick up Vparm_Addr_Ptr and put in parameter list to

be passed to System__Management_Calibration module for processing of

a first order polynomial. The System__Management Calibration module

then passes the end result back to Data ConversiOn for display.

When the data is returned the CVFX_Routine, character Co_version

and FCW builder are all performed as described under T--imeConversion.

kJ
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d.

e.

f.

g.

h.

i.

J.

5,6,7,8,9. Engineering__Conversion - The data is picked up as single

precision scalar data and a DO case on VparmOutput_Characteristics

is executed to decide which multiplication factor is to be applied

to input data for conversion.

.

6.

7.

8.

9.

Vparm__Rad To Deg - Convert radians to degrees by multiplying

radians by E'57.29577'

Vparm_Kilo To Ft - Convert kilometers to feet by multiplying

kilometers by E'3280.839'.

Vparm_Met To Ft - Convert meters to feet by multiplying meters

by E'3.280839'

Vparm__Met_Sec__ToKnots - Convert meters/second to knots by

multiplying meters/second by E'1.9429'

Vparm Ft Nat Miles - Convert feet to nautical miles by

multiplying feet by E'.00016457883'.

The data then has SetSign performed on it as described under

integer conversion along with CVFX__Routine, Character_Conversion
and FCW Builder as described under Time Conversion.

Output - See Table 3.3.1.4-1.

Module References - None

Module Attributes - Internal procedure.

Template References - None

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - Detail explanations are described below:

i. Algorithm: Digits are generated one by one. Thus:
Let I = input integer. Then:

dK = IK - 10(IK/10) Inteffer multiply and divide.

IK+z = (IK -  )/zo

The process terminates when IK = 0. As pairs of digits are generated

they are stored, right to left, in WorkBuff output area. The temporary
result is then given a sign and moved to Char Buffer.
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Figure (3.3.1.4-3)
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Perform
CVFX_
Routine 640.5
Figure (3.3.1.4-6)

I
Perform
Character_
Conversion
640.6
Figure (3.3.1.4-7)

1
Perform FCW_
Builder
640.7
Figure (3.3.1.4-8)

Figure 3.3.1,4-1. Data_Conversion (DCI#CON)
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3.3.1.5 Message_LineSupport_Function (DMS MSG_LSF) (650)

This module is responsible for displaying tutorial messages on the Tutorial

Message Line of the CRT.

al Control Interface -

b°

C.

d.

e.

f.

g.

h.

i.

J.

I. Call DMS MSG LSF

2. Called by applications

Input- See Table 3.3.1.5-1.

Process Description - This module annunciates tutorial messages which

corresponds to a specific OPS or SPEC. The application module that

desires a tutorial message displayed passes a parameter list to the

Message_Line_SupportFunction which specifies the following:

I.

2.

3.
4.

Major Function ID

OPS or SPEC display number

Message_Text

Message_ID

The control flow for this module is presented in Figure 3._.I.5-i.

Outputs - See Table 3.3.1.5-1.

Module References - (655) FCWBuilder (DMS_FCW_BUILDER)

Module Attributes - External Procedure

Temp!ate References - UI_GeneralCOMPOOL (CDMUI_COMP00L)

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None
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3.3.1.5.1 FCW_Builder (DMS_FCW_BUILDER) (655)

This module is responsible for converting tutorial messages from characters

to a displayable DEU format.

a. Control Interface -

i. Call DMS FCW Builder

2. Called by (6_0) MessageLine_Support_Function (DMS MSG_LSF)

b. Input - See Table 3.3.1.5-1.

c. Process Description - This module builds double character FCWs and

places them in the Tutorial_Message_Line_Buffer. It also sets CRT_Status_

Flag7 and CRT_Status_Flag6 respectively for CyclicDisplayProcessor.

The control flow for this module is presented in Figure 3.3.1.5.1-1.

d. Outputs - See Table 3.3.1.5-1.

e. Module References - None

f. Module Attributes - Internal Procedure

g. Template References - UI_GeneraI_COMPOOL

h. Error Handling - None

i. Constraints and Assumptions - None

J. Detailed Implementation - None
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Figure 3.3.1.5.1-1. FCW_Builder (DMS_FCW_BUILDER)
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3.3.2 Downlist Interface

The Down!ist Interface is performed by the Down!ist Formatter which con-

trols, collects, formats, and transfers GPC downlist data (see Figure 3.3.2-

1). This data may be computed quantities or raw avionics input data, made

available by applications and systems software. The difference between the two

Formatters is transparent to the user. The difference being the format (set

of data) output.

t
Downli st

Formatter I
w

(DCDDWLI )

(660)

3.3.2.1

I Downlist IInterface

1
Downlist

Formatter 2

(DCDDWL2 )

(665)

3.3.2.2

Downlist Interface Hierarchy

Figure 3.3.2 - i
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3.3.2.1 DownlistFormatter_l (DCDDWLI) (660)

a,

b.

c.

The Downlist Formater controls, collects, formats and transfers downlist data
inOPS 0 and I.

Control Interface:

i. Call DCDDkrLI (PRI0_DCD)

a. CALLed by (750) System Interface Processor (AIE__SIP)

b. CALLed by (710) GPC__St_rtup (ATR--GPC STAR_/P)

c. CALLed by (820) GPC__ReconfiguratTon (--ARCRECONFIG)

d. CALLed by (880) Secondary_Reeonfiguration (ARH_SEC_GPC_RECONFIG)

Input:

The following items are data inputs to the Downlist Formatter i

side in various compools.

and re-

i,

2.

.

Applications and system software data to be Downlisted.

PCMMU I/O Table (CDWSPMU_WRITE) - defines the GPC to PCMMU data trans-

fer process.

Control indicators specifying pending changes to be effected in the

downlist processes.

o The following indicators are made available by the Read/Write

Specialist__Function:

(a.) Main Memory__Dump_Req

(b.) MainMemory__Dump__Start__Address

(c.) MainMemory_Dump_Length

o The following indicators are made available by the UDF application

programs.

(a.) Format ID(CDWD OP FORMAT_!D)

See Table 3.3.2.1 - i

Process Description -

On initial pass through the program the data cycle header is created and

saved.

The data cycle header is mvoed into Downiist Buffer on frames 0 and 25.

If a MainMemoryDump is requested it starts on frame 0. A new length is

computed each frame until length is 0 or negative (in which case it is set

to 0). If length is 0 and frame is not 49 then no data is moved to Downlist

Buffer. If length is 0 and frame is 49 then the dump is finished and flags

are reset to resume normal Dow_list on next cycle. If length is not 0 then

a SVC is issued to ProgramModification to get the needed dump data and it
is moved to Downlist Bufffer.
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If Main_Memory_Dump is not requested then all 25 sample per second parameters are

moved to Downlist Buffer.

A series of counters are maintained to select which set of parameters to Downlist
at the various rates.

If the prime GPC has changed then the toggle buffer assigned is changed if affected.

Downlist_Buffer is written out via SVC to I/0_SVC_Service_Processor and the frame
count is updated.

The control flow of this module is presented in figures 3.3.2.1-1 & 2.

d, Outputs:

i. The GPC Prime Frame Output Buffer is written to the PCMMU.

2. "End of Message" message is written to the PCMMU(Ref Table 3.3.2.1-1).

e.

f,

g.

Module References:

(325) Program_Modification(FCMPMOD) by SVC (200)

(FIOSVC) by SVC.

Module Attributes: Program

Template References:

I/O_SVC_Service Processor

i. UI_FCOS Shared Compool
2. UI Section Of Common_Compool

3. FCOS_Compool

4. Annunication_Compool

5. UI-GeneralCompool

6. GN & C_Compool

7. CAL_Compool

8. Downlist_Compool

9. I/OSVC_Parameter_List

I0. I/O_SVC_Parameter_List

Ii. I/O_SVC_Parameter_List

(CZ2-COMMON)

(czl-co o )
(FCMCOM)
(CDL ANNUN)

(CDM UI COMPOOL)
(C i-ONC)
(CG1-GNC)

(CDW_DOWNLIST._COMPOOL)
(iomcs)
(PMUMACS)
(PMODMACS)

h. Error Handling: None

i. Constraints and Assumptions: None

j. Detailed Implementation: None
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3.3.2.2 Downlist Formatter 2 (DCDDWL2) (665)

The Downlist Formatter controls, collects, formats and transfers downlist

data in OPS 2.

a. Control Interface:

], CALL DCDDWL2 (PRIO_DCD)

a. CALLed by (750) System_Interface Processor (AIE__SIP)

b. CALLed by (710) GPCStartup (AIR__GPC_STARTUP)

c. CALLed by (820) GPC_Reconfiguration (ARC_RECONFiG)

d. CALLed by (880) Secondary_GPC_Reconfiguration (ARH_SEC_GPC_RECONFIG)

bl In__n_: The following items are data inputs to the Downlist Formatter

and reside in various compools.

I. Applications and system software data to be Downlisted.

2. PCMMU I/0 Table (CDWS_PMUWRITE)-defines the GPC to PCMMU

data transfer process,

, Control indicators specifying pending changes to be effected

in the downlist processes.

• The following indicators are made available by the Read/

Write_Specialist_Function:

(a) Main_Memory_Dump_Req

(b) Main_Memory_Dump_Start_Address

(c) Main_Memory_Dump_Length

C.

• The following indicators are made available by the

UDF application programs

(a) Format ID (CDWD OP FORMAT ID)

See Table 3.3.2.2 - i

Process Description:

On initial pass through the program the data cycle header is created and

saved.

The data cycle header is moved into Downlist Buffer on frames 0 and 25.

If a Main_Memory_Dump is requested it starts on frame 0.A new length is
computed each frame until length is 0 or negative (in which case it is

set to 0). If length is 0 and frame is not 49 then no data is moved to

Downlist Buffer. If length is 0 and frame is 49 then the dump is finish-

ed flags are reset to resume normal Downlist on next cycle. If lengt h

is not 0 then a SVC is issued to Program_Modification to get the

needed dump data and it is moved to Downlist Buffer.
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If _in_Memory_Dump is not requested then all 25 sample per second parameters are
moved to Downlist Buffer.

A series of counters are maintained to select which set of parameters to Downlist
at the various rates.

If the prime GPC has changed then the toggle buffer assigned is changed if affected.

Do_mlist_Buffer is written out via SVC to I/O_SVC_Service__Processor and the frame
count is updated.

The control flow of this module is presented in figures 3.3.2.2- i & 2

d. Outputs:

i. The GPC Prime Frame Output Buffer is written to the PCMMU.

2. "End of Message" message is written to the PCMMU.

(See Table 3.3.2.2 - i)

e. Module References:

(325)Program - Modification (FCMPMOD) by SVC (200) I/OSVC_Service Processor
(FIOSVC)by SVC.

f. Module Attributes:

Program

g. Template References:

l. UI__FCOS SHARED_COMPOOL (CZ2_COMMON)
2. UI_SECT_ON OF COMMON_COMPOOL (CZI__COMMON)

3. FC0S_C0XP00L (FCMCOM)
h. ANNUNCIATiON_COMPOOL (CDL ANNUN)

5. UI_GENERAL_COMPOOL (CDM UI CON[POOL)

6. GN & C_COMPOOL (CGI-G_C)

7. CAL COP[POOL (CGM CAL)

8. D0_LIST__COMPOOL (CDW DOWNLIST__COMP00L)
9. I/O__SVC__PARAMETER_LIST (IOMA--CS)

i0. I/O SVC PARAMETER LIST (PMODMACS)

1t. I/O_SVC_PARAMETER_LIST (PMUt,_CS)

h, Error Handlin6: None

i, Constraints and Assumptions: None

J , Det&iied Implementation: None
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,,, I
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Cycle Header
In Downlist _
Buffer
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I
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_DUMP ])

=1 /

Then
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%_MP_ActiveI

1
I I

Then IF Main_Memo Start And End

I Perform / I Mo_oMain_
I Else I Operational_ / ,, I

tlse _Start_AddressData_Formatter _ Memory_DUMP

/ _1 (665.1) _ ToDownIist_

/ Figure3,3.2.2-2 I Buffer
t Move Data From t

Specified Memory
Locations To
Downlist_Buffer

Decrement Main_Memory
_DUMP_Length And
Increment Main_Memory
_DUMP_Start_Address By
Number Of Words Moved
To Downlist_Buffer
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GPC Change

I
Write Frame
And 'End Of
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PCMMU

I
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Frame_Number /

= 49 /

1

Then

IF This Is
Prime GPC

Then Downlist_Frame

_Number = O

Else _Number =
Downiest_ Frame
_Number + 1

Then 1

!
Toggle_ I Then Toggle_Buffer

Buffer = 1 I = Prime_GPC
ID+I

IF This Is _ Toggle_Buffer

G--PC 1 / : GPC_ID + 1

/

_.J

Figure 3.3.2.2-1. Downlist_.Formatter_2 (DCDDWL2)
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I.F Downtist
_RATE_5_
Counter > 5

Then Downiist_.RATE
_5_Counter = 1

Downlist_RATE
_5_Counter =
Downlist _RATE
_5_Counter + 1

DO CASE

Downtist_
RATE_I _
Counter

IF Downlist_

RATE_I _
Counter > 25

Move I s/s Data

Case 1 With Start Frame
Of Y To Output
Buffer (Y = Case
#1)

Then Downlist =RATE 1
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Figure3.3.2.2-2. Downlist_Formatter_2
Operational_Data_ Formatter_2 (665.1)
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3.3.3 LDB Interface

For presentation continuity, the "output" portion of the LDB Interface

is described in Section 3.1.2.2.
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3.3.4 Annunciation Support

The Annunciation Support software provides the capability to annunciate

application and system software-detected faults by controlling alarms, lights

and fault summary messages. Operator error message support is also included.

The Fault Summary Page display which contains a history of fault messages is

maintained by this function. There are three modules included in this supoort

function. Figure 3.3.4-1 presents a hierarchial diagram of Annunciation Support.

a. Fault Message_Scan provides a cyclic interface to recognize enabled

messages and transfer each to the ICC buffer. Annunciation Macro

Interface provides support for the annunciation macros by enabling

fault message flags for later processing.

b, ErrorMessageLineSupport displays messages on the error message

line of the CRT. This includes Caution and Warning indicator

messages, alert messages, GPC-detected error messages and operator

error messages. FSP_Processor controls, updates, and maintains the

Fault Summary Page buffer and makes it available for display upon
keyboard request.

C, Lights_d_Alarm__Processor performs the commanding of lights and

alarms via the Payload MDMs in response to Caution and Warning

indicator messages (Class 2) or alert messages (Class 3.)

#
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Annunciation

Support
3.3.4

Fault_Message_
Scan DMR_FMS
(670) 3.3.4.1

Error_Message_
Line_Support
DMT_ERR_MSG
(680) 3.3.4.2

I
Lights_And_
Alarm_Processor
DLA_LIGHT_
ALARM_PROC
(690) 3.3.4.3

Figure 3.3.4-1. Annunciation Support Hierarchy
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3.3.4.1 Fault_Message Scan (DMR FMS) (670)

This module is responsible for scanning FMPT__Header__Bits for bits that have

been enabled, indicating there is an error message or a keyboard request to be

processed. This module does time tagging and performs the interlock test on

fault messages.

a. Control Interface -

2.

Call DMR FMS

Called by (750) System_InterfaceProcessor (AIE__SIP) when an

annunciation request is detected by System Interface_Processor.

b. Input - See Table 3.3.4.1-1.

C, Process Description - This module when invoked will scan the FMPT_Header

Bits for enabled bits, which corresponds to an annunciation request.

The message class, downlist time, display time, and the dictionary index

are put in a parameter list and a call to ICe_Collector is made.

The control flow for this module is presented in Figures 3.3.4.1-1.

d. Outputs- See Table 3.3.4.1-1 and ICC_Message Tables.

e. Module References -

(144) TIME/DATE_Application_Requests_Processor (FPMTMHAL)

(485) ICC_Message_CollectorForSIP (DIN ICC_SIPCOLL)

f. Module Attributes - External Procedure

g, Template References - ANNUNCIATiON__COMPOOL (CDL_ANNUN)

h. Error Handling - None

i, Constraints and Assumptions - Only two fault messages are processed per

SSIP cycle.

j , Detailed Implementation - Expanded flows are used to break the module

flow chart into more descriptive detail.
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Issue Met SVC
(144)
Store Time
In Clocktime

Time Displayed
On_CRT =
Clocktime

Convert
Clocktime To

SSlP Cycles

Time_In_

SSI P_Cycles =
Clocktime

Ti me_Put _ I n_ I

Downlist_Buffer =1
Bits 17To32Of I
Time_ln_SSlP_ I

Cycles J

Figure 3.3.4.1-2. Fault_Message_Scan
Time_Conversions (670.1)
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Get The Fault
MessageMajor
And Minor Field
Index

I
IF The Fault 'k
Message Major _k
And Minor Field _k
Index = The
Previous Fault_
Message Major_
And Minor Field/

Index

Then

Else

DMR_Delta_
Time = Met_
Time-Last_
MSG_Time

Set Call_ICC-
Collector_
Bit = 1
(Enabled)

Then
Reset CalI_ICC !

_Collector_Bit !
= 0 (Disabled)

Set CalI_ICC_
Collector_Bit
= 1 (Enabled)

Figure 3.3.4.1-3. Fault_Message_Scan
Interlook_Test (670.2)
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Put The I

Dictionary Copy I
Number In The I
Second Word Of I

The Parameter ListJ

Put Downlist And I
Display Times In I
Third Through I
Fifth Word Of I

The Parameter ListJ

L

Put Major And I
Minor Field Index !In the Sixth Word
Of The Parameter
List

i

L
Put Status
Indicator, C & W
Bits, GPC ID, And
The Message Class In
The Seventh Word
Of The Parameter List

1
IF Max_

Number_Of-
Msg_Per_
SSlP_Cycle
NE3

Then

EIs._L_e

CALL ICC_
Col lector_For
-SIP (485)
See Figure
3.1.3.1-1

IF Return_

Status_From
_ICC_
Collector
NE0

Least_Number_
Of_Msg_ln_
Memory = Max_
Number_Of_

Msg_ln Memory

Then

EIs__.____e

Least_Number_

Of_Msg_ln_
Memory = Max
_Number_Of_

Msg_ln_Memory

Max_Number_Of_Msg
_Per_SSI P_Cycle =

Max_Number_Of_Msg
_Per_SSlP_Cycle + 1
Reset FMPT_Header_
Bits Referenced By
Counter = 0 (Disabled)

Figure 3.3.4.1-4. Fault_Message_Scan
ICC_lnterface (670.3)
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3.3.4.1.1 Annunciation Macro Interface (DMA__AC) (675)

This module is the interface module for applications and system services

modules requesting annunciation of fault messages, operator error, or response

to an annunciation related keyboard request.

a. Control Interface

i.

2.

This module is referenced as a macro.

It is referenced by application and system service modules.

b. In_p__- See Table 3.3.4.1-i.

C, Process Description - Three parameters are passed to this module.

These parameters FMPT_Index,Message_Type, and Pararneter__Status are

used in the following manner.

The FMPT Index is an index to the FMPT containing information that is

to be annunciated. The Message Type indicates if a message is from

System Software or Application Software, and if the message is an

operator error message, Message Reset, Acknowledge or DISP051 input.

The Parameter Status indicates out-of-limit status for class two fault

messages.

The control flow for this module is presented in Figure 3.3.4.1-1.

d. Outputs - See Table 3.3.4.1-1.

e. Module References - None

f. Module Attributes - Program

g, Template References - Annunciation_Compool (CDL_ANNUN)

h. Error Handlin_ None

i. Constraints and Assumptions - None

j. Detailed Implementation - None
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Enter )
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Figure 3.3.4.1.1-1. Annunciation_Macro_Interface (DMA_MAC)
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3.3.4.2 Error_Message_Line_Support (DMT_ERR_MSG) (680)

This module is responsible for processing Message Reset key requests,

Acknowledge Key requests, DISP05I requests, FAULT Key requests, and OPERATOR

ERRORS (Class 5).

a. Control Interface -

i.

2.

Call DMT ERR MSG

Called by (490) ICC__SSAGE__0U_E_ (D_CCR0UT)

b. Input - See Table 3.3,4.2-1.

C. Process Description - This module clears the fault summary page display

of all fault messages and the message line of the current message when a

DISP051 PRO is received via the MCDS Keyboard. When a message reset

key is the input this module clears the message line of the current

fault or class 5 error message, then searches the fault summary display

for the oldest unannunciated class two fault message, if one exists it

is displayed on the message line, otherwise it searches the FSP for the

oldest unannunciated class 3 or 4 fault message and displays the fault

message on the message line, it also updates the stack counter to the

extreme right portion of the message line with the numerical value of

unannunciated messages left in the FSP. An event is set for lights and

alarms indicating the alarm associated with the previous error message

should be turned off and the new light or tone invoked.

In the event of an acknowledge key depression by the user, the current

message on the fault message line ceases flashing and the tones or lights

associated with the fault message are commanded off by this module.

Setting an event Light_andAlarmEVT for lights and alarm processing
is the method of invocation used.

When an error condition is discovered by system or application software

and the error condition warrants annunciation to the crewman, then

ERROE Message Line Support finds the appropriate error message in

CDL ANNUN compool, associates a time for displaying on the CRT, places

the Message ID and time in a prescribed format in UI GENERAL COMP00L
for downlisting, fills the GPC(s) ID slot, places the message in the

fault summary page display buffer, updates the fault summary page

directory, increments the stack counter and sets the error message

flags (DEUUPDATEFLAGS) for Cyclic_Display_Processor to update the

message line on its next cycle. Flags are set for Cyclic Display_

Processor anytime FSP__Processor is called. ICC_MessageRouter is the

only caller to this module.

The control flow for this module is presented in Figure 3.3.4.2-1.
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d,

e.

f,

g.

h.

i.

J.

Outputs - See Table 3.1.1.1-1.

Module References -

(685) DMT FSP Processor (FSP PROCESSOR) is called.

(690) CDL LAP EVT is set for Lights and Alarm Processor

Module Attributes - External Procedure

Template References -

1,

2.
UIGeneral_Compool (CDM UI COMPOOL)

ANNUNCIATION Compool (CDLANNUN)

Error Handling - None

constraints and Assumptions - None

Detailed Implementation - None

kJ
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3.3.1_.2.1 FSP_Processor (DMT_FSP_PROCESSOR) (685)

This module is responsible for updating of the fauIt summary page and

finding class five error messages in Annunciation_Compoo! (CDLANNUN).

a. Control Interface -

b.

i.

2.

Call DMT FSP PROCESSOR

Called by (680) Error_Message_Line_Support (DMT_ERR_MSG)

Input - See Table 3.3.h.2.1-i.

Co Process Description - This module uses the major and minor field indexes

to find the desired class five or fault message in the major and minor

dictionaries. If the desired message is a class 5 (operator error,

i.e., ILLEGAL ENTRY 0PS) then the class 5 message is placed in the Fault

Message_Line Buffer and control is returned to DMT ERR_MSG. If the desired
message is a fault message then the fault message FCWS are placed in the

Fault_Summary_Page and the associated time placed in the Fault_Message_

Time_Buffer of ANNUNCIATION_COS_0OL. When a new fault message is added
to the FSP the stack counter value is incremented and the five most

current fault message IDs are placed in UI Downlist Buffer.

The control flow for this module is presented in Figure 3.3.4.2.1-1.

d. Outputs - See Table 3.3.4.2.1-I,

e. Module References - None

f. Module Attributes - Internal procedure

g. Template References - None

h. Error Handling - None

i. Constraints and Assumptions - None

j. Detailed implementation - None
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=

Enter

I
IF Class

Five Message

)

Return )

Then
Put Major And
Minor FCWS In

Fault_Message
Line Buffer

1
Set DEU_

Update_Flags

= 1 (Enabled)

I._FFMessage
Line Blank

i

IUpdate FSP_Directory I

Increment_FSP_Pointer.I

I Light And Alarm I

]Event = 1 (inabled) |

Put Major And Minor
FCWS In Fault_

Summary_Page.
Put Time In Fault_

Message_Time

Then
Put Flash FCW

As First Word In

Fault_Message_

Line_Buffer

EIs._____e

I
Put No Flash FCW !

As FirstWord In !

Fault_Message_ I

Line_Buffer J

Put Msg_lD In |
Downlist_Error_

Message_l D, Incre-

ment Stack_Counter
Build GPC_ID FCWS

IF Class

Two Fault

Message

Then

EIs_____e

IApplication_lnterface_

[Table For Class 2 = 1

_](Enabled) Build C And
|W FCW In Fault_

Summary_Page

Application_
Interface-Table

For Class 3 = 1

_Enabled)

Figure 3.3.4.2.1-1. FSP_Processor (DMT_FSP_Processor)
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3.3.14.3 LightAndAlarmProcessor (DLA LIGHT_ALARM PROC) (690)

The LightAndAlarm Processor module performs the commanding of the lights
and alarms to be turned _ff/on as a result of the entry of the Acknowledge or

Message Reset key or tone processing. It also commands lights and alarms on/off
upon the receipt of a Class 2 or 3 fault message.

a. Control Interface

i. CALL DIA LIGHT ALARM PROC

. (a) CALLed by (750) SYSTEM INTERFACE PROCESSOR (AlE_SIP)

(b) Event LIGHT ALARM PROCE-'SSOR EVENT (CDL_LAP EVT) set by

(680) ERRORZMESSAG--ELINE_SUP--PORT (DMTERR__SG)

b. Input - See Table 3.3.14.3-1.

Ce Process Description - LightAndAlarmProcessor performs the logic

necessary to command on a light or tone as a result of the receipt of

a Class 2 or 3 fault message. It also commands the lights and tone off

as a response to an 'Acknowledge' or 'Message Reset' key input or as a

result of tone processing. The control flow for this module is shown

in Figure 3.3.4.3

Acknowledge/Message Reset key Processing is performed as a result of user

acknowledgement of an annunciated error, i.e., keyboard entry of 'Acknow-

ledge' or 'Message Reset' key. Consequently, it is processed first in

order to turn off any alarms which had been turned on by previous cycles.

In order to turn off the alarms, two special FCOS command words must

be formatted and then issued via an FCOS I/0 macro. The format of the

command words is explained in Section D.

It is also necessary to maintain a separate word for downlist (D/L)

purposes to show the current status of a light or tone. Thus, if an

indication is set to turn on/off a light/tone, the Lights_and Alarms

Processor sets indicators in the DownlistLAM to show that a_ight/t_ne

has been turned on/off.

If the 'Acknowledge' or 'Message Reset' key is entered by the crew,

ERROR MESSAGE LINE SUPPORT sets the REQUEST__FLAG (for the ACK key) or

the MS--GRESET--FLAG--(for the MR key) in the APPLICATION INTERFACE TABLE.

This is--an ind--ication to the Lights AndAlarm_Processo_that ACKTMR_

KEY PROCESSING must be performed. In the case of a MR key entry, the

Lights And Alarms Processor first sets indicators in the FCOS command

words _FCO_ CWS T_ PF1 and FCOS_CSW_to-PF1) to turn off all lights

and tones. It is then necessary to set DOWNLISTIAM to show all lights

and alarms have been turned off. In the case of an ACK key entry,
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indicators in the FC0S command words are set such that only the alert

light and tone are turned off. These indicators are also cleared in

DOWNLIST LAM. In both cases, the FCOS command words are moved to the

FCOS output buffers (FCOSOUTPUT_BUFFER TO PFI and FCOS_OUTPUT_BUFFER
TO PF2). This is done so that FCOS can output the data to the Payload

MDM's while the LightsAndAlarm Processor continues processirg new

faults. It then issues the FCOS I/O macros. Communication flags in

the APPLICATION INTERFACE TABLE must be reset to indicate ACK/MR_KEY_

PROCESSING has been accomplished.

The LightsAndAlarms Processor maintains timing sequences (i.e., it

ensures that it is cal--led by the SystemInterface_Processor_ in sub-

sequent SIP cycles) in the following cases:

1. A Class 2 alarm is to be enabled - A Class 2 alarm must first be

turned off when the indication to enable it is first _eceived and

then 200ms later must be turned on. (This is referred to as a

'command sequence' in subsequent paragraphs.) The Class 2 timing

sequences are accomplished by maintaining the COMMANDSEQFLAG in
the APPLICATION INTERFACE TABLE whenever a new Class 2 fault is to

be enabled. Thi--sflag is--updated and maintained by L/A. A Class 2

fault for which a new indication to annunciate is received and that

is in a command sequence is not reannunicated,

, Class 3 alert tone duration - The alert tone must remain on for a

specified length of time. This time period is called the alert

tone duration (LAP LIMIT) and may be updated by the user. L/A ensures

that it is called by the System Interface Processor while the tone

is on so that it can monitor the amount of time the tone has been on

and reset the tone after it has been on the specified amount of time.

If no new fault indicators have been set, the tone is off, and no class

2 alarm is in a command sequence, then there is no need to perform any

other Class 2 or 3 annunciation . However, if any of these conditions

is met, then the FCOS command words must be formatted and issued.

If there is any of type of annunciation to be done on the Backup C&W

indicator, the FCOS command words are set to enable the alarm. Otherwise,

the FCOS command words used for the alert tone and Class 2 faults are

cleared for further Lights_AndAlarms_Processing. In either case, the
FCOS command words used for the alert light are also cleared for further

processing.

k.j
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If the tone has been driven the alert tone duration time, the FCOS

command words are formatted so as to turn the tone off. Tone indicators

are reset in the ,_PPL!CATION INTERFACE TABLE and DOWNLIST LAMto show

that the tone has been turne_ off. It--is also necessary _o set the

TONE BIT to indicate that there is an alarm to be enabled through the

FCOS I/0 macros.

If any Class 2 alarms are in a command sequence, the FCOS command words

are set to turn on these Class 2 alarms.

Before processing any new alarms, the Light_AndAlarmProcessor moves all

indicators into a local hold area and zeros all the original indicators.

This allows ERROR MESSAGE LINE SUPPORT to set indicators for new faults

while the Light And_AlarmProcessor continues processing old faults.

To determine which Class 2 alarms (if any) are to be enabled, each CLASS

2 ALARM IND is interrogated. If it is found to be in a command sequence,

th--eindTcator is cleared so that reannunication of this alarm does not

occur. If it is a Class 2 alarm that is not in a command sequence, the

appropriate indicators are set in the FCOS command words. DOWNLiSTLAM
is also set to show that the alarm is enabled.

If a Class 3 fault has occurred, the alert light indicators Jn the FCOS

command words as well as in DOWNLIST LAM must be set. In addition, for

a Class 3 fault, the alert tone indicators in the FCOS command words and

DOWNLIST LAMmust be set only if the alert tone capability is not inhib-

ited and--if the tone is not presently on. The LAP_COUNT in the APPLICA-

TION INTERFACE TABLE is also reinitialized for the tone.

The LightsAndAlarmsProcessor then moves the FCOS command words to the
FCOS output buffers and issues the I/0 macros.

If any of the new Class 2 alarms are now in a command sequence, the COM-

MAND_SEQ_FLAG in the APPLICATION_INTERFACETABLE is set to indicate to

the Light And Alarm Processor that there are Class 2 indicators in a

command sequence. _ mapping of those Class 2 alarms in a command sequence

is maintained as well as a mapping of these alarms as set in the FCOS
command words.

The analog LAM is processed only when System Management has indicated

to the LightsAndAlarmsProcessor that the meters are to be driven.
This is done by checking the METERS IND. The meters are driven by

inserting the values found in L_LM VALUE into the FCOS ANALOG CWS. The
command is then issued via an FCOS I/0 macro. NOTE: --Meters--Processing

is N/A for ALT.

I _
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Prior to exiting, the Light_And Alarm Processor resets the Light And
Alarms Processor Event (monitored by The System Interface Process--or To

determTne if Ligh_-ts And Alarms Processor should be called--in subsequent

SIP cycles) only if--no additional tone or command sequence processing is

necessary. In this case, it does not need to be called into execution

until a new fault is to be annunicated and/or acknowledge/MR key pro-
cessing is to be performed.

de Outputs - Two different command words are formatted for the Payload MDM's
(one corresponds to PF1 and the other to PF2). The Command word to PF1

contains indicators for all Class 2 and 3 alarms, i.e., the Backup C&W

indicator plus the appropriate GNC or Payload indicator for Class 2 alarms,

and the alert light and tone for class 3 alarms. The command word to PF2

contains indicators for the Class 2 Backup C&W indicator alone and the

Class 3 alarms (alert light and tone). Each command word consists of 4

words of data as defined in the Data Descriptors Table (See FCOSCWSTO_

PFI and FC0S_CWS_TO2F2).

If a light or alarm is to be turned off or on, the corresponding bit

(as found in the LIGHT ALARM XREF TABLE) must be set in the appropriate

data word of FCOS CWS TO PF1 and FCOS CWS TO PF2. The following table

summarizes the words used in the FCOS command words for each alarm:

DEVICE

PFI

ALARM WORD BIT IS SET IN

TO TURN ALARM OFF

Alert tone RESET PF1

Alert Light ALERTRESETPF1

RESET PF1
Class 2,

Indicators 1-7

PF2

Class 2, Ind SETPFI

0 (SM Backup

C&W Ind)

Alert tone RESET PF2

Alert Light ALERTRESETPF2

Class 2,

Indicators 1-7

Class 2, Ind 0

(SM Backup SET_ PF2

C&W Ind)

WORD BIT IS SET IN

TO TURN ALARM ON

SET PF1

ALERT SET PF1

SET PF1

RESET PF1

SET PF2

ALERT SET PF2

RESET PF2

r

kj

Note: i. The bit to be set is obtained from the LIGHT ALARM XREF TABLE.

2. Class 2, Indicators 1-7 are output only via PFI.
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e.

f.

g.

h_

i.

j °

For other Ouputs, see Table 3.3._.3-i.

Module References-

i. (170) SET_EVENT_PROCESSOR (FPMSET) is called.

2. (171) RESET_EVENT_PROCESSOR (FPMRESET) is called.

3. (201) PRE_INITIALIZED_I/0__SVC_PROCESSOR (FIOSVCP) is called.

Module Attributes - External Procedure

Template References -

i. CDLANNUN (CDLAIW_N)

Error Handling - None

Constraints and Assumptions -

i. If the bit locations to be set in the FCOS command words change,

the LIGHT_ALARM_XREFTABLE must be Changed.

2. If the Payload MDM addresses change, FCOS will change, not the

Light And Alarm Processor.

Detailed Implementation - NONE
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Enter )

I
IF Request_ Flag_

/

I
I_FBackup_C&W
-Alarm_lnd Is
To Be Annunciated )
OR In A Command /

Sequence /

I.
Clear FCOS CWS
-To_PF1 And
FCOS_CWS_To
_PF2 For Class

3 Alert Light

PERFORM

Tone _Processing
(690.2) Figure
3.3.4.3-3

i
\

IF Command_ \
Seq_Flag = 1 /OR LAM_
Alarms NE O

Meters_
Ind = 1
(Enabled)

1.
IF Tone_lnd = 0\

A'ND Command_--

!Seq_Flag =0 /

L

PERFORM ACK/

Then MR_Key_
Processing (690.1)
Figure 3.3.4.3-2

i Set Up FCO$_ [

CWS_To_PF1

Then And FCOS_CWS
-To_PF2 To
Annunciate

Backup C&W
Alarm

_ Clear FCOS_CW$

To_PF1 And
FCOS_CWS_To
-PF2 For All
Class 2 Alarms
And Class 3 Alert
Tone

PERFORM !Then Alarm _Processing

(690.3) Figure I

3.3.4.3-4 I

PERFORM

Then Process_
Meters (600.5)
Figure 3.3.4.3-6

I Reset Light_

Then Alarm_Processor
-Event = 0
(Disabled)

Figure 3.3.4.3-1. Lights_And_Alarm--Processor
(D LA_Light-Alarm_PROC)
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Insert Values
Found In LAM_
Value Into
Proper Positions
Of FCOS_Analog
_CWS

I
Issue SVC DIO I

Device = PF2 APU I
OP Code = 1 I
See FCOS I

, App. G J

Reset Meters
_lnd = 0
(Disabled)

Figure 3.3.4.3-6. Lights_And _Alarm_Processor
Process_Meters (690.5)
(N/A For AIt.)
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3.4 CRT DISPLAYS

3.4.1 Fault Summary

This display provides a historical summation of the most current fault mes-

sages. The display functions as a push-down list. The most recent fault message

appears on the top; the next most recent, one row below, etc. The display is

limited, at a maximum, to the last 20 messages. After 20 fault messages have

been generated, the oldest (bottom) message on the display will disappear when the

next fault occurs. The display is independent of major-function selection and can

be called by the FAULT key at anytime. The display can also be called by DISPLAY

page number; however, this reinitializes the display by clearing all messages.

a. Inputs - Inputs are specified in TAble 3.4.1-1.

b. Process Description

I. Each line on the fault summary is composed of five fields: DIS,

FAULT, C&W, GPC, and TIME. The DIS and FAULT fields comprise a

total of 20 characters, which are referred to as the major field

of a fault message. The right-most four characters of the fault

field are consequently referred to as the minor field of the mes-

sage. The DIS part of the major field when used is intended to

aid the crewman in determining the display on which the fault is

displayed and the major function in which the display resides.

Major functions will be defined as (G) GNC, (P) payload, (S) system

management and will be identified by the first character of the

major field when used. A (C) will denote system level or common

fault. The major field identifies the problem (caution and warning).

The minor field identifies the particular subsystem or string where

the problem occured. The following examples illustrates the DIS

and FAULT fields:

EXAMPLE I.

DIS FAULT

S701 MN BUS A

Major Field Minor Field

EXAMPLE 2.

DIS FAULT

I/0 ERROR DEUI

Major Field Minor Field
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The GPC ID field is used to identify the source GPC or GPC's that generated

the fault message as an aid in trouble shooting internal GPC or I/0 type errors.

The C&W field is a single character status indicator used with caution and warning

(class 2) fault messages only. This status indicator will indicate to the crew

that the fault is C&W-related and out of limits high (t) or low (;). The TIME

field specifies the time the fault message was detected by annucation support and

like the DIS, FAULT and GPC field is included as part of every fault message. The

following example illustrates a fault message:

DIS FAULT C&W GPC TIME

I/0 ERROR FFI 12 14/17:42:22

Major Field Minor Field

All messages on this display have been or will be enabled for output to the

CRT fault message line (line 25) of all CRT's independently of major function. The

messages on the fault message lines are identical to the corresponding message on

the Fault Summary Display except for the truncation of days in the TIME field on

the CRT fault message line.

. The capability exists to prevents repetition of identical fault

messages. When a fault message is generated, its major and minor

fields are compared to the same field of the last fault message

detected by this GPC. IF the fields agree and the new message has

occurred within X.XX minutes of the top displayed message, the out-

put of the new message is inhibited. The X.XX quanitity is called

the FSP interlock time and may be changed as a constant by the table

maintenance display or the Read/write spec.

. ALL fault messages can be removed from the display. This capability

is initiated by calling the fault summary page by entering D!SP 051

PRO. This display is shown in figure 3.4.1-1.

k_/
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morx/xx-Tx/oo51 FAULT SUMMARY X DDD/HH:MM:SS

DDD/HH:MM:SS

DIS FAULT C&W

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

XXXXXXXXXXXXXXXXXX

rxxxxxxxxyxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx_x

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxx

xxxxxxxxxxxxxxxxxx

x>2xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx

xxxxx

GPC

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

XXXXX

TIME

XXX/XX:XX:XX

XXX/XX:XX :XX

XXX/XX :XX:XX

XXX/XX:XX:XX

XXX/XX :XX :XX

XXX/XX :XX:XX

XXX/XX :XX:XX
XXX/X'X: XX :XX

XXX/XX :XX :XX

XX_/XX:XX:XX

XXX/XX:XX :XX
XXX/XX: XX:XX

XXX/XX: XX: XX

XXX/XX: XX :XX

XXX/XX: XX: XX

:co¢IX_:TZ -Tx
XXX/XX: XX: XX

XXX/XX: XX: XX
XXX/XX: XX: XX

XXX/XX: XX:XX

(xx)

<j

Figure 3.4. i-i

k_j
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CPDS - Detailed Design Cross Reference

APPENDIX A
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SSDS

3.1.i

3.1.i.i

3.1.i.2

3.1.2

3.1.2.1

3.1.2.2

3.1.2.3

3.1.3

3.1.3.1

3.1.3.2

3.1.3.3

3.1.3.3.3

3.2

3.2.1

3.2.1.1

3.2.1.1.1

3.2.1.1.2

CPDS VOL I BOOK 2

5.3.3.1

4.6.4.3.1 , 5.3.5.2, 5.3.5.2.i, 5.3.5.2,4

4.6.2.?, h.6.3.i.i0, 4.6.&.3.i, 5.2, 5.3.3.i.!,

5.3.5.i.i, 5,3.5.1.2, 5.3.5.1.3, 5.3.5.2,

5.3.5.2.2, 5.3.5.2.4, 5.3.5.4, 5.3.5.8, 5.7.3.7,

5.8.1.3.3

N/A

4.6.4.3.5 , 5.3.5.4

4.6.4.3.5 , 5.3.5.4

4.6.4.3.5, 5.3.5.4

4.6.3.3.5

4.6.3.3.5

4.6.3.3.5

4.6.3.3.5

4.6.3.3.5

5.2

5.3.i.i, 5.3.1.2, 5.3.i.3, 5.3.i.4, 5.3.3.1

5.2,5.3.2.3.1,5.3.3.1.1,5.3.4.1,5.3.5.5,

5.3.5.9,5.8.1.1

5.3.2.3.1,5.3.3.1.1,5.3.3.1.2,5.3.3.2.1,

5.3.3.2.7,5.3.3.2.8,5.3.3.2.9,5.3.3.3,

5.3.3.4.1 , 5.3.3._.2, 5.3.3.4.3, 5.3.3.5, 5.3.3.7,

5.3.3.7.1,5.3.3.8,5.3.3.9,5.3.3.9.4,

5.3.4.1,5.3.5.3,5.3.5.6,5.3.5.6.4,

5.3.5.7.h, 5.9.1

5.3.3.1.1,5.3.3.1.2,5.3.3.2.1,5.3.3.2.8,

5.3.3.2.9, 5.3.3.5, 5.3.3.5.1 , 5.3.3.5.2,

5.3.5.6.4
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SSDS

3.2.1.1.3

3.2.2

3.2,2.1

3.2.2.2

3.2.3

3,2,3,1

3.3

3.3.1

3.3.1.1

3.3.1.2

3.3.1.2.1

3.3.1.2.2

3.3.1.3

3.3.1.4

3.3.1.5

3.3.1.5.1

3.3.2

3.3.2.1

3.3.2.2

CPDS VOL. i BOOK 2

5.3.2.3.1, 5.3.2.3.2, 5.3.2.3.3 , 5.3.3.1.2

5.3.5.3, 5.3.5.6, 5.3.5.6.1

5.3.1.1 , 5.3.1.2, 5.3.1.3, 5.3.1.h

5.3.2.3.1, 5.3.4.1, 5.3.4.2, 5.3.4.2.3,
5.3.5.6

5.3.4.I, 5.3.4.2, 5.3.4.2.1 , 5.3.4.2.2 ,

5.3.5.5 , 5.3.5.9, 5.3.5.9.4

h.6.2.2.2, h.6.2.2.3, 5.3.1.4

h.6.2.2.5, 5.3.1.1, 5.3.1.2, 5.3.1.h,

5.3.3.4.1, 5.3.5.3 , 5.3.5.9.1 , 5.3.5-9.2,

5.3.5.9.h

5.2

5.3.2.4

5.3.2.1, 5.3.2.3.2, 5.3.2.3.3, 5.3.3.2.3,

5.3.5.6, 5.3.5.6.1, 5.3.5.8

4.6.2.4.5, 4.6.2.h.6, 4.6.2.4.8, 5.3.2.1,

5.3.2.2.3, 5.3.2.6.2, 5.3.3.1.1, 5.3.5.7.4

5.3.2.1, 5.3.2.2.1, 5.3.2.2.4

5.3.2.2.1

5.3.2.1, 5.3.2.2.1, 5.3.2.2.3, 5.3.2.2.4,

5.3.2.4.1, 5.3.2.4.2, 5.3.2.4.3, 5.3.2.4.4

5.3.5.6.2

5.3.2.2.1, 5.3.2.2.3, 5.3.5.7.3, 5.3.5.8

5.3.2.2.3, 5.3.5.7.3

5.7.2

5.7.2

5.7.2
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SSDS

3.3.3

3.3.4

3.3.4.1

3.3.4.1.1

3.3.4.2

3.3.h.3

CPDS VOL 1 BOOK 2

_/A

5.3.5.7

5.3.5.7.1,5.3.5.7.2,5.3.5.7.4,5.9.1

5.3.5.7.1,5.3.5.7.2,5.3.5.7.4,5.9.1

5.3.2.2.1,5.3.2.2.3,5.3.3.1.2,5.3.5.7,

5.3.5.7.1, 5.3.5.7.4, 5.7.3.7, 5.9.1

5.3.5.7,5.3.5.7.1,5.3.5.7.5
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VI Resource Allocation Summary

It em

Command Input Processing

Keyboard Interface

MCDS Input Processor (DMI_MCDS!N)

MCDS Message Processor (DMM_MCDS_PROCESSOR)

LDB Interface

LDB I/0 Processor (DGI LDB I0)

LDB Message Router (DGT_LDB_ROUT)

Mass Memory Message Processor (DMP MM MSG PROC)

LDB Output Message Coordinator (DGO_LDB_COORD)

ICC Interface

ICC Collector for SIP (DIN ICC COLLECTOR)

ICC Message Collector (DIM ICC COLLECTOR)

ICC Message Router (DME ICC ROUT)

ICC/Idle OPS Processor (DTD__IDLE__OPS_ICC)

Operations Control
User Interface Control

User Interface Control Supervisor (DMC_SUPER)

MCDS Functions Processing (DMC FUNCTIONS) *

MCDS ITEM Processor (DMC ITEM PROC) *

MCDS Display Coordinatio_-(DM_Dl-_PLAY) *

Application Control

Display Presentation and Control (DIS PLAY)

Application Moding and Sequencing (DNX__BMS)

Memory Overlay Coordination

Sequence Request Processing (DMC_SEQ_REQ_PROC) *

Output Message Processing and Coordination

CRT Interface

New Display Processing (DMC NEW DISPLAY) *

Cyclic Display Processing (_MI#_YC)

DEU I/0 Management (DCIBI0) **

Header Build (DCIBHDR) **

Data Formatting (DCI#FMT) **

Data Conversion (DCI#CON) **

Message Line Support Function (DMS_MSG_LSF)
FCW Builder (DMS FCW BUILDER)

Downlist Interface

Downlist Formatter (DCD DOWNLIST)

LDB Interface

Annunciation Support

Fault Message Scan (DMR FMS)

Annunciation Macro InTerface (DMA MAC)

Error Message Line Support (DMT ERR MSG)

Main Memory Words

271

498

569

(***)
(***)

lO5

141

72

336

67

85O
334

667
456

93
114

1017

i15

1604

769

674

616

2307

207

1017

1862

2059

3531

5463

85

58

1534

1534

2067

228

69
538

* Data included with DMC SUPER

** included with DCI#CYC

*** Size not included because item is not permanently resident.
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VI Resource Allocation Summary

Item

FSP Processor (DMT_FSP_PROCESSOR)

Lights and Alarm Processing (DLA_LIGHT_ALARM_PROC)

Main Memory Words

426

806

Compool
Data

TOTAL

Downlist (CDW DOWNLIST)

Annunciation _CDL_ANN)

User-!nterface (CDM UI COMPOOL)

Common (CZI_COMMON)
uI S_RWSOR TABL_ (S_TAB)
LD_ (CDVCOM)-

Main-Memory Words

1775 1775

76
Ii01

166

219
66

147
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ID

40o

ho5
4/4o
460
480
485
49o

495

500

505
510

520
540

550
560
6OO

620

625

63o
635
640

650
655
660

665

67O

675
680

685

69O

Module Name

MCDS__Input_Processor

MCDS__Message..Processor

LDB_.I/O__Frocessor

LDB_.Output_Message_Coordinator

ICCMessage_Collector

ICC_Message_Collector_ForSIP

ICC_Message_Router

ICC_IdleOPS__Processor

User_Interface Control_Supervisor
MCDS Functions Processor

MCDS ITEM Processor

MCDS_Display..Coordinator

Display_Presentation_and_Control

Application_Moding_and_Sequencor

Sequence_Request__Processor

New__Display_Processor

CyclicDisplay_Processor

DEUIJO_Management
Header Builder

Data Formatter

Data Conversion

Message_LineSupportFunctlon
FCW Builder

Downlist Formatter 1
w

Downlist Formatter 2

Fault_Me?sage_Scan--
Annunciation Macro Interface

Error_Message_LineSupport
FSP Processor

Light_and_Alarm_Processor

Flight Software
Part 2

Date

R_

Page C2

_/s Name

DMI MCDS IN

DMMMCDS Process

DGI LDB IO

DGO LDB COORD

DIM ICC Collector

DIN ICC SIPCOLL

o mScc_Roum
DID IDLE OPS ICC

DMC SUPER

DMC FUNCTIONS

DMC ITEM PROC

DMC DISPLAY

DIS--PLAY

DNX--BHS

DMC_SE%RE%PROC
DMC NEW DISPLAY

DCI_CYC--

DCIBIO

DCIBHDR

DCI#FMT

DCI#CON

DMS MSG LSF

DMS FCW BUILDER
m

DCDDWL1

DCDDWL2

DMRFMS

DMA MAC

DMT ERR MSG

DMT_FSP__Processor
DLA LIGHT ALARM PROC

Section

3.1.1.1

3.1.1.2

3.1.2.1

3.1.2.2

3.1.3.2

3.1.3.1

3.1.3.3

3.1.3.3.1

3.2.1.1

3.2.1.1.1

3.2.1.1.2

3.2.1.1.3

3.2.2.1

3.2.2.2

3.2.3.1

3.3.1.1

3.3.1.2

3.3.1.2.1

3.3.1.2.2

3.3.1.3

3.3.1.4

3.3.1.5

3.3.1.5.1

3.3.2.1

3.3.2.2

3.3.4.1

3.3.4.1.1

3.3._.2

3.3.4.2.1

3.3.4.3
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NO. BY

TYPE

OT001

OT002

OT003

OT010

0S018

DU001

DU002

DU003

DU00h

DU005

DU006

ALT SYST_4 SOFTWARE ERRORS

ERROR CONDITION SOFTWARE

RESPONSE

TEXT

MAJOR MIN

OPS UNDEFINED OR

OPS NOT RESIDENT

AND NOT OVERLAY

INITIATOR

REQ REJ KI ILLEGAL ENTRY MC

OPS NOT IN ACTIVE

GPC AND M/vfU

OFF/BUSY

REQ REJ M1 MMU OFF/BUSY

NO TARGET GPC IN

CONFIGURATION

TABLE WHEN OPS

SELECTED

REQ REJ KI ILLEGAL ENTRY MC 5

OPS REQUEST CON-

TAINING INVALID

MODE NUMBER

REQ RF_.J K2 ILLEGAL ENTRY 0PS 5

ATTEMPT TO ASSIGN

LDB TO NON-GPCp
IN RS

REQ REJ K5 ILLEGAL ENTRY CONY 5

DEU I BITE

INDICATION

NONE BI BITE DEUI 3

DEU 2 BITE

INDICATION

NONE B2 BITE DEU2 3

DEU 3 BITE

INDICATION

NONE B3 BITE DEU3 3

ERROR IN DEU i

MSG OR BITE REQ

REQ REJ R1 I/O TRANSIENT DEUI 3

ERROR IN DEU 2

MSG OR BITE REQ

REQ REJ R2 I/0 TRANSIENT DEU2 3

ERROR IN DEU 3

MSG OR BITE REQ

REQ REJ R3 I/O TRANSIENT DUE3 3

J
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NO. BY

TYPE

DUO06

DU007

DU008

DU009

DU010

ALT SYSTEM SOFTWARE ERRORS (CONT'D)

ERROR CONDITION

SOFTWARE_

RESPONSE

TEXT

MAJOR MIN

ERROR IN DEU 3

MSG OR BITE REQ

REQ REJ R3

SELECTION OF SPEC

ALREADY ACTIVE

FIRST REQ K7

REJ

I/0 TRANSIENT DEU3 3

EXTERNAL DATA OUT

LIMITS (PER DFG)

FRIST iNP K3

REJ

ILLEGAL ENTRY ACT 5

GPC DETECTED IN-

PUT MSG SYNTAX

ERROR

INPREJ K4

ILLEGAL ENTRY LIM 5

SELECTION OF DIS-

PLAY NOT ASSOCI-

ATED WITH CURRENT
_PS

REQ REJ K2

ILLEGAL ENTRY SYN 5

ILLEGAL ENTRY OPS 5

DU011

DU012

DU013

DUOI4

DUO15

DU016

RESUME WHEN SPEC

OR DISPLAY NOT

ACTIVE

SPEC NOT ALLOWED

IN CURRENT OPS

INVALID ITEM NO.

FOR DATA LOAD

EXEC NOT COMPAT-

IBLE WITH CURRENT

FORMAT OR STEP IN

CONTROL SEGMENT

PRO NOT COMPAT-

IBLE WITH CURRENT

FORMAT OR STEP IN

CONTROL SEGMENT

TWO ACTIVE NON-

RESIDENT FORMATS

WHEN ANOTHER

REQUESTED

REQ REJ

REQ REJ

REQ REJ

REQ REJ

REQ REJ

REQ REJ

K7 ILLEGAL ENTRY ACT 5

K2 ILLEGAL ENTRY OPS 5

K8 ILLEGAL ENTRY ITEM 5

K4 ILLEGAL ENTRY SYN 5

K4 ILLEGAL ENTRY SYN 5

K7 ILLEGAL ENTRY ACT 5



= "l- =-------
- =l'_-V'_ NASg-14444
SPACESHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/'(7
Rev

Page D4

[NO. BY

TYPE

DU017

DUO26

DU027

DUO28

DU029

SCO08

]
ALT SYSTD.{ SOFTWARE ERRORS (CONT'D)

ERROR CONDITION SOFTWARE

RESPONSE

ATTEMPT TO LOAD

DATA VIA DISPLAY

REQ REJ

TEXT

MAJOR MIN

K4 ILLEGAL ENTRY

REQUEST SPEC WHEN
TWO ARE ACTIVE

(PEN MF)

PRO, EXEC OR ITEM
WHEN NEW FORMAT

IS BEING RETRIEVED

INPUTS OTHER THAN

MSG RESET, CLEAR,
OR ACK IN MIDST OF

OPS TRANSITION

FORMAT NOT FOUND

IN BUFFER FOLLOW-

ING RETRIEVAL

FROM MMU

REQ REJ

REQ REJ

REQ REJ

REQ REJ

K7 ILLEGAL ENTRY

K4 ILLEGAL ENTRY

K4 ILLEGAL ENTRY

DI DISPLAY SYSTEM

SYN 5

ACT 5

SYN 5

SYN 5

REQUEST FOR DEU
INIT WHEN GPC NOT

IN OPS 00 OR SM 8

REQ REJ K5 ILLEGAL ENTRY

ERR 4

CONF 5

kj
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DATA DESCRIPTION TABLE
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The Data Descriptors Appendix provides detailed information about each

parameter. Parameters in the Data Descriptors can be cross referenced to

parameters in the modular Data Tables via a parameter identification tag (ID).
The definition of each field in the table follows.

1. ID - A parameter ID has been assigned to each data item in the format

where:

Z - Single character denoting the function of the parameter,

chosen from one of the following:

A - Moding of Control Segments (See Vol II, P2)

D - Display Formats (See Vol II, P3)

B - Mass Memory (See Vol II, P2)

T - Annunciation (See Vol II, P2)

V - LDB (See Vol II, P2)

F - Do_nlist (See Vol II, P2)

W - Read/Write of Main Memory (See Vol II, P3)

H - Time Management (See Vol II, P3)

I - FCOS/CI Common Compool (See Vol II, P3)

J - Common (Miscellaneous) (See Vol II, P2)

L - User Interface Local Variable (See Vol II, P2)

X - System Control Local Variable (See Vol II, P3)

Y - FCOS I/0 Management (See Vol II, P1)

@ - FCOS Process Management (See Vol II, P1)

0 - FCOS Configuration Management (See Vol II, P1)

# - FCOS COMPOOL (See Vol II, P1)

Q - FCOS Control Blocks (See Vol II, P1)

S - FCOS SVC Parameter List (See Vol II, P1)

& - Hardware Parameters (See Vol II, P1)

XXX - A unique three digit number assigned to each major division. (A

major division is a structure, table, array, or a single parameter

not contained in one of the previously mentioned items.

_XX 3- Second level qualifier for elements of of structuresarrays, parts

or tables or the bits in a flag or discrete word.

2. ITEM - A unique meaningful EnglishEquivalentName for the data item.

o HAL/Assembler Name - The HAL/S or Assembler Name used in coding.

The column is blank if no name is assigned as is the case with bits

in a flag word. (User Interface and System Control column name is

"HAL NAME" FCOS column is "ASSEMBLER NAME").

k.2

k_.-';
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,

e

,

Description - A concise statement of the nature of the parameter and

its purpose.

Source - A listing of the three digit ID's of all modules updating the

parameter and/or one of the following special codes:

ILD - The parameter is of the Initial Load (I-LOAD) type (see

Level A CPDS, Table 6-4).

MRW - The parameter is available to memory read write (see Level

A CPDS, Table 6-4).

Destination - A list of the three digit ID's of all modules referencing

the parameter and/or one of the following special codes:

DL - The parameter is available for downlink.

CRT - The parameter is available for display.

Attributes - The attributes of the parameter are as follows:

a. Data Type - The HAL/S declaration type or assembler language type

ST(n) - Structure with n copies

A(m,n),k - Array of m,n dimensions of HAL parameter type k

BS(n) - Bit string of length n

BT - Bit

C(n) - Character string of length n

SC - Scalar/Assembler Language Floating Point

I - Integer/Assembler Language Fixed Point Halfword

BO - Boolean

M(n,m) - Matrix of n,m dimensions

V(n) - Vector of n elements

E - Event

Y - Halfword Address Constant

AC - Fullword Address Constant

Z - Fullword Indirect Address Constant

X - Hexadecimal

F(n) - Fullword Fixed Point n Copies

NOTE: Double length of a parameter type is denoted by prefixing a 'D' to the

above characters.
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b. Initial Value - The initialization value if applicable;

INIT (value)

co Units of Measure - The units of measure of the parameter if

applicable :

UM(unit )

d. Other - Any of the attributes such as REPLACE, LOCU(h), etc.

8. _@rJ3- The _#L number associated with the parameter. The
column is blank if none is defined.

In part 1 (FCOS) bits in a word will be numbered starting with 0. In

parts 2 and 3 (UI and SC) bits in a word will be numbered starting with 1.
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KEYBOARD NZSSAGE TIME. LINE

The attached time lines represent the sequence of processing for two MCDS

keyboard entries from their introduction to the GPC until a new display has

been transferred to the MCDS. The flight software has been loaded, initialized

and is executing an Operations Sequence (OPS) within a Major Function.

The charts outline the sequence of modules that are executed to process

two keyboard messages. The two messages selected for illustration are an OPS

message requesting an Operational Sequence in a new program overlay and a

PRO message requesting a change of display within the current OPS or SPEC.

The following is the environment in which this processing takes place:

The MCDS_Input Processor is cyclically polling the MCDS and, at the

beginning of the time line, a request to transmit a keyboard message
has been issued to the MCDS.

Display_Presentation_and_Control has been called by the OPS Control

Segment when a display was requested and it is now in the WAIT state

until an entry is received, and event occurs, or a time elapses.

User Interface_Control_Supervisor which was scheduled at system
initialization is now in the WAIT state until an MCDS input is

received, or an application control segment requests a service, or a

load from Mass Memory is completed.

Cyclic_DisplayProcessor has been scheduled at system initialization
and is (as the name implies) cyclically generating Format Control

Word Buffers for the MCDS.

k_J
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io

2,

,

4.

,

8,

,

i0.

ii.

12.

13.

Software Processor

"PROGRAM OVERLAY (OPS)"

Time Line

Sub-

. system

DEUDEU software

I/O_Completion_Processor

Process_Dispatcher

MCDS_Input_Processor

MCDSMessage_Processor

User Interface Control

Supervisor

Sequence_Request
Processor

Display_Presentation_
and Control

Block cleanup segment of

Application Control

Segment

Application_Moding_

and_Sequencor

Mode cleanup segment

of Application Control

Segment

Application_Modingand
Sequencor

OPS cleanup of Control

Segment

FCOS

FCOS

UI

UI

UI

UI

UI

APP

Action

assembles keyboard message and

transmits it when commanded by GPC

locates and sets associated event
and calls .

passes control to

receives keyboard message, sets

routing flag, calls

adds data to DIT table, sets event
(SVC) for .

recognizes an OPS request and
calls

verifies overlay request and sets

event (SVC) for ... (and WAITS)

determines termination requested,

returns control to .

executes application block cleanup

code, calls

Ui

APP

determines mode termination

requested, returns control to .

executes application mode cleanup
code, calls . . .

UI

APP

determines OPS termination

requested, returns control to .

executes application 0PS cleanup

code, calls .
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k.#

"PROGRAM OVERLAY (0PS)" (Cont'd)

Sub-

Software Processor system

14. Application Moding_and_ UI

Sequencor

15. User Interface Control UI

Supervisor

16. Sequence_Request_ UI
Processor

17. GPC Reconfiguration SC

18. GPC_Reconfiguration SC

19. Program Overlay FCOS

20. User Interface Control UI

Supervisor

21. Sequence_Request_ UI
Processor

Action

termination processing completed,
sets event (SVC) for .

determines OPS processing completed
and calls . .

verifies overlay request, checks

if 0PS is resident and, if not

resident, schedules .

checks if required GPCs are avail-

able and WAITS after issuing an
SVC for .

reconfigures busses, if required,

creates a pseudo-keyboard message

and sets an event for . (and

CLOSEs)

reads overlay from Mass Memory

and returns to

recognizes an OPS request and
calls

schedules requested 0PS Control

Segment (SVC) and WAITS for Appli-

cations Input Communications

event.

OPS Control Segment APP begins execution, calls

Application Modingand
Sequencor

UI sets appropriate indicators in

MACT table, sets event (SVC) for

Sequence_RequestProcessor,
returns control to the OPS Control

Segment (Step #26).

Sequence_Request_Processor UI returns control to

User Interface Control

Supervisor

UI returnx to WAIT state.
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26.

"PROGRAM OVERLAY (0PS)" (Cont' d)

Software Processor

OPS Control Segment

27. Display_Presentation_ UI

and Control

28. User Interface Control UI

Supervisor

29. MCDS Functions Processor UI

30. User Interface Control UI

Supervisor

31. New__Display_Processor UI

32. User Interface Control UI

Supervisor

33. Cyclic_DisplayProcessor UI

Sub-

s_stem

APP

Action

34. SVC Handler FCOS

35. I/O__SVC_Service_Processor FCOS

executes initialization code,

executes DISPLAY statement which

calls . , , (with a display

request)

recognizes new display request,

sets flag in MACT table for pro-

cessing by Application Control

Interface, sets event for . .

(and WAITS)

determines an application service

request pending, calls

determines a new display pending,

request a search for the DgTf and

returns control to

performs a search for the DFT and

calls

checks if FCWs are in the DEU, if

necessary, issues an SVC to trans-

mit background FCWs to DEU (see

Steps #34-36), sets one-time up-

date flag for Cyclic_Display

Processor, and returns contrQl

to .

returns to WAlT state

finds the one-time update flag,

builds FCWs for all variable para-

meters, issues SVC to transmit

variable FCWs to DEU

accepts and routes I/0 request

to .

builds I/0 control block and calls
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#

36.

37.

"PROGRAM OVERLAY (OPS)"

Software Processor

10P Dispatcher

DEU Buffers

Sub-

system

FCOS

DEU

(Cont'd)

Action

starts the requested I/0 operation

at GPC direction, FCWs are inserted

into the refresh cycle.
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# Software Processor

i. DEU software

2, I/OCompletion_Processor

,

4.

ProcessDispatcher

MCDS_Input_Processor

5. MCDS_Message_Processor

6. User Interface Control

Supervisor

7. Display_Presentation
and Control

8. Application Control

Segment

9. Display_Presentation
and Control

i0.

ll.

12.

Block cleanup segment of

Application Control Seg-
ment

Application_Moding

and_Sequencor

New Block within the

Application Control

Segment

"New Display (PRO)"

Time Line

Sub-

system

DEU

FCOS

FCOS

UI

UI

UI

UI

APP

UI

APP

UI

APP

Action

assembles keyboard message and

transmit it when commanded by GPC

locates and sets associated event

and calls . . .

passes control to

receives keyboard message, sets

routing flag, calls . . .

adds data to DIT table, sets

event (SVC)* for . .

verifies message validity, stores

message in MACT table, sets key-

board message event (SVC)* for

returns control to .

executes application code to pro-

cess PRO message, executes CHANGE
statement which set the 'new

display' flag and calls

determines the 'new block'

request, and returns control
to , .

executes application block clean-

up code, and calls .

determines block number and

returns control to .

executes the application code, and
executes DISPLAY statement which

calls
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#

13.

"New Display (PRO)" (cont.)

Sub-

Software system

Display_Presentation_
and Control

UI

14. User Interface Control UI

Supervisor

15. MCDS Functions Processor UI

16. User Interface Control UI

Supervisor

17. SVC Handler FCOS

18. I/0__SVC_Service_Processor FCOS

19. iOP_Dispatcher FCOS

20. I/0Completion_Processor FCOS

Action

21. Prbcess_Dispatcher FCOS

22. User Interface Control UI

Supervisor

23. NewDisplay_Processor UI

recognizes new display request,

sets flag in MACT table for pro-

cessing by Application Control

Interface, sets event for .

(and WAITS)

determines an application service

request pending, calls

determines a new display pending,

request a search for the DFT and
returns control to .

performs a search for the DFT, if

not found issues a Mass Memory

read request (SVC) and returns to

the WAIT state

accepts and routes I/0 request

to

builds I/0 control block and

calls

starts I/0 operation

locates and sets associated event

and calls

passes control to .

determines it is an I/O completion,

and calls

checks if FCWs are in the DEU, if

necessary issues an SVC to transmit

background FCWs to DEU (see Steps

#26-28), sets one-time update flag

for Cyclic Display Processor and
returns con--trol to--.

<_i
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"New Display (PRO)" (con'd)

# Software

24. User Interface Control

Supervisor

25. Cyclic_Display_Processor

26. SVC Handler

27. I/0 SVC Service Processor

28. 10PDispatcher

29. DEU Buffers

Sub-

sEstem

UI

UI

FCOS

FCOS

FCOS

DEU

Action

returns to WAIT state

finds the one-time update flag,

builds FCWs for all variable para-

meters, issues SVC to transmit
variable FCWs to DEU

accepts and routes I/0 request
to

builds I/O control block and

calls

starts the requested I/O operation

at GPC direction, F_[s are inserted

into the refresh cycle.

Subsystem abbreviations:

DEU

FCOS

UI

APP

SC

Display Electronics Unit

Flight Computer Operating System (FDS Vol 2 PI)

User Interface (FDS Vol 2 P2)

Applications Software (Control Segment)

System Control (FDS Vol 2 P3)
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APPENDIX H

CONTROL SEGMENT GRAMMAR
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H.I INTRODUCTION

There is a specific design requirement, that all applications software control

logic be modularized in the software system end items. This requirement is given

in order to conform to the principles of top down and structrured programming and

to allow a software system design that reduces the impact of a relatively high

number of Level "B" and "C" requirements changes.

All Operational Sequences (OPS) and Specialist functions (SPEC) conform to the

constraints of and, in fact, are control segments. To adequately @efine control

segments, their capabilities and functions, a grammar has been developed which

defines the limitations and constraints of control segments. All OPS and SPEC

in flight programs therefore conform to this grammar.

Control segments can be depicted as processing functions associated with

particular display formats within the sequence. A series of blocks are defined

to represent a series of displays and their associated processing. These blocks

represent the total capabilities and limitations of the software that are used

to build the control segment. Therefore, each block is capable of implementing

any OPS or SPEC requirement that may be defined as associated with a display block.

Operational Sequences may be designed to be entered at multiple points. From

an entry point a string of blocks any be sequentially executed and are referred to

as a mode within an OPS. On the other hand, since a Specialist function may be

entered only at the topmost point of its logic,it consists of only one mode, the

SPEC itself.

Control segment blocks are composed of:

A block identification statement with an optional automatic advancement

capability based on an event.

An optional initialization statement in the first block of a mode.

An action segment which includes software functions such as scheduling,

calling, signaling, terminating, etc.

A display initiation and response function which includes initiating a

display and then waiting for a response.

An action segment which may also include a branch to other control segment

blocks.

An optional termination or cleanup segment which includes software to

cancel, terminate, or otherwise cause the cessation of processing asso-

ciated with the block.

kJ
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Control segment modes consist of:

a. A mode identification statement with an optional automatic advancement

capability based on an event.

b. All control segment blocks which comprise the mode.

c. An optional termination or cleanup segment which includes software

to cause the termination of all processing associated with the mode.

Operational Sequences (0PS) and Specialist functions (SPEC) similarly are

composed of:

a. A unique identification statement with an optional automatic advancement

capability based on an event.

b. An optional group of initialization statements for the 0PS or SPEC.

c. All lower level modes or blocks which comprise the OPS or SPEC.

d. An optional termination or cleanup segment which causes the complete

termination of processing associated with the 0PS or SPEC.

H.2 CONTROL SEGMENT GRAMMAR

Figures H-I and H-2 present the control segment grammar syntax for an 0PS or

a SPEC. The following items refer to the syntax of the macros depicted:

• Each name in capital letters is a keyword in the macro.

• Names in small letters refer to user supplied names or statements.

• All special charact_s are part of the syntax and appear in the grammar

usage with the exception of the braces, i.e., "I } ". These are used
only to indicate an option of an argument selection.

As previously mentioned, there is a capability to invoke an automatic advance-

ment feature on the OPS (or SPEC), mode or block level which transfers control to

0PS 0-00 or the next sequential respective mode or block following the execution

of all nominal cleanup segments. Different events may be specified for the three
levels of automatic advancement.

initialization of the 0PS or SPEC is furnished by applications-provided control

segment statements preceding the OPS or SPEC identification statement. These

statements are executed once upon first entry into this high level segment. A mode

initialization is permitted in the first control segment statement following the

block identification. It should be noted that the DO...END group is allowed to

bracket this initialization. However, this initialization is procedurally restricted

to the first block of each mode of an OPS.

The DI?PLAY statement within each control block initiates the display and then

waits for a response. In some cases a block may not have a display format associated
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program-name : PROGRAM;

INCLUDE macro-library-name ;

ontrol-s egment-st atement s]

(o IADVANCE ON event_OPS perational-sequence-number, INO AUTO--ADVANCE J/

m 3ADVANCE ON eventl_MODE ode-_e,INOA_TOI_VANCEl];

o.ovent  

[one-initiali zat ion-eontr ol-segment -stat ement_ ;

_ ont rol-s egment -statement _

_ ont rol-segment-st atement s]

_ ontrol-segment -st at ement _ .......

BLOCK CLEAN UP (block-name) ;]
ontrol-s egment -stat ement s

BLOCK_END _block-name, |NO_CLEAN UP_/

[LOCK(block-name, {AoDAIA_TCEfA_V_CEt }>,]

LOCK END _block-name, |NO CLaN UPI/ J

_dditional blocks]

{0DE CLEAN UP (mode-name)q

ontrol-s egment -stat ement sJ

{mode-name 3CLEAN liP MODE, INO_ CLEAN" UP MODE_) ;MODE__END
\

[additional modes]

on_ro!-segment-statement_

(/CL_ uPoPs_END INO_CL_N" UP OPS_ );OPS

CLOSE program-name ;

Figure H-I. Control Segment Grammar For OPS
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h

program-name : PROGRAM ;

INCLUDE macro-library-name ;

_ ont rol-s egment-s t atement s]

(specialist-number, _AD_V_NCE__ON event _);sP_.C INO_A_TO___V_CEJ

IADVANCE__ON event I_

BLOCK (block-name, |NO_AUTO_ADVANCE I/ ;

D ont rol-s egment-s tat ement s]

DISPLAY ({displaOY-number }) ;

_ontrol-segment-statements]

.
_ ont rol-segment-st at ement _

[BLOCK CLEAN UP (block-name)
Lcont rol- seg_ent-s tatement s _

BLOCK_END block-name, /N0_CLEAN__UPJ ;

[additional blocks[]

l
ontrol-s egment-statement s/

_ICLEA_N LIP SPEC I_
sPEcsND \INO_CL_--_ SP_,Cl/

CLOSE program-name ;

Figure H-2. Control Segment Grammar For SPEC

7
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with it. This condition is indicated by the "DISPLAY (0)" option which does not

disturb the display currently on the CRT.

One additional statement is required within each control block, the CHANGE

macro statement. This provides the applications programmer with a means of setting

an indicator directing the transfer of control to a new block. Before the transfer

is made, the cleanup segment of the block, if provided, is always executed and, if

appropriate, the cleanup segment associated with the mode is also executed in turn.

The CHANGE statement may point to any block within the current mode of an OPS or

within the SPEC or to the first block of any other mode of the OPS. An illegal

mode or block specification will cause termination of the requesting control seg-

ment. The "CHANGE (0)" form of the statement is a request to advance to the next

control block in ascending numerical sequence.

The following legal control segment statements, as currently defined, are

available to the applications programmer when writing the control segments.

Call - statement

Schedule - statement

Signal - statement

Set/Reset - statements

Terminate - statement

Cancel - statement

If- statement

Assignment - statement (controlled by programming standards)

Do - group (controlled by programming standards)

Include - statement (controlled by programming standards
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The grammar is a set of macros (replace statements) which have been defined by

User Interface to provide the application programmer with a common language to

generate control segments. With the grammar, the user structures his control seg-

ment into OPS sequences or SPEC functions and provides the necessary information

through the input parameters for User Interface control. The grammar also permits

the crew to maintain control over the application software through external inputs

to the MCDS or other defined input sources.

The following is a list of the grammar macros with a description and a definition

of what each provides.

/Operational- ADVANCEON eventl_

OPS _Sequence- ' {NO AUTO ADVANCE I) ;number -- --

OPS is used to define a control segment as an operational

sequence. The first parameter, operational sequence number,

is used as an ID to UI for control interface communications.

The second parameter requests UI to advance the OPS

(that is, terminate the program gracefully) when this event

becomes true. NO AUTO ADVANCE means just that, no OPS ad-

vancement based on any event. "DS" is a statement label

generated for use by the macro.

SPEC specialist ADVANCE ON event_
number , |NO AUTO_ADVANCEI] ;

f

SPEC is used to define a control segment as a specialist function.

The first parameter is the Specialist F_nction number used as a

control ID by UI. For further definition see the OPS macro above.

"DS" is a statement label generated for the macro's internal use.

MODE {mode #ADVANCE ON eventt_

tname , INO_AU TO_ADVANC E J/ ;

MODE specifies the beginning of a new mode Within the OPS.

The first parameter is a unique name within this compilation

assigned to this mode. The second parameter specifies whether

the mode should be advanced to the next sequential mode based

on some given event or not. This macro is used with the OPS

only.

block /ADVANCE ON event_)BLOCK tname , INOjUTO[ADVANC E j ;

BLOCK specifies the beginning of a new block within the current

MODE (or SPEC). The first parameter is a unique name within the

compilation assigned to this block. The second parameter specifies

whether the block should be advanced to the next sequential block

based on the given event or not.
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executable statement ;

The INIT BLOCK is a BLOCK which also provides for the execution of a

single statement upon first entry but not upon subsequent return. The

INIT_BLOCK is optional and is used only as the first block within

the MODE. The single executable statement (which may be a DR .... END;

group) is available as initialization for the MODE if required.

DISPLAY ({displayn borl)0

DISPLAY is used within the confines of a BLOCK to request that the

requested format be displayed on the CRT and updated at its specified

rate. In addition, a WAIT on the events specified at the OPS (or SPEC),

MODE, and BLOCK levels along with a WAIT on the Keyboard (user input).

The parameter is the display number being requested. If it is zero,

the display is not changed. It is only at this point (the WAIT) that

external inputs are recognized.

BLOCK CLEAN UP (block-name)

BLOCK CLEAN UP specifies that the code following this statement is

provided by the application programmer to gracefully terminate the

specified (current) block. The block-name is the same as that within

the BLOCK definition above. This macro is optional.

BLOCKEND (block-name,  o_csm JPI/ ;

BLOCK_END specifies the close of the block identified by "block-name".

The second parameter specifies (i) with CLEAN UP, there is an appli-

cations provided clean up section (See BLOCK CLEAN UP above) and

(2) with NO_CLEANUP, there is no applications clean up provided.

• MODE_CLEAN_UP (mode-name);

MODE CLEAN UP specifies that the code following this statement is pro-

vide_ by t_e application programmer to gracefully terminate the specified

(current) mode. The mode name is the same as that within the MODE

definition above. This macro is optional.
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MODEEND (mode-name ' INO__CL_UP MODE!/ ;

MODE _D specifies the close of the mode identified by "mode-name".

The second parameter specifies that applications mode clean up is

or is not provided.

OPS CLEAN UP;

OPS CLEAN UP specifies that the code following this statement is pro-

vided by the application programmer to gracefully terminate this

operational sequence. This macro is optional.

0Ps _D ( icT'_-UP-°Ps- INo__cL_ uP 0Psi)

OPS END specifies that this is the close of this OPS. The parameter

specifies whether an application clean up section for the OPS is or

is not provided.

SPEC CLEAN UP;

SPEC CLEAN UP specifies that the code following this statement is

provided by the application programmer to gracefully terminate this

specialist function. This macro is optional.

(' sPzc [ )SPEC END \ INOC_F_'bP SPECJ

SPEC END specifies that this is the close of this specialist function.

The parameter specifies whether an application clean up section is

or is not provided.

CHANGE specifies an exit from the block. The parameter specifies the

block (display number) to which transfer is to be made. If this param-

eter is zero, transfer is to the next sequential block; if non-zero,

transfer is to the mode and block indicated. If the requested mode is

different from the current mode, the block must be the first block of

the new mode. It should be moted that the CHANGE is not a direct trans-

fer and any code after this statement and prior to BLOCKyD (or BLOCK_

CLEANUP) will be executed.
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In addition to the grammar macros there is available a set of assistance

macros designed to allow for simplified references to the MCDS keyboard inputs.

These macros are short descriptive terms which may be used to reference the

longer HAL names, which, in turn, reference compool data within structures.

For example, "KEY" is a replace macro referencing the compool location where

UI stores the MCDS code for the key that is to be passed to the control seg-

ment. The compool name for "KEY" is "CZIV_D_KEY_ID $ (D_IND)". These assist-

ance macros are provided to maintain the user's independence of keyboard

changes which will be reflected through the macro. The assistance macros

are defined as follows:

• KEY

KEY is an integer single value giving the ID of the MCDS key passed to

UI. KEY may be used in conjunction with other macros to determine the

identity of a particular entry. (e.g., IF KEY=PRO THF_...) The fol-

lowing defines the macros to be used to test KEY.

• PRO

PRO gives the ID for the PRO key as received from the MCDS

keyboard.

• EXEC

EXEC gives the ID for the EXEC key as received from the MCDS

keyboard.

• ITEM F_NTER

ITEM ENTER gives the ID for the ITEM key when data is entered

with the ITEM number.

• ITEM EXEC

ITEM EXEC gives an ID for the ITEM key entry when that keyboard

entry has an EXEC key termination.

• RESUME

RESUME gives the ID for the RESUME key as received from the MCDS

keyboard. (It may be tested only in the SPEC clean up segment for
the SPEC or a BLOCK within a SPEC,)

k_J
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For the ITEM (See ITEM ENTER, or ITEM EXEC above) there is information

in addition to the KEY which may be passed. The item number may be

tested by "IF ITEM NO=I THEN ...". The following lists the assistance

macros which may be used in conjunction with the ITEM entry.

• ITEM NO

ITEM NO gives access to the integer single item number entered with

an ITEM key entry. The ITEM NO is valid for both ITEM key termi-
nations - EXEC or ENTER.

• ITEM S

ITEM S gives access to the scalar value as a double precision data

item entered with an ITEM_ENTER keyboard entry and associated with
the current item number.

• ITEM I
w

ITEM I gives access to the integer value as a double precision data

item entered with an ITEM_ENTER keyboard entry and associated with
the current item number.

• ITEM 0

ITEM 0 gives access to a 32-bit binary field containing any octal

item entered with an ITEM ENTER keyboard entry and associated with

the current item number.

Another group of assistance macros is provided to give the application

an indication of current and up coming status. The new OPS number may

determined for example by "IF D NEW 0PS NUMBER=I THEN,,.". The following

is a list of these macros.

• D OPS NUMBER

D OPS NUMBER gives the integer single value of the current 0PS

w_thi_ the Miscellaneous Application Control Table (MACT).

• D MODE NUMBER

D MODE NUMBER gives the integer single value of the current MODE
w_thin--the MACT.

• D SPEC NUMBER

D SPEC NUMBER gives the integer single value of the current SPEC
w_thin-t-he MACT,
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• D BLOCK NUF[BER

D BLOCK NUMBER gives the integer single value of the current
BLOCK within the MACT.

• D NEW OPS NUMBER

D_NEW_OPS_NUMBER gives the integer single value of the OPS for

which a current OPS is being cancelled. This is valid only in
the clean up segment.

D NEW MODE NUMBER

D_NEW_MODE_NUMBER gives the integer single value of the new

mode being requested by the MCDS input for which a current mode

is being cancelled. This is valid only in the clean up segment_

• D DEU NUMBER

D_DEU_NUMBER gives the integer single value of the DEU from

which a keyboard entry to the control segment has been made.

The grammar macros and all communications with the control segment is through

the Miscellaneous Applications Control Table (MACT) which is a structure with

several copies. One of these copies is assigned at control segment initiation to

the control segment. The index is provided via a variable, D IND,defined within

the grammar macro set. It is initialized for the control segment when the OPS

or SPEC macro is executed. Therefore, no macro using D IND should be referenced

_rior to execution of the OPS or SPEC macro. If use of this index outside of the

control segment is required, it must be provided by application coding procedures.

Table H-I provides a summary of the grammar key words.
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Table H-! Grammar Key Words

_gDVANCE ON

BLOCK

BLOCK CLEAN UP

BLOCK END

CHANGE

CLEAN UP

CLEAN UP MODE

CLEAN UP OPS

CLEAN UP SPEC

D BLOCK NUMBER

D DEU NUMBER

D IND

DISPLAY

D MODE NIE4BER

D NEW MODE ,NUMBER

N NEW 0PS NUMBER

D OPS NUMBER

DS

D SPEC NUMBER

EXEC

INIT BLOCK

ITEM EN_

ITEM EXEC

ITEM I

ITEM NO

ITEM 0

ITEN S

KEY

MODE

MODE CLEAN UP

MODE END

NO AUTO ADVANCE

NO CLEAN UP

NO CLEAN UP MODE

NO CLEAN UP OPS

NO CLEAN UP SPEC

0PS

OPS CLEAN UP
w

OPS END

PRO

RESUME

SPEC

SPEC CLEANUP

SPEC END



__ _-: .--- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 2

Date 2/28/77
Rev

Page HI4

H.3 KEYBOARD MESSAGE PROCESSING

Associated with each display format is a subset of the keyboard messages

which are valid user commands during the time the format is displayed at his

position. Most of these messages are processed by User Interface programs

and are invisible to the application control logic. However, some messages

are, by their nature, processed by the applications program. This processing

occurs within the control block following the DISPLAY statement, but preceding

either the block cleanup segment or the BLOCK END statement.

Table H-2 presents a summary of all available keyboard messages.

Table H-3 is a list of all valid keyboard syntax messages transmitted

to the GPC by the DEU.

For simplified access to the keyboard messages and included data parameter,

the control segment grammar contains a set of macros for use by the applications

programmer (see Appendix H.2). Their use is optional. These macros support the

ITEM, PRO, and EXEC messages. The data exchanged between User Interface and the

Control Segment is placed in a communications area, the common COMPOOL.

%.J

kj
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Table H-2. Keyboard Message Summary

Hessa_e ID Name

OPS

SPEC

DISPLAY

RESUME

ITEM

PRO

EXEC

ACK

MSG RESET

FAULT

CHPTR/CRT

C,_OTR/BUS

Operational Sequence

Specialist Function

Display Function

Resume

Item

Proceed

Execute

Acknowledge

Message Reset

Fault Summary

Computer/CRT Bus Configuration

Computer/Bus Configuration

Processed By

UI

U!

UI

UI

Application

Application

Application

UI

UI

UI

System Control

System Control

±

=
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Table H-3. Keyboard Message Syntax

i. 0PS ABC PRO (Note i)

2. SPEC BCD PRO

3. DZSPLAYBCDPRO

4. ITEM (A) B +/-XX.XX +/-XXXX +/-

5. ITEM (A) B EXEC

6. RESUm_

7. FAULT

8. ACK

9- M_SG RESET

i0. PRO

ii. EXEC

12. CMPTR/CRT AB EXEC

13. CMPTR/BUS AB EXEC

.... E (Note 2)

Note i. The integers, 0 to 9, are indicated by the letters A, B, C, D and X.

Note 2. E represents the ENTER key.

\ £
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System Control
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i. INTRODUCTION

This document presents the System Control detail design descriptions of

modules to be used for the Approach and Landing Test (ALT). The design presented

reflects requirements as specified in the Computer Program Development Specifica-

tion Level A (CPDS), Book 1 (Software), dated July 23, 1976 and all approved

Change Requests.

The remainder of the INTRODUCTION, Section l, discusses the documents purpose

and Section 2 explains the format used to describe each module.

The PROGRAM DESCRIPTIONS Section, Section 3, contains the ALT detailed design

for each module in System Control.

Appendices contain additional information concerning the System Control

design:

Appendix A contains the System Control requirements - Detailed Design Cross
Reference.

Appendix B contains the System Control resource_allocation summary.

Appendix C contains the System Control module list.

Appendix D contains a table of error conditions and the default system

action to be performed by System Control modules.

Appendix E contains the Data Descriptors Table.

Appendix F contains a list of 0PS-dependent modules.

Appendix G contains a time line illustrating some of the functional

capabilities of System Control.

A detailed knowledge of the HAL/S Realtime Statements and a general knowledge

of the AP-101 flight computer are assumed. The following list of documents con-

tain information regarding these topics:

• HAL/S Language Specification

• Interface Control Document: HAL/FCOS

IBM File #6246156A

• Advanced System/4 Pi Model AP-101 Computer Software Systems Manual,

IBM File #62280045

• User Interface, Release 4, User's Guide
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i.i PURPOSE

The Detail Design Specification provides explicit module descriptions of the

implementation of the System Control requirements. The detailed breakout of the

modules, the detailed logic flows and the detailed data descriptions provide the

final level of design description preceding the actual program listing.

1.2 SCOPE

System Control is the software that supports system software functions

related to initialization, reconfiguration, and other tasks necessary for system

operation that are not specifically functions of the application software. It

operates at the request of the system user to accomplish its functions. The

services of other processes in the System Services segment of the processing

hierarchy are utilized in accomplishing this process. It is divided into three

major areas:

System Initialization provides the execution of system software to place the

GPC into a state in which normal operation may begin. The configuration may

be a single GPC or a multi-GPC set.

System Reconfiguration performs the system services of coordinating changes

in the makeup of the DPS. Included are changes in the GPC set, %h@irmain

memories, and IOP channels as well as supporting the display of configuration

status and the inputs of the user to change the status. The operational

sequence for system idling as a major function and as an entire GPC is

included in this set of system services. User input requests for reconfigura-

tion are performed by using other services of system software when possible.

System Specialist Functions are the set of specialist functions which provide
system services and information during any operational sequence and from

any user position regardless of the major function switch setting. Because

of their commonality across major functions they are normally permanently

resident in memory.

kj

k_J
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2. FORMAT EXPLANATION

The individual detail design description of each module consists of a Module

Writeup which contains interfaces with other modules, a process description and

any limitations the processing may have. The input and output to the module is

presented in the Module Data Table and Module I/0 Table. Finally, the detailed

design is presented in the form of a structured control flow in the Module Control
Flow.

2.1 MODULE IDENTIFIERS

Several methods for referring to a program have been defined. The program

is identified by its HAL/Assembler name, EnglishEquivalent_Name or its three
digit ID.

2.1.1 EnglishEquivalentNames

An EnglishEquivalentName is provided for each HAL/S or assembly language

program. Each name conforms to the following standards.

a. It shall be uniquely defined.

b, It shall not contain other than accepted English abbreviations, acronyms

defined in the Level A CPDS, or the acronyms Appendix to the SDDS.

c. It shall be concise.

d. It shall be indicative of its use.

e. Underscore connectors shall be used between words within the English

name. Each new word will begin with a capital letter.

Example:

i. ErrorLoggingRoutine

2. LDBMessageRouter

Note that the same standards apply to the "ITEM" name of I/0 parameters

(see Appendix E).

2.1.2 Module Identification (!D) Codes

All programs, procedures, and segments (where segments are convenient modu-

larizations of complex control flows) are identified by a numerical ID of the

format XXX.XX. These codes are utilized in the Source/Destination section of

the Data Table (see Section 2.3) and in the appropriate parts of the Control Flow
(see Section 2.5).
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The module ID's conform to the following standards:

al A unique three digit code shall be invented for each Program and
Procedure. The numbers are assigned in the following way:

FCOS 100-199

200-299

300-399

UI 400-699

SC 700-999

Process Management

I/O Management

Configuration Management

b.

C.

Segment ID codes shall consist of the same three digit prefix as
the module it is a part of, followed by a decimal and a two digit

number (e.g., ll2.01). Segments are numbered consecutively even

if they are referenced only by another segment.

All ID codes are used consistently throughout the entire document.

2.2 MODULE WRITEUPS

The title at the beginning of each section consists of the section number,

followed by the module EnglishEquivalentName, the module HAL/S or assembly langu-

age name and the module ID.

Example:

X.X.X.X. EnglishEquivalentName (MODULE1) (XXX)

Each module writeup is divided into the parts described below.

Function - This paragraph provides a very general description of the

functions performed by the module.

a. Control Interface - This paragraph identifies all known users of
the module and its form of invocation. Priority and rate parameters

are specified as symbolic parameters defined in Software Awareness

Memo (SAM) I0.

Control Interface i. Form of Invocation

2. Known Users

Example:

I. SCHEDULE DMIMCDSIN PRIORITY (PRIODMI)

REPEAT EVERY TIME DMI;

, (a) CALLed by (ID) English Equivalent Name

(HAL/S_.NAME)

(b) SCHEDULEd by (ID) English_EquivalentName_2

(HALLSNA 2)
k,_,,/
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T

bo

C.

d.

e.

f,

(c) Event EnglishEquivalentName (HAL/S NAP_)

set by (ID) English_Equivalent Name_3

(HAL/S__A_m3 )

Input - In most cases this is a reference to the module data table.

However, if special interfaces need to be described they are

described here. If the module is a control segment (an Operational

Sequence or Specialist Function) the special grammar macros must

be used. They are listed here. For a reference to a table "See

Table X.X.7.-i" is used.

Process Description - This is a narrative which functionally

describes the processing performed by the module as depicted in

its Control Flow. If data parameters are referenced, they are

referenced by their English__EquivalentNames. It includes a
reference to the Control Flow Figure number of the form: "The

control flow for this module is shown in Figure X.X-X".

_- In most cases this is a reference to the module Data

Table. However, if special interfaces need to be described,

they are described here. For a reference to the table "See

Table X.X.X.X-I" is used.

Module References - This section identifies all other modules which

this module references. Each module is identified by a line consist-

ing of the three digit ID, English__Equivalent__Name and HAL/S or

Assembly language name. Modules are CALLed or SCHEDULEd. It also
includes the FCOS service routine name of FCOS Supervisor Calls

that are invoked.

Example:

1.

2.

(001) Reset Event Processor (FPMRESET) is CALLed.

(002) Light_._and_larms_Processing (DLA_LIGHT_ALARM_

PROC) is CALLed.

Module Attributes

This section specifies the HAL compilation type of the module,

whether it is a program, external or internal procedure, func-

tion, or task. A program is the highest level unit of compilation

and can only be invoked by a SCHEDULE. An external or internal

procedure is a subroutine outside or inside the program scope,

respectively, and can only be invoked by a CALL. A task is a

block of code which is invoked by a SCHEDULE. A function is an

operation invoked by the appearance of the name in an expression.
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g* Template References - Specifies all templates referenced in the

module. Each template is identified by an English_Equivalent

Name and a HAL/S name.

I. English_Name_l (HALS_NAME_I

2. English_Name_2 (HALS_NAME_2)

h. Error Handling

This section describes the error handling techniques employed by

this module. For each error detected by the module an explanation

of the error and the action taken by the module is provided. If

the module outputs and error message via the Annunciation Function

the error is briefly discussed and the error message number (see

Appendix D) is enclosed in parenthesis.

i , Constraints and Assumptions - This section describes the programming
limitations to which this module is subject and delineates the

assumptions which are reflected in the design of this module.

j , Detailed Implementation - This section is used to provide a text
extension Of the iogic statements which are usually enclosed with-

in a processing block of a Control Flow. These logic statements

may be in HAL/S 90rm, but assembler language code is not allowed.

The process block contains a reference number which relates to a

number in this section of the module writeup.

2.3 MODULE DATA TABLE

All data input and output to a module or the hardware and internal parameters

necessary for the understanding of a processing event (i.e., all data referenced

in the control flow, narrative, or detailed implementation section) are itemized

in a tabular format (see Figure 2.3-1). Each item in the table is explained

below.

Nam_.__ee-The module English__EquivalentName along with the HAL/S or

assembler name in parenthesis.

Example :

MCDS_Input_Processor (DMI_MCDS__IN)

C0nfigurationManagement_SVC_Service_Routine (FCMSVC)

2 Item Number - Items are sequentially numbered in the general order of

their appearance in the associated control flow.

3 Ite.___m-The English__Equivalent_Name assigned to the data in the Data
Descriptors Table (see Appendix E).
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4 Description ID - The ID assigned to the data in the Data Descriptors
Table (see Appendix E).

5 _- This column denotes the usage of the parameter. Codes
are:

I - An external memory location referenced by the module.

0 - An external memory location changed by the module.
L - Local variable

Z - COMPOOL constant

T - Temporary Variable (Variables used only within a HAL DO group)

Any number of activity types that apply are specified in this column.

6 Source - A listing of the three digit iD's of all modules updating the
parameter or hardware source of the parameter. If more than four

modules update the parameter, a reference to the Data Descriptors Ap-

pendix is inserted instead of the list. The three digit ID's are listed
in numerical order.

7 Destination - A listing of the three digit ID's of all modules refer-

encing the parameter or the hardware source to which the parameter is

being written. If more than four modules reference the parameter, a

reference to the Data Descriptors Appendix is inserted instead of the

list. The three digit ID's are listed in numerical order.

_L_____- The HAL name is used in coding. (Include the HAL equate name

in parenthesis where applicable). If no name is assigned the column
is blank.

MM____L-The Master Measurements List number in the requirements source.
If not specified the column is left blank.

l0 - An 'X' is placed in the column if the parameter is available to be
downlisted.

ll - An 'X' is placed in the column if the parameter is available to be

displayed on a CRT.

2.4 MODULE I/O TABLE

The module writeup contains a table specifying the data passed to FCOS in

each I/O request. The format of the table and explanation of the parameters is

found in Appendix G in Part 1 (FCOS) which contains a table of the I/0 request

definitions for each device and 0P code. If the I/0 is of the pre-initialized

type the table is not included with the module writeup. Reference to this table

or FCOS Appendix G is included in the control flow where the I/O SVC is issued.
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2,5 MODULE CONTROL FLOW

2.5.1 Flow Charts

System Software modules are documented by Structured Control Flows. Where

possible/practical, the structure of the flow follows the structure of the

program listing. Each page of flowcharting presents a complete picture of a pri-

mary processing objective with subsequent expansions of detail appropriately ref-

erenced. The expansion is accomplished either through a segment that is presented

in detail on later pages of the control flow or through a reference to the Detailed

Implementation section of the module writeup. The first page of each flow contains

one elliptical block specifying "Enter" and a block specifying "Return". Logic

flow is generally from top to bottom and left to right thus no arrowheads are re-

quired on connecting lines. See Figure 2.5-1 for the Control Flow legend.

The initial page of the control flow is titled with the same title as the

module writeup; that is English_Equivalent_Name and HAL/S or assembler name.

Example:

Figure X.X.X.X - English_EquivalentName (HAL_NAME)

Subsequent pages of a flow have the same title as the initial page without

the HAL/S or assembler name. Additionally, they have a subtitle consisting of

an English Equivalent Name for the segment and the ID defined in the process
box which references the segment.

Example:

Figure X.X.X.X-2 EnglishEquivalentName

EnglishEquivalentSegmentName (XXX.I)

k_i

k_J
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Terminal - identifies Enter/RETURN point (such as

HAL/S executable units of comoilation and internal

procedures and functions)

Mathematical statement/process control block which

sometimes references another flow for a lower

level of detail

Decision statement block

Documentation Examples

IFp
Then [_

Else

DO UNTIL p>

I D_OWHILE p>

DO FORp=atob

If p true then do Q, and return in-line*.

(The word THEN is required. )

If p true then do Q and return in--line*, else

do r, and return in-line*.

Do Q until p true, then return in-line*.

No%e: The decision on p is made after doing Q.

Do Q while p true, then return in-line*.

Note: The decision on p is made before doing Q.

Do Q while p increments from a to b, and return

in-line*.

DO CASE p_-

 l--q
Else

Do one of specified processes based on value of

p, and return in-line.* NOTE: Some identifica-

tion of each case choice is given on the line

leading into box, such as an index number, or

the word ELSE (for the branch taken if the case

index is outside its valid range).

* - Return in--line means return to _he statement

immediately below the decision. If there is

no such statement, retrace path to the last

previous decision and repeat this logic.

Figure 2.5-1. Control Flow Legend



V
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3. SYSTEM CONTROL PROGRAM DESCRIPTIONS

The System Control Function performs system services in a special category

of data processing which is neither a function of FCOS nor a function of User

Interface. These functions include the initialization of the system following

the loading of a GPC via IPL or other means, support for OPS 0-00 functions,

system reconfiguration control, and the set of Specialist functions which are

system oriented rather than directly related to the major functions of Systems

Management, Guidance, Navigation, and Control, or Payload Management.

The following figure presents the functional design of System Initialization,

System Reconfiguration, and System Specialist Functions. Figure 3-1 contains

the functional overview hierarchy diagram for System Control.
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FCOS

System
Services

I
User
Interface

System
Control

System
Initialization

3.1

I
System

Reconfiguration

3.2

System
Specialist
Functions

3.3

V

Figure 3-1. Functional Overview Hierarchy Diagram
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3.1 SYSTEM INITIALIZATION

The System Initialization software initiates the execution of User Interface

and System Control software and places the GPC into a state from which normal

operation may begin. This is accomplished through a series of subfunctions

designed to start only one GPC at a time. In the case where a redundant set of

GPC's is to be initialized, all subsequent GPC's following the first are placed

in a secondary mode and await a command by the first GPC to load the program

overlay and initiate the first Operational Sequence (OPS). All GPC's activated

are synchronized at a common sync point. In the case of a simplex configuration

initialization, the GPC is synchronized with any other currently executing GPC

set at the common sync point. Figure 3.1-1 shows the hierarchial diagram for

System Initialization.

Initial Start Sequence provides the interface with FCOS to initialize

GPC operations. It distinguishes the first from the secondary GPC's

and executes the startup algorithm accordingly. If successful, the

READY talkback is turned on following the initiation of User Interface,

System Interface Processing and the 0PS 0-00 control segment.

System_Interface Processor (AIE_SIP) provides the control for system-
wide processes wKich are required to operate at the same time but are

not necessarily members of the redundant set. These GPC's are members

of the common set. The processes are phased to execute at periods of

the minor cycle when critical applications processes are not active.

DEU_Loader (AIG_DEULOADER) provides the capability to load a DEU from

mass memory when initiated by user action at specified times. The

loading sequence requires a series of data transfers to the DEU and

while the loading sequence is in progress DEU polling and message

processing are under this module's control.
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System

Initialization

ntar lsytemnterfaceStart _Processor
Sequence (AI E_SI P)
3.1.1 (750) 3.1.2 DEU_Loader [

(AIG_DEU_
LOADER)
(790) 3.1.3

U

Figure 3.1-1. System Initialization Hierarchy
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3.1.1 Initial Start Sequence

The Initial Start Sequence software is responsible for initializing GPC

operations in either a simplex or redundant set. Figure 3.1.1-1 shows the

hierarchial diagram of the Initial Start Sequence.

GPC_Locator (AIBGPC_LOCATOR) initiates the GPC execution following

FCOS initialization by identifying the active GPC set, configuring

buses appropriately, and setting initial conditions for subsequent

processing.

GPC_Startup (AIR_GPC_STARTUP) invokes the necessary processes for

GPC initialization, initiates the Idle Operational Sequence and

concludes the software IPL or power up sequence by turning on the
READY talkback indicator.
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Initial
Start
Sequence

GPC_Locator I

(AIB_GPC_
LOCATOR)
(700) 3.1.1.1 GPC_Startup !

(AI R_GPC_
STARTUP)
(710) 3.1.1.2

Figure 3.1.1-1. Initial Start Sequence Hierarchy



='-_---- NA$ 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77
Rev

Page 3. i.i. I-i

3.1.i.i GPC_Locator (AZB GPC_LOCATOR) (700)

To be provided.
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3.1. !. 2 GPC_Startu# (AIR_GPC_STARTUP) (710)

The functions of this procedure are to invoke the necessary processes (in

User Interface) for GPC initialization, initiate GPC 0PS 0-00, and conclude the

normal startup sequence by turning on the GPC ready indicator.

a. Control Interface

lo

2.
CALL AIR GPC STA_RTUP;

CALLed by (700) GPC_Locator (AIB__GPC_LOCATOR)

b. Input - See Table 3.1.1.2-1

C , Process Description - This procedure first tests the Downlist_Formatter_

Enabled Flag. If it = I (enabled) then a CALL to (660) Downlist_For-

matter _DCD DOWNLIST) is issued. Next, a CALL to (815) Force__OPS_O

(AOP FORCE 0PS O) is issued to cause (810) IdleOperational_Sequence

(ARB_IDLE__PS)--to be scheduled in all major functions. Then the

appropriate UI and System Control Programs are scheduled:

(500) User Interface Control Supervisor (DMC SUPER)

(400) MCDS_InputProc--essor (_MI MCDS IN)

(620) CyclicDisplayProcessor _CI#_YC)

(800) GPCSwitchj4onitor (ARAGPCSWITCH)

A test is made to determine if this GPC is already in RUN mode which

means a transition from HALT to RUN was made. If the Discrete__Bit

Run Mode indicates that the GPC mode is RUN, then ERROR message 0S010

is &nnunciated. Finally a discrete out SVC request is made to turn on

the GPC Ready Talkback and then control is returned to the calling

program. The control flow for this module is shown in Figure 3.1.1.2-1.

d. Ou_uts - See Table 3.1.i.2-i

e. Module References -

1 .

2.

3.

4.

5.
6.

7.

8.

9.
i0.

(660) Downlist_Formatter_ I (DCDDWLI) is CALLed.

(815) Force OPS_0 (AOP_FORCE_OPSO) is CALLed.
(500) User l--nterfaee Control Supervisor (DMC SUPER) is SCHEDULED.

(400) MCDS--Input Proc--essor (_41 MCDS IN) is _CHEDULED.

(620) Cycl_c Display Processor _DCIC_C) is S'CHEDULED.

(800) GPC SwitchMonitor (_RAGPCSWITCH) is SCHE_ED.

(675) Ann_nciation_4acro_Interface (DMA___C) is CALLed.

(340) _4iscellaneous CM Request _rocessor (FCMSVC) is CALLed.

(i01) Process Scheduler (FPMSCHED) is called.

(665) Downlist Formatter 2 (DCDDWL2) is CALLed.
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k.J

f,

g.

h,

i,

J.

Module Attributes - External Procedure

Template References -

i,

2.

3.

4

5
6

7

8

9
i0

User Interface Control Supervisor (DMC SUPER)

MCDS_Input_Processor (D_MCDS IN)

GPC Switch Monitor (ARA_GPC SW_TCH)

Forc'-e OPS _ (AOP FORCE 0PS _)

UI FC_S S_ared_CTmpool--( CZ__COMMON )"
UI--Sect_on Of Common Com_ool (CZI COMMON)

Do_nlist__Formatter (_CDDOWNLIST)--

FCOS_Compool (FCMCOM)

Annunciation_Compool (CDL_ANNUN)

Annunciation_Macro_Interface (DMA_MAC)

Error Handlin_ - a test is made to determine if the Discrete Bit Run
_ode shows that the self GPC is in the RUN mode (rather than--STA_BYT,

and if it is then error message 0S010 (see Appendix D) is annunciated,

indicating a mode switch transition from HALT to R[_.

Constraints and Assumptions - None

Detailed Implementation - None

%.J
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Enter )

1
Formatter-

Enabled_Flag =

t (Enabled)

I
CALL (6t5} J

o_rce OPS_ 0

(AOP_Force.-

(OPS_0}

Figure 3.2.2.1 1

CALL (660)
Downlist_

FOI matter

(DCD Downiest}

SCHEDULE

tnterface__Control

Supervisor

(DMC_Super)

Figure 3.2,1.1-1

I
MCDS_IN) Figure 3.1.1.1 -1

At Time_Of_SIP + 0.16,

REPEAT EVERY 0.2

[
!_ocessing (DCICYC)

Figure 3.3.1.2-1 At Time_

Of_SIP + 0.2, REPEAT

EVERY 0.5

1
SCHEDULE (8001 GPC_

Switch Monitor (ARA_

GPC_Sw;tch} Figure
3.2.1-1 At Time_Of._

SIP + 0.56, REPEAT

EVERY 1,0

I
,FO_,ete_Bit\
_--Run _Mode )-

= 1 (Run Model/

/

1
I Issue SVC CMR

To Turn On GPC

Ready Tatkback

t Annunciate

Error Message

O 5010 See

Appendix D

Figure 3.1.1.2-1. GPC_Startup (Air_GPC-Startup)



_-__-_____-_
..... _ NAS 9'14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

Flight Software

BOOK: ALT System Software Design Specification

Part 3

Date 2/28/77
Rev

Page 3.1.2-1

3.1.2 System_Interface__Processor (AlE_SIP) (750)

This module provides the control of system wide processes which are required

to operate at the same time and in coordinated manner. It operates as the high-

est priority process to permit multiple GPC to communicate in an efficient manner

and participate in GPC and MTU redundancy management processing.

a. Control Interface

b.

1. SCHEDULE AIE_SIP(PRIO-AIE)

2. SCHEDULEd by (710) GPC Startup (AIR GPC STARTUP)

Inputs - See Table 3.1.2-1.

Co Process Description - First, a check is made of New..GPC..Flags to see if

a new GPC is trying to enter the common set. If any GPC bit is set, an

ICC message request bit is set to inform all other GPCs currently in the

common set. Otherwise a LightsandAlarms Counter is decremented that

will be tested later in the module to control the frequency for testing

a Lights and Alarms request event. Also, a test is made of fault message

requests bits to see if the Fault_Message__Scan routine must be called.

Secondly, the module calls the ICC_Message Collector to close out

ICC message handling for the current SIP cycle. Then, FCOS flags are

scanned to determine if GPC status messages must be sent to other GPC in
the common set.

Finally, three values are tested to determine if other processing
must be invoked.

1. If Lights__and_Alarms_Processor_Event is set and time to test-

Issue Call to Lightsand_Alarm_Processing.

.

3.

If Downlist is enabled - Call Downlist Formatter

If enabled and _ read complete - Issue SVC for MTU Redundancy
Management.

The control flow for this module is presented in Figures 3.1.2-1 and
3.1.2-2.

d. 0ut_uts - See Table 3.1.2-1.
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e,

f,

g.

he

i.

J.

Module References

me

2.

3.

4.

5.
6.

7.

(480) ICC..MessageCollector (DIM ICe COLLECTOR) is CALLed.

(485) ICC_Message_Collector_For_S--IP TDINICC_SIPCOLL) is CALLed.

(490) ICC Message Router (DME ICe ROUT) is CALLed.

(660) Dow_list Fo_matter_l (D_DDW_2) is CALLed.

(670) Fault..Mes--sageScan (DMRFMS) is CALLed.

(690) Lightsand__Alarm_Processor (DLSLIGHTALARM__PROC) is CALLed.
(665) Downlist Formatter 2 (DCDDWL2) is CALLed.

Module Attributes - PROGRAM

Template References

i.

2.

3.

UI Section of Common Compool (CZ1 COMMON)

UI--FCOS Sh_re[ Compo_l (CZ2 COMMOn)

FC SCo pool( CMCOM)
AnnunciationCompool (CDL_ANNUN)

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None
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Enter

IF New_GPC-
Flag hIE 0

Set ICC_Status_ r

Flag: Bin
11111

1,
Set New_GPC_

Flag = 0

ICe_

Message_
Processing
(750.1) Figure
3.1.2-2

I.

,_rm__nter/

Lights--And_ I
Alarm_Counter

By 1

Then /F Lights_And_

Elm

l Set Lights_And_ J

Alarm _Counter
= LAP_
Decrement_
Valve

Light=_
And_Alarm_

Procm_ (6gO)
Fklure 3.3.4.3-1

Mesra_e_Bit = 0
(off}

CALL Fault_

Me--_Scan
(670) Figure
3.3.4.1-1

V

I J.E GST_ >

Status_Flag=
= 1 (On)

1
Enables_
Indicator = I

(on)

(_ Return )

Then

Than

! CALL Downli$t_ I

Processor (660) I

Figure 3.3.2-I J

Set TMP_

Enalde_
Indicator = 0

(Off), WAIT On
TMP_MTU_I/O_

Completion_Event

!

l Iseue SVC (MTU

_RM_SVC) To
Perform MTU
Redundance
Management

, _.j

Figure 3.1.2-1. Syst_n_lnterfacL.Procemor (AlE-SIP)
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AIGDEULO provides the capability to load the DEU when the GPC is in OPS 0-00

following an IPL or is operating major function SM 8.

a. Control Interface -

i. SCHEDULE AIG_DEU_LOADER PRIORITY (PNIO_AIG)

2. SCHEDULED by (405) MCDS_H_ssage__Processor (DMM_MCDS_.PROCESS)

b. Input - See Table 3.1.3-1

C. Process Description - The DEU Loader determines which DEU is to be
loaded from the DEU LOAD TABLE. A DEU load is retrieved from mass

memory and buffered in DEU MEMORY FILL BUFFER. Blocks are transferred

to the DEUvia "memory fil_' mess[ges.-- A delay of 18 ms between each

block transferred is impossed so that the DEUmay transfer the block

to its proper location, The last block transferred to the DEU is

loaded into low core (location 2, word count 25010) with location 2910

containing the DEUID code. Following this fill and a delay of 300

milliseconds, a MODE status and BITE status request are issued to

determine if the IPL was successful. An error detected at any point

in the sequence results in termination of the process and the issuance

of an error message. The user may try the IPL again at his descretion.

The control flow for this module is presented in figure 3.1.3-3.

d. Output - See Table 3.1,3-1.

e. Module References -

(200) I/O_SVC_Serviee_Processor (FIOSVC) is invoked via DIO macro.

f. Module Attributes - Program

g. Template Reference -

i,

2.

3.

UI SECTION OF COMMON COMP00L (CZI COMMON)

UIZGENERAL"CO_POOL_ (C'-DM_UI_COMPOOK)

DEU MASS MEMORY READ COMPOOL (CAB COMPOOL)

ANNIVNCIA_ION_MA_RO_I_TERFACE (DMA_--MAC)

h. Error Handling - The following error checks are performed:

i. Read Mass Memory, Memory Fill, Mode Status, and Bite Status

SVC's - FCOS return status is checked for I/O errors which may
result from the execution of the SVC.
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i*

2. Mode Status Flags - Same as stated below under assumptions.

3. Bite Status Flags - Same as stated below under assumptions.

If any of the above error conditions occur, the CRT_STATUS_FLAG2

(I/O suppress) will not be reset to inhibit display updates and

a system error message will be output (I0025).

Constraints and Assumptions -

1. Positive indication of good IPL will be determined as follows:

a. Mode Status Flags

DEUBITE STATUS AVAILABLE = I (enabled)

DEUZINITI--ALIZATI--ON REQUIRED = 0 (disabled)

b. BITE Status Software Register Flags

• DEU INITIALIZATION PERFORMED = I (enabled)

• DEU--CHECKSUMERROR---- 0 (disabled)

c. BITE Status Hardware Register i Flags

• DEU IPL PERFORMED = I (enabled)

• DEU--IPL--ERROR = 0 (disabled)

• DEU--IPL--CIRCUIT ERROR = 0 (disabled)

. The CRT STATUS FLAG2 (I/0 supress) will not be reset to enable

display updates if the IPL of the DEU fails.

k_1
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Enter

I
Reset DEU_Poll

_Flat= = 0

(Disabled) And

Set CRT_Statu$

_Flag 2 = 1

(Enabled)

f
I Ist_Je SVC DIO

Device : MMU

OP Code = 3

Table = 3.1.3-2

I
IF No

"_rror Status /

Set DEU_Poll 1

_Flags = 1

(Enabled)

I
_Error_Flag =

1 (Enabled)

Return )

i Place DEU ID I
Then Into LocationHEX 'ID' Of

DEU Load

!
DO UNTIL DEU_

_ Load_Error_

Flag=, I
{Enabled) /

I
E'rror_Flag = 0 )

(Disabled) /

Error_Flag = 1

(Enabled)

I Set Indicator : 1 I

Then (Enabled) To

I Annunciate Error
Message (10025)

Reset CRT_ IStatus_Flag 2

= 0 (Disabled)

Then

II_ue SVC DIO !

IO_v_ce= DEU t, I

J2, OR 30P Cocle I

J=1 Table= 3.1,3-21

Wait 300 MS

J
Issue SVC DIO

Device = DEU

1,2, Or 3

OP Code = 2 and

5 Table 3.t.3-2

I_.F IPL
Succe_ful

IF Error

_'_atus

Returned

Process

Cdtical

Formats

I
Issue SVC DIO

Device = MMU

Op Code = 3

Table 3,1,3-2

J
I=lue SVC DIO

Device = DEU

1,2 Or 30P

Code = 1 Table

3.1.3-2

J_ Error >

Status

R_urned

__ Set DEU_ J

Load_Error

Flag = 1

(Enabled)

> Then

Then

t Set DEU_Load_ I

Error_Flag = 1

(Enabled)

Set DEU_ I

Load_Error

Flag = 1

(Enabled)

Figure 3.1.3-3. DEU_Loader (AIG_DEU_LOADER)
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3.2.1 GPC Switch_Monitor(ARA_GPCSWITCH) (800)

To be provided.

=
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3.2 SYSTEM RECONFIGURATION

The System Reconfiguration software coordinates changes in the makeup of the

DPS. Included are changes in the GPC set, their main memories, and I0P channels

as well as supporting the display of configuration status and the inputs of the

user to change the status. The operational sequence for system idling as a major

function or as an entire GPC is included in this set of system services. It also

provides the capability to monitor the GPC mode switch, the BFCS engage discrete

and other selected discretes. Figure 3.2-i shows the hierarchy diagram for System

Reconfiguration.

GPC Switch Monitor (ARA GPC SWITCH) monitors the GPC mode switch,

the BFCS engage switch, and the I/O terminate A and B switch.

Idle_Operational_Sequence (ARB_IDLEOPS) is a software control seg-

ment which provides all the functions and tasks needed to satisfy DPS

operations in the absence of any other operational sequence.

DPS Reconfiguration software provides the decision logic on when and

how to use the tools provided by DPS Configuration Management (FCOS)

in changing the DPS configuration. The capabilities result in recon-

figured GPC's, main memory reconfiguration, changes to the GPC Recon-

figuration Table, and changes to the bus configuration and its table.
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I

System
Reconfiguration

II I

i GPC_Switch_

Monitor (ARA_
GPC_SWITCH)

(8,00) 3.2.1

I Idle_Operation

_Sequence (ARB
_IDLE_OPS)

(810) 3.2.2

I
Io s I

Reconfiguration |

323 I

Figure 3.2-1. System Reconfiguration Hierarchy
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3.2.2 Idle_Operational_Sequence (ARB_IDLE_OPS) (810)

ARB__IDLE_.OPS consists of the the functions and tasks needed to satisfy DPS

operations in the absence of any other operational sequence. It provides the

user with displayed information and MCDS keyboard entry items which are not

available as part of the operational sequences associated with the major functions

(except as SPEC 0-00 Or MODE 00).

a. Control Interface - IN

I,

2.
SCHEDULE ARB IDLE OPS PRIORITY (PRIO ARB);

SCHEDULEd by--(560T Sequence Request _rocessor

(DMC SEQ_REQ PR0_).

b. Input-

The following User Interface grammar macros supply input data to this

module: PRO, ITEM

For a detailed description of these macros refer to appendix H.

Additional imput data descriptions are presented in Table 3.2.2-1.

C. Process Description - Upon entering the control segment the "_ L_nel

Display bit is set = i (enabled). This bit is used in conJuncti-on wit_

display support for the format. Following the DISPLAY grammar macro a

test is made to see if the keyboard entry passed was a "PRO". If

it was not a "pRo _ keystroke then the DPS_Configuration_Item_Processor
is called, otherwise processing continues.

The first test made when a "PRO" keystroke is detected is to see that

the DPS Configuration Monitor was requested as a Specialist function

(SPEC 0-00). If that is not the case the error message "Pro Not

Compatable with Current Format or Step In Control Segment" (DUO15)
is issued.

Next a test is made to see if the variable ReconfigurationError is

equal i01. If it is not equal I01 processing by the control segment

is terminated normally via the BLOCK END,MODE END, and 0PS END grammar
macros,

If ReconfigurationError is equal I01, then the Reconfiguration_Table_
Index is tested for a non-zero value. If the value is now-zero, then

the GPC_Reconfiguration_Complete flag is set = i (enabled) and the

MACT Service Request Ready Event is Set. In addition the ICC Current_

Load--indicatOr is set =i ([nabled), Next the Memory Configura--tion

Number for the current GPC_ID is stored in the ARB A ArrayMember
variable.
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do

e.

f.

g.

A "DO FOR" loop is set up to test the REC GPC 0VL ERR MSK and the

REC GPC OVL TRY MSK. Whenever any of the--bits i-_ are set = 1 (enabled)

the--varlable ARB_0verlay_Counter is incremented by one (i). The

variable ARB Error__Counter is incremented by one (i) whenever any of
the bits 6-9--are found to be = 1 (enabled).

Upon completion of the "DO FOR" loop, a test is made to see if the

variables ARB__Overlay Counter and ARB__Error_Counter are equal. If

Lhey are equal, the Simplex 0nly bit is interrogated. If the bit is

set = 1 (enable), the error message "Pro After MMU Error in Simplex

0PS Transition" (0T008) is isssued. Should the bit be set = 0 (disabled)

the error message "Pro After MMU Error In An RS 0PS Transition

•_¢hen no CPC Received The Overlay" (OT009).

If the two counters are not equal, the REC..GPC..0VL..ERRMSK is tested.

Every bit that is set=l (enabled) causes a corresponding bit in the

GPC Set word to be set = 0 (disabled). When this process is completed

the Reconfiguration__Error variable is set to zero and the Application__

Service_RequestEvent is set = 1 (enabled). The control segment

processing is then terminated normally. The control flow for this

modtde is presented in Figure 3.2.2-1.

Outputs - See Table 3.2.2-1

Module References -

I.

2.

3.

4.

(860) DPS_Ccnfiguration__ITEM__Processor (ARF_DPS_CONFIG_ITEM) is CALLed.

(675) _nnunciation_.Macro__Interface (DMA_MAC) is CALLed.

(540) Display Presentation And Control (DIS PLAY) is CALLed.

(550) Applica_ion_Moding__d_Sequencor is CALLed.

Module Attributes - Program

T__emplate References -

i. UI__Section__of_CommonCompool

2. UI FCOS Shared_Compool

3. DP___Con_iguration_ITEM__Processor

4. FCOS__Compool

5. Disp_ay_Presentation_andControl

6. Application__Macro__Interface

7. Annunciation_Moding__andSequencing

8. UI_General__Compool

9. Ann_ciation_Compool

(CZl COMMON)

(cz2 COMMON)
(ARF--DPS_CONFIG_ITEM)

(FCMCOM)

(DIS PLAY)

(DN X_BMS )

(ramMAC)
(CDM-UIC0MPOOL)
(CDL_ANNUN)

V



-=-_ ==-'.---iNAS9-14_4
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77
Rev
Page 3.2.2-3

h,

i,

J.

Error Handlin 6 -

The following error messages are output via the Annunciation Function:

i. Pro after MMU error in simplex OPS Transition (OTO08)

2. Pro after MMU error in RS 0PS Transition when no GPC received

the overlay (OT009)

3. Pro not compatible with current format or step in control
segment (DUOIS).

Constraints and Assumptions - None

Detailed Implementation - None

=



=_-=----'_- NAS9-14444 :
SPACESHUTTLEORBITERAVIONICSSOFTWARE

BOOK: ALT System Software Design Specification

1 •

Flight Software
Part 3

Date 2/P8/TT
Rev
Page 3.2.2-_

<
Z

,,.I
<

Z

uJ<
_Z

uJ

D
0
u_

0
<

t m m _ m

o

 ooo,_coo _ ,-,..o°°
O_ ,CO 09 [.'* o0a0

u_co _r_oo _co umoo _ 0o_ _ co co Do cO cocO _okoco co

o o _ _ _ _co°°
::oco co coco

,.,:,_- _ 8 g _ 2 o _ o oo oo___oCO oO cO co cO COCO :Oco Lr_co cO

,_ o ,2-,
H H

_, '._ o_ _ o_

u-,g _ _ o o o _,
H :_ M M H _ M luq H

o[

H I
_q

o

t",l o

m

< <
_ z

IE
i-

d
Z

,_ ¢_ o _1
cD I

_ +_
.p

,M

o

+>

,M

o=

_ _ "C _ _ _ _ <1 _I _ _ _ _ o_ _I
_ _ ml °l HI <;I _1 0_ 0 r_I _ m I .-



= _--_..--'_-¢=.
= NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 21281T7
Rev
Page 3.2.a-5

3_

=,

.t

2"

==
==

I

_a
I

i

!



_. _- -,-=- ,------_ NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page 3.2.2-6

DO FOR

ARB_I =

1 To4

(All GPCS) [,F )-Reconfiguration

Error_Mask
Bit Is = 1

Then
ARB_Overlay_
Counter Is
Incremented

By t

Exit

Loop

Reconfiguration
_Attempt_
Mask Bit Is

Set = 1

Then
ARB_Error_
Counter Is

Incremented

By 1

x.j

i

Exit

Loop

IF ARB_

Overlay_
Counter Equals
ARB_Error
Counter

Then

EJse_t_

Simplex_

Only Bit
Is=l

PERFORM

GPC_Overlay
Status_Test

Figure 3.2.2-3

Then

Else

Issue Error Msg,
(0T008) Via The
Annunciation

Function

Issue Error Msg.
(0T009) Via The

Annunciation
Function

Figure 3.2.2-2. Idle_Operational_Sequence
G RT_Overlay_Status_Test (810.1)
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DO FOR

ARB_I = 1
To 4 (ALL
GPCS)

Set

Reconfiguration
_Error Equal 0

]
Set 1

Application_

Service_Request

_Event Equal 1

-_eeconfiguration_ Then

_Overlay_

Set GPC-Set &
(ARB_A_
Array_Member:
ARB_I)
Equal 1

Exit

Loop

Figure 3.2.2-3. Idle Operational_Sequence
G PC-Overlay_Status_Test (810.2)

v
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The function of this module is to cause the self GPC to be brought into

GPC 0PS 0-00 (i.e., all major functions in 0PS 0-00).

a. Control Interface -

io

2.

CALL A0P F_RCE _PS 0

(a) CALLe--d by _4007 MCDSlnput_Processor (DMI_HCDS_IN)

(b) CALLed by (710) GPC_Startup (AIR_GPC_STARTUP)

b. Input - See Table 3.2.2.1-1

Co Process Description - This procedure first loops to find a DEU_

Input_Table which is abailable (i.e., not currently being used

by this GPC) to have an OPS 0-00 keyboard message placed in it.

This availability is determined by testing the l@P_Transmitter_

State and I@P Receiver__State which indicates if a DEU bus is in

command, listen, or disable mode. If the DEU bus is in command

or listen mode, then the DEU Poll Flag must also be on for the

DEU_!nput_Table to be availa_!e. If the DEU bus is disabled,

then the DEU_Input Table is available, since that DEU is not

being polled. If either of these availability states is met
then the Buffer Available Status is set to i and the search

for an available buffer is terminated. If the Buffer Available

Status = I, then the DEU_PolI__Flag is disabled and 0PS__O message

is stored in the DEUlnput_Table specified by DEU_Number. The

appropriate DEU__,lessageReady__Flag is set = i and the Keyboard_

Message_Ready_Event is set for (500) User_Interface_Central_

Supervisor (DMC SUPER). Also the FORCE_OPS 0ICC message is

built containing GPC_Prime_ID, Redundant_Set_ask, and Current_

0PS. Finally the ICC Force 0 ICC flag is set = i.

d. Outputs - See Table 3.2.2.1-1

e, Module References - (170) Set Event Processor (FPN_ET) is CALLed.

f. Module Attributes - External Procedure

g. Template References -

io

2.

3.

UIFC0SSharedCompool (CZ2C@_._¢N)
UI Section Of Common Compool (CZI_C_MM_N)

FC0--S_Compoo--I_FCMC_MY

h. Error Handlin_ - None
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k.J

i • Constraints and Assumptions - It is assumed that, since this module

is called by the MCDS_Input_Processor, at least one DEU Input
Table buffer will always be available. Patches to the _EU Pol--i

Flags to stop polling of two, DEU's could render this assumption
false.

J. Detailed Implementation - None

V
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- Enter )

(

Buffer_

Available-
Status = O

I OPS 0 Loop

DO FO_____R

l=ITo

Number_

Of_DEUS

IF Buffer_

Available_

Status = 1

Return )

DEU_

Number = I

1
IF lOP_

Transmitter_

State = On OR

lOP_Receiver_ j

State = On //'

Reset DEU_Poll

_Flag = 0

(Disabled)

Then t

Buffer_

Available_

Status = 1

I Store OPS_0- I
Message In DEU
Input_Table

Exit OPS

0 Loop

Set Keyboard

_Message_

Ready_Event

I

Set DEU_

Message_

Ready Flag = 1

(Message Ready)

I

Build Force_ I
OPS_0_ICC

Message

]
Set ICC_ !
Force_0 = I

(Enabled)

Buffer_

Available_

Status = 1

Exit OPS

0 Loop

Figure 3.2.2.i-1. Force_OPS_O (AOP_Force_OPS-O) _'%j#
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3.2.3 DPS Reconfiguration

The DPS Reconfiguration software is respomsible for the reconfiguration of

GPC sets, main memory reeonfiguration, changes to the GPC Reconfiguration Table,

and changes to bus configuration and its associated table. Figure 3.2.3-1

presents the hierarchial diagram of DPS Reconfiguration.

a, GPC_Reconfiguration provides the capability to establish a new

redundant set and to overlay portions of GPC memory when an 0PS

transition is requested. It initiates the requested 0PS after

the loading of the overlay is completed and LDB processing is
initiated, if required.

b, BusConfiguration_Change provides the control logic for configuring

the C-BUS transmitters and receivers. Bus changes are required as

a result of user commands or from processing associated with 0PS

transitions. Changing bus commands from GPC to GPC is performed

at common sync time.

Co GPC_Reconfiguration_Table_Change accepts and checks user inputs

and updates the GPC Reconfiguration Table. These changes are

not implemented immediately, but are executed at the next OPS
transition.

d, DPS_Configuration_IT_Processor processes the ITEM requests made

by the Idle OPS/SPEC control segment.

e, GPC_Reconfiguration_MessageHandler provides the control logic to

receive and process ICC messages that are transmitted during the

formation of a new redundant set which includes GPC's not included

in the original set. The Secondary GPC_Reconfiguration module is

invoked upon receipt of the proper message type.

fB Secondary_GPC_Reconfiguration provides the capability to initiate

an OPS transition requiring the introduction of one or more GPC's

to the set of GPC's servicing a major function. The newly formed

redundant set is synchronized and loaded with the proper overlay

for the requested OPS.

z

\
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DPS

Reconfiguration

GPC_
Reconfiguration
ARC_GPC_
RECONFIG (820)

Bus_

Configuration_
Change ARD_

BUS_CHG (830)

GPC_
Reconfiguration_ I
Table_Change I
ARF_GPC_ |

TABLE_CHG (850]

DPS_
Configuration_
ITEM_Processor
ARF_DPS_
CONFIG_(860)

Secondary- I

GPC_ I
Reconfiguration I
ARH_SEC_GPC I

_RECONFIG (880) I

GPC--
Reconfiguration
Message_Handler
ARG_RECONFIG-

MSG (870)

V

Figure 3.2.3-1. DPS Reconfiguration Hierarchy
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3.2.3.1 GPC_Reconfiguration (ARC_GPC_RECONFIG) (820)

This module provides the capability to service a request to overlay main

memory with a new memory configuration and provides the necessary processing

controls for forming redundant sets of GPC's. Following overlay, it initiates

and controls data initialization of the new GPC's and causes the initiation of

the new OPS.

a. Control Interface -

i. SCHEDULE ARC GPC RECONF!G PRIORITY (PRI0 ARC)

2. a. SCHEDULED by (560) Sequence_Request_Processor (DMC_SEQ__REQ_PROC)

b.Event Proceed_With_Reconfiguration (CZ2EREC_PROCEED) set by (870)

GPC_Reconfiguration_Message_Handler (ARC__RECONFEG_MSG)

b. Input-

See Table 3.2.3.1-i.

c. Process Description -

This function provides the capability to service a request to overlay

main memory and to adjust the set of GPCs making up the redundant set

(RS) for the data processing operations of a major function. An over-

lay is required for some 0PS transitions, but not for all. The basis

for making the decision to overlay or not, or to reconfigure GPCs (form

a new RS) or not is the GPC_Reconfiguration Table and the GPC Set as a

function of memory configuration. Three situations require main memory

overlay: (i) an 0PS is requested which is not contained in the current

memory configuration (if it is in the current memory configuration, the

User Interface Control Supervisor proceeds to initiate the new 0PS

without invokin--g this m--odule), (2) an 0PS is requested which requires

formation of a new redundant set consisting of GPCs not in the original

set, (3) crew-set parameters force an overlay upon 0PS request regardless

of current memory contents. In each situation, a new memory configuration

is brought into main memory and the User_Interface_Control_Supervisor
proceeds to initiate the new OPS.

The User Interface Control_Supervisor is the principal processor of 0PS

requests and invokes this module whenever it is determined that any of

the three above named conditions hole. The GPC controlling the user

input unit becomes the controller GPC for coordinating the reconfigura-

tion process. Other GPCs in the process may be either of two types:

(I) a GPC may be in (a member of) the original RS and has "heard" the

0PS request, (2) a GPC may be performing a dissimilar process and has
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not heard the OPS request but will be required to participate in

forming the new RS. The GPCs which do hear the 0PS request may

or may not become members of the new RS. They will execute different

logic paths as a function of their impending state with respect to the

new RS and end up as an operating member of the RS or not accordingly.

The GPCs which do not hear the 0PS request but which are needed in the

new RS for the requested 0PS become participants in the reconfiguration

when they receive an ICC message from the controller GPC informing

them of the impending changes in DPS configuration.

This function is segmented among and operates in both the controller

(and others which heard the OPS request) and the secondary GPCs. Refer

to Sections 3.2.3.5 and 3.2.3.6 for functional descriptions of the

processes operating in the secondary GPCs to support reconfiguration.

The possible states for transition from one set of GPC's to another set

of GPC's for a major function have been analyzed as follows: Three

conditions (and their reciprocals) may characterize the new set of

GPC's as a function of the original set. These are: self-GPC is in-

cluded (or not) in the new set; other GPC's from the original set are

included (or not) in the new set; other GPC's not from the original

set are included (or not) in the new set. Therefore, the possible

states are, reduced to seven, shown in Table 3.2.3.1-2. The design

for this module is based on these seven possible states to assure that

all cases have been provided for by the design. The control flow for

this module is shown in Figures 3.2.3.1-1 through 7. This function is

encoded with a main module and 4 internal procedures. Their control

interfaces and control interfaces to external procedures are illustrated

in Figure 3.2.3.1-8. The logic required and shown in Figure 3.2.3.1-I

through 7 does not require separate paths of logic for each of the seven

• states shown in Table 3.2.3.1-2. For example, the logic paths for I01

and lll are the same as are the paths for 010 and 011.

When reconfiguration is required and the original set is a redundant set,

each GPC in the redundant set is aware of the message requesting the

0PS transition and proceeds to service it with respect to its own

participation in the new configuration as specified by the GPC Recon-

figuration Table and GPC_Set. When GPC's other than those of the

original set are to be included in the new set, they are designated as

secondary GPC's during the reconfiguration process.

k.J

k_J
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d. Output-

e,

fo

g,

h.

See Table 3.2.3.1-i.

Module References -

i. (48o)
2. (4_0)
3. (660)
4. (675)
5. (390)

6. (34o)
7. (320)

8. (Io4)
9. (14h)

I0. (170)

ii. (171)

12. (665)

ICC_Message_Collector (DIMICC_COLLECTOR) is CALLed.

LDB_I/O_Processor (DGI_LDB_I0) is CANCELed.

Downlist Formatter I (DCDDWLI) is CALLed.

Annunciation Macro_Interface (DMAMAC) is CALLed.

Sync_Mask_BuTld_Routine (FCMSMASK) is CALLed.

Miscellaneous CM Request_Processor (FCMSVC) is CALLed.

Overlay_Processor (FCMPOVLY) is CALLed.

Wait Processor (FPMWAIT) is CALLed.

TimeTDate_Application_Requests_Processor (FPMTM_AL) is CALLed
Set Event Processor (FPMSET) is CALLed.

Reset Event Processor (FPMRESET) is CALLed.

Downl_st For--matter 2(DCDDWL2) is CALLed.

Module Attributes -

Program

Template References -

1,

2.

3.

4.

5.
6.
7.
8.
9.

UlSection Of CommonCompool (CZI_COMMON)

UI__FCOS_Shared_Compool (CZI COMMON)

FCOSCompool (FCMCOM)
Annunciation_Compool (CDL_ANNUN)

UI GeneralCompool (CDM UI COMPOOL)

IC__Message_Collector (_IM--ICC COLLECTOR)

LDBI/O_Proeessor (DGI LDB I0)

Downlist _F°rmatter (D_D_D_WNLIST)
Annunciation Macro Interface (DMA MAC)

Error Handling -

i, Any request requiring the addition of a GPC not in OPS 0-00 to a

RS causes rejection of the request and the output of an error

message (0T007)

2. If any GPC in the required RS receives notification of an error

from (320) Overlay Processor (FCMPOVLY), SPEC 00 is initiated at

the requesting DEU.
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i.

J.

Constraints and Assumptions -

I. The formation of a new RS must be initiated via an MCDS commanded

by a GPC in the current RS or, if no current RS exists, in any

simplex GPC.

2. 0nly the formation of a new RS given all GPCs in OPS 0-00, or

transition from OPS to OPS requiring only memory overlay and

retaining the old RS is explicitly supported.

Detailed Implementation -

i. Message type 2 contains data about requested OPS and informs all

GPCs that GPC(s) outside the original RS are exclusively to be-

come members(s) of the new RS.

2. Message type i contains data about requested OPS and informs all

GPCs that GPC(s) outside the original RS are to join with them in

forming the new RS.

3. Waiting for receipt of the message sent serves to synchronize the

execution of the original RS with the GPC(s) which will become

member(s) of the RS.

4. Message type 3 informs new members of RS to proceed with memory

overlay.

5. New RS is established: Subsequent RS synch points operate with

this new RS mask.

LDB I/0 is resumed by Bus_Change.

DEU Polling was disabled by SequenceRequest_Processor.

Either overlay for Major Function base or OPS is tested.

Downlist_Formatter was disabled by Sequence_Request_Processor

Elapsed time = current time - T ZERO.

Next point in time = Current time + 4 seconds - .004 seconds

-(elapsed time - integer part of elapsed.

• .004 seconds is bias to account for downlist I/O time.

• 4 seconds forces the time to the point following the next

immediate time point.

.

7.

8.

9.

10.

ii.
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@ Parenthetical expression represents fractional portion of time

into the current 2 sec downlist frame.

CLOCKTIME is uniform in all GPCs although less accurate than

RUNTiME. Its accuracy is sufficient to maintain sync in all

GPCs.

12. MACT_Service_Request_Flag is set = i (enabled), MACT_Service

Request__Ready_Events is set, and Application_ServiceRequest_
Event is set.

13. Reference GPC_Eeconfiguration__Message_Handler for description of

messages.

-w
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Table 3.2.3.1-2. Possible GPC Transitions

Others Others

From Not From

Original Original Example**

Self* Set Set of

Included Included Included Transition

0 0 i

0 i 0

0 i i

i 0 0

1 0 i

i i 0

i I 1

12 3--4

1234--.-12

12---23

l 2 3 4---1

i-_12 34

1234----12

12---123

Explanation

Not self or any other from original set.

Not self but others from original set.

Not self but others from original set

and others not from original set.

Self only from original set;

Self and others not from original set.

Self and others from original set.

Self and others from original set and

others not from original set.

** Note: Underscored CPC is "Self"

* Note: 0 = False; 1 = True
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Parameters

I
lFMemo__\
S'o u rce Requires _)

Load From /

MMU __

I
_Progress_

Flag = 1

(Enabled)

I

CANCEL LDB_ I

IO Processor

(440]

Figure 3.1,2.1-1

I
For New OPS

In Run Mode

I
_Progress_

Flag = 0

(Disable)

I

Set tCC_GST_ I

Status Flag = 1

(Enabled) For

Updating Status

In Other GPC's

I

Then

Then

i Initialize ]

Parameters

For Forcing

Overlay

I IF Self In

-- R'un Mode

IF RS U_

OR Only Self /_

Ne-eeded /

XX1

I Set Up

Then Secondary/

Required/Current

_RS Mask

1XO

I Perform Do-- I

Then Memory_Overlay

Figure 3.2.3.1-3

(820.2)

,I

Perform Invoke ]

OPS_Transition

Figure 3.2.3.1-4

(820.3)
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__ Perform Form_ J

New_RS

Figure 3.2.3.1-2

(820.1)

_ [Signa,_q......
IF Request Is F Then Request

Processor For

Freeze Dry Load/ ImpendingOverlay

| _ _ '_ _',_,_3v_1r._ y I ISeq ....... RequestI I _Processor To

I Terminaie Displays

[And SPEC's

IF Request Is Then OPS_Transition

For Standby F igu re 3.2,3.1-4

{820.3)

Figure3.2.3.1-1. GPC_Reconfiguration(ARC_GPC-RECONFIG)
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Set Redundant_

Set_Mask To

State For New

GPC Set (5)

Set ICC_CS/RS

Flag = 1 (Enabled)

For Updating
Status In Other

GPC's

I
IF Request For X

UPS Was Not A _]i

Freeze Dry l

Request /

WAIT FOR

MCDS_lnput_

Processor To

Finish

Then

Perform Send_ I

ICC_Message For

Bus_Change

Figure 3.2.3.1-4

{820.4)

I
IW ,T O.00 ,I

For Bus_Change I

To Operate (6) I

Enable DEU

Polling (7)

!
WAIT FOR

C'yclic_ Di_-play-
Processor To Be

Not Active

I

IF Overlay )_
ERequired (8

I
Set Bite_Update

, _Flag And BTU
_Bite-

Acquisition-
Table = 0

Miscellaneous-

CM_ Request-
Processor SVC Is

Issued To Zero

Fail Discretes

I
IF No Errors

Occurred During /_

Overlay /

Then

Then

Overlay _Processor
SVC Is Issued To

Load GPC With
New MC

WAIT_
Overlay_

Complete_
Event

I
\

IF Self GPC X

Had No Error /
Perform Restart_

Downlist_

Formatter

Figure 3.2.3.1-7

(820.6) (9)

Then

Else

Figure 3.2.3.1-3. GPC_Reconfiguration

Do_Memory Overlay (820.2)

Update GPC_
Status_Table

With Overlay

Data

Set Overlay Data
In GPC_Status_

Table To Zero
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\
I__FOverlay _ Then
Error /Occurred

I
\

IF RS Consists_ Then
Of_> 1 Member /

/

Set

Reconfiguration-
Status To 1 For
Error

Reset CAM_
Status_Votes
And CAM_
Counters

Set

Reconfiguration_
Status According
To Request And
Success Of

Overlay

i
Signal Sequence_ I

Request_ I
Processor About I
Completion Of I

RS Formation (12) I

Figure 3.2.3.1-4. GPC-Reconfiguration

Invoke_OPS_Transition (820.3)
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Build ICC

Message
According To
Type (13)

]

DO UNTIL \

ICC Message
Accepted

Then
CALL ICC_

Message_
Collector (480)
Figure 3.1.3.2-1

Figure 3.2.3.1-5. GPC_ Reconfiguration

Send_lCC_Message (820.4)
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IF Current OPS_

Not Already
Zero

Then
Reset Reconfiguration_

Status, Reconfiguration

_OPS_Request, And

Reconfiguration_Mode

_Request To Zero

Perform Invoke_ I
OPS_Transition I
To Start OPS 0-00 I
Figure 3.2.3.1-4 I
(820.3) j

Figure 3.2.3.1-6. GPC_Reconfiguration
Start_OPS_Zero (820.5)
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Obtain Current

Time

(Clocktime)

Calculate Elapsed 1

Time Since T_ I
Zero Was I
Originally I
Computed (10)j

iii

Calculate Next
Point In Time

Which Is A 2-Sec.

Integral Of T_

Zero ( 11 )

WAIT FOR
Next Point

In Time

Set Downlist_

Formatter_

Enable_Flag = 1
(Enable)

CALL Downlist_

Formatter (660)

Figure 3.3.2.1-1

Figure 3.2.3.1-7. GPC_Reconfiguration

Restart_Downlist_ Formatter (820.6)
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, p

i.

Do_Memory_

Overlay
Figures 3.2.3.1-
3 And 7

Downlist_
Formatter

I GPC_

._ Reconfiguration
Figures 3.2.3,1-
1 And 2

I I
Send_ I CC_ I nvoke_O PS_
Message Transition

Figure 3.2.2.1-5 Figure 3.2.3.1-4 H Start_OPS_

Zero
Figure 3.2.3.1-6

I CC_Message_
Collector

Figure 3.2.3.1-8. GPC_Reconfiguration Control Interfaces
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3.2.3.2 BusConfiguration_Change (ARD_BUS_CHG) (830)

Bus_Configuration_Change provides a method of transferring bus command from

GPC to GPC. Bus Configuration Change is invoked as a result of crew inputs such
as the CMPTR/BUS and CMPTR/CRT keys or from processing associated with 0PS transi-

tions, fail to sync, or changes in the GPC mode switch.

a. Control Interface -

i. CALL ARD_BUS_CHG (ICC_Buffer..Number, !CC_Array_Index)

2. CALLed by (490) ICC_Message_Router (DMEICC_ROUT)

b. _nputt- Bus configuration requests are passed to BusConfiguration_
Change. via the ICC__Message_Router. The messages are placed in the

ICC Buffer by the programs requesting the configuration changes. The

convent of the bus configuration messages and the originating program
for each are as follows:

1. Major function switch change

Message content:

DEU number - identifies the DEU receiving the major function

switch change

MF code - identifies the new major function switch setting

Message originator:

MCDS_Message_Processor

2. CMPTR/CRT key input

Message content:

CMPTR code - GPC ID of new commander from crew input

CRT code - DEU ID from crew input

DEU number - identifies the DEU receiving the inputs

Message originator:

User_InterfaceControl_Supervisor
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,

e

.

CMPTR/BUS key input

Message content:

CMPTR code - string ID for moding or zero from crew input

Bus code - mode ID or zero from crew input

DEU number - identifies the DEU receiving the input

Message originator:

User_InterfaceControlSupervisor

OPS initiate request

Message content:

GPC set - GPC's processing the major function involved in

the OPS initiation or transition

Original GPC set - GPC's formerly processing the major

function if a new redundant set was formed

MF code - identifies the major function initiated or involved

in the 0PS transition

Memory overlay number - identifies the memory overlay involved

in the 0PS transition

Message originator: SequenceRequestProcessor

Forced OPS 0-00 request

Message content:

GPC ID - identifies the GPC going to GPC OPS 0-00

Prime GPC ID - identifies the prime GPC at the time of the

OPS 0-00 request

Redundant set mask - the redundant set mask of the GPC going
to GPC OPS 0-00

MY OPS numbers - identifies the current OPS selected for each

major function supported in the GPC
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Ce

Message originator:

Force 0PS 0

6. Fail to sync reques_

Message content:

Failed GPC set - GPC's which failed to sync

Prime GPC ID - identifies the prime GPC at the time of the

fail to sync

Message originator: The Sync Fail Processor puts the message data

in Fail_to_Sync_GPC and Prime_atFailtoSync. The data is moved

into the ICC_Message_Buffer by the System_Interface_Processor.

ICC messages are described in Appendix F of User Interface. Addi-

tional inputs to Bus_Configuration_Change are defined in Table
3.2.3.2-1.

Process Description - The Bus_Handover_Cooperation procedure of Bus

Configuration_Change validity checks bus assignments to ensure that--the

Current Bus Commander and the New Bus Commander are cooperating in the

bus hangover. Successful common s--ets--yncis assumed to be necessary

and sufficient authority for the Current Bus Commander and the New Bus

Commander to respectively release and ass--ume--command of a bus. HoWever,

if the Current_BusCommander has failed sync with 000 sync codes, the

NewBusCommander assumes that condition as sufficient authority to
proceed with takeover of the bus.

Bus configuration is accomplished by issuing the RECONFIG SVC. Each GPC

in the common set participates in the bus assignment by issuing the SVC

with the Bus Request Type set based on the GPC's relationship to the

New Bus Commander. If the GPC is the New Bus Commander, the Bus Request
Type will be set to ASGN BUS. If the GPC is in a redundant set with

the NewBusCommander, tKe Bus Request_Type is REL_BUS or LSTNBUS
depending on whether the GPC is the Current Bus Commander. If the GPC

is not in a redundant set with the New_Bus_omm_nder, Bus_RequestType
is set to DIS BUS.

Processing in Bus_ConfigurationChange is divided into six major areas:

. Major function Switch Change - When a major function change is

detected on a DEU, Bus_ConfigurationChange determines the New

BusCommander of the DEU based on the following hierarchy:
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o

.

ao

b,

c,

If a previous CMPTR/CRT request had assigned the DEU to a

GPC in GPC OPS 0, the Assigned_.OPS_0_GPC retains command.

d.

If the GPC specified in the Computer_CRT_Assignment_Table

supports the new major function of the DEU, that GPC is

assigned the DEU.

e.

If the new major function of the DEU is supported in a

redundant set, GPC_PrimeID becomes commander.

f,

If the new major function of the DEU is supported in a simplex

GPC in run mode, the Run GPC becomes commander.
m

g,

If the new major function of the DEU is supported in a simplex

GPC in standby mode, the Standby._GPC becomes commander.

If the new major function is not supported in any GPC, the

lowest ID GPC in GPC 0PS 0 (Zero..GPC) becomes commander.

If none of the above conditions are satisfied, the Current Bus
Commander retains command.

CMPTR/CRT key request - The New Bus Commander of the CRT is assigned
m

from the input CMPTR code. The Computer_.CRT_Assignment_.Table is

updated unless the NewBus_Commander is in GPC 0PS 0. If the New.

Bus_Commander does not support the major function of the CRT and

the New_Bus Commander is not in GPC 0PS 0, an error message is

issued. If the New_.Bus..Commander is in GPC 0PS 0, the Assigned

0PS..O__GPC is set equal to New_Bus._Commander.

CMPTR/BUS key request - If the InputComputer and Bus_Number are

zero, the following processing occurs:

C.

The SVC DO_MSK_MGMT is issued to reset all bus and data path
masks.

The SVC BCEMOD is issued to restore all BCE chains.

If the Input_Computer is not in GPC 0PS 0, the RECONFIG SMC

is issued with Bus_Request_Type set to NOM_CONF. LDB_IO_

Processor is SCHEDULED if the GSE_.PolI_.Flag = i and GSE_.PolI_
State = 0 and Self ID and GPC Prime ID are in the same

redundant set.

If the Input..Computer and Bus Number are non-zero, the RECONFIG

SVC is issued to mode string _, where Bus_Number will specify

mode 6 or 7.

kj

k_J
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OPS initiate request - The SVC DO MSK MGMT is issued to reset all

bus and data path masks. The SVC BDEMOD is issued to reset all

BCE chains. The SVC RECONFIG is issued with Bus_Request_Type set

to NOM_CONF to distribute the flight critical strings according

to the Nominal String Assignment Table. The set SVC is issued for

DEUShared_Event to initiate MCDS_InputProcessor to force a major

function change on all DeU's.

Each GPC in the redundant set being formed issued the RECOR_IG SVC

for each DEU being commanded by a member of the redundant set to

ensure that all members of the set process subsequent DEU inputs.

The LDB IO Processor is SCHEDULEd if the GSEPoll_Flag=l and GPC_
Prime ID GPC and Self ID GPC are in the new redundant set.

, Fail to sync request - faile to sync bus reassignment occurs only

if all of the following conditions are satisfied:

a. The GPC failed sync with 000 discretes

b. The failing GPC was simplex

c. All GPC's are in GPC 0PS 0

d. The GPC that failed was the lowest ID GPC in the common set.

If the conditions are satisfied, the next lowest ID GPC is assigned

flight critical strings 1-5 and the PL buses. The SVC BECMOD is
issued to restore all BCE chains. The SET SVC is issued for DEU

Shared_Event to initiate MCDS_InputProcessor to force a major
function change on all DEU's.

. Force OPS 0 request - If the New 0 GPC is simplex and is the

lowest ID GPC and all GPC's are i--n--GPC0PS 0, the following

processing occurs:

a, Flight critical strings 1-5 and the PL buses are assigned

to the New 0 GPC.

b. The SVC BCEMOD is issued to restore all BCE chains.

C • The set SVC is issued for DEU Shared Event to initiate

MCDS__Input_Processor to force a major function change on
all DEU's.
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d,

e.

f,

g.

hi

Output - See Table 3.2.3.2-1.

Module References -

i. (170) Set Event Processor (FPMSET) is CALLed.

2. (330) BCE Element Bypass_Processor (FCMBCEMD) is CALLed.

3. (350) Bus_Reconfiguration_Pre-Processor (FCMBMAN) is CALLed.

_. (355) Bus/Data_Path..Mask_Manager (FCMBMASK) is CALLed.

5. (hh0) LDB_I0_Processor (DGI_.LDB_IO) is SCHEDULEd.

6. (675) AnnunciationMacro_Interface (DMA MAC) is CALLed.

Module Attributes - External Procedure

Temp.late References -

i. U! FCOS Shared Compool (CZ2 COMMON)

2. FCOS_Compool (FCMCOM)

3. UI Section of Common Compool (CZI COMMON)

h. AnnunciationMacro_Interface (DMA_MAC)

5. Annunciation Compool (CDL ANNUN)

6. UI General Compool (CDM UI COMPOOL)

7. LDB I/O_Processor (DGI LDB I0)

Error Handling -

I. if the CurrentBusCommander or the NewBus_Commander is not coopera-

ting in the bus handover, the bus configuration request is rejected

and an error message is issued (0S021-0S030, 0S033-0S035).

2. If a CMPTR/CRT key request assigns a DEU to a GPC that does not

support the major function of that DEU and the GPC is not in GPC

OPS O, the request is processed but an error message is issued

(SCO01).
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i.

J ,

o If a CMPTR/BUS key request for moding of string 5 is received from

a DEU not being commanded or listened to by the commander of string

5, the request is rejected and an error message is issued (SC002).

Constraints and Assumptions - A bus handover request is considered valid

if the current commander and the new commander of the bus successfully

complete common set sync. However, if the current commander fails to

sync with discretes 000, the bus handover request is also considered

valid.

Detailed Implementation -

i. If GPC to Command-__DEU for Input MF not = 0 and Current0PS for

Input_MF in GPC__Status_.Table for GPC to Command DEU not = 0.

2. Hardware bus numbers for DEU 1,2 and 3 are 6,7 and 8, respectively.

J The Bus__Handover__Cooperation internal procedure expects three input

parameters: CurrentBus_Commander, NewBus..Commander, and Bus_

Number/Bus..Number_forHandover.

If common Set__Mask of self GPC ID=0 and self GPC..ID in Fail_to Sync
GPC.

. If New Bus Commander = 0 or

New Bus Commander = self GPC ID or

New Bus Commander in Common Set Mask of self GPC ID

. If Discrete_Bit GPC Q Sync Code I = 0 an__d

Discrete_Bit_GPC Q Sync Code 2 = 0 and

Discrete Bit GPC Q Sync Code 3 = 0

where Q is determined as follows:

Q = CurrentBus__Commander ID - self GPC__ID

if Q LT O, then Q=Q+5

Bus Number = 0 for flight critical strings and = hardware bus

numb--er for DEU or PL buses. The Bus Number is used to clear the

IOP Transmitter State in self GPC..ID's copy of the failed Current_

Bus--Commander's GPC Status Table. This information cannot be up-

date--dby the failed--GPC an_must be cleared or two GPC's will

indicate command of the bus. For flight critical string assignments,

the Current_Bus..Commander is indicated in the Current..StringAssign-

ment Table and will be updated bythe RECONFIG SVC processing.

=



-5----
--_-_!%" - NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77
Rev

Page 3.2.3.2-8

k.,,

,

,

10.

ll.

If Current OPS for all major functions not = 0 an.___d

Memory_Configuration_Number not - 0

If Current_Bus_Commander = 0 o./.r

m IOP_Receiver_.State = 1 for Message_DEU in GPC_Status_Table of

CurrentBusCommander

The input GPC set is defined in bits 1-5 of the second word of the

input ICC message and referenced from the ICC message rather than

a local variable:

CZ2B_ICC_MSG_BUF $(B;I+I:I to 5)

If 10P Transmitter_State = i for Bus..Number in GPC..Status_Table for

1o--opGYc.

k_1
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Enter )

DO CASE )
Input Message
Type

Return )

MF Change

CMPTR/CRT

CMPTR/BUS

OPS Initiate

Fail To Sync

Force OPS 0

Perform Major_
Function_
Switch_Change_
Processing
Figure 3.2.3.2-2
(830.1)

Perform CMPTR
_CRT_Key-
Processing
Figure 3.2.3.2-3
(830.2)

Perform CMPTR
_BUS_Key-
Processing
Figure 3.2.3.24
(830.3)

Perform OPS_
Initiate_
Processing
Figure 3.2.3.2-5
(830.4)

I Perform Fail_To

_Sync_Processing
Figure 3.2.3.2-6
(830.5)

Perform Force_
OPS_O_
Processing
Figure 3.2.3.2-7
(830.6)

Figure 3.2.3.2-1. Bus_Configuration_Change (ARD_BUS_CHG)



"U' _.lt I_.._=

NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/26/?7
Rev

Page 3,2,3.2-i3

c

:: [E

J
I

J_

I



= =--__--_
"-- _-- -,--- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page 3.2.3.2-ih

J

•= y o:_
'Era u. _

J_

- -
•E uJ rr
_atO

I

"13

8_

_,E_
"oE_
_ Oc--

E ®J

O
zLo

r"

_9rq

_ _.

uZ

_o J
o, I

0 _: "

__I_° 28

e-

l.u

e_j_
IJ =_

o_
_E
_E_E_:_ 0

=_,_,o, ]

r-

IN

03
CO
v

e-

= I
On"

I=.

06
I

IN
H
H
o_
.=
.==

I.i.

k..A



T P,,,.=_. --
-_ -_---_-----'_- NAS e _44.44

SPACE SHU1TLE ORBITER AVIONICS $OF'W_ARE"

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/_8/77

Rev

Page _. 2. "+. 2- ] 5

¢

=

m®E-_E
IE=E_

'l

,f

N

v



T -_-__
_=, NAS 9-14444
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Fact 3

Date 2/28/T7

Rev

Page 3._.3.2-16

I

A
H

H



i ..... NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77
Rev

Page 3,2.3.2-17

A
1.0

0

I I

¢5
I

O0

D')

i£.



sP_oEs.oT..Eo..,.E°Av,o.,csSOF_A.E

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77
Rev

Page 3.2.3.2-18

\
IF Self GPC_ID \

Not In Fail_To_t

Sync_GPC /

Then
Initialize

Fail_Sync_
Set = 0

Initialize New_
O_GPC From

ICC Message

IF Redundant

Set Mask In
ICC Message = 0 /

/
Then

CALL Force_
O_Procedure

Figure 3.2.3.2-11
(830.10)

Figure 3.2.3.2-7. Bus_Configuration_Change
Force_OPS_O_Processing (830.6)
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Bus_Number

: Input_
DEU + 5

(2}

.[ ....

I Initialize

Current_
Bus_
Commander
=0

,I

_ FO...._gR_
All GPC's

Handover_

Cooperation
Figure 3.2,3,2-10
(B30.9) (3)

I

l IF Handover- _

_atus = 1
(Valid}

IFGPCIOP- k Then I Current Bus I I
T_ansmitter- "'"_"" - - , = Exit

Commander _ Loo
State = 1 For I I Rp¢ I I P I Keystroke 2
Bus_Number / I = _ _ I I Then I In Keyboard_

Message = 1
/ | | I_ I_1 (MF Not

! "" \ I IF IOP_Receiver_ [ _ _ I I Supported}

I " MF_F,,g:, BS;%L  Not '
I _nabled) _ ForBus Nu-n_tJer/ I tn Commander / I

I / I InSelfG-PC_ID/ I _Set / I ,
| / • ' • I | Keystroke 2

I I IEIseI InKeyboard

I OEU_Message_ I _ _Message =0

I Ready-Flags I I (MF Supp°rted}
I I For Input_ I

I DEU = 1 I

\ I I I (Enab'ed) I
I IFNew-Bus-- _ Then l Bus_Request_ I I
I Commander ; _ Typ e= I I I
I:SelfGPC-ID I / ASGN_BUS I I Issue sET svc I
I ........ / / I I For Keyboard_ |

[ ' -- " I Message_Ready I

_ rms_ ! e Request_
Variable- •

Data_ 1 Type = US
- BUS Number I IF Self X ! IF Self X _ REL_B

- Else I GPC_ID In _LThenl G'PC_.ID = k I I

l _ Commander_ _ Current_Bus- _ "

I set / I IC°mmander / I
Issue I " • I

REOONFIG _ I I Bus
SVC _ I I IElse I Request_

Type -
I Else I Bus Request_ "----1 - __

Tyl:_ = DIS_- I LSTN_BU5

.9_ ,,,ue _BUS
Error

Message I
(OS033-0S035)

Issue SET
SVC For
DEU_Shared
_Event

Figure 3.2.3.2-9. Bus_Configuration-Change
Assign_DEU_Processor (830.8)
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3.2.3.3 GPC_Reconfiguration__Table_Change (ARF__GPC_TABLE_CHG) (850)

ARF_GPC__TABLE CHG Processes user inputs requesting GPC reassignments and

updates to the GPC set and string assignment table.

a. Control Interface -

I.

2.

CALL ARF GPC TABLE CHG (D-IND);

CALLed by: (860) DPS_Configuration_ITEM Processor (ARF_DPS
C0  IC_ITm ) - -

b. Input- The following User Interface grammar macro supplies input data
to this module:

ITEM NO

For a detailed description of this macro refer to appendix H.

Additional input data descriptions are presented in Table 3.2.3.3-1.

C. Process Description - Upon entry to this procedure a test is made to

see if the item number selected was 7. If that was the item request

then logic to support the memory configuration request is executed.

If the item input was other than 7 then a test is made to see if a

memory configuration request has been made previously. If no memory

configuration request has been made then control returns to the calling

procedures.

If a memory configuration request has been made than a test is made to

see if the item input was to request a change in the GPC set assignments

or to request updates to the GPC/STRING assignment table. The appropriate

logic is then executed to support the item input.

d. _- See Table 3.2.3.3-1.

e. Module References - None

f. Module Attributes - Internal Procedure

g. Template References -

i. UI__FCOS_SharedCompoo! (CZ2 COMMON)

2. UI Section of Common__Compool (CZ1 COMMON)

3. Annunciation Macro Interface (DMA MAC)

h. Annunciation__Compool (CDL-ANNUN)
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h,

i,

J.

Error Handling -

I, If a request to change the GPC set for a specific Memory

Configuration number which previously included only one (1)

GPC to multiple GPC's is made, an error via the annunciation

function will be output (OTO06).

Constraints and Assumptions - None

Detailed Implementation - None
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Enter )

l

I
..,oro)

Then
Set ARFV_

GRT_OPS_

Copy = 1

I r

Set ARFV- I

Mem_Config_ |

No = Item_No i [ !
I Then

\ I IF Memory_ _ I I

DOUNTIL _k I C--onfiguration _, I
f,_Hi--,u_r_em_ For This GPC

Con tg_Found _ E ---

Set Memory_ ]

Configuration_

NBR_For_GPC

Eq. ARFV_

Mem_Config_No

I
I

Update The Major I

_Function_Per I

_Memory_ I
Configuration; The I

OPS_Per_Memory I

-Configuration I

=1__
Update GPC_Per

_Memory_

Configuration,

And String--

Per Memory_

Configuration

L
I Set ICC_GPC-

Reconfiguration_

ETC = 1

{Enable)

__ PERFORM GPC

_Select_

Function Figure

(3.23,3-2)

Set ARFB_ l

Mem_Config_

Found = 1 (True)

Increment

ARFV_GRT_

OPS_Copy

By 1

Figure 3.2.3.3ol. GPC_Reconfiguration_Table-Change
(An F_GPC_Table_CHG)



J

_E

.=.

f_

= _..__=-_..=
--_- "i-"_ NAS 914444

SPACE SHUTTLE ORBITER AVfONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2128/77

Rev

Page 3.2.3,3-5

4

j-

,o m

I

1-

2_

:n,

o_
_ ,-4
ce, i

H

IN

.3
ol
Zu

1,

k._



m

..... NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page 3.2.3.3-6

DO FOR

ARFV_Loop
Equals 1 To 4

1_
Update The GPC
_Set Value Based
On Memory_
Configuration_
NBR_For_GPC

IF ARFV_

Odd_Num_Tab
(ARFV_Loop) =/

Item No. /

Then ARFV_Item_
Cntr Equals
ARFV_Loop

Exit Loop

IF ARFB_
Item_Error Is
Set = 0 (Off) Then

SET ICC_GPC_

Reconfiguration
_ETC = 1 (On)

X_)

Figure 3.2.3.3-3. GPC_Reconfiguration_Table_Change

GPC_Deselect_ Function (850.2)
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\
DO FOR ARFV_\
Loop Equals 175

1
Update The
Nominal_String_
Assignment_Table
Based On The Value
Entered Via The
Item Input

Update The String_
Per_Memory_
Configuration Based
On The Nominal_

String_Assignment
_Table Vatue

i lFItemlnput=k

ARFV_String_\
Num (ARFV_ /

Loop) /

Then
ARFV_Item_
Cntr Is Set

Equal ARFV_
Loop

Exit Loop

SE.__.TICC_
Nominal_String
And ICC_GPC_

Reconfiguration
_ETC = 1 (On)

Figure 3.2.3.3-4. GPC_Reconfiguration_Table_Change

GPC_String_Assign_ Function (850.3)
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3.2.3.4 DPS_Configuration IT_ Processor (ARF_DPS_CONFIG_ITEM) (860)

ARF DPS CONFIG ITEM services the Item requests made by OPS 0-00, SPEC 0-00,

and Mode 00.

a. Control Interface -

i,

2.

CALL ARF_DPS CONFIG_ITEM (D_I_D) ;

CALLed by: (810) Idle Operational_Sequence (ARB_IDLE_OPS)

b, Input- The following User Interface grammar macro supplies input data to
this module: ITEM NO

For a detailed description of this Macro refer to appendix H.

Additional input data descriptions are presented in Table 3.2.3.4-1.

Co Process Description - Upon entering this procedure the ARF_Loopl__Flag
is set = 0 (Disabled). Then, using a DO FOR Loo_, a test is made to

determine the Item entry made on the Configuration Monitor format.

When the item input is determined the ARF Loowl Flag is set = I (enabled)

and the ARF_CASENO variable is set equal the ARF DO CASE INDEX value.

A DO CASE processing scheme is then used to process the desired item.

A correlation oetween item inputs and the DO CASE entries that do the

processing is as follows:

ITEM # DO CASE ENTRY

i i

2 I

3 2
4 2

5 3
6 3

7-20 4

21 5

22 5

Once the appropriate processing has been done to satisfy the item input,

control is returned to the IDLE OperationalSequence Control segment.

The control flow for this module is presented in Figure 3.2.3.4-1.

d. Outputs - See Table 3.2.3.4-1.
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e,

f,

g.

h,

i.

J.

Module References -

I, (850) GPCReconfiguration_Table Change

(ARF..GPC_TABLE_CHG) is called.

2. (h80) ICe_Message_Collector (DIM_ICC__COLLECTOR) is called.

Module Attributes - External Procedure

Template References -

i. UI__Section of Common_Compool (CZl COMMON)

2. UI_F0CS_SharedCompool (CZ2--COMMON)

3. ICC__Message_Collector (DIM--ICC COLLECTOR)

h. Annunciation Macro Interface (DMA--MACT

5. AnnunciationZCompoo--1 (CDLZANNUN)

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None

k_J
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Set ARF_Loop 1
_Flag = 0
(Disabled)

I
DO FOR ARF_ k
i-_-=1--T"_o23
Until ARF_
Loop I _Flag =

On _

l_
PERFORM Item
_Do_Case_

Processing
Figure (3.2.3.4-2

1

IF Item_No
Equals ARF_I

ARF_Loop 1_
Flag Is Set = On
And AR F_Case_
No Set Equal
A RF_Do_Case_
Index

Set ARF_ltem_

ID Equal ARF_
I-1

Exit Loop

Figure 3.2.3.4-1. DPS_Configuration_ltem_Processor (ARF_OPS_

CONFIG_ITEM)
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DO CASE AR F__

Case_No

t CZ2B_ICC_ 1

Ftag & (1:11)

Set = 1

t Set RM_Voter

Then Flag = I And Set

ARF_ICC_Msg_

Type = Hex

I '0100'

__ IF Item_No Is

ODD

Set RM.. Voter

J Flag = 1 And Set
__ ARF_ICC Msg

Else Type = Hex
I

CALL ICC_ I
Message_ I

I Collector (480) I

I Figure(3.1.3.2-1) I

Then

IF Item_No Is /
k

CALL ICC_ ]

Message -

Collector (480)

Figure (3.1.3.2-1)

Set RM Watch_

Dog_Timer_

Ftag- 1 And

ARF_ICC-

Msg Type =

Hex '0100'

Set RM_Watch_

Dog_Timer

__ Flag = 0 And

Else ARF=ICC_Msg_

Type = Hex

'0001"

I _ Mass_Memory

Then DO FOR ARF__ I Major_Function

C-"_4 _Assignment

Set= 1

l Exit Loop

° 'ig°r°tion.... _\ | M,ss_Memo*y,
_Table_Change DO FOR AR F Major_Function

(850) Figure _ 4 Assignment

(3.2.3.3-1) Set = 1

i_ _I Then I

IF Item_No Is

Else

Set Memory_

Source = 0

I Exit Loop

Set Memory_

Source = 1

Figure 3.2.3.4-2. DPS-Configuration_ltem_Processor
Item-Do_Case_Processing (860.1)
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3.2.3.5 GPC_Reconfiguration_Message Handler (ARG_RECONFIG MSG) (870)

This module provides the interface between the ICC _Message__Router(DME ICC

ROUT) and (i) the GPC_Reconfiguration(ARC_GPC_RECONFIG) module and (2) the-- --

Secondary_GPC_Reconfiguration (ARH_SEC_GPC_RECONFIG) module.

a. Control Interface -

I.

2.
CALL ARG_RECONFIG__.ISG(ARG..._ICC _BUF, ARG_I_W)
CALLed by (490) lCC._,_essage Router(DME_ICC_ROUT)

b. In__np_- See Table 3.2.3.5-1. - Any of five message types are received

by this module over the ICC via the ICC2Message_Router. Types I, 2,

and 3 are sent by GPC_Reconfiguration tv_e 4 is sent by the Secondary

GPC_Reconfiguration and type 6 is sent by Sequence Request_Process.

• Type i - Reconfiguration overlay is about to take place.

Some (perhaps all) of the GPCs in original RS are to be

members of the new RS. The Prime CPC has command of the

_94U bus while other GPCs will listen on the same MMU

channel as Prime is commanding to receive the overlay.

The message contains major function !D, OPS number being

selected, Mode Number within the OPS, DEU number at which

OPS request was made, mask identifying required GPCs,

and the index to the applicable GRT data for the OPS.

Type 2 - A new OPS is to initiated. None of the GPCs

of the original RS are to be members of the nez RS. The

message contains same data as for Type !.

• Type 3 - The overlay for the new OPS is to proceed now.

Type 4 - Overlay in secondary GPCs has completed. Successful
or unsuccessful status is included.

Type 6 - Sequence Request_Processor is finished preparing

itself for the reconfiguration.

C • Process Description - This module is required in all GPCs to receive
messages transmitted on the !CC whenever a new RS is formed to include

GPCs not configured to "hear" the original request from the user.

Its purpose is (i) to interface for a minimum of time with the ICC

_essage_Router by receiving the message and allowing the ICC_Message_

Router to be enabled to receive subsequent ICC messages, (2] to

invoke the Secondary_GPC_Reconfiguration module, and (3) to set
events to control and coordinate execution of both modules to assure

proper operation of both in forming a new RS. The control flow for

this module is sho_m in Figure 3.2.3.5-1. Hessage tyoes i and 2 result in
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d,

e,

f°

g.

h,

i.

j.

the SCHEDULE of Secondary_GPC__Reconfiguration while message type 3

provides the primary and secondary GPC's with the signal to proceed

with the overlay. Message type 4 is a status message from the se-

condaries indicating completion of overlay, Message type 4 requires

secondaries to cancel any active SPECs and adjust the display buffer

for OPS 0-00.

Output - See Table 3.2.3.5-2.

Module References -

(880) Seconda1___GPC__Reconfiguration(ARH__SEC_GPCRECONFIG) is SCHEDULED

(170) Set Event Processor(FPMSET) is CALLed.

(171) Reset Event Processor(FPMRESET) is CALLed.

(144) Time/_ate Ap--plication_Requests Processor(FPMTMHAL) is CALLed.

(440) LDB_I/O_Pr--ocessor (DGI_LDB_IO)--is C_[CELed.

Module Attributes - External Procedure

Template References -

1.

2.

3.
4.

UI Section Of Common_Compool(CZl CO,_40N)
UI--_COS Shared Compool(CZ2 CO_MO_)

FCS-S__Com ool(F  C0M)
Ui,General_Compool(CDM UI COMP00L)

Error Handlin_ - None

Constraints and Assumptions - None

Detailed ImDlementation -

1, All secondary GPCs are allowed to return control back to Sequence_

Request_Processor. On completion of that functiom, Sequence_Request
Processor issues message type 6 and this process counts each message

as it comes in and only schedules Secondary_GPC_Reeonfiguration
after all have responded.
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3.2.3.6 Secondary_GPC_Reconfiguration (._RHSECGPC RECONF!G) (880)

This module o_erates in GPCs about to become members of the RS. It responds

to data nassed to it by the old RS to prenare the GPC for loading and starting

the new requested OPS.

ao Control Interface -

i,

2.

SCHEDULE ARH SEC GPC RECONFIG PRIORITY (PRI0_A_RH)

a. SCHEDULED by (870) GPC_Reconfiguration__Message_Handler (ARGSEC_

GPC RECONFiG).

b. Even--tProceed With_Reconfiguration (CZ2E_REC_PROCEED) set by

(870) GPC_Reco--nfiguration_Message_Handler (ARG_RECONFIG_MSG).

b.

C.

In__n____-See Table 3.2.3.6-1.

Process Description - This module processes information supplied to it

for the _urpose of reconfiguring the GPC set. Secondary means that this

GPC is about to become a member of the qPC set servicing a ma,_or function

but is not now in that role. It operates in conjunction with the GPC_Re-

configuration module via messages sent and received over the iCC. Messages

received are s@rviced by the GPC Reconfiguration _essage_Handler. _The se-

condary GPCs may form a redundant set by themselv--es or with the GPC(s)

"hearing" the original OPS reauest.

The "hearing" GPC sends a message to the new GPCs to alert them

to their role as secondary GPCs. Depending on memory and current GPC

configuration, messages are passed between the original GPCs and the

secondaries as they proceed through the steps of overlay and OPS in-

itiation to assure coordinated formation of the RS. The functional

control flow for this module is shown in Figure 3.2.3.6-1.

d. _- See Table 3.2.3.6-2.

e. Module References -

i.

2.

3.

4.

.

6.

7.
8.

9.
i0.

ii.

(480) ICC Message Collector(DIM ICC COLLECTOR) is CALLed.

(660) Down--list For--matterCDCDDWL_) i_ CALLed.

(440) LDB__I/OSrocessor(DGI L--DBI0) is CANCELed.

(170) SetEvent_Processor(F_ET-_ is CALLed.

(171) Reset Event Processor(FPF_ESET) is CALLed.

(104) Wait _roces_or(FP_AIT) is CALLed.

(14_) Time_Date_Application__Requests_Processor(FP_gfMHAL) is CALLed.

(340) Miscellaneous CM Request Processor(FCMSVC) is CALLed.

(390) Sync_ask Build Routine (VCMST_SK) is CALLed.

(320) Overlay_P_ocess_r(FCMPOVLY) is CALLed.

(665) Downlist Formatter 2 (DCDDWL2) is CALLed.
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kj

f,

g°

h_

i.

j.

Module Attributes - Program

Template References -

i*

2.

3.

4.

UI Section Of Common_Compool(CZl_COMMON)

UI--FCOS Shared CompooI(CZ2_COMMON)

Fc[scompool (F_-MCOM)
UI General_Compool (CDM UI COMPOOL)

Error Handlin G - None

Constraints and Assumptions - None

Detailed Implementation - None

k_J
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Initialize
Internal

Parameters

DO FOR
Each GPC

\
tl = GPC
Member Of /New Set

Then Initialize

Overlay
Parameters

(

"_econfiguration_

Message_Type /

Is2 /

Perform Complete
_Secondary_

R econfiguration

Figure 3.2.3.6-2
(880.1)

I
Return )

Then

Else

Perform Memory

Overlay

Figure 3.2.3.6-3
(880.2)

Reset

Proceed_With

Reconfiguration
Event

I
\

DO UNTIL ICC k

, _s'_ _ccepte 7

I
WAIT FOR

Overlay
Complete

Message Type 4
To Be Processed

WAIT FOR

Receipt Of

Message Type 3
To Proceed With

Overlay
;

1
Reset Proceed

With_

Reconfiguration
Event

ii

t CALL ICC_

Message_
Collector With

Msg 4
Figure 3.1.3.2-1

(480)

Perform Memory

-Overlay Figure
3.2.3.6-3 (880.2)

Figure 3.2.3.6-1. Secondary_GPC_Reconfiguration (ARH_SEC_GPC_REC)
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Miscellaneous_

CM_Request_
Processor SVC Is

Issued To Zero

Fail Discretes

IF No Errors k

O-ccurred During /_

Overlay /

Set Overlay_

In_Progress
Flag = 0

(Disable)
I

I Set

Reconfiguration_
Error Code For

Complete Status

Of Reconfiguration

Then

E(s_..___e

Perform Restart_

Downlist_

Formatter

Figure 3.2.3.6-4
(880.3)

_1_
Set

Reconfiguration
....Error Code = 0

(Disable)

Set

Reconfiguration
Error Code = 1

(Enable)

Signal Sequence_
Request_
Processor About

Completion Of
RS Formation

Figure 3.2.3.6-2. Secondary GPC'Reconfiguration
Complete_Secondary_ Reconfiguration (880.1)
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Set Redundant_ i

Set_Mask To
State For New
GPC Set

I

I Set ICC_CS/RS I

Flag = I (Enable)
For Updating
Status In Other
GPC's

I
I

Set Up ICC I

Message For IBus_Change

I
Bus_Change
To Operate

I
WAIT FOR

MCDS_lnput_
Processor To
F;nish

CALL tCC_ I

Me_s'_age_Collect or

Figure 3.1.3.2-1

(4B0) I

V

Enable DEU
Polling

I
WAIT FOR
_play
_Processor To
Be Not Active

IF Overlay >
Is Required

I
Save RUNTIME
For Future
Use

Then
t Overlay_Processor I

SVC Is Issued To [
Load GPC With |

New MC /

WAiTFOR
Overlay_
Complete_Event

1

IF Self GPC __
H"ad No Error

Update GPC-
Then Status Table

With Overlay
Data

Set Overlay Data

In GPC_Status
_Table To Zero

Figure 3.2.3.6-3. Secondary_GPC_Reconfigurati0n

Memory_Overlay (880.2)
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Obtain Current

Time (Clocktime)

Calculate Elapsed
Time Since T_
Zero Was

Originally
Computed

=

Calculate Next
Point In Time
Wh;ch Is A 2

Second Integral
Of T_Zero

WAIT FOR
Next Point
In Time

Set Downllst_
Formatter_

Enable_Flag = 1
(Enable)

CALL
Downlist_
Formatter

Figure 3.3.2.1-1
(660)

Figure 3.2.3.6-4. Secondary_GPC_ Reconfiguration

Restart_Downlist_ Formatter (880.3)
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3.3 System Specialist Functions

The System Specialist Functions are the set of specialist functions (SPEC)

which are system oriented as compared to being directly related to a major

function. These SPEC's are capable of being initiated from any user position

regardless of the major function switch setting. They are permanently
resident in memory with other System Services functions because of their

commonality across .major functions. Figure 3.3-i presents the hierarchial diagram.

a, Read/WriteSpecialist_Function (ASB RD _£RT) _rovides a general

GPC memory read and write capability. The associated display

provides the means for the user to enter and read to or from either

_rotected or unprotected GPC memory. Control of BTU Bite Acquisition
and main memory dump are performed by this S_ecialist Function.

b, Time__anagement_Specialist_Function (ASC TIME MGMT) provides control

of the Mission Time (MT) function and updates-'to the Master Timing
Unit (_U) as well as monitoring the status of the time sources

from the _U accumulator and internal GPC prime clock.
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System
Specialist
Functions
3.3

rl
Read/Write_
Specialist_
Function (ASB_
RD_WRT) (910)
3.3.1

l
Time_Management
_Specialist_
Function (ASC_
Time_Mgmt)
(950) 3.3.2

Figure 3.3-1. System Specialist Function Hierarchial Diagram
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3.3.1 Read/Write_Specialist_Function (ASB-RD WRT) (910)

_j

ASB RD WRT consists of all the functions required to support the GPC memory

read/write display.

a. Control Interface -

b.

I.

2.
SCHEDULE ASB_RD WRT PRIORITY (PRIO ASB)

SCHEDULED by: T560) Sequence Requ_st_Processor (DMCSEQ_REQ_PROC)

Input- The following User Interface grammar macros supply input data
to this module:

ITEM NO

ITEM 0

ITEM_I

For a detailed description of these macros refer to appendis H.

C,

Additional input data descriptions are presented in Table 3.3.i-I,

PrqcessDescription - Upon initial entry into this program a test is made

to determine the current mode of operation, DATA or CODE. The variables

ADD ID Blanking_Bit, Desired Data BlankingBit, and Current Data
BlankingBit are set = 1 (en_bledTso that upon initial request _f the

format all data fields for "ADD ID", "DESIRED", and "CURRENT" are blanked

out. The program Read/WriteCyclicDisplayUpdate (ASH_RW_CYCUPDATE)
it then scheduled.

A DO FOR loop is used to determine which of the possible 22 item inputs

was made. If the item input affects one of the six lines used for memory

display then the variable ASB_LINENO is updated to reflect the line

being addressed. The variable ASB CASE NO is also updated with the do

case index value required to process the item input.

A DO CASE processing scheme is then used to process the desired item.

A correlation between item inputs and the DO CASE entries that do the

processing is as follows:

Item # DO CASE ENTRY

5 i

7 I

9 1

ll 1

13 1

15 1
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d.

e,

f,

g.

ITEM # DO CASE ENTRY

17&18 2
6 3
8 3

lO 3

12 3
14 3

16 3
4 4

3 5

19 6

l&2 7
2O 8

21 9

22 I0

If a PRO keystroke, rather than an item request, was made, a CHANGE(O)

grammar macro statement is executed, clean up processing for the Block

and Spec is done via the grammar macro support and the Read/Write_

Cyclic_DisplayUpdate program is canceled.

0therw{se the iogic flow returns to the DISPLAY grammar statement to

wait for the next keyboard input.

The control flow for this module is presented in Figure 3.3.1--I.

Outputs - See Table 3.3.1-1.

Module References -

i, (915) Read/WriteCyclicDisplayUpdate (ASH RW CYC_UPDATE)
is SCHEDULED.

2.

3.
4,

(480) ICCMessage_Collector (DIMICC_COLLECTOR) is CaLLed.

(920) Bite Execute Item Processor (ASI RW BITE PROC)

(540) Disp_ay_Pres_ntatTon_AndControl--(D_S_PL_Y) is CALLed.

Module Attributes - Program

Template References -

I.

2.

3.
h.
5.

UI Section of Commoh Compool (CZI COMMON)

UI"FCOS Sha-'re__Compool (CZ2--COMMON)
Bit--eExe--cute Item Processor (ASI--RW BITE PROC)

Displ--ayPrese--ntati--on and Control (DIS--PLaY) --

(550) Application_Mo_ng_--AndSequences is--CALLed.
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5. Application_Moding_and_Sequencor

6. Read/Write_Cyclic_Display__Update

7. Memory_.Read/WriteCompool
8. Annunciation Macro Interface

9. Annunciation_Compool

10. Downlist__Compool

ll. ICC_Message_Collector

h. Error Handling -

BMS)
(ASH--RW CYC UPDATE)

(CD:RW DATK)
(Dmmc)
(CDL--ANmJN)
(CDW--DOWNLIST COMPOOL)

(DIM_ICC_.COLLECTOR)

iJ

J.

I, If a GPC location is input, that exceeds the limits of the core

size, an error message will be output via the annunciation

function (DU031).

2, Whenever there is an incompatability between the mode of operation,

CODE or DATA, and the GPC address specified when attempting to

write into storage an error message.will be output via the annuncia-

tion function (DU023).

, An attempt to update GPC memory without having specified a desired

value will result in an error message via the annunciation function

(DU022).

,

,

An attempt to update GPC memory without indicating the address ID
will result in an error message via the annunciation function

(DUO25).

Attempting to perform a sequential read Operation without having

first indicated the beginning address ID will result in an error

message via the annunciation function (DU021).

, If the downlist function is enabled and either the dump starting

address or the number of words has not been input an error message

will be output via the annunciation function (DU032).

Constraints and Assumptions - None

Detailed Implementation - None

--_ : Z 2 Y; 2 : l : 7 ....
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Select Is Not /=

Set= 1 /

...... r

Add_ID_

Blanking_Bit,
Desired_Data_

Blanking_Bit And
Current_Data_

Blanking_Bit Are
Set = I (Enable)

I
The Read_Writed I

End_Of_Loop_

Indicator Is Set I

= 0 (Off) I

]
J Schedule Read/

Write_Cyclic_
Display_Update
(915) Figure
(3.3.1.1-1)

J
End_Of_Loop_

Indicator Is Set =

0 (Disabled)

.,,

J ASB_Line_No

Is Decremented
BYI

Then ! Data_Mode

Select Is Set =

1 (Enable)

t IF ASB_
Line_No =
Item_No

Flight Software
Part 3

Date 2/28/77

Rev
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J End_Of_ I

Then Loop_
Indicator Is Set =
1 (Enabled)

l ASB_Case_ 1

No Updated
With Appropriate
Case No

_ltem_
Processing
Figure (3.3.1-2)

Figure 3.3.1-1. Read/Write_Specialist_Function

(ASB_RD_WRT)
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I DO CASE ASS

__ Set Desired_

Data_Save_

Area Equal

hem_0

1

i Desired _Dat__

Validity_Bi_ Is

t Save hem_0 I

-- In Vari==ble

ASB_ltem_0

[1 f IIF Addre$5 tst4Je Error Ms0

Requested Is . Via The

Larger Th_n Annunciation

GPC Size Function

(DU031)

Sic fs _t = 1

L'°''°''j,, ,
E P 1

t I.. I G$ _ oil_Flag I
ti_e ts Set = O ASS_ "-iosE_,CC_I

I i M_,,Se,-oI
I fCC_DST_ m

I
E_ure (3._.3.2 _) |

I

_ PERFORM Rf_V I

-Me-_6_-D-_U_at,_
Proc Fi_lure

{3,3 T -3(

__ PERFORM RAN j
Proc Figure

t33,7 -5)

__ PERFORM R/W

_Mode_Set

Pr_ Figure

13.3.1-61

d PERFOR.._M R/W

_Dwnlst_Mem_

Dump Figure

13.3.1 7)

rPERFORM R/_N 1

91 _o_
Dump Figure

l 13.3, 1-7)

=_ PERFORM R_V 1

_Dwnl_t Mem_

Dump Figure

13.3.1 71

I ASl_RW_Bite |
Then Pro(:. Repeat

r_--I Every 1.28 Sec I

] | (920) Figure |

IF Bite_

U{>ffate _Flag

I$ Not S_t = 0

/ t I CANCEL _i_e_

I I _l,em_
] _, I Processor (920)

L_ Then SCHEDULE

_te_Execute_.ltem

_ Processor 19201

_ Figure (3.3,1.2-I)

Figure 3,3.1-2. Read/W rire __ecialist _ Fu nctlon
(R/W_hem_Processing) 1910.1)
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IFProtect_
Interrupt Flag
Is Set = 1

I Issue Error

Then Msg. Via The
Annunciation
Function
(DU023)

Else IF Loc_lD_
_rresent_l nd
Is Set = 0

Then

Else

Issue Error

Msg. Via The
Annunciation
Function
(DU022)

\
IF Desired_ _k Then
_'alue_Present_

IndlsSet=O
I

I
Loc_l D_Present
Ind And Desired
_Value_Present
_lnd Are Set = 0

Issue Error

Msg. Via The
Annunciation
Function
(DU025)

Figure 3.3.1-4. Read/Write_Specialist_Function
(R/W_Update_E R R_Proc) (910.3)
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Add_ID_

Blanking Bit
Is Set = 1

Desired_Data_
Blanking_Bit
Is Set = 1

II

Current_Data_
Blanking_Bit
Is Set = 1

I
IF Item_No
Equals '1'

Data_Mode_
Select Is Set = 1
Code_Mode_
Select Is Set = 0

Data_Mode_ I

Select Is Set = 0
Code_Mode
Select Is Set = 1

Figure 3.3.1-6. Read/Write_Specialist_Function

(R/W_Mode_SE L_Proc) (910.5)
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Then | Dwnlst_Wrd_
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I
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Dmp_Len Is
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_1

IF Item_No

Equals '20'
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Issue Error

Then Message Via The
Annunciation

Function

(DU031)

Then

-k
IF Item_0
Exceeds GPC /--size

Dwnlst_Add_

ID_Ftg Is Set = 1

I
CDWD_Main

Mem_Dmp_

PTR Set Equal
Item_0

l IF Dwnlst_Add_ X

i-D_Flg & Dwnlst

_Wrd_Cnt_

/FIgAreSet = I _ '

t
Main_Mem_

Dump_Reg Is
Set = 1

(True)

Issue Error

Message Via The

Annunciation

Function

(DU032)

Figure 3.3.1-7. Read/Write-Specialist_Function

(R/W-Dwnlst_Mem_Dump) (910.6)
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3.3.1.1 Read/Write_CyclicDisplayUpdate (ASH RW CYC_UPDATE) (915)

ASH RW CYC UPDATE contains the logic required to provide for the cyclic

updating of the--"CURRENT" data fields on the Memory Read/Write specialist

function display. The cyclic rate used is once per second.

a. Control Interfaces -

I.

2.

SCHEDULE ASH RW CYC UPDATE PRIORITY (PRIO ASH),

REPEA_EVERY 1.0;

SCHEDULED by: (910) Read/Write_SpecialistFunction (ASB RD WRT)

b. Input - See Table 3.3.1.i-I

C, Process Description - Whenever this program is entered a DO FOR loop

is executed to determine whether an address identification input has

been entered for each line on the format.

If an address has been specified for the current line then the

ASH Read Flag, indicating a read operation was requested, is set=l

(en_bled_. Then the GPC Address I0 Save Area for the current line is

stored in the variable AS--HRead Start. Now that the necessary items

in the FCOS program modification macro parameter list have been supplied

the program modification SVC is executed. This results in the variable

ASH Wordl Data being updated from the DATA__ReadOutArea.

Then the Current Data Save Area for the line b4ing processed is updated

with the data from ASH Wordl Data. To make that information available

for display on the DEU the Current_Data_Blanking_Bit for this line is

set = 0 (disabled).

If no address is supplied for a particular line no processing is done.

The loop counter is incremented if the maximum value has not yet been

reached and the loop executed again if needed.

The control flow for this module is presented in Figure 3.3.1.1-1.

d. Outputs - See Table 3.3.1.I-I.

e. Module References - None

f. Module Attributes - Program

g. Template References - Memory__Read/Write Compool (CDJ RW DATA)

w
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he

i.

J.

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None

• f kj
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IF GPC_

Address_lD_
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(Enable)
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Update ASH_

Read_Flag To

Indicate Read

Only

]
Update ASH_
Read_Strt From

G PC -Add ress_

I D_Save_Area
For Current Line

Issue

PGMMOD SVC

Update ASH_

Word 1_Data
From Data_

Read_Out_Area

Update Current_
Data_Save_

Area From ASH_

Word 1_Data

Current_Data_

Blanking_Bit

Is Set = 0 (Off)

Exit Loop

Figure 3.3.1.1-1. Read/Write_Cyclic_Display_Update

(ASH_RW_CYC_Update)
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3.3.1.2 Bit_Execute_!temProcessor (ASI_RW_BITEPROC) (920)

ASI RW BITE PROC is the module that initiates the reading and storing of the

current BITE status data for the Flight Critical and Payload MDMS as well as the

PCMMU.

a. Control Interface -

i. SCHEDULE ASI RW BITEPROC PRIORITY (PRIO__ASI),
REPEAT EVERY 1.28;

2. Scheduled by: (910) Read/WriteSpecialistFunction (ASB_RDWRT)

3. SCHEDULE ASI RW BITEPROC PRIORITY (PRIOAS!)

4. Scheduled by: (910) Read/Write_Specialist_Function (ASB_RDWRT)

b. Input - See Table 3.3.1.2-1.

C. Process Description - Whenever this module is executed a series of

FCOS macros which read and store the flight forward and flight aft

BITE data, the Payload MDMS and the PMU BITE status are issued. In

addition the ICC GST flag is set = 1 (enable) so all GPC's would be
aware of the functions execution.

d. Outputs - See Table 3.3.1.2-1.

e. Module References - None

f. Module Attributes - Program

g. Template References -

i. UIFCOS_SharedCompool (CZ2COMMON)

h. Error Handling - None

i. Constraints and Assumptlons - None

J. Detailed Implementation - None
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Issue SVC
FF/FA Bite
Acq. Code = 2

Issue SVC PF

Bite Acq. Code =
2

Issue SVC PMU
Bite Status Code
=6

I CC_GST
Indicator is
Set = 1 (Enable)

Return )

Figure 3.3.1.2-1. Bite_Execute_Item_Processor

(ASI_RW_B!TE)
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3.3.2 TimeManagementSpecialistFunction (ASC_TIME_MGMT) (950)

The Time_Management_Specialist,_unction provides control of the GPC time
management processor and updates to the master timing unit (MTU) MET/GMT accu-

mulators and GPC MET/GMT. In addition, provisions are made for monitoring the

MTU oscillator and accumulator strings, the GPC prime time, and time management

processor source selection.

a. Control Interface -

I, SCHEDULE ASC_TIME_MGMT PRIORITY (PRIO__ASC)

2, SCHEDULEd by (560) Sequence_Request_Processor (DMC_SEQ_REQ
PROC)

b, Input- The following data is input to the Time_Management_Specialist
Function in the form of control segment grammar macros:

ITEM NO input ITEM mumber

ITEM I

ITEM S

integer data associated with ITEM key

scalar data associated with ITEM key

D DEU _3MBER - number of DEU displaying the time management

display.

The grammar macros are discussed in Appendix H of User Interface.

Additional inputs to this program are described in Table 3.3.2-1.

C. Process Description - Control segment initialization is performed by

invoking the SPEC and BLOCK grammar macros. Time Mgmt_Status__Flags and

delta input save areas are initialized. The TimeManagement_Display_

Update_Cyclic__Processor and the Time_Management_MTU__Update_Processor

are SCHEDULEd and the time management display is requested via the

DISPLAY grammar macro. The Time_Management__Specialist_Function then

waits for keyboard inputs.

The following processing occurs for ITEM inputs:

I. ITEM's 1-4: the input data values are saved in the Time_Mgmt_

Delta_InputValues, the MET_Delta__ValuesSaved flag is set, and

the applicable Time_gmt__Blanking_Flags are reset.
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,

ITEM's 5-8: the input data values are saved in the Time__Mgmt_

Deltainput__Values, the GMT_Delta_ValuesSaved flag_is set, and

the applicable Time_MgmtBlankingFlags are reset.

ITEM 9: if the Update In Process flag = i, no processing

occurs. If the Update_In_Process flag = 0 and the GMT_Delta_

Values Saved flag = 1 or the MET__Delta__Values_Saved flag = l,

the following occurs:

aJ GMT Delta Values Saved flag = i: the GMT Delta Value is

cal_ulate_ from t--heTime__Mgmt_GMT Delta Va--lues _nd the Time

Mgmt__GMT_Seconds_Delta_Value. If only one GPC is active and

in OPS 0, the Request Initial_GMT_Update flag is set = 1.
If more than one GPC is active or a single GPC is active but

not in OPS 0, the GMT Delta Value is checked for less than

15 milliseconds. If the GMT_Delta_Value is in limits, the

Request_Normal__GMT__Update flag is set = 1. If it is out of

limits, an error message is issued.

bo MET Delta Values Saved flag = I: the MET Delta Value is

calc--ulate_from t--heTime_Mgmt_MET_Delta_Va--lues _ud the Time_

MgmtMETSecondsDelta_Value. The Request_MET_Updete flag
is set = 1.

The Update In Process flag is set = I and the SVC SET is issued

for the MTU_UpdateEvent to activate Time_Management_MTU_.Update

Processor.

ITEM i0: if the Update In Process flag = i, no processing occurs.

If the Update In Process flag = 0, the MTU_Request_Type_Indicator

is set to MASTER RESET, the Update In..Process flag is set = l, and

the SVC set is issued for the MTU_Update_Processor.

I_ ii: if the Update_In_Process flag = i, no processing occurs.

If the Update In Process flag = 0, the MTU_Request Type Indicator

is set to RESET_MET, the Update__In_Process flag is set = I, and

the SVC SET is issued for the MTUUpdate_Event to activate Time_

Management MTU_Update__Processor.

ITEM's 12-15: the Force_Selected__Time_Source is set based on the

input ITEM number and the ICC DST__Status flag is set = 1.
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d.

e.

f.

g.

Control segment termination is performed using the BLOCK_END, SPEC_

CLEAN__UP, and SPEC_END grammar macros. The Time_Management_Display_

Uodate_Cyclic__Processor is CANCELed. The Terminate__Time_Mgmt _Spec flag
is set = 1 and if the Update in Process flag = 0, the SVC SET is issued

for the MTU__Update_Event to activate Time__Management MTU__Update

Processor. A CANCEL is then issued for Time__Management__MTU__Update_

Processor.

Outputs - See Table 3.3.2-1.

Module References -

i.

2.

3.

,

,

6.

7.

(170) Set_EventProcessor (FPMSET) is CALLed.

(171) Reset Event Processor (FPMRESET) is CALLed.

(955) Time_Management_DisplayUpdate_CyclicProcessor (ASG__CYCLIC_

UPDATE) is SCHEDULEd.

(975) Time3_anagement_MTU__UpdateProcessor (ASJMTUUPDATE) is

SCHEDULEd.

(675) AnnunciationMacro_Interface (DMA_MAC is CALLed)

(550) Application_Moding.__And_Sequencing (DNXyS) is CAl_ed.

(540) Display_Presentation_And_Control (DIS_PLAY) is CALLed.

Module Attributes - Program

Template References -

i. Ul__Section__OfCommon__Compool (CZI-COMMON)

2. UI_FCOS_Shared__Compool (CZ2__COMMON)

3. Time__Management__Compoo! (CAASC__COMPOOL)

4. FCOS COMP00L (FCMCOM)

5. Annunciation__Compoo! (CDLANNUN)

6. Application__Mod_ngAnd__Sequencing (DNX__BMS)

7. Display_Presentation__And_Control (DIS_PLAY)

8. Annunciation Macro Interface (DMAMAC)
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Time_ManagementDisplayUpdate_Processor (ASG__CYCLICUPDATE)

Time_Management MTU UpdateProcessor (ASJMTU_UPDATE)

h, Error Handlin6 -

1. If ITEM's 9, 10, or Ii are input before a previously entered

ITEM 9, i0, or ll request has completed, the new request is

ignored.

,

.

If ITEM 9 is entered without previously entering ITEM's i-8, an

error message is issued (TM003).

If a normal GMT update of more than 15 milliseconds is requested,

an error message is issued (TM002).

i. Constraints and Assumptions - None

J. Detailed Implementation -

1. CAAB TM STAT FLG = HEX '8000'

GMT_Display_Blank_Status = l, all other flags in flag word = 0.

2, GMT Delta Value is the sum of the ITEM 5-8 inputs for days, hours,
minutes and seconds in seconds.

.

GMT_Delta_Value = Time_Mgmt_GMT_Delta_Values for days X 86400
+ " " " " " for hours X 3600

+ " " " " " for minutes X 60

+ Time_MGMTGMT_Seconds_Delta_Values

IF Common Set Mask for self GPC ID = 0 AND Current 0PS for all

major functions in self GPC_ID = 0 AND Fail to Sync_GPC for self

GPC_ID = 0, the request is considered an initial GMT update.

MET Delta_Value is the sum of the ITEM 1-4 inputs for days, hours,
minutes and seconds inseconds.

MET_Delta__Value = Time_MgmtMET-_Delta_Values for days X 86400

+ " " " " " for hours X 3600

+ " " " " " for minutes X 60

+ Time_Mgmt_MET_Seconds_Delta_Values

V

k_J
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Control Segment
Initiali zation

Via Spec And
Block Grammar
MACROS

_1_
Initialize

Time_Mgmt_
Status_Flags (1)

Set Time_

Mgmt_
Blanking_

Flags = 1
(Enabled)

I
Initialize Time_

Mgmt_

Delta_Input_
Values = 0

Figure 3.3.2-2.

Issue RESET

SVC For MTU_

Update_Event

1
SCHEDULE

Time_

Management_

Display _Update
_Cyclic_
Processor

Figure 3.3.2.1-1-

(955)

I

SCHEDULE J

Time_

Management_
MTU_Update_
Processor

Figure 3.3.2.2-1
(975)

Ti me_Managernent_Specialist_ Function

Time_Mgmt_Spec_lnitialization (950.1)
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Control Segment
Termination Via
Block_End, Spec
_Clean-Up, Spec
_End Grammar
MACROS

CANCEL Time_

Management_
Display_Update
_Cyclic_
Processor
Figure 3.3.2.1-1
(955)

Set Terminate_

Time_Mgmt_
Spec Flag = 1
(Enabled)

i
IF Request_ >

In_Process
=0
(Disabled)

_l
CANCEL Time_
Management_
MTU_Update_
Processor
Figure 3.3.2.2-1
(975)

Then Issue SET
SVC For
MTU_Update_
Event

Figure 3.3.2-4. Time_Management_Specialist-Function

Time_Mgmt_Spec_Termination (950.3)
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3.3.2.1 Time Management Display Update Cyclic__Processor (ASG_CYCLIC_DATE) (955)

ASG CYCLIC UPDATE Processes data for the time management display.

a. Control Interface -

I. SCHEDULE ASGCYCLIC_UPDATE PRIORITY (PRIOASG), REPEAT EVERY TIME

ASG

2. SCHEDULED by (950) Time-ManagementSpecialist_Function (ASCTIME_

MGMT )

b. In_- See Table 3.3.2.1-I

Co Processor Description - The MTU_lBite Word is checked for the status

of the temperature and amplitude of the primary and secondary oscillators.

If the primary oscillator is out of limits, the MTU Primary 0scillator

Status flag is set; if the status is good, the flag is reset. If the

secondary oscillator is out of limits, the MTUSecondaryOscillator_Status

flag is set; if the status is good, the flag is reset.

The SVC MTU FMT CONV is issued for each MTU time value (MTUIBuffer, MTU

2_Buffer, M_BZBuffer) to convert the data to displayable format. The

converted values are saved in Time_MgmtGMTDisplay_Values for display.

The milliseconds portions of the time values are extracted and saved in

Time-Mgmt_GMT_Milliseconds_Display_Values.

The SVC FXFLCVT is issued to obtain the display format of the Internal
Time Microseconds for GPC Prime ID. The converted values and milliseconds

portion are saved as described for the MTU time values.

The GMTDisplayBlank_Status is reset to indicate valid time values s_re
saved.

d. _ - See Table 3.3.2.1-I

e. Module References -

ii (150) Time Conversion SVC Servicer (FPMTMCVT)

f. Module Attributes - Program
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g,

h_

i.

J.

TEmplate References -

1. UI FCOS Shared_Compool (CZ2 C0_0N)

2, FCOSCompool (FCMCOM)

3. Time ManagementCompool (CAASC_Compool)

Error Handling - None

Constraints and Assumptions - None

Detailed Implementation - None

k_)
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Set MTU_

Primary-

Oscillator_

Statul = !

Set MTU_

Primary_
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Status = 0

Flight Software
Part 3

Date 2128177

Rev

Page 3.3.2.1-_ kj

Then

l--
Amplitude = 1 Or

O¢illator _2_ / I

Temperature = I / I

DO FOR

3MTU

_cumulators

Set MTU_

Seco.dary_
Oscillator _

Status = 1

Set MTU_

Secondary_
Oscillator_

Status = 0

> I llsue MTU_ I

FMT_CONV

SVC To Convert

Time Word

I Save Mitlisecond_

In Time_Mgmt_

GMT_Milliseconds

_Display_Values

I ISSue FXFLCVT J

SVC To Convert

Time For GPC_

Prime-ID

I
Save Milliseconds I

, In Time_Mgmt_ i

GMT_Millisecond$ I

_Display_Values J

I
I--IDisplay_Blank_

Status = 0

I
Ficure 33,2.1-1. Time_Managernent_Display-Update-Cyclic-Processor (ASG-CYCLIC_UPDA'rE)
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3.3.2.2 Time Management MTU Update Processor (ASJ MTU UPDATE) (975)

ASJ MTU UPDATE processes requests from the TimeManagementSpecialistFunction

for MTU updates.

a. Control Interface -

i, SCHEDULE ASJ MTU UPDATE PRIORITY (PRIOASJ)

2, SCHEDULEd by (950) TimeManagementSpecialistFunction (ASCTIME_

MGMT )

b. _- See Table 3.3.2.2-1.

C. Process Description - The Time_Management_MTUUpdateProcessor receives

requests for MTU updates through the setting of the MTUUpdateEvent,

The TimeManagementSpecialistFunction sets this event whenever a GMT

or MET update is required, when an accumulator sync or MET reset request

is received, or when the specialist function is terminated. Flags in the

Time_MgmtStatusFlags indicate the type of request. If the Terminate

Time MgmtSpec flag = l, the Time ManagementMTU_UpdateProcessor termin-

ates by executing the CLOSE SVC.

If the Request METUpdate flag = i or the RequestNormalGMTUpdate flag

= 1 or the RequestInitialGMTUpdate flag = l, the MTU_UpdateParameter_

List is built. The MTURequest_TypeIndicator, the MTU__UpdateCoincident_

Time, the MTUUpdateTime and the MTUUpdateDeltaTime are initialized

in the parameter list. The UPDATE_MTU SVC is issued, followed by a WAIT

and RESET for the _UUpdateEvent.

If the Request MET Update flag = 0 and the RequestNormal GMT__Update

flag = 0, and the Request_Initial_GMT_Update flag = 0, the MTURequest

Type Indicator in the MTUUpdate Parameter List has already been

initialized to MASTER RESET or RESET_MET b_ the Time Management Specialist

Function. The UPDATEMTU SVC is issued, followed by a WAIT and RESET for

the MTU_UpdateEvent.

If the TerminateTime_MgmtSpec flag _ 0, the Request_TUpdate flag,

the RequestNormal_GMTUpdate flag, the RequestInitialGMT_Update flag,

and the Update In Process flags are all set = 0. The Time Management_

I_KC Update Processor then WAITs on the MTUUpdate Event for another

request.

d. Outputs - See Table 3.3.2.2-1.
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e.

f.

g.

h,

i.

J ,

Module References -

i. (104) Wait Processor (FPMWAIT) is CALLed.

2. (171) Reset Event Processor (FPMRESET) is CALLed.

3. (148) MTU_UpdateProcessor (FPMUPMTU) is CALLed.

4. (144) Time/Date_Application Requests Processor (F TMH L) is CALLed.

Module Attributes - Program

Template References -

i. Ul..FCOS_Shared_Compool (CZ2COMMON)

2. Time ManagementCompool (CAA_SC_COMPOOL)

Error Handling - None

Constraints and Assumptions - When calculating the coincidence time for

GMT and MET updates, the current time is rounded up to the next minute

and one minute is added. Therefore, the time delay for a requested

update may be up to two minutes.

Detailed Implementation -

i. Coincident MET time is obtained as follows:

a, Current MET in minutes -

CoincidentTotal = Current MET/60

b. Round to next integral minute

Coincident_TimeinMinutes = CEILING (CoincidentTotal)

e, Add one minute time lag allowance

CoincidentTime In Minutes = Coincident_Time_In_Minutes + i

d, MTU_Update Coincident Time = REMAINDER (CoincidentTime In
Minutes, 6_) -- -- --

, Coincident Total = Coincident Time In Minutes 60

MTU_Update_Time = CLOCKTIME + (Coincident_Total - CurrentMET)

3. Coincident GMT time is obtained as follows:

a, Current GMT in Minutes -

Coincident Total = CLOCKTIME/60

kJ
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bo Round to next integral minute

CoincidentTimeinMinutes = CEILING (Coincident_Total)

Co Add one minute for time lag allowance

Coincident_Time_InMinutes = CoincidentTime_In_Minutes + i

dl MTU_Update_CoincidentTime = REMAINDER (CoincidentTimeln_

Minutes, 60)

Coincident Total = Coincident Time In Minutes 60

MTU_Update_Time = CoincidentTotal + GMT_DeltaValue
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Enter )

l
Terminate_Time_
_Mgmt_Spec = 0 /

(oi.b,_l /

l
Return )

Issue WAIT !

SVC For

MTU_Update

_Event

1
e Termi..te-\
Time_Mgmt-
Spe¢ - 0 /

(Dilabled} /

Then

Issue RESET I

SVC For

MTU_Update

_Event_

I

- ,J

_Set Request_MET_"
Update = 0, Request

_Normal_GMT_
Update = 0, Request
_lnitial_GMT_

pd=_= o =

Set Update_ I

In_Process
= 0 (Disabled)

|ssue

UPDATE
MTU SVC

=_" t_"_";"j,;e\ ,hen
= 1 (Enab!ed)/

I IF Request'
| Normal_GMT_
| Update = 1 OR _ Then
| Request_ln_l_ /

IO, T

Issue WAtT
SVC For
MTU_Update_

Eyept

I
Issue RE___,.,.,.,.,.,.,__1

SVC For MTU_

Update_Event

i Perform MTU_

MET_Update

Figure 3.3.2.2-2

(975:_1_)....

Perform MTU_
GMT_Update

Figure 3.3.2.2-3
(975.2)

Ft_are 3.3.2.2-1 Time_Management_MTU_Update_Processor (ASJ-MTU-Update)
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Figure 3.3.2,2-2.

Issue MET_SVC
To Obtain
Current_M ET

l I

MTU_Update_
Coincident_
Time =
Coincident_
Time_In_

. Minutes (1)

1

MTU_Update_ 1

Delta_Time =
MET_Delta_
Value

!

MTU_Update_ 1

Time =
CLOCKTIME +
Rounding
Factor (2)

I
J"MTU-Request_

| Type_Indicator

I= UPDATE_MET,

!
Issue

UPDATE_MTU
SVC

_ I
Issue WAIT
SVC For
MTU_Update_
Event

J

I IssueRESET ]

| SVC For
| MTU_Update_

Event

Time-Management_MTU_Update_Processor
MTU-Met_Update (975.1)
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Issue J

CLOCKTIME SVC J

To Determine I

Current GMT I

I ,
MTU_Update_
Coincident_

Time =

Coincident_

Time_In_

Minutes (3)

I
,I

MTU-Update_
Delta_Time =

GMT_Delta_

Value

MTU_Update_
Time =

Coincident_

Total + GMT_

Delta_Value (4)

1
IF Request_ k

Normal_GMT_
Update = 1 /

(Enabled) J

Issue

UPDATE_MTU
SVC

Then

Else

MTU_Request_
Type_
Indicator =

UPDATE_GMT

MTU_ Request_

Type_
Indicator =
INIT_GMT

Issue WAIT

For MTU_

Update_Event

J
Issue RESET

SVC For

MTU_Update_
Event

Figure 3.3.2.2-3. Time_Management_MTU_Update_Processor

MTU_GMT_Update (975.2)
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3.h CRT DISPLAYS

The CRT Displays section describes the contents of displays that are main-

tained by System Control rather than by the application areas. These displays are

associated with the Operational Sequence and Specialist Functions that are docu-

mented under System Control.

The description of each display provides the display title, a functional

descriptio_ a detailed explanation of the input parameters, a detailed narrative

covering the contents of the display and a picture of the display.

The System Control CRT displays consist of the following:

a,

b.

DPS Configuration Monitor display which is initiated by the Idle

Operational Sequence (see. 3.2.2).

Memory Read/Write display which is invoked by the Read/Write Specialist
Function (Sec. 3.3.1).

C, Time Management display which is supported by the Time Management

Specialist Function (Sec. 3.3.2).
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3._.I DPS Configuration Monitor

This display provides a crew interface to review and change the con-

figuration of the DPS subsystem. This interface complements the use of the CMPTR/

BUS key and the CMPTR/CRT key. The display is supported by system software and is

associated with OPS 000 and SPEC 000. The data inputs are considered system para-

meters. These parameters are common across all GPC's and shall be identical re-

gardless of the GPC driving the display. Likewise, input values to the display

shall be distributed among all active GPC's.

s. _- See Table 3.4.1 - i

b. Process Description - The display is basically organized in three major

sections. The left one-third provides information of the current operational sta-

tus/configuration of all GPC's, controls for GPC redundancy management, and controls

for mass status of the GPC RM and I/0 data paths. The right one-third provides re-

view/change capability for the nominal memory configuration table and controls for

memory source selection.

At the upper left, the operational status and utilization of the four GPC's

are presented. This information includes MODE switch status, redundant/simplex

SET status, memory configuration (MC) loaded, major functions (MF)active, and CPU

duty cycle. These outputs are provided for each GPC. The MODE output is a text

representation of the switch position. The possible values include RN,SB, and HT

indicating run, standby, and halt, respectively. The SET output is a text indication

that the GPC is operating simplex or as a member of a redundant set. In addition,

the SET output indicates a failure to maintain common sync. The possible values are

RD, SC, or FS indicating redundant, simplex, and fail to common sync. Should a re-

dundant GPC fail its redundant sync, it will be forced to simplex. This can be dis-

tinguished from a normal simplex GPC by noting the MC. The MC output is the numeric

value of the resident memory configuration. The legal values are 0 to 4 where 0 in-

dicates only system software is loaded. The MF output is an alphanumeric indica-

tion of the active major functions and associated OPS. There are two outputs for MF.

The top line always displays the major function which initiates the current memory

configuration. If only one major f_mction is contained, the lower output field

shall be blank. The possible values are GX for GNC, 8X for SM, and PX for PAYLOAD

where X is the OPS number (0-9). The CPU output is the current numerical value of

the GPC duty cycle displayed in percent. The value is an average over a finite

time interval. Whenever the value exceeds 95 percent, a status indicator (_) shall

be driven to the right of the value.lnhibited in a!! GPC's, then an asterisk would

appear to the right of Item 2 and Item 4. _enever the opposite condition is sele-

cted, the asterisk will toggle to the executed item number. In the above configur-

ation, if Item i was executed, the asterisk would blank beside Item 2 and appear be-
side Item i.

\
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Beneath the GPC RM controls, the assignment of mass memory units is provided.

To the left are controls for assigning a mass memory unit (MMI, MM2). 0nly one

mass memory may be assigned at a time. The selected unit will be indicated by an

asterisk beside the corresponding item number. Whenever the opposite unit is se-

lected, the asterisk will toggle to the executed item number. Below the symbols

MMI and MM2 are the status of the corresponding unit. The output is a text in-

dication that the unit is ready for use or currently busy. The legal values are

RDY for ready and BSY for busy.

The center coltm_ of the disyq_y provides status of the GPC RM and GPC DATA

PATH configuration/status. The upper portion presents the software version of the

CAM. The matrix is presented in the layout as the hardware panel. The voting GPC's

are listed vertically (VOTE) and the failed GPC's horizontally (FAIL). The output

fields shall be blank as long as there are no failed votes. A fail vote shall be

indicated by an F character in the appropriate row/column. Each GPC may issue a

failed vote of another GPC or of itself. However, if a GPC forms a failed vote for

all other GPC;s in the redundant set, then it shall issue a failed vote only on it-

self. All failed indications shall be reset upon formation of a new redundant set.

Beneath the C_, the configuration/status is presented for the DATA PATHS on the

payload buses (PL 1,2), launch data buses (LB 1,2), DEU buses (DK 1,2,3), and mass

memory buses (MM 1,2). For each of the listed data paths, the GPC in command is

indicated by an asterisk in the corresponding column. Only one GPC may be in com-

mand of a given bus. The selection of the commanding GPC for the payload buses is

controlled by software hierarchy. The selection of the commanding GPC fer the

launch data buses is as described previously. The selection of the com,ianding GPC

for the DEU buses is controlled by the CMPTR/CRT key. For each data path, a status

indicator (;) is provided for each GPC. This indicator appears beside the output

fields for the GPC in command. The indicator shall be driven by each GPC whenever

a BTU Failure is detected on the corresponding data path. The mass memory and DEU

buses have a single BTU per bus; thus a data path failure is indicative of a fail-

ure of the BTU. The launch data buses and the payload buses have multiple BTU's

per bus. Data path failures on these buses require additional information to deter-

mine the BTU affected. The fail indicators shall be reset upon any OPS transition

requiring memory reconfiguration or any bus reassignment. Beneath the DATA PATH

matrix, the GPC/string (STRG) assignment/status is presented. For each of the five

strings, the GPC Jn command is indicated by number above the STRG number. The GPC

assignment can be made by the CMPTR/BUS key. Below the STRG numbers, the configura-

tion mode and port status of the flight critical and payload MDM's are presented.

The flight critical MDM's are below STRG 1-4. STRG i FWDP reflects FFI, and STRG I

AFTP reflects FAI. STRG 2-4 similarly reflect FF 2-4 and FA 2-4. The payload MDM's

are below STRG 5, PL i beside FWDP/S, and PL 2 beside AFTP/S. The configuration

mode is an indication of which MDM ports are being utilized. The ports are labeled P

and S for the primary and secondary ports. For each string, the active ports are in-

dicated by an asterisk in the corresponding row. For those ports which are not

selected, the output field shall be blank. Beside each output field for the port

selection, a status indicator shall be provided to indicate any GPC detection of

data path failures to the corresponding port. The indicator shall be a (_). The

k_J
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status indicator shall be driven independently of the active port selection. For

example, if the primary port for the forward _M fails, a (;) will appear in the

appropriate column for FWDP. When the configuration mode is changed to use secom-

dary ports, the asterisk will move to the FWDS and AFTS rows, but the (_) indicator

will remain in the FWDP row. The status indicators shall only be reset by a STRG

reassignment or an OPS transition requiring memory reconfiguration.

The right column of the display contains the controls for memory reconfigura-

tion. The top section (MEMORY) is used to review and change a portion of the

nominal configuration table. The table contents, which may be changed, are the

target GPC selection amd GPC/STRG assignment for each available memory configura-

tion. The memory configuration is identified by the data entry for MC, Item 32.

Upon this entry, the OPS, CPC SEL/DES, and STRG/GPC output fields are driven. The

OPS output is an indication of which 0PS request inititates the loading of the

identified MC. The GPC's selected to receive the identified MC are indicated by an

asterisk in the SEL (select)column. Those not selected as targets will have an

asterisk in the DES (deselect) col_. The CPC target selection can be modified by

executing the appropriate control inputs. For example, if GPC 4 fails and is cur-

rently a target for the identified MC, it could be deselected by executing Item 40.

The asterisk would blank next to Item 39 and appear beside Item 40. The deselection

would be effective upon the next request of the OPS displayed to the right of the MC.

Below the GPC SEL/DES are the STRG/CPC assignments. These are likewise depen-

dent on the identified MC. For each STRG, the GPC number is displayed to indicate

the GPC that will assume command of that string. The legal values are 0 to 4. To

change the desired assignment, the new GPC value is entered with the corresponding

item number. For example, if STRG 4 was currently to be assigned to GPC 4 and GPC

failed, then STRG 4 could be reassigned to GPC i by entering Item 19 with a data

value of i. The change would be effective upon the OPS displayed to the right of

MC.

Below the STRG/GPC assignments is the MEMORY SOURCE section. The _IEMORY SOURCE

provides the control inputs to select the source for memory reconfiguration. The

two options are MM(Mass memory) and AUTO (GPC if available, mass memory otherwise).

The AUTO shall be the nominal selection; however, there may be occasions where it

is desirable to force use of mass memory. The active mode shall be indicated by an

asterisk beside the corresponding item number. Only one may be active at a time.

The active mode can be changed by executing the appropriate item number.

There is only one fault message directly associated with the use of this display.

The single message is ILLEGAL ENTRY. There are, however, many fault messages which

will be initiated by conditions which are reflected on the display. These messages

will aid the interpretation of the DPS configuration/status.

This display is shown in Figure 3.4.1 - i.
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XXXX/OOO1/XXXX DPS CONFIG MONITOR

GPC I 2 3 4

MODE XX XX XX XX

SET XX XX XX XX

MC X X X X

MF XX XX XX XX

XX XX XX XX

CPU XXSXXSXXSXXS

VOTER TIMER

GPC ENA INH ENA INH

lX 2X 3X 4X

MM1MM2

XXX XXX

5X 6X

CAM FAIL

GPC 1 2 3 4

V 1X X X X

O 2 X X X X

T 3 X X X X

E 4 X X X X

DATA PATHS

PL1 XSXSXSXS

PL2 XSXSXSXS

LB1 XSXSXSXS

LB2 XSXSXSXS

DK1 XSXSXSXS

DK2 XSXSXSXS

DK3 XSXSXSXS

MMI XSXSXSXS

MM2 XSXSXSXS

GPC X X X X X

STRG I 2 3 4 X5S

FWDP XSXSXSXSXS

S XS

AFTP XSXSXSXSXS

S

X DDD/HH/MM:SS

MEMORY

7 MCX OPS XX
F

GPC SEL DES

1 8X 9X

2 10X 11X

3 12X 13X

4 14X 15X

STRG GPC

1 16 X

2 17 X

3 18 X

4 19 X

5 2O X

MEMORY SOURCE

MM 21X

AUTO 22X

(XX)

L.#

Figure 3.4.1-1. DPS Configuration Monitor Display
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3.4.2 Memory Read/Write

This display provides a crew interface to review and change the value con-

tained in any specified GPC memory location. This display is primarily intended

to address data (unprotected) sections of memory. However, a special operating

mode will be provided to address code (protected) memory locations. The general

use of the display is to first read the present value of a given location. The

read function requires crew data inputs to identify memory location. The value

may then be changed by a two-step load function. The desired new value is dis-

played separately as a crew data input. The new value is verified and then

transferred to memory by a crew control input.

a. Inputs - Input items are specified in Table 3.4.2-1.

be Process Description - The display is basically organized with crew data

inputs located on the left two-thirds, display outputs on the right one-

third, and crew control inputs along the bottom. Each row of the dis-

play contains the same components and should be treated on an individual

basis. From left to right, the components of each row are ADD ID,

DESIRED, and CURRENT. The description of each component is as follows.

I. ADD ID. A six-sigit octal number identifying the memory location

being addressed. For quantities stored in full words (i.e., 32 bits),

both the most and least significant half addresses must be entered.

2. DESIRED. The new value desired for the identified location. All

changes to memory will be done in an ARM/FIRE manner. This requires

that the new value be entered and displayed for verification, and

then sent to memory for storage. The value being addressed must be

entered in half-word octal by using six characters and no sign. The

field will blank upon execution of the control input WRITE.

. CURRENT. The present value stored in the identified location. The

displayed value will be of the format defined in 2. Octal quantities
will be output as six characters for half words. The six-character

half word will be displayed right-adjusted. This field shall be

dynamic and updated at a rate of one per second. The value will be

initially displayed when the ADD YD is entered.

The display will be initialized with all data fields blank except MODE

DATA and GSE POLL. The MODE shall be DATA for the unprotected locations

and CODE for the protected locations. The display will be initialized

with MODE reflecting DATA. The operating mode can be changed by the

control inputs MODE SELECT (Items 1 and 2). Upon execution of either

input, the active mode will also be indicated by an asterisk to the

right of the corresponding item number, and all data fields will blank.

When the CODE mode is selected, the CODE text shall flash. The input
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values will be sent to only those GPC's which contain the major function

selected on the initiating CRT (in OPS-0 to the GPC which commands the

initiating CRT).

The display or review the present value of a quantity in memory, the

appropriate ADD ID is made by item entry. The ADD ID may be entered in

any row by using the corresponding item number (5, 7, 9 ... 15). When

the ADD ID is entered, the present value is displayed in the CURRENT

field of the same row. The display of locations in octal shall be on a

half-word basis. If it is necessary to change the displayed value, the
new value is entered in the DESIRED field of the row. After the DESIRED

entry is verified, the memory load is initiated by executing the control

input WRITE (Item 4). The DESIRED field will blank, and the CURRENT
field will reflect the new value stored.

The capability will be provided to address sequential locations with-out

entering data inputs from each individual location. The ADD ID input for

the first or starting location is entered. Upon execution of the control

input SEQUENTIAL READ (Item 3), the following sequential locations are

output in the rows below. The ADD ID and CURRENT fields will be displayed

with the value. If multiple locations are displayed when the SEQUENTIAL

READ is executed, the last entered ADD ID is assumed to be the starting

address. The number of rows or locations displayed can be regulated by

selection of the row in which the starting ADD ID is entered. The

sequential locations are sequential by quantity, not necessarily by

number, The sequential capability is for readout only and will have no
application to the load function.

The controls for the selection and initiation of main memory dumps are

provided by ADD (Item 20), WDS (Item 21), and DUMP (Item 22). The data

input ADD specifies the starting address of the dump. The data input WDS

allows the selection of the number of sequential locations to be included

in the dump. The control input DUMP initiates the downlink process. The
ADD is loaded in octal while the WDS is loaded in decimal. Execution of

DUMP without data entries for ADD and WDS will be rejected.

The controls for the GSE POLL function are located in the lower left part

of the display. The controls allow turning the POLL on or off vis Items

17 and 18. The active condition is indicated by an asterisk beside the

corresponding item.

There shall be one error message available: ILLEGAL ENTRY. This error

message shall be driven when one of the input constraints described above

are violated. Example violations are as follows:

* Decimal digit entered for ADD ID

* SEQUENTIAL READ executed with no ADD ID entered

k_J
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* WRITE executed with no DESIRED entered

* ADD ID incompatible with MODE selected

* WRITE executed with DESIRED entered but no corresponding ADD ID

BITE READ will perform a "snapshot" or "cyclic" read of FC MDM, PLMDM,

and PCMMU BITE when executed. Each GPC acquires the BITE for BTU's it

is commanding and makes the BITE available for contiguous storage of all

BITE's in each GPC. The "snapshot" or cyclical mode is controlled by

changing the logic setting of a single parameter through general memory

read/write. Subsequent execution of Item 19 will act on the parameter

logic state. It is initialized at each new memory configuration to the
"snapshot" mode,

This display is shown in Figure 3.4.2-1.
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XXXX/0041/XXXX MEMORY READ/WRITE X DDD/HH'MM'SS

MODE

DATA 1X SEQ ID 3
XXXX 2X WRITE 4

ADD ID DESIRED CURRENT

5 XXXXXX 6 XXXXXX XXXXXX

7 XXXXXX 8 XXXXXX XXXXXX

9 XXXXXX 10 XXXXXX XXXXXX

11 XXXXXX 12 XXXXXX XXXXXX

13 XXXXXX 14 XXXXXX XXXXXX

15 XXXXXX 16 XXXXXX XXXXXX

GSE POLL

ON 17X

OFF 18X

BITE READ 19

MEMORY DUMP

20 ADD ID XXXXXX

21 WDS XXXXX

DUMP 22

(XX)

Figure 3.4.2-1.
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3.4.3 Time Management

The time management display provides a method of monitoring the MTU oscil-

lators and accumulator strings, the GPC prime time, and the time source selected

for each GPC. Additionally, the display can be used to update the MTU MET/GMT

accumulators and GPC MET/GMT or to force a particular time source to be selected.

a. Inputs - See Table 3.4.3-i.

b. Process Description - The display is formatted with MTU oscillator

measurements in the upper left and time source measurements in the

upper center. The controls for time source selection are in the upper

right portion of the display. The middle left and lower right of the

display contain the MTU MET/GMT controls and the time source selection
measurements.

i. The MTU oscillators are monitored by three sets of measurements as

defined in the following paragraphs.

(a) 0SC ACT are discretes intended to show which MTU oscillator

has been selected, automatically by the _ffU or manually by

the crew, via a dedicated switch, to drive the MTU accumulator

strings. An asterisk is displayed opposite the particular

MTU oscillator, PRI, or SEC selected. A blank will indicate

that an oscillator is not selected for accumulator driving.

(b) OSC STAT is a bilevel measurement that represents the status

of the MTU oscillator based on temperature and amplitude.

The bilevel is part of the MTU BITE and is the OR of 4 bits

(2 per oscillator) of the 16-bit MTU BITE word. When either

the temperature or amplitude of an oscillator is out of limits,

as determined by the internal _rU comparator logic, BITE is

displayed opposite the particular oscillator. Under nominal

operations, this bilevel will be blank.

2,

(c) COMP is a bilevel measurement that reports present status of

the MTU oscillators based on comparison of the frequency of

each oscillator. This bilevel, like OSC BITE, is part of the
MTU BITE and is based on the state of one bit of the _J BITE

word. When the frequencies of the two MTU oscillators are

within limits, YES will be displayed. NO will be displayed

when the internal MTU comparator logic detects an out-of-

limits condition.

Time source measurements:

(a) Monitoring and status of the time sources from the MTU

accumulator and internal GPC prime clock are accomplished by

four GMT time words located in the upper center of the display.
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.

These time words are the input sources of the GPC time

management processor (TMP) and are controlled via the item

numbers in the upper right of the display. Status (STAT)

information is maintained on the three MTU accumulators and

is discussed in paragraph (b) below. The results of the TMP

filter for input source failures are displayed adjacent to

each GMT time word with "I" as an indication of the failure.

(b) The STAT measurements are bilevels which indicate the present

status of the MTU accumulators l, 2, and 3. This bilevel is

derived from three bits of the MTU BITE word and, if set, will

indicate that the accumulator(s) have failed to incorporate

the update signals from the MTU oscillator. When this condi-

tion exists, BITE is displayed opposite the particular MTU
accumulator.

Time source selection controls:

Items 12 through 15 are the controls used to manage the inputs to

the GPC TMP. User input of ACUM l, ACUM 2, ACUM 3, or GPCpT shall
force the TMP in each GPC, on a given cycle, to start selection

with the time obtained from the requested source. If this source

is found to be Out of tolerance by any GPC, that GPC shall return

to automatic source selection on the next cycle. For automatic

source selection, the TMP in each GPC shall sequentially difference

the four time sources with GPC myself (GPC M) time until an absolute

delta of less than a constant, KI is found, and select this source.
If a selected source is an MTU accumulator source and if it fails

the K1 test in any GPC, then the other two MTU accumulator sources

shall be tested before trying GPCpT. As a result, TMP shall fault

down to GPCpT only when all three MTU sources fail the K 1 test on a
single given cycle; however, once that occurs, the MTU sources shall

no longer be examined until the TMP is reinitialized or a user input

request via Items 12 through 14 is received to select an MTU source.

If GPCpT is selected and it fails the K1 test, then GPC M shall be
used until TMP reinitialization or a user input request via Items

12 through 15 is received. Whenever a source selection is changed

due to a failed condition of the selected source, that GPC shall

generate an appropriate error message.

MTUMET/GMT controls:

(a) Items 1 through 9 are the controls used to update the MTU and

GPC, GMT, and/or MET times. Items 1 through 4 allow the in-

put of a delta time in days, hours, minutes, seconds, and

milliseconds to the mission elapsed time of the MTU and GPC.
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Upon execution of Item 9, time update, the values loaded in

Items 1 through 4 will be used by the GPC to construct and

initiate the necessary commands to the MTU to cause MET to

be updated by the input delta time. In addition, each GPC

shall adjust its MET clock by the requested update. Items 5

through 8 allow the input of a delta time in days, hours,

minutes, seconds, and milliseconds to the GMT accumulators of

the MTU and GPC. Upon execution of Item 9, time update, the

values loaded in Items 5 through 8 will be used by the GPC to

construct and initiate the necessary commands to the MTU to

cause G_ to be updated by the input delta time. In addition,

however, the value of the update shall be rejected if the re-

quest is for more than 15 milliseconds. Each GPC shall ad-

Just its RUNTIME and processing by the requested update. By

limiting the update to 15 milliseconds, no GPC will go in-

active for more than 15 milliseconds. The single exception

to an update of more than 15 milliseconds is during initial

GPC power up (single GPC). During this process, GMT may be

updated by days, hours, minutes, seconds, and milliseconds of

a full year. If Items 1 through 4 and 5 through 8 (at least

one item of each) are loaded and Item 9 is executed, both

MET and GMT, as noted above, will be simultaneously updated.

(b) ACUM SYNC. Execution of Item I0 shall force all GMT time

sources to be set equal to the source currently selected by

the "Prime" GPC; that is, if _he current source selected by

the Prime GPC is an MTU, each GPC shall compute and attempt

to command a zero delta MTU/GMT update via the bus containing

that source. This results in all other sources being synch-

ronized to the MTU selected by the Prime GPC.

(c) Item Ii is used to set the MET accumulators in the MTU and

GPC MET to all zeros.

Time source selection measurements:

GPC SOURCE. These messages_indicate which of the five available

sources, ACUM l, AUUM2,ACUM 3, GPCpT, and GPC M (Internal), are

presently selected for the TMP of all GPC's. Each of the four

GPC slots shall contain one of the following: AI, A2, A3, PT,

or IT.
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XXXX/0021/XXXX TIME MANAGEMENT X DDD/HH:MM:SS

MTU OSC

ACT STAT

PRI X XXXX
SEC X XXXX

COMP XXX

TIME SOURCES

GMT STAT

ACUM 1 XXX/XX:XX:XX.XXXS XXXX

ACUM 2 XXX/XX:XX:XX.XXXS XXXX

ACUM 3 XXX/XX:XX:XX.XXXS XXXX

GPC PT XXX/XX:XX:XX.XXXS

SEL FL

FORCE

12

13

14

]5

GPC 1 2 3 4

SOURCE XX XX XX XX

DYS HR MN SC/MS

MET DELTA 1 [±]XXX 2 [±]XX 3 [±]XX 4 [±]XX.XXX

GMT DELTA 5 [1]XXX 6 [±]XX 7 [±]XX 8 [±]XX.XXX

TIME UPDATE 9

ACUM SYNC 10

MET RESET 11

(XX)

Figur e 3.4.3-1. Time Management Display
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CPD$ - Detailed Design Cross Reference

APPENDIX A
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SSDS

3.1.1

3.1.1.1

3.1.1.2

3.1.2

3.1.3

3.2.1

3.2.3.1

3.2.3.2

3.2.3.5

3.2.3.6

3.3.1

3.3.2

3.3.3

SSDS/CPDS CROSS REFERENCE

CPDS

4.6.2.1-B,C, _.6.4.1.2-A

4.6.3.1.11,4.6.3.3.1,4.6.4.1,4.6.4.1.2,4.6.2.5.1,

4.6.2.5.2

4.6.4.1.2-D, 5.8.1.3.1, 5.8.2

4.6.3.3.5, _.6.4.1, 4.6.4.2, h.6.4.1.3, 4.3.5.7.1,

5.3.5.7.5, 5.8.2.5-D

4.6.2.3.1, 4.6.2.3.3-D, 4.6.4.1-A, 4.6.4.15, 5.3.2.1-B,

5.3.5.1.i, 5.3.5.8, 5.8.1.3.3-B

4.6.3.1.8-A-B, 4.6.3.3.2-C, 4.6.4.1.I, 5.5.4, 5.6.3,

5.8.1.I-B,C, 5.8.1.3.1-C,D, 5.8.2.5-E

4.6.2.2-C, 4.6.2.2.3, 4.6.2.2.5, 4.6.2.3.9, 2.6.3.1.8-B,

4.6.3.3.1-!,K,L, 4.6.4.1.4, 4.6.5, 5.3.3.7.5, 5.3.5.9,

5.8.2.5-A,B, 5.8.3, 5.9.2.i

4.6.3.1.8-A,B, 4.6.3.3.1-K, 5.6.4.3.1, 4.6.4.3.5-A,

_.6.4.6-7, 4.6.2.4, 4.6.4.5.2-A, 5.3.3.1.2-D, 5.3.3.7-9,

5.3.5.1.3, 5.8.2.1-F, 5.8.2.5, 5.8.3

_.6.2.2.5-F, _.6.3.3.1-A, 5.8.2.1-B, 5.9.4.1

4.6.2.2.5, 4.6.2.3.11, 4.6.3.3.1, 4.6.4.3.5-A, B, C,

_.6.4.5.3, 5.3.5.1.2, 5.8.2, 5.8.2.3, 5.8.2.5-E.4

4.6.2.2.2-C, 4.6.2.2.3, 4.6.2.2.5-D,E,F, 4.6.3.3.1-I,

5.3.5.9,5.3.5.9.2-7

4.6.2.2.2-C, 4.6.2.2.3, 4.6.2.2.5-D, E, F, 4.6.3.3.1-I,

5.3.5.9,5.3.5.9.2-7

4.6.3.3.1-G, 4.6.6.2.1, 5.2-F, 5.9.3

4.6.2.4.3-C, _.6.2.4.5-i0, 4.6.6.2.3, 5.9.2

4.6.2.3-H, 5._.5
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Resource Allocation Summary

Appendix B
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SC Resource Allocation Summary

Item

System Initialization

Initial Start Sequence

GPC Locator (AIB_GPC_LOCATOR)

GPC Startup (AIR__GPC_STARTUP)

System Interface Processor (AIE SIP)

DEU Loader (AIG__DEU_LOADER)

System Reconfiguration

GPC Switch Monitor (ARA__GPCSWITCH

Idle Operational Sequence (ARB IDLE OPS

Force OPS 0 (AOP_FORCE OPS 0)

DPS Reconfiguration

GPC Reconfiguration (ARC GPR RECONFIG)

Bus Configuration Change (ARD BUS CHG)

GPC Reconfiguration Table Chan--ge [ARF GPC TABLE CHG)

DPS Configuration ITEM Processor (ARF_--DPS_CONFI_ ITEM)

GPC Reconfiguration Message Handler (ARG RECONFIG MSG)

Secondary GPC Reconfiguration (ARH_SEC_GPC__RECONF_G)

System Specialist Functions

Idle Specialist Function (ARB IDLE OPS)

Read/Write Specialist Functio_ (ASB RD WRT)

Read/Write Cyclic Display Update _AS_ RW CYC UPDATE)

Bite Execute item Processor (ASI RW BITE PR0_)

Time Management Specialist Function (ASCTTME__MGMT)

Time Management Display Update Cyclic Processor

(ASG_CYCLIC_UPDATE)
Time Management MTU Update Processor (ASJMTU_UPDATE)

DEU Self Test Specialist Function (ASEDEU_ST)

DEU Self Test Loader (ASF_DEU ST LOADER)

Main Memory Words

700

371

63

266

(*)
814

392

293

129
2337

627

9OO

(*)

309

118

383

lO6O
(,)

47
32

286

ii0

141

(*)

(*)

Comi0ool
Data

Compool Total
UI-FCOS SHARED COMPOOL (CZ2 COMMON)

SYSTEM CONTROL COMPOOL (CAA SC COMMON)

READ/WRITE DATA (CDJ RW DATA)

DEU/MMU REA--D BUFFER _CAB COMMON)
SC DISPLAYS TCDBDFB) --

DISPLAY BUFFERS (CDG02Y/CDH025)

Main Memory Words

3008

572

72

32

_4353)

282

205O

* Size not included because item is not permanently resident.
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SYSTEM CONTROL MODULE LIST
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Module

!D Module Name

700

71o

75o

790

8oo
810

815
82O

83o

85O
86O

87O
88o

91o

915

920

95O

955

975

GPC Locator

GPC _Startup

Syst emInt erfaceProces sor
DEU Loader

GPC Switch Monitor

IdleOperat ional__Sequence
Force OPS 0

GP C_Rec on_igur at ion

BusConfigurationChange

GPC__Hecon figurat ion _Table Change

DPSCon figur at ionITEMPr ocessot
GPC-Re conf igurat io n_Me ssageHandler

Se condary GPC_Re configurat ion

Read/Write_SpecialistFunction

Read/Writ e_CyclicDi splay-Updat e
Bite Execute Item PRocessor

Time_Managem_ntS_e ci all stFunct ion

TimeMan ageme ntDi splayUpdat e_

Cyclic_Processor

TimeMan agement PFfUUpdat eProc e ssor

HAL/S Name

AIB GPC LOCATOR

AIR GPC STARTUP

AIE SIP

AIG DEU LOADER

ARA GPC SWITCH

ARB--IDL_ OPS
AOP--FORCE- OPS 0

ARC GPC RECONFIG

ARD BUS CHG

ARF GPC TABLE CHG

ARF DPS CONFIG ITEM

ARG RECONFIG MSG

  _SEC_OPC_ ECO IG
ASB RD WRT

ASH RW CYC UPDATE

ASI RW BITE PROC

ASC TIME MGMT

ASG CYCLIC UPDATE

ASJ MTU UPDATE

Section

3.1.1.1

3.1.1.2

3.1.2

3.1.3

3.2.1

3.2.2

3.2.2.1

3.2.3.1

3.2.3.2

3.2.3.3

3.2.3.)4

3.2.3.5

3.2.3.6

3.3.1

3.3.1.1

3.3.1.2

3.3.2

3.3.2 .I

3.3.2.2
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ALT SYSTEM SOFTWARE ERRORS

NO, BY ERROR CONDITION SOFTWARE

TYPE RESPONSE

F

M
I

P
D

T

TEXT

MAJOR MIN

0T004 ALL TARGET GPCs

NOT IN RUN MODE

OPS

STARTED IN

RUN GPC

OT005 NO TARGET GPC IN REQ REJ

RUN MODE

OT006 REQUEST REDUNDANT REQ REJ

OPERATION

SIMPLEX 0PS

OT007 REQUEST MEMORY REQ REJ
RECONFIGURATION

WHEN GPC(S) NOT

IN 0PS 00 RUN

OT008 PRO AFTER MMU REQ REJ

ERROR IN SIMPLEX

0PS TRANSITION

OT009 PRO A__-TERM_ REQ REJ
ERROR IN AN RS OPS

TRANSACTIONWHEN

NO GPC RECEIVED

THE OVERLAY

TM002 NORMAL GMT UPDATE INP REJ

GREATER THAN 15

MILLISECONDS

TMO03 TIME UPDATE NOT REQ REJ

ENTERED WHEN UP-

DATE CO_94AND IN-

PUT

10025 I/0 ERROR IN REQ REJ

DEU i INIT

Gl GPC CONF

GI GPC CONF

KI ILLEGAL ENTRY MC

KI ILLEGAL ENTRY MC

K9 ILLEGAL ENTRY MMU

K9 ILLEGAL ENTRY MMU

K3 ILLEGAL ENTRY LIM

K6 ILLEGAL ENTRY DATA

3

5

I13 I/0 ERROR DEUI 3
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NO.BY ERROR CONDITION SOFTWARE

TYPE RESPONSE

10026 I/0 ERROR IN REQ REJ

DEC 2 INIT

10027 I/0 ERROR IN REQ REJ

DEU 3 INIT

0S018 ATTEMP TO ASSIGN REQ REJ

LDB TO NON-GPCp
IN RS

0S021 BUS HANDOVER REQ REJ

FAIL/FCI

0S022 BUS HANDOVER REQ REJ

FAIL/FC2

0S023 BUS HANDOVER REQ REJ

FAIL/FC3

0S024 BUS HANDOVER REQ REJ

FAIL/FC4

0S025 BUS HANDOVER REQ REJ

FAIL/FC5

0S026 BUS HANDOVER REQ REJ

FAIL/FC6

0S027 BUS HANDOVER REQ REJ

FAIL/FC7

0S028 BUS HANDOVER REQ REJ

FAIL/FC8

0S029 BUS HANDOVER REQ REJ

FAIL/PLI

0S030 BUS HANDOVER REQ REJ

FAIL/PL2

Flight Software
Part 3

Date 2/28/77

Rev

Page D3

TE_
F

M I _JOR

PD

T

MIN

C

L

A

S

S

115 I/0 ERROR DEU3 3

K5 ILLEGAL ENTRY CONF

HI BUS HANDOVER FC

HI BUS HANDOVER FC

HI BUS HANDOVER FC

HI BUS HANDOVER FC

HI BUS HANDOVER FC

HI BUS HANDOVER FC

HI BUS HANDOVER FC

HI BUS HANDOVER FC

H2 BUS HANDOVER PL

H2 BUS HANDOVER PL

I14 I/O ERROR DEU2 3
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NO. BY ERROR CONDITION SOFTWARE

TYPE RESPONSE

F

MI

P D

T

TEXT

MAJOR MIN

C

L

A

S

S

OS03B BUS HANDOVER REQ REJ

FAIL/DKI

0S034 BUS HANDOVER REQ REJ

FAIL/DK2

0S035 BUS HANDOVER REQ REJ

FAIL/DK3

0S036 BUS HANDOVER REQ REJ

FAIL/MMI

0S037 BUS HANDOVER REQ REJ

FAIL/_2

0S046 ICC BUFFER IGNORE

CANNOT ACCEPT

MESSAGE

DU021 SEQ READ REQ WITH INP REJ

NO LOC ID (R/W SPEC)

DU022 EXEC LOAD WITH NO INP REJ

DATA (R/W SPEC)

DU023 L0C ID INCOMPAT- INP REJ
IBLE WITH NODE
(R/W SPEC)

DU025 E_C LOAD WITH NO REQ REJ

L0C ID (R/W SPEC)

DU031 ADDRESS EXCEEDS REQ REJ
MEMORY SIZE

DU032 NO DUMP ADDRESS REQ REJ

SPECIFIED

H4 BUS HANDOVER DK

H4 BUS HANDOVER DK

H4 BUS HANDOVER DK

H5 BUS HANDOVER MMU

H5 BUS HANDOVER MMU

Xl OVERFLOW ICC

K6 ILLEGAL ENTRY DATA

K6 ILLEGAL ENTRY DATA

K6 ILLEGAL ENTRY DATA

K6 ILLEGAL ENTRY DATA

K6 ILLEGAL ENTRY DATA

K6 ILLEGAL ENTRY DATA
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NO. BY ERROR CONDITION SOFTWARE

TYPE RESPONSE

F

MI

PD

T

TEXT

MAJOR MIN

DU035 REQUEST FOR DEU REQ REJ

SASTP WHEN GPC

NOT IN SM9

SC001 ATTEMPT TO ASSIGN REQ REJ
A DEU TO A GPC WITH
UNLIK_ MF (C_TR/
CRT KEY)

SC002 ATTEMPT TO ASSIGN REQ REJ
BUSES CONTROLLED

BY A CPC THAT IS

NOT LISTENING TO

THE REQUESTING DEU

SC003 ILLEGAL AB CODES REQ REJ

OF CMPTR/BUS KEY

SC005 ATTEMPT TO ASSIGN REQ REJ

STRING 5 TO GPC NOT

COMMANDING STRINGS

I, 2, OR 3

SC009 CRT CODE = 0 REQ REJ

K6 ILLEGAL ENTRY CONF

K5 ILLEGAL ENTRY CONF

K5 ILLEGAL ENTRY CONF

K4 ILLEGAL ENTRY SYN

K5 ILLEGAL ENTRY CONF

K6 ILLEGAL ENTRY DATA

\





...... NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77
Rev

Page E!

APPENDIX E

DATA DESCRIPTION TABLE



-__--_=U
-%_--=-=T =" NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page E2

The Data Descriptors Appendix provides detailed information about each

parameter. Parameters in the Data Descriptors can be cross referenced to

parameters in the modular Data Tables via a parameter identification tag (ID).
The definition of each field in the table follows.

I, ID - A parameter ID has been assigned to each data item in the format

where :

Z - Single character denoting the function of the parameter,

chosen from one of the following:

A - Moding of Control Segments (See Vol II, P2)

D - Display Formats (See Vol II, P3)

B - Mass Memory (See Vol II, P2)

T - Annunciation (See Vol II, P2)

V - LDB (See Vol II, P2)

F - Downlist (See Vol II, P2)

W - Read/Write of Main Memory (See Vol II, P3)

H - Time Management (See Vol II, P3)

I N FCOS/CI Common Compool (See Vol II, P3)

J - Common (Miscellaneous) (See Vol II, P2)

L - User Interface Local Variable (See Vol II, P2)

X - System Control Local Variable (See Vol II, P3)

Y - FCOS I/O Management (See Vol II, P1)

@ - FCOS Process Management (See Vol II, P1)

0 - FCOS Configuration Management (See Vol II, P1)

# - FCOS COMPOOL (See Vol II, P1)

Q - FCOS Control Blocks (See Vol II, P1)

S - FCOS SVC Parameter List (See Vol II, P1)

& - Hardware Parameters (See Vol II, P1)

XXX - A unique three digit number assigned to each major division. (A

major division is a structure, table, array, or a single parameter

not contained in one of the previously mentioned items.

_XX]- level qualifier for elements of arrays, parts of structuresSecond

or tables or the bits in a flag or discrete word.

.

3.

ITEM - A unique meaningful EnglishEquivalentName for the data item.

HAL/Assembler Name - The HAL/S or Assembler Name used in coding.

_ne column is blank if no name is assigned as is the ease with bits

in a flag word. (User Interface and System Control column name is

"HAL NAME" FCOS column is "ASSEMBLER NAME").

k_J
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o

,

To

Description - A concise statement of the nature of the parameter and

its purpose.

Source - A listing of the three digit ID's of all modules updating the

parameter and/or one of the following special codes:

ILD - The parameter is of the Initial Load (I-LOAD) type (see

Level A CPDS, Table 6-4).

MEW - The parameter is available to memory read write (see Level

A CPDS, Table 6-4).

Destination - A list of the three digit ID's of all modules referencing

the parameter and/or one of the following special codes:

DL - The parameter is available for downlink.

CRT - The parameter is available for display.

Attributes - The attributes of the parameter are as follows:

a. Data Type - The HAL/S declaration t_e or assembler language type

ST(n) - Structure with n copies

A(m,n),k - Array of m,n d_mensions of HAL parameter type k

BS(n) - Bit string of length n

BT - Bit

C(n) - Character string of length n

SC - Scalar/Assembler Language Floating Point

I - Integer/Assembler Language Fixed Point Halfword

BO - Boolean

M(n,m) - Matrix of n,m dimensions

V(n) - Vector of n elements

E - Event

Y - Halfword Address Constant

AC - Fullword Address Constant

Z - Fullword Indirect Address Constant

X - Hexadecimal

F(n) - Fullword Fixed Point n Copies

NOTE: Double length of a parax_eter type is denoted by prefixing a 'D' to the

above characters.
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b. Initial Value - The initialization value if applicable;

INIT(value)

c. Units of Measure - The units of measure of the parameter if

applicable :

UM( unit )

d. Other - Any of the attributes such as REPLACE, LOCU(h), etc.

8. MML - The _L number associated with the pars_eter. The

column is blank if none is defined.

In part 1 (FCOS) bits in a word will be numbered starting with 0. In

parts 2 and 3 (UI and SC) bits in a word will be numbered starting with 1.



= _ ---'_--" NAS 9 14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page E5

C

0
u

,<

!
f

I
i

it
i
I





-_ NAS9,4_-- Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE Part; 3

Date 2/28/77

Rev

BOOK: ALT System Software Design Specification Page FT

tl tt j
j _1tl. tq

,TtF t_

• t _ .K. • * tlf _.t "1_.tl- tl..t 1• , • • 1, t _l. t ld.• i i • I 11 1_ t • t ttt i• _ i • t i • I1 t t •t , • i N
.I tl _1
@ t_ tl

t mu'i

uJ_

=tJi

_D 4¢rr,t_ _11

• el _ Y, N 0 me _ 1

tt tt •

t • tJ t_

• . >< ._.

• * e_ .

• * I I _u ,

- , _ _ _ :

O I ;_J I L) -.._ ,
,uJ* :!

I <,-. _ _ _%

= t _ * * _1.1 • _1-41.1 • .ll- t ,t_l. t t * t , t .It.if t t _f * t , t ttt , , t . t , t 1, • , , t , t 1t, t1 t _

,If





t j

T___=_=4l=

__=._= NAS91_.4 Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE PB.l."t; 3

Date 2/28/7"(

Rev

BOOK: ALT System Software Design Specification Page £9

* # *

_ Je •
• X• tlF

.s-. _

. 11 t_
• 1 •
11 .N •
• 11 •

.-t - ; :*1-• ,C

t

.1-11

: : < < :
t I 11

* tl

* Z v'_ (.J [::_ .._ _0 Z L;,uJ 2" 3= :_ tu 0(,:,:3 Z l--u. _•

.Itt/_* .< Om ,,:rC I-C:" C3 U _ _ e', < _ I--¢r:>.,T.-c_P.- <'U. < _ _'C,C,_11 ¢_"
*U,, -- = I..-UJ 2"U' =-u.,o,. --U.;_ C_U,u_l._g.' -- UJU!__I-L,U_.-_ _<_..j -- _ _1,_, <, C_

I-- I-- U_:EU5 tOO_ (._UJ<tlJ_ t.-'0_,,,- I,.- (,D o:r_l ,-- I--0 _-* _-- t_gJ•

* Z* 11

*.J* *

11 *

11 * :

* • :r _._ et_I 11.. . _" _ _ I .

• _ 1 I I I I t _11 I 0 ! I *

. * CD _ =D #3 LL #Z _' *

• * 0 0 0 0 _ *
• . • . . . • •
*o. o d g 8 o - : -: ,_ ,_ J0 0 0 0 0 o 0 0 o 0 *



- =------ Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOF'I_VARE Part 3

Date 2/28/7T
Rev

BOOK: ALT System Software Design Specification Page El0

@ .,J* *

tl •

tl

• If II

• Vi•
tJ _* tl

11

@ ,r'h41 ,,o_,0 ,_O,,O ,,_ _ wO ,_ ,0 ,,o ,o ,_D,.O ,.0,_. .N

tl t_ I tl tl 'Ntl tl tl tl tt II tl 11 * * tl t tl It * 1_ t t t I i* t I * t * t t * _* ttt t t* t t •• I I I • t * t
• tl 'l

¢(

I1

>-

g
_5

¢3



---¢-_'=_ NAS 9.14444

SPACE SHUTTLE ORBITER AVIONICS SOF'nNARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3
Date 2/2_/77
Rev

Page Ell



,,._.i



-_ _..,_ . Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE Part 3

Date 2/28/77
Rev

BOOK: ALT System Software Design Specification Page El3

tl • _ tt

_ ,='t *

,I

•If • _ Z ._¢/_ _ ,c_ .R-

Z

•• 41)- = <=G..V I..- ,,0. _l ,.,a" == ,,0- ,.=.1 == ,_- .,=1 , _OLA. = =

•I. *

Z• t_ _1 ,R-

• _ Z I I

OD •

# .I(. .If

Z C_ ¢:3 •

= = o " o , _ o = = ,
el.u_ <_ C3 LLI L) _E I 1-- I I I I )- )- •

• I.- 1.--- _:3 _ I I:I£- I

• * 0 0 0 0 0 0 0 0 0 0 0 0 •

:: d ........ _ • '

W

4

: °



z



=_-" _Asg-,._ Flight Software
SPACE SHUTTLE ORBITER AVlONtCS SOFTWARE Pa_*t 3

Date 2/28/77

Rev
BOOK: ALT System Software Design Spec_fiCati0n Page F,15

m_ m*• J•_•••• ••••**•*• •• ••*•._•*••• •_•*• ••• ••*•••*•*g***•

tf •

• _,lI- •

, tt ,

tf t •

_11 • V, •

t
• • tl t1.1_ ! tl t * I tltf • tf I It • • I •t[ _• t_ t Itt t, ! * _ tt * i I _t t• 1t t t t _ t •1 1t i i i

• • _3 C_ I._ _ .,¢ Z_-- u,., _,q_ ,_ I- u._ _ =E'r _ ,,_ Z3E ,,_ •

. t._,-_ _ | II tl I II ii I II I1 I 11 II I II It I tl 1t _. _ ,JG. _._[.-I _:_ U- e-_ O" t
• •1" " o _ _ _ _ _ z wc_ , _ 0.u,., ._ .

O Z

e *

• • 0 .
• _ .d Lu .

• ud, I ,_ _E .

_D I i *
• -J• I _) _ *
,_, _r _-- f__ •

• * I I I •

• I l *

g =
%:=:g _ = _ ,_, = .Z 3 - •

• u_• I I I I uJ C Z= I _.u u- I •

• _* _" _ _u_ _'1 Z _

• * _ _ _ _-_- _ _ _ I u.O I I_ *

-.. ,; ' . . *• t-,, ¢_ 0 0 0 0 0 _ *

• •**** •**• 4_* _*_•4F***• _**_ ** •• • • •** •• _•• _***** _.•. _******

_F
UJ

_J

)..



_""_"="=--_"=" NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOF'RNARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page El6



= .....&.l_ NAS 9 14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

One 2/28/77

Rev

Page El7



= -..._ T._

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part

Date 2/28/77

Rev

Page E18

Z

g

(:3

Z
_3
I"

Q

cl

+,._j



-_---- NAsg-,_.4 Flight Software
SPACE SHUTTLE ORB_TE_ AVIONICS SO_:TWARE _art 3

Date 2/28/77

Rev

BOOK: ALT System Software Design Specification Page E19

_,=_ _-_ _-_r xxxxx×xxxxxxx_,

o

_r

41. • LL fJ,J U." _

•11 I,IJ.II t_ll b ,_ ,_

w .J • C_

•

_ • M ".4_,- •

• I 'l_ I I _i' • "l_ I • • 'J_"'_ "l(""ll 'I_" I • "_" • I if" I I I _ '_" • "_" • • 'I_ • 'lI$ N" I • • '_" • I I I • • I I I I I I _ I • I I _• ]I" j

ILl

• ,It _f _ I ._- _'_ ,tl,

r_¢, 0 O O 45



Z:3
E

U

I

u

IL

U
IL

_J

V



_=-'-_- _As..,,444 Flight Software
SPACE SHUTTLe ORBITER AVIONICS SOFTWARe

Part 3

Date 2/28/77

Rev

BOOK: ALT System Software Design Specification Page E21

tl- t t(' 'm *'1_'t_" 1t tl t1" 'M lJ" tl t * _1"tl * t0 I$ I1"* * t t t * I _ t t _ t _ t I • t * t I I t I t _ 11 * * * t 1t 1
_ tl II

_m _

41, N tl

: : U.L_ £D £3 £3 0-_- "

z

_L
4 *. --t._ v, .=- --u_ _,¢ _tm u.cn a i--4- _ • LJ

• * -_ %J
. . _ . t.L

-- I- _u_ Of,.4 W

• "_ _ _ I _._ _u W Lu u_ _ _-

• $_ _ _. _ _ "" 0 _" _ _ I _ -I_

tf-



---_-'_-_, NAS 9.14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3
Date 2/28/77
Rev

Page E22

Z

_E
_r
o

I%1

Z

z

U

0

u.



5

. j



--" "_-, :-- NAS9-I,_4
SPACES.UTT,_ O,SITER AViOniCS SOF_A.E

BOOK: ALT System Software Design Specification

Flight Software
Part

Date 2/28/77
Rev

Page E2}_

z : z

z #

I. I

M



%

v

-_=
---_.--_= NAs+-,44+4 Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE Part

Date 2/28/77

Rev

BOOK: ALT System Software Design Specification Page E25

• • _ X *

_I ru x

: > > .

u_

+1 u'HI ,.++'U.'_

I

0 UJ _ k- _ -- _ Z

LIJ _J QE*

u= Z OZ _*

U_-_ _ I,--_1_'1 ,_ 0-_ I1¢ I_-_1'"1-- =Lu Z_

Z
C
E
_r
U

u I

Z

I[
E
U
to

-%



_--"-------'_:- N_s_._,,,, Flight Software
_;PACE SHUTTLIFORBITER AVIONICS SOFTWARE Ps.l"t

Date 2/28/77
Rev

BOOK: ALT System Software Design Specification Page E26

f_ Ch 0 _.,..P-- ..T 0 p_-C, P- •

$._ 4- 4" .,t- _- 4" 4- 4" 4" 4" 4"

*; >>>>>>>>>> •,

I"1.- • C_" V'_

•1--
• _41 _,o,o oct,- ..t(r.o,_4-_,e.J

13_- >" )- L_ ,,.3 _--lE_ Z -r,

*, , _ Z u- _.,r", ,m _ I" Z _ '_". *

"R ,R =3 ,<[ ,__Su.- C"_ _ 03: _u., uJZ _ --.!- _- cO _ ¢..5_, _j Z Z _J t-.C, _C.:, "rC3 _-- Z
t ,1_ t-- ._. o,. <[ ,<[ u_ O _ I.-- "_, _j u'_u,3 I..-_ •. O

041 _ O Tr', _ O: Z _DO 0_,,_ _Z i-.Z _" ,It I

_C Lk..J ,TJC.j tJ

"¢"[.3X _I_3 _,_J_'1¢._J t._Z U_._- _L, _C_ "T'U.._ _. _.._ _...JO: 11"

_3 r, I_X* I:X: _' *

I :3 O0 I-- _ b =_- *

* *_ N C._ u-O w I w w _ U._:E _u. u.,u.. *

._,, o o o o _ = o o o o •



=___ .ASg.,.. Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE PS.rt 3

Date 2/28/77
Rev

BOOK: ALT System Software Design Specification Page E27

* "1_ .dO"_'41""d_.,-4,_,-_ OaB_ao_O 0 OP,-P-.,t.C,P._I,,..¢O ..,Ip...d..4¢O.4-..._,._O_.
* _ U_ P-- ,_ V'_,-.4t",,I¢0 _' _ P'' O_ ,_ 4"_O. P,J C '-IP" O" u'_,O e'J 4" _e_U',.--_ e_lO_,0 _0 ¢0 *

"_ ]I

_1 4- .4#",O C, r-, ,_
* .1t ,1_

.ILl UJ UJ _ C

. .--_ _ :uJ _-

_ _"- bL h- k- P- C" _*_, U.'I,&' U: _" • •

* b.

* -r_t

o _ _ **

* g ('3 _ ¢ C e( I I :

* _ I I L'3 II,.- I IL_ [uc__ 1_ I

• g • g • g :
_, _ ® = .



.-_=="_",_ _-_._-_ NAS 9.14444

S#._C-E SHU_rTLE ORBITER AVtONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page E28

Z
r..D

I-

I%1

_J

,,d

Ir

sr

i_1



I I NAB9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77
Rev

Page F29



iB_ .Asg,_
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page E30

k...)



-="-_-==-- NAS91_. Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOFI_NARE Part 3

Date 2/28/77
Rev

BOOK: ALT System Software Design Specification Page E31



IBM ,,sg,
s,cE,o_Eo.,E,vo,o o,,A.

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/??

Rev

Page E32

!

u.
I

* @ I

II _• _ i l l I-.- Z O.u: IC:,

* l _ l l I ! ! I U I,-,. fJ* L3 [ L,,) _ L3, _ *JZ _.3_,/_ _.)_._

tf •

Lu
N

W

!

uJ I_ •
t_ t- •
l I _I

..J ,..J •
Z z •

(:3 0 *

! Jl



L

_=_---_ .Asg.,_ Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE PI_z't 3

Date 2/28/77
Rev

BOOK: ALT System Software Design Specification Page E33

o w

•D .

. ._1• .

• -_ 41

.K. .m

W '= _ .M

=, ~ :

•IF't _;, 41

-M l..- { U'*_. _ kc' ,!11

w W

.*'-'*,,. - _. _ _. u-.z.-- _ o= ='-' =_' y _ " < **

11 , tt' _-'_tl _ I_ L,¢= -• .g _>IC+ Z_ _' _'Z I,,.., a E3

_._m. _'_,_-,"-' "-' I "_ _ _ _ _ +_ z

•
•i" il •

"# + _ * C'• "I+ 41" _'

.M. "_ _ '...) 0

• .a. -m -+ t, -._ _ m z *

" _I I'_'_' P'_ 1 l I _II I *
,_ * 0t3N _.,%1 ,_ "K "_ *

• . _ _' ,_" .

• • I I I I I _,+ _ _ *

: : g g _ = .I.- I,,- I u._ _"+I,- _ O "_'I *

• ,I_ .

•, . _ o, o ._ .
.,-,* c; g o o m o o .



T:_=---i Flight Software_&._.ZJ=:=- NAS 9.14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE Part 3

Date 2/28/77
Rev

BOOK: ALT System Software Design Specification Page E314

tl * t

J * f

,11

_r-_I_ 4" _0_" COCO _ U-_OOCO_ ulna# IC,¢;_It E;_l

• a

• " =_ " S 7o ."
, . _ ¢.: = I _ -- & *

0 _ ,_ I-- I

,. _ =_ ,; - _ _._ _:
_ O. Z ,_, _" _ _ Z

•llu',.ll U. • 1-- _,o. • L._(;;_ -J (DZ OZ:]¢_l: "T,JW _L, _," 41 (D
_ _.J

i tttltt_ttl Itt ttt * tltttit _tlt * tit ** _littttttl lit itt*t_tt

, * _ ._ #. _ _ _'

• =:*" " 5 ° ° ; = :
C3 LU I I I I I p-.l__., ",,. • w u_ I

I_ uj =IE_i

• _. UJ _ ,_ Z Z Z Z 7

Et I I < 1 UJ p-< <_ X
u E_ _ {_ Egt

_ I _ _ _ t_- I LUz Z< ZLu ZU_ Z_',

.o.oo o o o o o o



v

=-==== Flight Software- - F_--- NA$ 914444

SPACE SHUTTLE ORalTER AVIONICS SOFTWARE _'8.z't 3

Date 2/28/77

Rev

BOOK: ALT System Soflware Design Specification Page E35

_I1[* it

,l! 'J tf

tl tl t

i
tttll ! tl _ _ i_ I*_ ttl _ tl t 41'mtl ttt t tl I! 11 _1{ ttt I _ I ! t *1 _ f _ t I ttt I t _

_t._ C)O CO _C-CC_ C _ 0 _, hO C_C, C e

t



Z
0
=E
:E
(,_
_J

I
t_

0

Ir

0

_,._j



- 5

z

.... Flight Software- _---_-----_ NASDt4444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE l_8.rt 3

Date 2/28/77

Rev

BOOK: ALT System Software Design Specification Page E37

: : 45
U- * *

_jl *

• =IC* *

, .: > '_W

: , u.

45

==

• --* = I- ¢_3 ._ ; = uJ * r_l
I--* Z

: : ,-:- c z - u ,, ,. _- = -c, u'_" * uZ_..3 _L Z :> l.P L)C, ,-. _ L_I.- ,II &.._

. . _ _ _, _ _- _ _ 7=" _ :_ _o.. =
•. o z o'¢ =: " ,,, = _- = ==_ _,_=. a.

.u I .._ > > I I I I 45

• _.'I(" l I I l I i I I I I l I

_,i* _j"r L.):I- i.._M. _ I,- i..- I--- u'l U I_

L21-- L@I-- L_I.-- U L._ U _.) U L._ 45

• * I **

• : *
If. * _,u I I 0 Z z = *

-
451--11" UJ I,"_ ,=I "_ C "_" Z _ ,_I *

= = I L J= I._=: I I_ =U- 0 C'= _ J --= I l *

, @ t

• @ 45

• @ 0 --_ "_ 0 0 0 0 45

• _45 0 0 O _ _3 O O O 0 0



IB__-_As0.,..
s.AcE_.OT_L.O.O,T.._V,O.,C..O._"_

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/C8/7"T

Rev

Page E38



T._.?_:-_---_=_AS_.,,-- Flisht Software
SPACE SHUTTLE ORBITER AVIONtCS SOFTWARE Part 3

Date 2/28/77
Rev

BOOK: ALT System Software Design Specification Page £39



.-..¢-----=_ _--".'---_-- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
£art 3

Date 2/28/77
Rev

Page ELO



-__=
• NASo._=,. Flight Software

SPACE SHUTTLE ORBITER AVIONICS SOF_ARE Pl_rt 3

Date 2128177
Rev

BOOK: ALT System Software Design Specification Page EL_t

# • tf

_..J* .N.

t tl W
tt tt t(
• tf t

tl tl tl

:_:=

•If _-- ,I _D
t_ I- It .'_ 41
]1_ r_ L." '!

,11 41 ti

tl tl t t ._ t_ t II tlt t tl t.i I t ,B 41 ,W tl tl t I I t t t• t t 1• I t t I t ! t t1 _1 t t 6 _ t • t t t t_

_l t tt

• ::3*t_ r_ [._ (:3H, .j l-P -r*" ujLu:I:{_ ::_ _/1 •
• "It I.-V_. _(E Z" ;:_ ::3<[ _O.::3UJ _ uJ
"IF • <[_).- .t kU _-_ 2¢ _ _L)>" t.u>'_'l - CD •
• *I--C_Z T 3:: _J_ E) _ _C_ Zl.-- :_, tu _ *
• ill _ uu I-- I'- _uJ r_ 3_ r_u_r3 _u uJ_._ _t
. , u_ =o _ = re,z= .-'z 4t

• k-• LLt.U _UJ <[_J tALL ¢[ I-- gJ _AJ LA_03= * .,J

4t ¢Z:_ ;"-¢_U' ?'_1- r-_ LUU' Q

• .I_ZO("liLLhll''¢" E)-- r_.,_ LLU, Z =¢1_C_ )" :Lr "
• .",II=_L).- ZO_ _i_'_._. k-I.- ;,/_1--- Z" O.--C_,,=I =,,.)

l_3U'_ _ i.--Z' LL .,J)_ZU, .II uJ
• .i _u_, _ U._ I,-- LL: _ _*,LU_ .,:C':)r_:JI' '.moc_l.-- .I_ I.-

=¢

t . £:3 •
• *P _ •
• ff-_[ U t

, _u, I I .-J •

• Z•U_ I _ I •
• _• i ._ L_ I.- •
• .J• :x f-- <[ t

I I I _ *

•* :._ > > >_, .

• • ,Iq

• tt .1_

• _ {:3 (_ _ t *
• t Z _ .J u_ u. *

• _ ! j .J _" UJ t.- _ *

• _•:3 I I <[Z _J Lu .

• ii X O O I _1- 1 t w _,'Z =_ •

• ,IF I_ I I _ _'1.1.1 V) ,v_ I II I •

Z

• t@ *

_o d ' d d
• 0 0 0 0 0 _ 0 0 0 ._ •



SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flisht Software
Part 3
Date 2/28177
Rev

Page E52



=:'-_='_J"--_:.--= NAS.-,'._ Flight Software
SPACE SHUTTLE ORBITER AVIONICS SOF]_LVARE Pert 3

Date 2/28/77

Rev

BOOK: ALT System Software Design Specification Page E_.3

• 111 &
tl- xt_ •

i1._ tl, ll, i. ttt 4f t1,11. _-tl tlf ,_.1_.1_t tii, t_ t t t t _ t _ tt tl-.m, tf t_ ._ tt-It t_ tl- t ._ ._, t_ t_.1_ t_-,1_ i1_ I(- t t ti1_ t_t • •

_ L_ I_ _Lr

]

( t

N gj N_==:

w

* . o o o o o o o o o o c_ o o o o o o o o.
.i. e _ × _ x x x x x x x x x x × _ x x x x ,



SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page Ebb



== Flight_,--- NAs_._.,_ Software
SPACE SHUTTLE ORBITER AVIONICS SOFTWARE Ps.z't 3

Date 2/28/77

Rev

BOOK: ALT System Software Design Specification Page E_5

*_[* .

p • ,

= * .

{[ _.• Z- ,,w

,,..* 0 0 C 0 0 _ _ C, O O 0 _ 0 o C _ 0 0 •.

. _ Z u_ C3 .

. .= = _ _ _ ° - =, ,,=**
* *_ '¢= E- ./,. _ t/. =_: _ Z

* Z* Z "_ _ _>¢h t--- _" UU

_ _ _o_ < _ _ _ _ ¢= . <

* *1.-_.?, I,--= -.J> .._> _:1-- <V) <_ ¢"_ _1,,- .Jl.- _ X -- t.L: ; '_'E ¢t'_= : _-

* * ',,3 (3. <[£_ _[LJ _ _.--_ _ _._ 0.(._ _=E _Z <_.. _=..'_ Z et¢._ _._ I_.,,_* t._

* * I ,

. ,_ & :

_I r,, (D I-- ,

*Z*_: _1 • L.) ,

_* = _ _ _ -_ o. _ _ _.. *

UJ LI_ I_ ILl *
• *_ o£ ._, _ _ _ _- _<r .

* * I .
* * _u I .
* * -J LU _ .

)-I '_"

: "== ,_ J _ == _,. . _ "_ .. , , , = ,= _ = .

* *o o o o o o o o o o 0 o o o o o o o *
e _x x x x x x x x x x x x x x x x x x *



i -==- =--.---_=
=_=_= NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/R8/77

Rev

Page Eh6

IF
t *

IFEIF

• ._J*

t_ir*

3= ..J
(:3 £:: L0 N

I I I I I _ I [,u X i,-u u u u _ O "_ _ I I I

X > > > > > > > _ _ l I I

i _ _L LU
* IF !

* -• I._ I I e_ ..j
* _* E3 I-- I-- 1-- _

}fl--tt X i,,,, :_ I_a UJ ILl 3: >

I .II I I I I IZ I l I.,L t--

,l, *

O E_ tf
_q LLI 1 •

I _ I,-_ uJ

uJ I _

IF

**0 _0 O0 O0 0 _ 0 0 0 0 0 0 *
**_ _X _X XX X X X X X _ _ _ *



r

(.¢

...3

Z

tJ

=C

>-





-- "___.= -'--'=_-- NAS 9-14444

SPACE SHUTTLE ORBITER AVIONICS SOFTWARE

BOOK: ALT System Software Design Specification

Flight Software
Part 3

Date 2/28/77

Rev

Page F1

APPENDIX F
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Module Id.

790

950

955

975

EnglishEquivalentName

DEU Loader

Time_Management_Specialist
Function

Time Management Display

Update Cyclic__Processor

Time_Management_MTU_

Update_Processor

HAL Name

AIG DEU LOADER

ASC TIME MGMT

ASG CYCLIC UPDATE

AEJ MTU UPDATE

0PS

0

OPS

i

X

X

X

X

OPS

2

X

X

X

X
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The following subsections of this appendix illustrate process sequencing and

relationship for several operational system scenarios. Specific application pro-

gramming relating to these scenarios is summarized or overlooked so that application

changes or additions should not affect scenarios accuracy.

The first scenarios (timeline) illustrates the sequence of processing for MCDS

keyboard entries from their introduction to the GPC until a new display has been

transferred to the MCDS. The flight software has been loaded, initialized and is

executing an Operations Sequence (0PS) within a Major Function.

The keyboard message is ESPEC]xxx [PRO] and [ITEM] x [EXEC] .

The processing takes place in the following environment.

User Interface Control Supervisor which was scheduled at system

initialization is now in the WAIT state until an MCDS input is

received, or an application control segment requests a service,

or a load from Mass Memory is completed.

Cyclic Display Processing has been scheduled at system initializ-

ation and is (as the name implies) cyclically generating Format

Control Word Buffers for the MCDS.

The second timeline illustrates activity on the SYNC discrete lines between

two redundant set GPCS during normal application processing. The SYNC code values

are given in mneumonic symbology rather than binary, and all times are given in

microseconds. Three minor cycles are illustrated.

The following abbreviations are used in these timelines.

DEU - Display Electronics Unit

FCOS - Flight Computer Operating System

UI - User Interface
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APP -

SC -

SIP -

RUN -

IOC -

SVC -

TIMER-

CS -

Applications Software (Control Segment)

System Control

System Interface Frocessor. Also, a SYNC Discrete value.

Literally "run". (A SYNC discrete value of all-ones.)

I/O Complete (A SYNC discrete value)

Supervisor Call (A SYNC discrete value)

Literally "Timer". (A SYNC discrete value.)

Control Segment (application code)

k_)

k_)
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G. 1 E_PECS xxx [PR_] Timeline

# Software Processor Subsystem Action

lo

2.

,

4.

5.

6.

7.

8.

9.

i0.

ii.

12.

DEU Control Program DEU

DMI MCDS IN UI

FPMSVC FCOS

FIOSVC FCOS

FCMSSYNC FCOS

FIOSVC FCOS

FIOPDISP FCOS

DEU Control program DEU

DMI MCDS IN

DMMMCDS PROCESS

DEU Control program

13. DMM MCDS PROCESS

14. DMC SUPER

DMC FUNCTIONS

DMC_SEQ_REQ_PROC

UI

UI

DEU

UI

UI

UI

UI

Crew inputs "SPEC xxx PRO"

buffers the message and sets cue

to respond with MSG READY at next

poll from GPC

Requests poll of DEU via SVC

passes control to ...

who calls ...

to Synchronize RS GPC's

then formats the I/0 request and

calls ...

to initiate the I/0 request

responds with MSG RDY flag in

mode status message

receives message and calls

who initiates a read (steps 4-8)

responds with queued SPEC xxx PRO

message

converts message to internal codes

and enables ...

who prepares the message for

processing and calls ...

who recognizes SPEC input and calls

who issues a schedule SVC for the

control segment
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G.I []3PE(_ xxx [PROS Timeline (cont'd)

# Software Processor Subsystem Action

17. FPMSVC, FPMSCHED FCOS

18. FPMDISP FCOS

19 DNX BMS UI

20. DIS PLAY APPL

21. DIS PLAY UI

22. DMC NEW DISPLAY UI

23. same as 4-8 FCOS

24. SPEC CS APPL

25. The Crew enters [ITE_] x _XE_

26. DEU Control Program DEU

27. same as 3-11

28. DEU Control Program DEU

29. same as 13-14

30. DMC FUNCTIONS UI

31. DMC ITEM PROC UI

add the control segment PCT to

the run queue and enters

who initiates execution of the

Control Segment, meanwhile,

has established grammer interfaces

for use by the SPEC Control

Segment

requests DISPLAY XXX via grammer

checks for the proper display in

main memory and if necessary re-

quests a fetch of the display

from Mass Memory

requests an SVC to move the dis-

play background to the DEU

is now awaiting a crew input

(same as 2.)

responds with gueried [ITEMS x

KEXE_] message

recognizes ITEM input and calls...

who validates the item input and

makes the data available to the

SPEC CS via the MACT.
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G.I _SPE_ xxx EPR_ Timeline (cont'd)

# Software Processor Subsystem Action

32. SPEC CS APPL

33. return to 24

receives control from UI and

performs appropriate ITEM pro-

cessing
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G.2 SYNC Timelines (cont'd)

Cycle

#

Time

HH/MN.SSSSSS

Time Since

Last Change SYNC

Based on GPCI Code

COl Z _. o45")2 t
)Cl i5. o43922
03/[3._43998
00/[J.643999

0o/I 3. 644052
001L3.645016
00t [_. e45743

O31 [3.54bU*2
uJt L_. 6",b_lO
JOf [5. t :)_r, [_
_ul [ 3.64 IOOO
0J/l:).64763l
)O/1J. 6477:'2
50/1] .64776b
00/ 13.64562_
GO/ 1:}._<,,o629
9;3/ [5.O4bf44
OJ/ 13. 540744

00/ [3,649935
0O/ 13.64_943ooJ13

/1 .6 t0_1
00/13.O51033

OJ/ 1_.65i163
00/ 1J.651164
O3/ [3. 653_62
O0/ 13.65_409

00/1 J.653570
OOl 13. 653582
03113.694375

00/[ 3. 654385
00tlj.654502
0dl 13.65451t
OO/ l_.65968e
00/1_. 659599
00/13.65_T31
001 13. 659765
001 t 3. 664010
00/1_.664014
OJ/[ 5.6o40o9

03113.60407[
00113. 66652_
00/ 13. 666_30
00/I 3.666460
00/[ 3. 066466
00/ 13.6670[3

00]13.667018
00/I 3.66 1[27
00/t3.6671_1
00113.670705
00/I3.0707t2
03/l_.67081_
00/ 13.67C82b
00/ LJ.671339
O0/I3.671454
O0/t 3. 071559

u011_.61t589
001 13.o13)-83
O0/ 13.O73367
O0/i _.613495
00/l 3. 675507
0o/13.077?o7
00/ 13.677963
90/13.67b076
301 13.c7_i03
J0/ 15.683054
O0/ I _,6830_
53/I 5.683208
00/[3.683215
00/13. 683917

O'J/ 13.653923
0O/ [3.683994
JOt 15.6 _4003

3 61 S2
i

t6
1

03
L 534

L_)7
co,
28

tl)2
25

[21
16

86t
C

it5
0

tL_L

L24
8

£5u
2

lJO
1

22 _o
7

tC7
6

793
10

t17
9

5015
13

I 32
34

4245
4

55

2
2258

7
124

6
547

5
109

4
3) 14

7
d6

8
513
it5
tO5

3C
16_;4

84
13[

9
4260

it3

27
4951

40
it4

7
702

6

SIP

iON

S VC

_UN
S VC

,:0't
SVC

AUN

i OC

#UN
I OC

RU'_

S VC

£UN

SVC

RUN

I OC

RUN

[I ME R

#UN

[ OC

RUN

SVC

_UN

S VC

RUN
SVC

F,IJN

t OC
_UN

SVC

_U"_
SVC ,.

RUN

SIP

_ON

GPC1

DELTA SYNC

Time Code

--- sip
ozld --

76 --

RJ N

l_tt_ --
.... SVC

,-,J N
Z)b --

17_Z --
--- SqC

iSZ --
_bl --

SVC
£15 ---

kU re
IOC

it 99 --
RiJ :_

132 ----

--- [uc
152 --

RJN
2239 --
--- SVC
114 --
---- Pd Ni
799 --
--- SVC

127 --
--- R[I N

5C'_4 --
[_]C

--- RJ N
17_ --

T I ME;_
%2_9 --

_lj N
_7 --

--- itC
2259 ---

RUN
130

SVC
552

RJ N
113

SvC
55b1 ---

Rd N
114 --
513 --
--- SVC
2_)0 --
------ RO N

IUC
1_o8 --

t_ t --
-- - _O N

%.2 :,v --

.... SVC
kd N

33o --
4V_ i --

_vC

R',JN
iSt --
--- SIP
7Jd --

_!J N
OJ --

GPC2

Delta

Time

7d

[744

],ZT

121

d 17

115
t 19 1

966

233 5

803

[26

5088

427_

59

226Q

t3t

J53

35_

113

O3O

t35
tb94

224

445_,
it3

t, oio
I14

739

77
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Time Since

Cycle Last Change

# Based on GPCI

Time

HH/NN. SSSSSS

00/ [3.603'_22
O'J/ t3.b03c)21
Jot i3. 693998
u0/ [_.o3_]03
u_)l L ),6J4070

i,)O/ 1 -_. 6,340 74
i0,]/ 13.634599
O01 ,L3.60400,3
O31 [ 3. 604697
u)/ iJ.oO,_71 _
09/L S.6047j_
_01 i 3.60_35d
uu/13.o06358
U0/13.606460
00/] 3. 606_) 12
(JO/[3. (cJb571

UOl L3.606585
OC/| 3.60670b
u J/ 13o60_716
o Jl i 3. c, 3'_4,)0
vOtI _,60_;40!
OC/17,. 6 )'_ _ :tl
001 l 3.60c,539
OCI t3.611"365
001t:_.6!1375
_;$/ t3.c ll<,/q
001 t ::, .<, [ 1983
0)/ I3.612746
Od/13.6 12(57
00113.61.'873
00/13. 612886
00113.614960
OUt 13.614967
00f iJ. (::15075
30/ 13.615031
_utl {.616077
OOI[3.oLe.0d4
OO/13. otot92
00/13.CLC199
00t [3.617958
JO/13.6t7/,68
O01 [3. 6[e088
00/ 1_.61b099
JJ/ 13.62'-)007
00/13.62,.,311
00t t _. O Z,-)Oo7
0_113.624009
O0/13.626292
001 13.626298
00113,626423
Oat 13.626429
_ul [3.&2_974
,)0t [ 3,62','985
uOt i 3.63,.,587
00! t3. 630098
001 13. 6305")0
00/ 13oo30637
DOt 13. 630715
udll _.6301d0
331 L3.634031
00I 13.63'_L 72
00tl #.6_4304
Oo/ 13.634305
L) 3/ 13. 6372)31
301 t 3. 637614
JOl i 3. 637 112

O0/| 3.6J77_,£

4350
5

;1
5

67
4

525
9

b9
le

5
loJ4

6
tO,8

21,),5
8

[20
0

o64
7

tz4
8

2325
to

l C,t

75d
t[

116
13

2_74
7

I 08
6

9_,5
7

T
L759

tO
t20

it
5_08

4
56

2
2223

6
).2.5

6
3545

[1
t 02

ll
44d

138
5

5301
Ot

l J2
!

3326
2 63

98
IT

(cont'd)

GPCI

SYNC lCode

SI v

i{ tJ ¢',

SVC

klJk

SVC

,_bN

I ()C

RUXJ

I rio

RUt,/

£VC

i_ON

SVC

RUN

S VC

_UN

SVC

RUN

IOC

KUN

T[ ME R

RUN

T OC

F'UN

SVC

RdN
SVC

RU'_I

I tic
KUN

SVC

R U'q

Flight Software

Part
Date _/28/77

Rev

Page G7

GPC2

DELTA SYNC ITime Code

SiP
43:)b --

KU N
1_ '--

SVL
()ub --

---- Rb I_

LI_. --

S_C
16_o --

RO N
11_ --
--- IGC

Z i 1 --, --
_itJ

L_L --
--- l [JC
591 --

i_UN
L_Z --
--- svC

2336 --

It:, --

SvC
Ib_ --

l_tJ N
129 --

--- SVC
2O8 t --
---- RUN
IlL) --
--- SvC

13J3 --

---- kd N
115 --
--- I (_C

t7_ --
--- _J N
1__1 --

f l _tLi_
b',l_ --
--- _,O N

--- 10C
2229 --

-- - Rt/N
t._J --

35bu --

kO i,_
It3 --
_48 --
--- S_C
229 --
-- - R,J N
--- luC

33_,' --

t3," --
--- kU N

_027 --

227 st-c
----- RO N

DELTA

Time

't 36

lU

bbi

it_

tb3_

2Lit

t31

I3t

2334

tt_.

121

2087

1t5

i0J2

Lib

t IOu

L30

oO

Z225

131

3551

550

[43
-_3 1

224

33,39

ttb
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G.2 SYNC Timelines

* All

Cycle

#

T

times in microseconds

Time*

EH/MM.SSSSSS

OO/ i3.5o3_Z3
OO/ i 3. 503924
Obll }.56600u
OO/i 3.5o,tCOi
GO/13.5beu 10

00/13o565341
00/ 13,565443
DO� I 3,565540
O0/13.5{55_,0
OO/I 3. 5655"32
J0/13.5612o3
001 1;. 5c7304
00/I 3.5o742i
OU/[ 3. 567445
OO/i ). 56G595
30/13.569626
OO/15. 559757
3o113.58_7 I_
OCI tS.570696

00/ l J. 5 707l 0
]O113.57"0d4[
00/L3.5/0_7,..,
t)O/ 1}. 573193
JO/ 13.573150
U J/ [3.573262
OOi lS. S13266
uJ/ 13. 574056
0t;/13. SlqOo0

00/t3. 574[ 83
00/13. 5741 d6
00/ 13. 57q<+38
0ui13.5/4440
001 I 3. 574555

00/13.57_556
OO/[ 3.5 IC,279
O0/|3,579284
O0/13.579411
00/13.51<,_15

00/13.5o4013
0_/13.5840[4
001 13,58407[
00/13.5_.0/3
dO/[3,5_(522
00/ 13.5oc344
O0/[). 58067_,
UO/13. 586501
00/ 13,587012
O0/13. 587038
OOt 13.5_7153
00/t.3.587171
30/13. 5905 fO
JO/i 3.59J592
00/[3.5907C6
00/I 3.590729
U/ [ 3. 59 t 22 5

00/13. 591507
iO0/[ _. 591494
!00f13.59,1503
90113.593169
]O/13. 593262
Oi)l 13. 5933%,3
OO/I 3,5933'90
00/[3,5973d6
00/13, 5)75_0
00/i _. 5970 18

00/13. 597694
O0/13. 598672
Ou/ [ 3.59_79_,
O0/13. 59d9OE
00/13.5_920

00/t 3. 599446
OO/ iS. 59_'-,58
33/[ 59956G
Oull1: ',559 72

Time* since ] GPCI

Last Change I SYNC ] DELTA

Based on GPCI[ Code J Time*

_C SYNc

ode

GPC2

L__2nt
I

(5
L

6%
127[
i 02
I U3

O
16

L72t
Zt

if7
24

2150
31

i#I
[7

022

14

33

2229
_7

It2
Z

?(,2
4

3
252

2

l
472_

b
127

4
45_8

l
57
2

22.49
Z2

tSO
27

511
26

]a
33_,9

22
114

25
496
I,-,2
]27

9
1666

g3
13l

3
3q_O

l 94
q8
16

978
122
11.4

12
520

12
1 O2

12

SI t'

RU_ ! 7

SVC ].3@0

PUN 235

SVC 11._7

RU,,I i b 2

log ZLBI
RUN lJl

I OC 939

RUN t7o

SVC 227o

RUN i [ '+
SVC (-Ji

RUN 127

£VC 255

RUN ll ?

I i)C _"12 t#

RUN 131

TI MER @599

RUN 59

I OC 227 t
RUN 130

SVC b38

RUN lb9

SVC _42 1
RUk It4

SVC 5[9

RUN 25c;

IOC ,[Tbb
RUN 131

SvC 39_3

PUN 292

SVC 994

RUN 2%o

SVC 538

RUN t I

31P

kd N

L_VC

_UN

SVC
_d N

[f]C

RU

IuC
i_JN

SVC

SV£

RtJ t%

SVC

RJN
tCC

[_tJ N

T IML_

R0 N

IJC

RLJN

SVC
RUN

Svc

RJ N

SVC

RUN
lOC

RUN

SVC

RUN

SVC
RJ N

$VC

RUN

(I

l:,4J

ll_

tl_2

iil,

If',

"_J6
131

2262

159

IlO

25'*

11o
,723

iJ2

_.oJ 2

5O

22_,1

II%,

537
ti5

3417

159

b}_

t3o
I06o

227

_1_4

114

ll3O
[14

536

ll*
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# Software Processor Subsystem Action

l,

2. up to 40 MS of time passes

3. FCMCSYNC FCOS

4, up to I second of time passes

5. FPMIHPC2 FCOS

6. Dispatcher FCOS

7. ARA GPC SWITCH VI

8. same as G._ #14-#24

9. DMC ITEM PROC

!0. SPEC CS

II. SPEC CS

12. FPMSVC

13. FIOSVC

14. FCMSSYNC

15. FIOSVC

16. FI0?DISP

Ui

APPL

APPL

FCOS

FCOS

FCOS

FCOS

FCOS

Crew sets panel switch to ini-

tialize IUS flight Data

reads DI reg A during common set
SYNC

receives control due to timer

interrupt and services TQE for

GPC switch monitor (ARA_GPC_SWITCH)

enters ...

detects discrete change and

"simulates" MCDS input to re-

quest SPEC for iUS initialization

prepares internally passed ITEM

request and makes it available
to SPEC CS

interprets ITEM Data supplied by
UI.

performs computations required to

prepare IUS data and formats an

I/0 request and issues an SVC to

do the I/0

receives SVC interrupt and calls...

who calls ...

to perform redundant set SYNC.

prepares the request and calls

to activate I/0 by starting .....
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G.3 DISCRETE INPUT (cont'd)

# Software Processor Subsystem Action

17. FIOMCNTL FCOS

18. The data is transferred and ...

19. FIOCMPLT FCOS

20. FPMSWTCH FCOS

21. FPMDISP FCOS

22. SPEC CS APPL

23. up to i second of time passes

24. DCI #CYC UI

25. The crew resets the panel switch

26. same as #2-#4

27. ARA GPC SWITCH

28. DMC_SUPER, et al

to perform the I/0

receives an I/0 complete interrupt
and calls

to see if the SPEC CS is ready to
resume execution. If so

dispatches the ...

who sets a parameter for dis-

playing the result of the IUS data
transfer

updates the display

checks discretes and detects panel

change and "simulates" an MCDS

input to resume display which was

on the CRT prior to initial switch-

ing.

restores old function to the dis-

play.
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LIST OF ACRONYMS AND ABBREVIATIONS

AIT

AMT

BRQE
BSR

CS

CVT

DDT

DFB

DFG

DFT

DST

DSR

EQE
FMPT

GPCpT

GPCNT

GPR

GST

IOQE
IPR

LGT

LOG
NF

PC

PC1
PC2

PCT
PDE

PSA

SSIP

Application Interface Table

Application Moding Table

Bus Reconfiguration Queue Element

Branch Sector Register
Common Set

Communication Vector Table

Dynamic Data Table

Display Format Buffer

Display Format Generator

Display Format Table
DPS Status Table

Data Sector Register

Event Queue Element

Fault Message Processing Table
GPC Prime Internal Time

GPC Self Internal Time

General Purpose Register
GPC Status Table

I/O.Queue Element

Input Problem Reporting

Lock Group Table

GPC Error Log

Major Function

Program Control

Program Counter I
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