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A F I T/ G E / M A / 7 7 — 1

ABSTRACT

In suppor t of a reques t  from the A i r  Force Avionics Laboratory , a

model of the F— 16 Fire Contro l  Computer  (FCC) O perat ional  Fl ight  Program

(OFP) was developed . The i n i t i a l spec i f ica t ion  required that  this model

allow for  possib le changes to the  r a t e  of accomplishment  of various OFP

mode—dependent  tasks.  The r e c o n f i g u r a t i o n  of the input and ou tpu t  tasks

and the processing reserve were of pa r t i cu l a r  in te res t .

In order to de te rmine  the most u se fu l  approach , the various com-

puter  sys tem model ing re la t ionships are f i r s t  reviewed . Based on the

author ’s background , the real world system and the modeling goals , a

d i sc re te  event queue level s i m u l a t i o n  using SIN SCRIPT 11.5 is selected

as the desired approach .

The basic f e a t u r e s  of the F—1 6 FCC and the OFP are discussed and

a descr ip t ion  of the task movement in the system is prov ided .  This

descri p t ion  is used to detai l  the various ra te  groups and thei r  member

tasks . The model is ver i f ied  b y comparison agains t da ta  derived from an

actua l sys tem run and a s t a t i s t i ca l  analysis provided by the OFP manu—

fa c t u r et .

The v e r i f i c a t i o n  process showed tha t  all the original  design

object ives were met , a l though several areas of possible improvement to

the model are indicated and discussed .
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A DISCRETE-EVENT DIGITAL SIMULATION
MODEL OF THE F—l6 FIRE CONTROL

COMPUTER OPERAT IONAL FLIGHT
PROGRAM USING SIMSCRIPT 11.5

I. INTRODUCTION

The science of “systems analysis” has been developed to aid eng ineers

and managers to understand and evaluate the consequences of changes to

large , complex systems . Many e f f o r t s  exist in the l i t e ra tu re  where tech-

niques of systems analysis have been applied to computer systems . These

techniques or tools are applied to hardware , sof tware , and to entire

computer  systems . These e f f o r t s  compose a s ign i f i can t  port ion of what is

known as computer per formance  evaluation (CPE) . This paper discusses the

‘ 
technique and app l i ca t ion  of one tool , s imula t ion , to inves t iga te  the task

t iming  re la t ionships in the F— 16 f i r e  control computer (FCC) operational

f l i ght  program (OFP) . The FCC is the cont ro l l ing  device of the F— 16 Fire

Control  System (FCS) .

Background

The Air Force Avionics Laboratory (AFAL ) has been directed to conduct

an independent  assessment of the F— 16 f i r e  control  computer OFP . The

tes t ing and evaluat ion of the OFP requires the  use of a sof tware  test

stand .

The test stand simulates the various f l i ght  condit ions of the F—l6

and all a i r c r a f t  subsystems , except the FCS , that  are necessary to ve r i fy

the e f fec t iveness  of the OFP. An actual FCC executing the OFP is a t tached

to the  a i r c r a f t  s imula t ion  to complete the so f tware  test stand as shown

in Fi gure 1. A more detai led description of the test stand is given in

Chapter IV.
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S

It is presently envisioned that another test stand will be built at

Hill AFB , Utah to suppor t Air Force Logistics Command (AFLC) functions.

During the early evaluation of the OFP , AFAL de termined that certain

~‘~stem and fl ight conditions caused the OFP to enter a system failure

state called a “timeout .” In an effort to anticipate when a timeout would

OCCUr , an extensive CPE effort is underway at AFAL and at General Dynamics,

tLL ’ OF? manufac turer .

Problem Sta tement , A~~~ pach 4~~ O~~~s

The AFAL Advanced Systems Group (AFAL/AAF—3) requested that  a model

of the tes t stand be developed . The model would become a tool to be used

b y CPE personnel to s tudy possible improvements to the OFP and to th. test

stand c o nf i g u r a t i o n .  The processing reserve and the  i n p u t /o u t p u t  bus

t rans fe r  reserve in the OFP were of pa r t i cu l a r  i nt e r e s t .

The approach to solve the probl em was to accomplish the fo l lowing

steps sequentially:

1. Define the goals of the model.

2. Learn a s imula t ion  language .

3. Identify the task parameters of the OFP and of the test stand
devices.

4. Develop the model .

5. Ob tain the data  to v e r i f y  the opera t ion of the model.

6. Operate the model under various changes in parameters .

The following goals have been established through consultation with

AFAL/AAF—3 to define the model characteristics needed to study the OFP;

it must allow for changes in the OFP task scheduling sequence ; it must

allow for program execution to be held up while awaiting termination of

an executing OFF task in the FCC main processor and the FCC bus controller;



r

it must he sufficiently documented for ease in use and modification; it

must provide sufficiently accurate statistics to form a basis for making

management decisions; it must reflect FCC mode of operation; and it must

allow for the FCC background task interrupt and task restart capability .

AFAL/AAF—3 was also interested in the evaluation of different Software

Test Stand confi gurations . This was not feasible with the model level

needed to achieve the goals established for OF? investigation. The devel-

opment of an additional model was not possible in the time constraints

of this  work .

Scope

The d e p t h  of the  inves t iga t ion  was de t e rmined  f r o m  the es tab l i shed

goals to requ i re  a queue level model of t he  OFP . A s imu la t i on  model was

chosen to implement the  model  becaus e of t h e  need to (1) m a i n t a i n  accura te

operating conditions , (2) explore task assignment alternatives , and (3)

control the passage of time . All data input to the simulation model was

deterministic data for simplification.

This report discusses a brief summary of various methods in model

construction (Chapter I.r) and includes summary inforri~ation necessary for

a basic understanding of SINSCRIPT 11.5 (Chapter III). A detailed descrip-

tion of the OFP as it is currently documented is contained in Chapter IV.

The actual design of the simulation model and how it differs from the OFP

is discussed in Chapter V. The model verification results and conclusions

of this work and suggested improvements are contained in Chapter V I .  A

listing of the simulator model is found in Appendix A and OFP Segment

Definitions are found in Appendix B. A list of abbreviations is found in

Append i>: C.

4
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II. THE ART OF MODELING

Compute r  systems have been s tudied on many d i f f e r e n t  levels. Each

level charac te r izes  the sys tem by particular relationships , parameters ,

and events. These particular characteristics can be , and generally are,

different as the level of detail is changed . Any analysis of a complex

system attempts to study the effects of a modified , “simple ” system com-

posed of only the significant variables and relationships. This reduc-

tion of the total system to a limited system is defined here to be the

modeling task. Through the use of a model , the system is reduced to an

entity that is an abstraction and yet s t i l l  u n d e r s t a n d a b l e .  Model bui lding

constantly poses a proh 1em for the model builder of balancing the need for

system detail with the need to make the model that will provide a solution

to the problem. Where system detail is excluded from the model , one must

“fill in” with assumptions about that detail. These assumptions must be

tested agains t the actual system operation whenever possible.

A mod el is intended to aid system analysis. However , there are some

r isks involved in this technique . One of the risks is that the investment

of time and effort may not produce a useful benefit. Th is can occur when

the investigator relies too much on the modeling method and fails to apply

his own i n i t i a t i v e  to develop the model. Model building must be regarded

as an art and not as a science.

Another common problem would develop if the investigator were to

attach an excessive degree of significance to the output of the model.

A model can never predict beyond the range of its assumptions, and a model

is onl y as useful as the image it presents of the real world system.

5
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“1Exactness A b s t r a c t i o n

Figure 2.  Model C l a s s i f i c a t i on  (Ref 2 1:8)

Because of the cost and talent invelved , model building may not pro-

duce a valid image of the real world system . It must be remembered that

the model produced will not be a unique model and will always contain a

degree of imprec ision.

This chapter  discusses the re la t ionship of computer  s imulat ion models

to other types of models . Of the three discrete event modeling techniques ,

the event scheduling approach is discussed in detail.

Model Class i f ica tion

Models have been c l a s s i f i ed  by several  schemes (Ref 21:7 , 23:29 , 10:12) .

Of interest here are only simulation models. Shannon places digital com-

puter  s imula t ion  models next to mathemat ica l  models as shown in Figure 2.

i t  should be noted that all models in Figure 2 are classes of simulation

models and a compu ter may be used in some portion of any of these models .

Computer system simulation is a methodology to solve a problem using a

model of a real world computer sys tem . This is not to be confused w i th

computer simulation which uses models which are not necessarily images of

real world comp uter systems .

The type  of simulation model that is developed is based on its intended

use, the goals of the investigation , the level of detail , and the real

world system. Changes in the system state will usually be of major impor-

tance when stud ying the real world computer systems. These state changes6
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can occur continuously or at discrete moments in time depending on the

def ined s ta te  parameters . Thus , the model of the computer system is of ten

built in the time domain. This allows the model to control time and,

therefore, provide the tools of time expansion , compression , interruption,

and res tart capability . The speed of the simulating computer is independ-

ent of the model for all practical purposes .

The goals of this investigation , as well as the attributes of the

system being modeled allow for changes in system s t a t e  to occur at d i s t inc t

moments in time . This condition is best described in a discrete event

model . Here an event denotes a change in the system state. A discrete

event model requires a clock to be maintained that is advanced after each

change of the system state. The amount of advance corresponds to the real

time required to elapse before tile next state change .

There are three alternative discrete event modeling techniques described

by Fishman (Ref 10). These techniques are related to various simulation

programming languages . SIMSCRIPT and GASP are related to the event sched-

uling approach . GPSS and Sfl’IULA are related to the process interaction

approach . And CSL is related to the activity scanning approach . Fishman

def ines a process as “a sequence of events ordered on time,” an ac tivity

as “a collection of operations that transform the state of an entity ,”

and an event as “a change in state of an entity ” (Ref 10:24).

A model type that can allow for variations of task (job ) parameters

as well as identify the system state (mode) is a “queuing ” model. Jobs

enter the system and compete agains t existing jobs for system resources .

When the resources are not available, the job is placed in a waiting line

or a queue until the resources become available. Each task must contain

parameters to describe the time and resources required to comp lete the

task. Resource management policies are often analyzed using a queuing

7 
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model (Ref 23 :34) .  An ent i re  system can be modeled as a network of queues

and their relationships.

Event Scheduling Approach

Only the event scheduling approach to discrete event simulation is

included here because this approach permits the determination of the sys—

tern state at the OFP—event level in the most straightforward manner . As

w ill be seen in Ch ap ter IV , the OF? is composed of a series of task lists

which are easily represented as a set (queue) of jobs to be completed .

The reader is r e f e r r ed  to Fishman fo r  a discussion of the other approaches

(Ref 10:38, 40). The use of SIMSCRIPT 11.5 makes use of the event sched-

uling approach . This language was available on the AFIT computer facility ,

and GASP was no t avai lab le.

A change in sy stem s ta te  occurs each t ime a task enters  the system

and each t ime a task completes execution and departs the system. Associated

changes in state occur when the resource or server becomes busy or is idled .

When a task enters the  sy s t e m , it i d e n t i f i e s  i ts  server r equ i r emen t s

and its service time . The server is checked for  ava i lah i lit \ ’ . If the

server should be idle when the task enters , the server is placed in a hus~’

condition. The task completion time is identified , and the task complet ioa

is scheduled . If the server should be busy when the task en te r s , the task

is placed in a queue. This arrival event is shown in a f lowchar t  in

Figure 3.

When a task has received the required service , it departs the system.

As shown in Figure 4, this task completion frees the server , which is now

available for another task. Therefore, the queue is checked to determine

. 
if a task is awaiting service. If the queue is empty , the server is placed

in an idle cond ition. If there is a waiting task in the queue , the server

8 
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star ts servicing or execu ting the new task , the new task comple tion time

is identified , and the task completion is scheduled .

The last instruction in the arrival event and the departure event is

“Select the Next Event.” This instruction returns control to the simula—

tion “dispatcher ” that makes the d iscre te  event simulation work. The

d ispa tcher is an exec ut ive scheduler and is of ten called a con trol or

timing routine . As an event is scheduled , an en try is made in a special

list to identify the event and when it is to begin execution. The dis-

patcher searches that list to find the next event start time , the simu—

lated time is advanced to this next start time and the event is “started .”

A queue usually has a rule for selecting the next task to be placed

in service. This rule is called a queue discipline. The discipline can

select the task to be removed from the queue based on a task parameter

4 (such as service time or priority) or on an order of task arrival (such

as first—in—first—out or last—in—first—out).

Several procedural features can be added to the arrival and ‘eparture

events . An event may need to schedule itself. This would allow ti e model

to be self—generating and thus a simulation could continue without requir-

ing external data.

It is often possible to comb ine the arriva l and the departure events.

This occurs if the queue is never in an empty condition , I.e., there is

no possib ility that the server will become idle. This condition would

res ult when several queues feed a single server and all are not empty at

once. The addi tion of a large repeated back ground task would also provide

th i s  option. This feature is used in the model and is discussed in Chapter V.

To aid in e f f i c i e n t  use of comp uter memory,  records of completed tasks

are often discarded (destroyed). This feature may not be desirable , how—

ever , due to some purpose of the model.

10
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I I I .  ESSENTIALS OF SIMSCRIPT 11.5

This chapter provides a brief review of the SIMSCRIPT 11.5 language

characteristics . It is intended only as a general review and the reader

is referred to the literature (Ref 22) for the language details.

A simulation language provides the basic mechanism for creating a dis-

crete event simulator. Functional flow charts are first used to define

a model of a real world system. The pictorial model is then coded by

means of a simulation language to form the simulator . Simulation lan-

guages such as GASP , GPSS , and SINSCRIPT have special built—in character-

istics for dealing with discrete events and for gathering certain statistics .

S INSCRIPT is a general  purpose programming language , which is corn—

piled directly into an assemble—language  code by its compiler . It

prov ides flexibility for statistical outputs , mathematical mani pulations ,

and programmer expre ssion in simula tor des ign. The simulated system is

composed of “ent i t ies,” “a t t r i b u t e s , ” and “sets . ” An en t i t y  denotes an

objec t  of the system such as a task , a var iable , a channel , a memory ~ 1ock ,

a server , etc. An entity is described by its attributes . The status of

the system is determined by the current values of these attributes .

Entities can be grouped into sets. A set can arrange the entities on an

order basis of f i r s t — i n — f i r s t — o u t  (FIFO) ,  last—in—first—out (LIFO), or

ranked on the value of some attribute. Sets are used as queues , etc.

En tit ies in terac t wi th speci f ic  cond itional ac tivi ties called “events.”

An event is like a subrou t ine , and is composed of SIMSCRIPT statements.

An event always occurs at a specific time and changes the state of the

sys tem by changing the a t t r i b u t e  values of the in te rac t ing  ent i t ies .  A

process which has a finite duration must usually be modeled and programme d

11
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as at least two events; one which initiates the process and one that ter-

minates the process . Typ ical events would be job arrival , job sched u l e,

req uest memory , request processor , end computation , beg in input , begin

output , end input , end output , release memory , etc.

The SIM SCRIPT compiler au toma t i ca l ly c reates  an executive scheduler ,

a simulation control or timing routine , that advances the simulated time

to the time of the next scheduled event and calls the events in proper

sequence. The SCHEDULE statement allows the modeler to define when an

event is to occur in the future . An event can schedule itself or another

event.

The input to the simulator is a description of the real world hard-

ware and software configuration , and a description of the workload . The

workload is repr esented by jobs or tasks that enter the simulator and place

demands for system resources or services . All initializations must be

stated in program statements in SIMSCRIPT 11.5.

The output of the simulator can be a snapshot of the system status

at some point in the simulation run . The programmer has the capability

to measure various activities and output a basic statistical summary of

what occurred . The attribute values are monitored and summary variables

are updated to provide a simple means to produce the statistics.

Some ac tivities are stochastic and the language includes facilities

wh ich ease the b urden in the gener at ion of random var ia tes tha t f i l l  a

des ired probab ility d istribution . There are ten random number generators

and eigh t distributions available.

SIMSCRIPT 11.5 contains a program section called the PREAMBLE. Pro—

gram statements in the PREAMBLE are nonexecutable and provid e the comp iler

with model definitions and relationships. The ownersh ip/membership or

12



structure of entities , attributes , and sets are defined . The existence

of events , ro ut ines , var iabl es ( name , type , and dimension), and array s

are stated. The summary variables , attributes , and types of statistics

desired are described . The PREAMBLE can be omitted , in wh ich case cer tain

default conditions are used.

Another program block is the MAIN Section . This is the main routine

of the simulator . It is in MAIN (for the model developed in this work)

where the system initialia~ation occurs. Variables are set to their start-

ing values. Sets are built. Entities are either CREATEd or READ in from

data cards . Entities are FILEd in sets. Space for dimensioned or sub-

scrip ted variables is RESERVEd . Events are SCHEDULEd . The simulation is

started with a START SIMULATION statement.

The s imu la t ion  wi l l  s top  when a va r iab le  reaches a s t a ted  value or

there are no more scheduled events . Usual ly the s imula t ion  is stopped

after a certain period of simulated time has elapsed , i.e., TIME.V equals

some value , or when a queue overflows , i.e., N .set exceeds some value ,

or when a certain statistic is achieved , i.e., a summary variable equals

some value.

The language is very efficient but does require some programming skill.

It can be used to simulate a comp lex system or to do general programming.

Its special features make it a significant time—saver when compared to the

rionsimulation higher order languages . For examp le , one SIM SCR IP T sta temen t

often rep laces an entire FORTRAN subroutine . A drawback may be the require—

men t for the programmer to learn how to express algorithma by the language

statements . It is often difficult to debug a large simulator due to the

automatic generation of data structures and set relationships. The author

chose to use SIMSCRIPT 11.5 for the simulator in this study due to his

13
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l imi ted background in o the r  s imu la t i on  languages and due to the av a i l ab i l—

i ty  of SIM SCRIPT 11.5 on the AFIT computer  system .

14



lv. F—16 FIRE CONTROL COMPUTER
OPERATIONAL FLIGHT PRO GRAM

This chapter develops the concept of avionic  software. It discusses

an evaluation tool , the software test stand . A descri ption of the Fire

Control System is included that describes the system requirements or func-

tions , system mode operations , and OFP design construction. Emphas is is

made to t h e movement of data in the FCS . The reader is eccouraged to pay

particular attention to the description of the OFP modes of operation and

the OF? segment discussion as the model simulates all OFP modes at the

segment level.

Associa ted  T e r m i n o l o gy

“Avion ic  S o f t w a r e ” is a term t h a t  is frequently used to i d e n t i fy

vast ly d i f f e r e n t  concepts .  To u n d e r s t a n d  the r e l a t i o n s h ip of an ope ra t i ona l

flight program (OF?) to the term of av ion i c  s o ft w a r e , the  f ollow ing def ini—

tions are suggested by Trainor (Ref 25:998):

1. Avionic ~hiss ion Software (MB): Software which executes in
the fligh t computer and perferms direct mission related
functions . An analogous term is “embe dded ” s o f t w a r e .

2. Avionic Support Software (SS): Software which is required
to aid in the design and p roduc t ion  of av ionic  systems
(bo th  hardware and miss ion s o f t w a r e)

3. O p e r a t i o n a l Fli ght  Program (OFP) : The OFF contains those
functions which execute in the fligh t computer in (or near)
real— time and perform the primary aircraft mission func-
tions. (Examples for the F—l6 are the following f unct ions :
Executive control , nav iga tion , guidance , stores management.
f ix tak ing, in—fligh t system test , bus control , fuel manage-
ment , combat energy management , data management , and
targeting.)

4. Operational Test Program (OTP): A comprehensive program f or
fligh t—line diagnosis and maintenance. It usually is in the
form of a flight—line loadable software package that executes
in the actual fligh t computers while these computers are still

15
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Avion ic  Op e r a t i o n a l  Operational

Support Flight Test
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Avionic Mission

~~~~~~~~ 
Software

Fi gure 5. Avionic Software Terminology

res ident  in the a i r c r a f t .  Tile p rog ram w i l l  i d e n t i fy  sys tem
f a u l t s  and w i L l ,  t h e r e f o r e , c e r t i fy  the compute r  a i r  worthi-
ness. (Examples  of F— 16 f u n c t i o n s  i nc lude :  compute r  hea l th
tes ts , i n p u t / o u t p u t  ha rdware  t es t s , senso r ope r at ion tes ts ,
and fault/unit isolation/identific ation.)

Til e re levant  t e rmino logy  is d e p i c t e d  in F igu r e  5 and sho~ s the r e l a t ion -

shi ps be tween  terms .

C har a c t e r i s t i c  T ) i f f er e n c e s  of A v i o n i c  Mission Software

Avionic mission softwa :e differs from the usua l A~i t o ~r i t i c  Data  Process-

ing (AD?) software in several respects. Avionic mission software is used

to close severa l  m u l t i p l e  f r e q u e n c y  con t rol  loops. The problems to be

solved are represented in terms of radar , navigation , and weapon delivery

functions , i.e., algorithms (equations and logic) with timing, and through-

put  c o n s t r a i n t s . This could be compared w i t h  an on—l ine  r e al t ime  cont ro l

of some manufacturing process. In addition , the software mus t present  all

pertinent information to the aircrew displays and react in realtime to

insure aircrew safety . Further , the t o t a l  s o f t w a r e  package must  p rov ide

absolute control over weapon re lease so tha t  nuc l ea r  weapons migh t  be

placed under  i ts  con t ro l .
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The g r e a t e s t  number of i npu t s  to the avionic  c o mp a t er  come via analog—

co—dig i t a l  conve r t e r s , f rom sensors , and f rom a i r c r e w / a i r c r a f t  con t ro l

act ions . These i n p u t s  are taken w i t h o u t  regard to the s t a tu s  of the device

tha t  caused the i n p u t .  Hardware  failures must be detected by the software

in order  to provide a cont inuous , r e l i a b l e  ope ra t i on . The computer  is

absolute ly  in—line  and i ts  f u n c t i o n s  canno t be bypassed , pos tponed , nor

replaced.

An EXECUTIVE is a major  segment  of an OF? . It mus t be w r i t t e n  such

tha t as it interacts with other functional modules , it  s a t i s f i e s  til e

critical areas of timing and control. The software is developed as a

permanent configuration and is changed , normally , only as a result of

system modification.

The n e c e s s i ty  f o r  co r r ec tnes s  in the OF? l og i c  has led to the  use

of a “software test stand” to perform a verif ication and validation of the

c r i t i c a l  r e l a t i o n s h i ps.

AFAL S o f t w a r e  Test  St and

This f a c i l i t y  p rov ide s  the  CPE p e r s on n e l  of -\ [AI, w i t h  the real—time

tool needed to evaluate the OFP. Fi gure  6 shows the t e s t  s t and  configura-

tion (Ref 26). It conta ins  a DEC— 10 host  c o m p u t e r , a f ir e co n t r o l c o m p u t e r

which  has been ins t r u m e n t e d  w i t h  t ) h a r d w a r e  m t  i r  1 i ces  (SCAD U , UR T) , the

ana log—to—di g i t a l  i n t e r f a ce s  r e q u i r e d  fo r  t u e  cock p i t  c o n t r o l s  ( s t i c k , rud-

der , t h r o t  t ie) , a F i r e  C o n t r o l / N a v i g a t i o n  Pane l  ( F C N P )  , a bus m o n i t o r  u n i t

(B MU ) , an o p e r a t o r  keyboard , an the  disp lay devices . The av ionic  su p p o r t

s o f t w a r e  is executed in r e a l — t i m e  on the hos t  c o m p u t e r  and the m i n i — c o m p u t e r s

(i’DP—ll ‘s) . The m i n i — c o m p u t e r s  con t ro l  the disp i avs  and the  i n t e r f a c e s .

The s u p p o r t  s o f t w a r e  c o n t a i n s  a v i o n i c  s u hsv s  te rn  s imula t ion  m o d e l s , data

analysis routines , and t e st  operator  c o n t r o l  c a p a b i l i t i e s  in m o d u l a r

17
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Figure 6. AFAL F—16 Software Test Stand — Detai l ed  (Ref 26)

segments. Additiona lly , external environment modules provide a parametric

desc r ip t i on  of the  t e r r a i n , weather , ta rgets , a tmosphere , and the earth

gravitational effects for use in generating test scenarios .

The Discrete Panel represents all the required cockpit switches and

additional switches that allow tile operator to select the s imula t ion  mode

of operation. The cockp it controls allow the  opera to r  to “ f l y ” the simu-

lated aircraft. The BMU provides a means for a processor to monitor and

record bus messages , identification tags , and related timing information.

The Uniwersal Remote Terminal (URT) simulates t ue operation of from one

to 32 remote termina ls with full subsystem avionic communicat ion capa-

b i l i t i e s. The aircraft subsystems are simulated on the DEC—10. The Heads

Up Display (HT.JD) gives a simulated “out—the—window ” d isplay of fligh t

conditions . The FCNP provides pilot inputs/outputs to the total system .

18
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The SCADU provides access to the FCC internal bus . The DNA— b is a direct

memory access unit to the DEC—10 . The LSI 16 is an interfacing computer

hardware unit. The Keyboard allows the operator to communicate with the

DEC— 10, the POP—li ’s, and the FCC. The FCC is an actual Magic 362F avionic

computer manufactured by DELCO Electronics.

The AFAL Sof tware Test Stand is used to verify that the OFP actually

satisfies its design functions, Program conflicts are identified through

th~. testing of the OFP in a simulated operational environment.

Fire Control Computer OF? Function Descriptions

The following OFP functions are descr ibed in the “Compute r  Program

D .~v~.. lon rnen t  Specification for the Fire Control Computer Operational Flight

Program ” (Ref  11) :

The nav igation functions of the OFP are steering and cruise
energy management .  The s teer ing  computa t ions  are performed in
another aircraft subsystem , tile Inertial Navigation Unit (INU)
The OF? interfa ces the I N U  s t e e r i n g  problem solut ion to the
s t ee r ing  d i sp lay  devices .  The c ru i se  e n e r gy  management tasks
present to the pilot the fligh t path guidance needed to maxi-
mize the aircraft range , endurance , or the fuel remaining at
the destination.

The fixtaking functions provide the capability to update the
est imate  of the  a i r c r a f t  present  p o s i t i o n , to s tore  the
coordinates of thirteen mission planning positions for in—
fligh t reference , and to update the estimate of til e a i r c r a f t
tr ue altitude. Fixtaking tasks are not confined to the FIX
mode of the OFP.

The air—to—air combat f~ ctions include the d i s p lays and con-
t ro ls  required to f i re  Lh e H6 1 gun and to de l iver  S i dow in d e r
miss i les .  Combat cr ier management tasks provide the pilot
wi th cues to dev~ ~p and execute effective and efficient
aircraft maneuvers during mos t air-to—air modes .

The air—to— ground attack functions include the capability to
attack either preplanned or in—f light—d esignite d surface tar-
gets. The capability includes computation for automatic and
manua l ballistics , course—t o—release point , time—to—go , auto-
matic weapon r o i e as e , ripple—h om hini ~, la:~er t a r g e t  i d e n t i f i c a -
t ion , vis ual and bl ind de liver ies , and radar freeze.
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The m a l f u n c t i o n  ana lysis f u n c t i o n s  requ i re  the  a b i l i t y  to
col lect  and s tore  FCS f a u l t s , to i n i t i a t e  subsys tem opera t iona l
self— tests, and to display the results of the subsystem self—
tests. The initialization , hardware error , addr essing er ror
and power down requirements are satisfied .

The stores da ta  f u n c t i o n  is to interface the stores manage-
ment subsystem . Weapon parameter s mus t be ava i lable to insure
accura te  a i r — t o — a i r  combat , a i r — t o — g r o u n d  at t a c k , and energy
management.

The heads up disp lay (BUD ) f u n c t i o n s  provide  large amounts  of
da ta  to the p i l o t  in the f o r m  of symbols , scales , and windows .
This allows the pilot to see certain critical information while
he is looking out  the a i r c r a f t  w i n d s c r e e n .

Data entry/disp lay functions include processing logic to control
the FCNP , to input  data in to  the  FCC memory ,  to d i s p lay the
data associa ted  w i t h  the FCC node and options , and to determine
a steering point.

Mission planning functions include the ability to store and
access d e s t i n a t i o n  c o o r d i n a t e  da ta , mark point coordinate
data, and offset aimpoint data. This assists the pilot to
increase weapon delivery effectiveness.

The support utility f u n c t i o n s  are the  commo n u t i l i t y  rou t ines
shared by various segments of the OFP. There are 11 mathema t-
ical functions required by the OF?. The ability to mask and
unmask bus i n t e r r u p t s  and to p rov ide  common e x i t  procedures
f r o m  OFP segments are also r e q u i re d  by the OFP.

Bus control functions include control of the serial data
transmission over the multiplex (NUN) buses between aircraft
subsystems , control of the analog—to—digital converters (ADC),
read ing th e “sample and hold ” hardware  for  d i s c r e t e  inpu t
f rom seven po in t s  (such as the  t h r o t t l e  power setting and the
land ing gear), detection of the operat iona l re l i ab i l i ty  of the
hardware involved in the above activities , and formating data
f o r/ a f t e r  t ransmiss ion on the NUN buses .

Fire Control Computer OFP Mode Descriptions

The OFP operates  in one of f i f t e e n  mutua l ly exclusive modes . A

desc r ip t ion  of these modes is provided in the fo l lowing paragraphs :

1. “Air— to—Air ” Nodes

~l .  D o g f i g h t  (1)
b .  A/A Missi les (2)
c. Snapshoot (3)
d. LCOS (4)

20



2 .  “ FCC A i r — t o — G r o u n d ”  Modes

a. CCI? (5)
b. I)ive Toss (6)
c. Beacon (7)
d. CCRP (8)
e. Strafe (9)
f .  LAUD (10)

3. “Air—to—Ground ” Modes

a. CCI P (5)
b .  Dive Toss (6)
c. Beacon (7)
d. CCRP (8)
e. Str afe (9)
f .  LADD (10)
g. E0 Weapons (11)

4 .  Non— t.’e a p o n  Delivery Modes

a. ALT CAT (12)
b .  FIX (13)
c. TEST (14)
d. Baseline (15)

The numbers in parentheses are used in the model to define the c u r r e n t  OFP

mode of operation.

The Dogfight mode computes and displays snapshoot gunnery and dynamic

missile launch zone solutions . Combat energy management is not provided

in this air—to—air mode.

The A/A Missi les  mode computs the dynamic launch zone information

(maximum and minimum missi le  launch ranges , aiming and aircraft lead pur-

sui t steering commands) necessary for the use of til e S idewinder  miss i les

agains t maneuvering and non—maneuvering targets. Target dynamics and

missile performance determine the solution. An override feature provides

a u t o m a t i c  targe t a c q u i s i t i o n .  Dynamic wing  t w i s t  is also c a l c u l a t e d  to

provide cor rec t ions  requi red  to accurately point the missile seeker.

The Snapshoot mode displays a simulated bullet stream impact point.

It provides the pilot with optimal transient firing opportunities .

21 

- - -  -- - _ _ _



~ ----~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The LCOS mode provides the gunnery solution to the Lead—Computing

Optical  Sighting (LCOS) problem. This is based on data f rom a i r c r a f t

sensors (primarily the angular body rates of the F—16), target range

rate and range, and the aiming reticle on the heads—up—display (HUD).

The pilot mus t smoothly maneuver his aircraft to place the target within

the aiming reticle . The OF? positions the aiming ret ic le  on the HUD to

indicate projectile firing path .

The CCIP mode is used to deliver air—to—ground weapons under visual

conditions in either level or dive deliveries . The OFP disp lays on the

IIL’D the Continuously Computed Impact Point (CCIP).

The Dive Toss mode is used to visually designate targets , to provide

steering to the weapon release point , to generate automatic release of the

weapon , and to compute the pull—up fligh t path cues on the HUD .

The Beacon mode is used to attack targets t h a t  are located by the i r

relative position in reference to a ground—based radar beacon. The p i lo t

proceeds as if in CCRP mode after the targe t is identified .

The Continuously Computed Release Point (CCRP) mode utilizes a basic

coord inate bombing mechanization and the radar ground map features to

provide an adverse wea ther , blind—a ttack delivery .

The s t r a f e  mode is emp loyed to a t tack  ground targets  wi th  the M6 1 gun .

Weapon impact point  is disp layed to the  p i l o t .

The Low Altitude Drogue Delivery (LAnD) mode is provided for blind

delivery of nuclear weapons . Except for  the p u l l — u p  and the  ver t ica l

steering information , this mode is the same as the CCRP mode.

The electro—optical (HO) weapon mode is emp loyed to deliver tele—

vision guided weapons on ground targets in either level or dive release

cond itions . This mode requires no processing in the implementing OFP

component. E0 symbobogy is displayed on the HUD.
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The ALT CAL mode uses f i r e  contro l radar (FCR) data , a computed D—

value, and terrain elevation to update the estimate of the airplane

al t i tude.  The 0—value is a measure of the  d i f f e r e n c e  between the sensed

air dens i ty  and the “s tandard day ” dens i ty  a l t i t u d e . The accuracy of

f i xt a k i n g  and weapon delivery func t ions  depend on the accuracy of the

a i r c r a f t  a l t i t u d e  es t ima te .

The FIX mode permi ts  the execution of the cruise energy management

tasks and associated tasks to up date  the aircraft position estimate.

Critical fixtaking tasks are executed in the appropriate weapon delivery

modes.

The Test mode is used to retrieve a maintenance fault tab le which

consists of all faults reported during the FCC self—test. It is also used

to initiate subsystem built—in—tests that interrupt the normal operation

of the subsystem.

The Baseline node has the lowest mission priority . It could be con—

s i dc r ed a “s t a n d by ” mode of operation. In this mode the OF? only does

the self—test tasks and essential navigation and control functions .

The OFP Stru cture

The construction of the OF? was imp lemented through a top down design .

The highest level contains computer program components (CPC) which repre—

sent the b u i l d i n g  blocks used to impiment the OFT fu n c t i o n a l  requirements

described on page 19. F i f t e e n  components have been i d e n t i f ie d  and are

l i s ted  in Table I (Ref 11) . Component  i n t e r f a c i n g  is accomplished by the

execu tive component and the sharing of data items . CPCs are partitioned

to form tile next design level.

The OF? is controlled by the initialization and error handling corn—

ponent , the system contro l component , the executive component , and the bus
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Tab le I. OFP Computer Program Component Descri ?t ion

Component Symbolic Number
Number Name Code Tag of Segments

l.X Executive EX 4
2 .X Sys tem Control SC 10
3.X Bus Control BC 18
4 . X  I n i t i a l i z a t i o n  & Error

Handling IE 5
5.X Navigation Support NS 5
6.X Fixtaking FX 17
7 .X Cruise Energy Management CR 4
8 .X Combat Energy Management CO 4
9 . X  Air— to—Air Gunnery CN 2

lO.X Air— to—Air Missiles AM 4
l l .X  Ai r—to—Ground  A t t a c k  AG 13
12.Y Stores Data Select SS 2
l3.X Data Entry/D isp lay DE 1
l4 .X  S e l f — t e s t  ST 1
15.X Support Utility SC 14

where N is reserved for the segment number

*Segment Definitions are found in Appendix B.
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control component. The initialization and error handling component assumes

program control  on power up and following the detection of certain hard-

ware and software errors . The system control component contro ls the mode

dependen t task execution. The executive provides primary interface between

components. It schedules the execution of time dependent tasks and ser-

vices interrupts . It interleaves lengthy , mission—directed tasks with

shor t, periodic service tasks . The bus control component controls the

NUN buses and the input/output data flow .

The navigat ion suppor t component , cruise energy management component ,

combat energy management component , and the air— to—ground attack component

implement the associated FCC functions and prov ide data for the I-lCD . The

stores data select component , self—test component , and the support ut i l i ty

component implement the respective OF? functions . The fixtaking component

implements the fixtaking functions and provides the mission planning func-

tion of range and course identification. The air—to—air gunnery component

provides the implementation of the air—to—air combat functions as they

relate to the solution o~ the lead—computing optical sight algorithms .

The air— to—air combat functions that involve the computation of the dynamic

launch zone for effective air—to—air missile launch is implemented in the

air—to—air missiles component. The data entry/disp lay comp onen t sa tisf ies

the data entry/disp lay functions , the mission p lanning f unc t ions related

to data storage and data search , and the self—test function of test result

disp lay .

The second design level is called the segment level. Segments repre-

sen t the executable portion of the OF?. A segment is the smallest parti-

tion of code that can he scheduled or entered through an interrupt. Func—

t io n a l l y re lated segments are divisions within a component. Segments of

the same component are scheduled within the OF? at a frequency that will
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insure comp lete OFP mission effectiveness . A segment is, ther efore , an

OF? “task” or “job .”

There are three general classes of interrupts : periodic , external ,

and error interrupts. In normal operation , error interrupts never occur.

A 20 millisecond timer provides the periodic interrupts. FCC task sched-

uling is based on this interrupt. Each 20 millisecond period is called

a minor frame . A data bus interrupt occurs after each data transfer

period. A softwa re interrupt is signaled to the executive dispatcher after

each executive controlled task is completed. External interrupts occur

after an infrequent data transfer fault and at the completion of an analog—

to— ~i~~ita 1 da ta  conversion . A bus  da ta  t r a n s f e r  f a u l t  is serviced by the

bus cr~ntroiler.

The OFF logic relies on t h e  mode d e p e n d e n t  s chedu l ing  of tasks and

on the structural design of the OF?. The s t r u c t u r a l  design consists of

si r i o d i c  “t i~~e sli cc ’’ t a s k s  fo l lowed  b y ‘‘ :r,l in loop ’’ tasks. > 1 1 in  loop

tasks can be cons idered to be “~~iek groLlnd ” tasks. Tim e s l i c e  tasks are

executed immediately following the timer or clock interrupt. This time—

dependent  s c h e d u l i n g  is accomp l ished b y the execut ive componen t .

The t ime s l i c e  t a sks  are d iv ided  in “ r a t e  groups .” A rare group is

a l is t  of tasks  which  are grouped b y f r e q u e n c y  of e x e c u t i o n . The r a t e

groups  ar t  named by t h e ir  frequency of exe cution , i.e., 50 liz , 25 Hz, 12 .5

liz , 6 . 2 5  lI z , 3 . 12 5  H z , 1 .5625  lIz , and t h e  1.5625 Hz offset rate groups.

Short , p e r i o d ic  s e rv ir e  t a sk s  are scheduled in the  r a t e  groups by a sys-

t em c o n t r o l  segment at a rate to satisf y the subsystem r e f r t ’ s i i m e u t  require-

ments . In the model “TS ” is used to indicate 50 liz tasks , “Ru ” is used to

ident if y th~ other rate group asks , and “ “  is used to refer to main

loop tasks .
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Each tine slice interval contains time for the execution of two rate

groups . This permits a balanced computational load as shown in Figure 7.

Each “X” in Figure 7 represents the list of tasks that are all executed

each time that rate group is scheduled. The interval shown in Figure 7

repeats itself every .64 seconds and is called a major frame . A major

frame is thus divided into 32 minor frames . Note that there are two

1.5625 Hz rate groups , each of which executes once in a major frame.

Three basic main loop configurations imp lemen t the OFP weapon delivery

functions : air—to—air missiles and gunnery , and air—to—ground attack.

These tasks require lengthy computations . Cruise energy management does

not require a fast execution rate and is assigned to a main loop task list.

The main loop tasks are divided into two repeating lists of tasks which

are called “tracks .” Each t r ack  a l t e r n a t e s  execution for a specific mode—

dependent time allotment. The executive component sums the execution time

spent executing each track and schedules tile r equ i r ed  t r a c k  to be executed

next.

Data Movement and Bus Control

Data transmissions are grouped into blocks of data. A block contains

all the data that is transmitted between two particular subsystems during

a specific rate group . All the bloc ks of a rate group arc divided into

input groups and output groups . Each group is assigned to its specific

rage group as a rate group task. Since it is desired that all computations

be made wi th  the most cu r r en t  data  a v a i l a bl e  and t h a t  the c o m p u t a t i o n

results be sent to the subsystems as soon as possible , the inpu t  t a sk  is

scheduled as the  f i r s t  task in each r at e  group  and tile o u t p u t  task is

scheduled as the last task in each rate group. If input data must he

f o r m a t e d , a task to accomplish the formating is scheduled immed ia tel y a ft er
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1—50 Hz inputs 5—X Hz Inputs
2—50 Hz input formating 6—X Hz input formating
3—50 Hz output formating 7—X Hz output formating
4—50 Hz output 8—X Hz output

Uhere X is the rate group scheduled to be executed  as shown in
~igue e 7. TS — 50 Hz tasks

RC — X Hz tasks
— Main Loop Tasks

Figure 8. I/O and Computation Sequence

the input task. Output formating , if required , occurs immediatel y before

the  ou t p u t  task. Thus the  sequence of opera t ions  w i t h i n  each minor  f r ame

is as shown in Figure 8.

A hardware bus controller is provided to increase central processor

unit (CPU) utilization. Tile OFP bus component starts the  bus controller

at the required time and the bus controller d i r e c t s  the proper  d a t a  move-

ment. The CPU then begins executing main loop tasks . When til e da ta  trans-

mission is complete , the bus controller interrupts the CPU and the rate

group tasks are executed. Onl y during actual I/O data transmission does

the hardware bus controller operate i n d e p e n d e n t l y f rom tile CPU .

Should tile bus controller detect a transmission fault on one of the

MIJX b uses , the other bus is used by the bus c o n t r ol l e r  to r e t r a n s m i t  the

last data block. If a second fault is detected , the defective data block
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is discarded and the data from the last good transmission of that data

block is used as the input to the current frame time dependent  computa-

t ions . All data received by the FCC is double buffered in order to permit

this capability .

There are three troe s  of t r ansmiss ion  on the  ~1VX buses , The first

type includes data block s  tha t  are moved between the FCC and an aircraft

or a FCS subsystem comp aent. It  also includes data blocks that are moved

between subsystem components. The second type of data transmission

arpears after ench subsystem—to—subsystem block transmission and is iden—

tif hr the suffix SAFE . For e:-z~no1e , “C(’f SAFE f o l l o w s  transmission

of the data block named “C02. T ?  SAFE tran.-inissions signal the receiving

subsv~~tem t E a t  i t  has received its last  da ta  word . It is a single data

word called a command word . SAFE transnissions are detailed in Table II.

The thi rd type of d a t a  t r a n sm i s s i o n  appears  in the  1.5625 Hz o f f s e t  ra te

~i- oup . These t ransmiss i en s are used to t e s t  the  i n te~~ri tv  of the Ml’X

buses and the Iiardw:lre bus controller. The c o mm u n i c n t i o n  formats r e q u ir e s

for diff e r ent data transnissions are shown in Fi.~itre 9. A data word is

sent every 20 microseconds. The con t ro l  and status data words are required ,

as indicated , to insure that the proper devic es have control of the MF:~:

bus. The gap tine duration for subsystem to  (or from) FCC communications

is between 2 and 5 microseconds. Tile gap time duration for subsystem to

su b s y st e m  communications is between /4 and 10 microseconds. There is a gap

t ime that is hidden in Figure 9 that exists hetw ‘n the data block trails—

missions . This gap time varies between 17 and 37 microseconds in durat i n .

The average for this last gap ti ne ’, however , is appr xinatelv 20 microseconds.

The data block descri ptions. .~re c o n t a i n e d  in Tabl e I I I .  Each d a t a  b l ock

is ident ified by name, word size , transm itt~~r , receiver , transm ission

duration , and rate group task to which the block is assi gned . These descri p—

tions are used in Chapter V to develop the I/O tasks.
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Tab le I I .  SAFE Transmiss ions  (Ref  1.1)

Name Rate Group Task Receiver

C02 SAFE 25 lIFT)
C03 SAFE 25 I k E
104 SAFE 50 HUD
105 SAFE 50 FCR
RO2 SAFE 50 s~is
R03 SAFE 50 HUD
kU-~+ SAFE 25 REO
S02 SAFE 50 HU B
S03 SAFE 1.5625 REO
S04 SAFE 50 FCE
ZOl SAFE 6 . 2 5  FCR

subsy s tem to subs’~s~~cm C~~ C j E ~ ~ 1D s L i B E s~L 1G~~~~

FCC t o  s u b sy st e m  CJ Data T ) Es c E  1 E~~~~
stChsvs L e n  t o  FCC ~~~~~~~~ S J n  Block ’

~iiere : C — c o n t r o l  d a t a  word

S — s t a t u s  d a ta  word

C — variab le gap time

Figure 9. D~~t,i U s i  d T r , i i y e m  i os ion  Formats
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Summary

The OFP is a software program that performs primary aircraft mission

func t ions . These func t ions  are assigned to modules of the OFP called

Computer  Program Components ( C P C ) .  The CPCs are composed of segments.

Segments are tasks that are executed at rates sufficient to satisfy sys—

ten effectiveness requirements. Short , service segments are scheduled

as tasks on a regular , periodic basis through the use of a repea t ing  list

(or queue) system . Lengthy, mission directed segments are scheduled as

main loop or background tasks and execute during input/output (I/O ) data

tr:insmissions and following the completion of the service tasks .

All the tasks that the OFP executes are stored in the  FCC memory .

An executive contrsis the scheduling and execution of the  tine dependent

tasks. It respond s to a timer interrupt. The duration between interrupts

is 20 miJliseconds and is called the minor franc . All time dependent

t : ) - e k 5  have ex~’cuted at least once a f t e r  a major  f r ame . A major  f r ame  is

12 minor frames in length.

Main ioop tasks and their associated service tasks are scheduled

according to one of the  f i f t e e n  OFP modes of op e r a t i o n .  These mode depend—

ent tasks are  a c t i v a t e d  by the sys tem cont rol  component and are assigned

apriori to execute at a specific rate or are assigned to one of two

repeating queues as background tasks . The t a s k  i n t e r a c t i o n  is dep icted

in F i g u r e  10. The queues in Figure 10 c o n t a i n  the ind ica ted  l i s t  of

tasks to be executed by the OFP.
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V. DESIGN OF THE SIMULATION MODEL

This c h a p t e r  d iscusses  the temporary  en t i t i e s , events , subroutines ,

and spec ia l  f e a t u r e s  of the d is cr e t e  event s imu la t ion  model used to emula te

the F—16 fire control comnu ter operational flight program . The model

ach ieves  the goals listed in Chapter I by simulating the OFP at  the segment

or task leve l fo r  a l l  OFP modes of opera t ion .

Fhe approach was to develop a simplified version of the OFt’ that would

accu ra t e ly  schedule the 50 lIz tasks for  onl y one minor f rame and in only

one -o2-~ of 0:-oration (tI:e DOGFIGHT mode was chosen) . The model was then

ennanced by adding the other rate group and main ioop tasks and extending

~b s n :; L’r of minor f rames  t ha t  were s i m u l a t e d . The scheduling of the mode

~~~en d c n t  tasks was the final feature included in the model. All segment

at tributes are described by deterministic values. Cormnents were included

to  provide a s e l f—documen ted  source program , and the event names and

n-S~~~’s were chosen to r e f l e c t  the names used in  OFt ’ documentation .

The pra;4ram source listing appears in A ppendix B.

An indented sentence structure wa3 used to increase code readability .

C o n t i n u a t i o n  l i nes  were indented , as were the conditional lines resulting

from IF S t i t s C e O t s .  Groups of comment l ines were set o f f  by th e use of

boxes, and all minor comments were placed after column 40 on the source

program card , as needed .

,\~ show n in Chapter IV, the OFP is a network of interacting queues.

Tasks in these queues are executed on a r ecu r r ing  schedule . Because the

two main loop t r a c k s  arc r epeat ing  l is ts  of tasks (s tored in a queue) , there

is never a time when all the system queues are empty . This permits  the

combination of the task “arrival ’ and task “departure ” event s discussed
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in Chapter II. Figure 11 shows the basic concept  of the  combinat ion  of

these events.

The “Enter ” point is reached on an interrupt (timer or bus controller)

or at the app l ica t ion of sys t em power.

Lemp orarv E n t i t i e s

In the simulator the 50 Hz tasks are given the name TS.J OB The TS

is to designate a 50 Hz time slice task. Tasks from other rate groups

(H G) arc called RG .JOBs. The main ioop (~‘fl.) tasks are named ~-ff~.JOBs.

Each task has the a t t r i b u t e s  of normal service t ime  (** .SERVICE) and tasks

n eC-c (** .N A ML ) . The service time is t aken  f rom the typ ica l  execution

t ime d esc r i p t ions  of t he  P r o d u c t  Spec (Ref  11) and is a f ixed value t h r o u g h —

out the sim u lat ion . The task name is an alphanumeric code. Only 10 char—

act era arc available for the name due to the s imula t ion  language and the

host c o m p u t e r .  T h e r e for e , til e task name con ta ins  the f i r s t  10 charac te r s

of the pneum onic  code used in the P roduc t  Spec to i d e n t i fy  the  t ask  w i t h

the d e c i m a l  p o i n t  r ep l aced  by an “ X ” and the  s lash (I )  replaced by an “ I. ”

S i n c e  TS and RG tasks may be I/ O tasks , they have an attribute called

TS .BL O CK and y G .BLOCK respectively . I/O tasks allow the CPU to execute

main ioop tasks while the bus controller comp letes the I/O tasks. All I/O

tasks “b lock” or inhibit the selection of the  next task from either the

TS or the RC queue . This attribute is set to “I” for I/O tasks and to

“0” for other tasks. This attribute is set to “2” for tasks t hat  ire

scheduled only after a ce r t a in  background task  has executed .

the rate group tasks have an attribute that identifies its frequency

C)f -S e:-ut t n  ca l led QUEUE. Tasks are scheduled  according to the value  of

QUEUE , i . e . ,  a l l  (~.25 Hz rate group tasks have their QUEUE value set to

“6” and al l  of these tasks  are  comp leted when that rate group is scheduled .
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Comple t ion

Se le c t  the
Next Event

Fi gu re  11. Task “-\rrival” and “Departure ” Event Combination
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The QUEUE value is tile integer value of the rate group name . The QUEUE

value of the 1.5625 o f f s e t  r a t e  group tasks  is a “ 2” and the  1.5625 r a t e

group  tasks  are given a “ 1. ” The main  loop tasks have a s imi la r  a t t r i b u t e

called TRACK. Tasks w i t h  a TR-\CK value of “1” (“2” )  a re  assigned to the

first (second) main loop task list.

An entity called TASK is created to get tasks into the simulation.

f t e  [ A S K  attributes of NAMl -~, S E R V I C E , JB . BLOCK , and T.QUEUE are co mp at i—

bl e w i t h  the  executed *C JOB a t t r i b u t e s . Mai n loop tasks have a T .QUE FE

value of “5 1 ’ or “52” for  t rack 2]. and t rack 22 i n d e n t i fi c a t i o n  respec—

tiv el ,’ . This is necessary because tile 1.5625 and offset rate groups have

the vs Li:Os “1” and ‘‘2.”

An a d d i t i o n a l a t t r i b u t e  called D I SPATC H is used to i d e n t i fy  one of

the OF? nodes (see page 20) in w h i c h  a task is to  he executed . All tasks

are  r e i d  from data cards excep t  these scheduled  in a r a t e  group a f t e r  t he

co:-m~1C ’t ien of a c e r t a i n  main loop task. All a t t r i b u t e  values of a task

ar e  ~o f i n ~-d on a da ta  c a r d .  Tasks t h a t  a re  schedu led  in  a l l  “a i r — t o — a i r ’

modes and a l l  “ FCC a i r — t o — g r o u n d ” a t t ac k modes a r e given the DISPATCH

va l ues of “20” and “21” r e sp e c t i v e  l v .  Tasks scheduled  in all modes are

gi C ’ca t he VS J UC of “0.” A l is t  of task a t t r ib u t e  values appears in Append ix

B.

The me thod  of schedul ing  the p rope r  r a t e  group is achieved by r ead ing

t N t ’  r a t e  group e x e c u t i n g  order  f rom data  cards  and s a v i ng  tile order  in a

c i r c u l a r  queue cal led  GG .OR1 )ER . In a d d i t i o n  to the  50 Hz rate group, one

r a t e  group is sc lcc tcd  on each minor  c y c l e .  The s i m u l a t o r , t h e r e f o r e .  has

five first—in—first—out s& ts to c o n t a i n  tile r a t e  group s c h e d u l i n g  order

and the f o u r  types of tasks : T S . Q U E U E  ( f o r  50 Hz r a t e  group t a s k s ) ,  R G . —

QUEUE ( f o r  o t h e r  t a c k s ) ,  ML. T RA CK ( fo r  main  loop t a s k s ) ,  I N I T I A L  ( f o r

in p u t  t a s k s) ,  and RC . O RD E R ( f o r  the r a t e  group e x e c u t i o n  sequence)
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Events

Eight events are used in the simulator. The timer interrupt is emu-

lated by the event CLOCK . This event begins each minor frame and first

stops the execution of a main loop task , if required. Then it advances

the minor frame counter , FRAME , and at tile end of a major frame , it col-

lects some main loop task statistics . If a rate group task has not corn—

p ie ted , the s imula to r  ind ica tes  the e r ro r  b y ca l l ing  the  event TIME .OUT.

If the last rate group task has completed , the rate group statistics are

collected and t h e  r a t e  group g loba l  summation variables are set to zero.

The number of major  f rames t ha t  have executed  are checked to de t e rmine

t:ae end ~f the simulation. The next clock event is scheduled in 20 m i l l i —

seeonca and two mode initialization tasks are delete d . The arrival of

50 H z task is scheduled after allowing for the execution t ime r e q u i r e d

by the i n t e r r u p t  h a n d l er  of the  executive . A flowchart for the CLOCK

~~~ S ’Oilt is shown in hl gu re 12.

The events TS .TASK and RG. N\SK are c o n c e p t u a l ly  i d e n t i c a l .  They

sta rt and complete the  t i n e  s l i c e  ( i D  liz) and other rate group tasks .

M a i n  loop t a sk s  are f i r s t  i n t e r r u p t e d , then :i task is removed from the

assoc i a t e d  queue . The last job in each queue has a zero service time .

I N  is job is used to si gn u when a l l  tasks in t h e  queue have been executed .

A t u sk  i s  r - r o v ~-d f r o m  the  top of t h e  queue , t i le ser v i c e  t ime is  checked ,

un~i the r i~~ group (na l n loop) l i s t  of tasks i s  s t a r t e d  i f  the service

time t iua l~~~’o r i for a 50 lIz task (rate group t a s k )  . I f  the ser v i c e  t i rae

i s not r i - r e , the  same event is scheduled at t h e  t ask c o m p l e t i o n  L i  me . If

ii . IIL OCK a t t r i b u t e  is a “1 , ‘‘ a m a i n  i s op  t a s k  is b e gun . .-\ l  1 t a sks

ii returned to t h e i r  respect ive queues except tasks whose ~~ . [d OCK value

equals a ‘N’ .” For t -usha stored in the RC .QUEUE , only tricks w i t h  the same

vol u, in the  o t t  r i l - u t  e QI FUE arc removed d u r i n g  a r i  n or  frame .

L 
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The event RATE.GROUP removes the number to identify the rate group

tasks to be activated during the current minor frame from the queue

R G .OR DE R . The value is placed in a global variable , “X.” The global

variable is used by the events RG.TASK and CLOCK. Rate group summation

variable s are reset to zero prior to starting the execution of the rate

group tasks .

The even t MAIN .LOOP accomp lishes a similar function to the event

RATE.CRC-UI’. in that it determines which main ioop track should be e x e c u t e d .

S e a - u e : t i r u l l v , ch~ f o l l o w i r c s teps  a r e  ace o r r e l i T h a d  . An interrupted mr~in

lea , task is restarted , w h e n  r e q uir e~!. ~A-:-:t , two jobs are added to the

i--c slice queue if ti-ic mode is FIX (13) and the execution of track ~l has

c -mg l oc - od . If the mode is FCC air—to—ground attack and track 21 has com-

pleted , one additiona l task is added to the time slice queue . The next

track to be executed is selected based on the ratio of the time spent in

each t r a ck  thus far. Track 22 executes four times the rate of track ‘~1

for  mode-; 10 t h r a u g l i  15, and the tracks are  scheduled  equa l l y  for  modes

1 to 9.

The event ML .TASK starts and completes the execution of main loop

tasks . i t  completes a task by means of a subroutine called ~‘ff.COMPLETION.

A task with the correc t track value is removed from the queue ttL.TRACK .

The i~it ’ r rup t variables are set to zero . If the task service t ime is

zero  (ab i c h  i n d i cat e s  the  b o t t o m  of t he  t r a c k  has been r e a c h e d) ,  the  event

~t1d .L0OP is scheduled to s ee  if the system requires a change to the cur—

r o t  t r a c k  b e i n g  executed . The v a r i a b l e  MI~.FLAG is used to idontif that

a main loop t usk in he log se r v ic e d . ‘th e vs h u t  ML.H OL D is used to indicate

that a ma in 1oop t ask  has been l o t  er r u p t ed . The v a r i a b l e  ~‘IL .SAVE is a

global  l o c a t i o n  to save the  value of the task service time so that the task

c o m p le t i o n  r u n  he r e sch io du lc ’d  when a m a i n  loop task  is r e s t a r t e d  a f te r  being

intcrrupt d . 
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The event TI ML .OU T p r i n t s  an ou tpu t  message onl y if all r a te  g roup

trisks have not been executed when the timer expires . This event then

schedules ti-ic event EN D.SI M to s t op  the  s i m u l a t i o n  run . Th is event  is

only entered after a fault has b een de t ec t ed  in the  event CLOCK .

Sub rout ines

The r o u t i n e  di .C L i I T i O ~ t ur n s  ti -i c execut ion  f l a g  of the main loop

t usks ‘o f f , ” eva ’, sites (ML.HOL!u) the time spent so far in executing t h e

task s i n ce  it v-u s s tar t e d  or r e s t a r t e d , and adds t h i s  t ime to the t o t a l

t i ne (~-I . TOL\L) s o t - n t  in the current track .

The routine E X E CU T I V U  occurs only once d u r i n g  the  i n i t i a l i z a t i o n  of

tir e e :hc l  and t iNe s  the tasks t ha t  have been stored in ti-ic IdITIAL input

qu en e  and p laces  them in  their execution queues based ‘n the current FCC

opera t iona l mode. The va r i ab le  D I C N \ P l b  is used  to i d e n t i fy  the  t ask  and

mode compa t i b i l i ty . A t t r i b u t e s  of the  TASKs s t or e d  in 1NITIAL are equated

t o  the attributes of the tasks to be executed (~1L.JOB , RG .JOB , TS .JOB) .

i N c  ~ob order  of ex e c u t i o n  is c on t r o l l e d  b y t h e p lacers-n t of the  t ask

data card in the input card stream . The amount of e:-:ecutive component

overhead is supp lied in the form of :10 executed task (OFP Segment) . The

EO V ap ons ‘ro ds ( 11)  r e q u i r e s  a task  to  be re mo ved  f rom the e x e c u t i n g  r a t e

croun quell . Thi n task Is execu ted  in a l l  o the r  modes .

S~u e c i a 1 F v u t u u r c s

The t a sk  se rv ic e  t inca ir e  a h i  in m i  I i  i seconds  and the  s t a t i s t i c s  Lure

in m i i i  j s ’ ’ ’ n d o  Wh en  a I ask t emp 1 etlon ( d e p ar t u r e )  is  scheduled , it is

dons in ‘ ‘ x ’’ n u m b e r  of m l ii i se ’ond~ (~hbEC) .

l v ’  o n e — d i c r e n a  iou a i  •u r r a v c , RC and  HOLD , a re  used to col lec t  the  t i m e

( - ; t  it  i s t  i c r ; ) sp e n t  i t u  e x e c u t i n g  r i t e  group t asks . RC is  f o r  the  t o t a l  t i r e

42



— — — — —_ —— ____ ._ ..—_— ________ .__. —_— ___ —— — .—,_.__ —— _________ _ —_____ __.___ 

and HOLD is for the I/O time . These dimensioned variables use the value

of the last cu r r en t  r a t e  gr eun  (“ X ”) as the variable index. The value of

“ X ” is also used to add the d imensioned va r i ab le to the  proper  summary

variab le (for statisti cal computation) .

Tasks that- e:-:eeute only after completion of the 3.125 rate group ‘ure

— 
assumed t o  e x e c u t e  v i t hout  this  r e s t r i c t i o n .  This makes the scheduling

of these  t a sks  less d i f f i c u l t .  Other  s chedu l ing  s i m pl i f i c a t i o n s  include

t h ~ is IC tion c f  some miner tasks and the “wor s t  case ” approach  of r e q u i r i n g

all t a sks  to be executed in a give n mode even when the  t : u sk c  r equ i re  addi-

t i o n a l  c on d i t i o n s . A summary of such tasks  a re :  6 .1 5/FX PUPRC (50 Hz) ,

ll .ti/AC SIRA P and 9.1/CNINIT (25 Hz), l l . 1 0/ A C I N I T  and 6 .6 / F X D T C Z E

(~~~. 2T N :-r )

Some t i sk s  are :1st scheduled due to the e x e c u t i o n  of a s imi lar  task .

A u t , r ~~a t  ‘ b a l l i s t i c s  are  s u b s t it u t e d  f o r  :::arrrr:il b a l l i s t i c s  tasks ( 11.5/

AK \N da t :u  is assumed to he used in ti-i c FIX mode ( I  hI in place

of RA k\ R da ta  (6.  12 / F X P U P R I I ) ,  and RANGE da ta  is requ i red  i n  the FIX mode

instead si either HOME (7. 3/CRIIOM) or E N D L f t \ N C E  ( 7 .  4 / C R E D R )  da ta .

I~~
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VI .  RESIJLT S AND CON CLU S IONS

This chapter presents a comparison of the model statistics with data

derived from the hand calculation of the OFP statistics (without the model-

ing simplifications), arid from a statistical analysis (G.D. Report) pro—

viJed by hen;’r:ul Dynamics , the OFP manufacturer , for the Dogfight and CCIP

modes of o p e rat io n .

The effect of a long (800 minor frame) s i m u l a t i o n  run was tested and

the accuracy of t h e  I /O  t,ush~ was evaluated . The conclusions that can be 

re ~tated and suggestions for model improvement are discussed .

Verific ati on i~csults

The C . I ) . Repor t (Ref 13) results for the Dog fi: ,;ut and CCIP node are

cen t ii l ed  In Table IV .  The report does not document how these results

w er e  obtained .

h e  b urr-i  c a l , - u h a t  ion of the  OFP s t a t i s t  ies was made by following the

scheduling of OFP segments for t h e  first m inor frame after power up In

the two modes of i n t e r e s t .  The r e s u l t s  arc  a summat ion  of the  s c c m en t

e x e cu t i o n  t i m e  by r a t e  group. on frequency of e x e c u t i o n , as p r e s e n t ly

d o c u m e n t e d  ( Ref  11) .

The simulation was run for five major frarrrt’s (CYCLES ) in the Dog f i g h t

(DFC) mode (1) and the  d a t a  c t:- :p-’ r i s e n  appears in Table TV. The e x e c u t i o n

tines in t h e  t ab le  do not include t u e 1/0 tasks assigned to t h e  r espec tive

rate groups . A s i g n i f i c a n t  d i f f e r t - n r e  ap p e -u rs in some of the  r a t e  groups .

Ear t-x amp le , i n  the 3.125 Hz l a r k - - the C.!). Report m d  icatoS the execution

t im e to 6 .0  c i  I i i  seconds .  I t  ~S :1: ; .; t i r ed t h i a t  the presen t  dec uim, ’u r t a  t ion

(wh ich  is a o u r  o l d )  r ices not r e f l e c t  t h e  t u r k / q u e u e  rd n t  i on sh lp s  used

in tiut G .D.  Report.

4/4
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As an add i t iona l  check on t h e  model des ign , t i -ic simulation was run

for  the CCIP (5) mode. These statistics also appear in Table IV , and the

resul t s  are s i m i l a r  to the D o g f i g h t mode results.

An a t t e m p t  was made to ob ta in  the ac tua l t ime  of segment execut ion

from the softu-are test stand . However , the present program s o u rc e  l i s t in g

and the  orcsent AFAI. workload did not pe rmi t  t h i s  to be achieved . The

o u t p u t  of the model w i l l  be f a r  more accu ra t e  if the actual segment service

t ime s  are used in  t he  m o d e l  of the  task d e s c r i p t i o n s .

The model was run for  25 major  frames to d e t e r m i n e  the e ff e c t  of a

l~’n:cr  r u n .  There  is a d i sa dv an t a ge  to such a long simu la t i on  run and

that  is the requ i rement  for 250,~P1O o c t a l  words of p r imary  uc -mo r v  in the

h r - r t  computer . This is due to the  f a c t  t h a t  comp leted t a sks  are not

dest r - : - ---ed , b u t  are r e t u r n e d  no t h e i r  owner se t .  This  long run  did n o t

pr edr :ce  a si g n i f i ca n t  s t a t i s t i c a l  ch ang~e in the model  o u t p u t .  The length

of ta  is run  was chosen due to the  r o p o a  t i n - g  cyc l e  of 800 -
~~ - nor frames

(d 5 c-. -uj a r f r ;u ~~es or 16 seconds) as d e sc r i be d  in C h a p t e r  IV.

The ou tpu t  of the  s o f t w a r e  test  s t a n d  b u s  m o n i t o r  uni t  (B~ U) was

u se -h to ev a l uat e  the i/o  t ; u — r k s .  A comparison of t i t e  BMU measured (average)

i /O task execu t ion  t imes  and the  m o d e l  i/O tasks is show n in Table \T • TI-i c

model was modified to run for o n ly  one major cycle and to t r a c k  the  simn u—

h a t e d  t ime t b - u t  had exp i red  s i nc e  the last clock . This time wa s  output

nil  t e r  each 1/(1 tank. I t  was determ ined by t h i s  c omp ar i s o n  t ha t  the exe—

cut  h u g  t hire -~ fo r  t N t -  OFP mode d e p e n d e n t  t a sk s  n - is measur ed  by t he  hINU w e r e

d i f f e r e n t  f r o m  the c ioc u men ta tLo n .

Con e  i n  C t I ~~ fl 5

The model  d o t - ~ u t - h r  i c - v t -  a l l  t u e  g o h I a  e st a b l i s h e d  in t i r e  beg inn i n g  o f

th -n -LI --rh - : no defined in Ch ip t ~r I , ari d sh euu l d p r ov e  tn ’  he a sat is fan tory .
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u s e f u l  tool in the CPE effort of the OFP analys is . The ou tpu t  of the

model can be used to accurately predict the t ime slice and main ioop

exe - it ion t imes . hiow ~ or , this can only be achieved wi t h - i  proper input

d a t a .  T h e r e f o r e , more a c c u r a t e  OFP segment execut ion  times are needed.

The m o d e l  i s  a t r u e  r e f l e c t i o n  of the “do cumented”  OFP . The reass ignment

of ~a s k / q u e u r e  r e l a t io r sh i ps ( s t ep  6 in the approach of Chap te r  I) and the

subseqnn - rmt operation of the model to d e t e r m i n e  the impact  on the  OFP , is

i-a ft t - ~ the AC ’ user . The reader is caut ioned not to a t t a c h  more than

~c-ae r a l i s e d  si :n i f i c a n e e  to the model output until the  seg:- :ent execu t ion

: i-r e s  cr c  urdated .

he mode l m c i i i  a l w a y s  he a goed descr i p t i o n  of t he  OFP , p rov ided  the

e e c -  keeps :be task s c - c - v i e  c tic - m o and t i-i c task  e:-:ecuit ion condi t ions  c u r r e n t .

a task is added or d e l e t e d  f rom t h e  0Th’ , the user need only  i n se r t  or

r s -~om ~ t im - : us-u o cj a t e d  data c~ rn1 .

Su - m s t -i l:r- r e:w - :mcmt .-’

-r~ - ~ . m . :l- -pe rt proposed ;c r e a s s i g n m e n t  of t im e I/ O data t r a n s m i s s i o n

t a s k s  and - u r n - g r o u p i n g  of mb: - da t a  blocks t r a n s m i t t e d  d u r i n g  a t ask .  This

n-nh r - : i nc nc n t  is left as an item for further s t u dy .  I t  could be imp l e m e n t e d

using ru n I/Cu task queue and an event t o  s t a r t  nu t - i d stop I/O tasks . The

p r - C e n t  “block i ng” ,-i ttr ii--rtes w o u l d  no longer be required.

Tire C.!). Report also c o n t a i n e d  s t a t i s t i c s  on ti-i c main  loop.  Thes e

a t t t t -n t i c s werc- on the number of solutions per second and the  m i l l i s e c o n d s

per 0 :-s c u l t  i o n .  The g e ner a t i o n  of these p ar t i c ul a r  s t a t i s t i c s  is p o ss i b l e

in  s e v e ru l  w a y s .  A per second s t a t  is  t i c  could be gene ra t ed  by an c’Ve f lt

that is c i i  l c d  every second and onl y g a t h e r s  t h e  needed stati stic. Per

e x e c u t i o n  s ta t i s t ic s  c o u l d  he g a t h e re d  in the event ~l-\ I N .L 0 0 P . The model

genera tes s t a t  j u t  in s  on s o lu t i o n s  ( t u rns )  per ma jo r  f r a m e  ( Cy c l e )  and on

t r n i c k  execut ion  t i c - it - per m a j o r  frame .
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Anothe r  en hancemen t  would  ~~ to have t h e  unt ic iol change mode automaticall y.

This  could save a large amount  of t i ne  t ha t  is now spent  in e e c - r i  i ing the

source  pro-~r c:::. ‘t o o t h i e r  des i rable  featur e would  be to r e d u c e  the  r l i c - t c i m u t

of p r i m a r y  memor\’ t h a t  is r equ i r ed  fo r  a longer s i m u la t i o n  r u n .

- 
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APPENDIX A

Computer  Source Listing

This appendix contains a listing of the computer program and the data

cards used as input  to the  s i m u l a t i o n .  Var iab le  names t h a t  are summarized

by program block in the computer program output listing have been deleted .
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APPENDIX C

Lis t of Abbreviations

AA F—3 Office Symbol of the Advanced Sys tems Group

ADC Analog—to—Digital Converter

ADP Automatic Data Processing

AFAL Air Force Avionics Laboratory

AFIT Air Force Ins titute of Technology

AFL C Air Force Logistics Command

BMU Bus Monitor Unit

CADC Central Air Data Computer

CCIP Continuously Computed Impact Point

CCRP Continuously Computed Release Point

CPC Computer Program Component

CPE Computer Performance Evaluation

CPU Central Processing Unit

DFC Dogfight Node of Operation

EO Electro—Optical (Weapons)

FCC Fire Control Computer

FCNP Fire Control/Navigation Panel

FCR Fire Control Radar

FCS Fire Control System

G D • General Dynamics

HUD Heads Up Display

INC Iner tial Naviga tion Unit

I/O Input/Output (Data Movement)

LADD Low Al titude Drogue Delivery

LCOS Lead—Compu ting Optical Sighting
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ML Main Loop

MS Avionic Mission Software

MIJX Multiplex (Buses)

OFP Operational Fligh t Program

OTP Operat ional Test Program

REO Radar/EO Disp lay Set

RG Rate Group

SMS Stores Management Subsystem

SS Avionic Support Software

TISL Target Identification Set Laser

TS 50 Hz Rate Group, Time Slice

URT Universal Remote Termina l
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\ i (Block 20 cont ’d)
~event queue level simulation using SINSCRIPT 11.5 is selected as the desired
approach . The basic features of the F— 16 FCC and the OFP are discussed and a
descri p tion of the task movement in the system is provided. This description
is used to detail the various rate groups and their member tasks. The model
is verified by comparison against data derived from an actual system run and a
statistical analysis provided by the OFP manufacturer. The verification
process showed that all the original des ign objectives were met , al tho ugh
several areas of possible improvement to the model are indicated and discussed.
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