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SECTION I

INTRODUCTION

This report documents the ~ ‘- r ~nt~tative resvlts 
-
~~~ c:~ t~~ .~~~~

-

analysis of the computer r~~~~~~,~.ents of Device 2F11., F— 4A
Weapon System Trainer. The analysis was performed in 1975 ur~~ er
in-house research Task 5741 , Simulation Computing Techniques.
The information and data derived serve three basic needs:

a. Identification of total computer system reGuirements
of a typical modern real—time simulator/training device .

b. Base—line requirements guidance for future trainer
computer system architectural concepts being investigated in, an
in—house research task involving application of microprogramrr iinr -
techniques, microcomputer technology and high level languages.

c. Delineation of the fundamental analysis i~rcced~~ .1
steps necessary to adequately evaluate and define computer syste~requirements for trainers.

Device 2Fll2 was chosen for this analysis on the recommenda-
t ion and request of the Naval Training Equipment Center Di rec to r
of Engineering. There was a s ignif icant  independent need to
determine the minimum computer system and processinc rac~~irer~entsof this trainer when a wide—angle visual subsystem and ~ ci~~~t ive
maneuvering logic for a computer synthesized aircraft w€r~.� ~~~~~

The simulation requirements are in i t i a l ly  discussed in terrls
of simulation program processing requirements identified ii-. the
data compilations in the Appendixes. The computer processing
capability, as wel l as a realistic estimate of the prograrr .
organization and implementation , is subsequently derived f ro m
the program requirements. The results of the complete ana ysis
are provided in the Appendixes in the order in which the analysis
steps were performed .

In general , the analysis methodology followed in this report
is shown on procedural flow diagrams (Section 3, Figures 1,. 2 ,
and 3 ) .  Due to the accelerated nature of the requirement for th~anal ysis several of the steps indicated were either by—passed or
combined with other steps. Such an analysis methodclogy was
considered valid since the end results (as presented in the
various appendixes) were not intended to specify the Iet~ .~~~ddesign of a computer system - only the basic processing capabil-
ity requirements of the several CPU ’s involved.

5 F
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SECTION II

STATEMENT OF PROBLEM

Computer system requirements analysis involvi~d t~n~
mental steps : (1) identifying the total 2F112 WST simuiat~on
program processing requirements, including visual anf s”r.thetic
a i r c r a f t  capabilities; and (2) determining the size ~~ci capabil-
ity of a computer system that can meet the real—time nrccr~ r.
processing requirements.

The 2F112 WST specification in conjunction with a flight
r~-uth model provided the flight—aero simulation requ i m~nt: and
...he tactics simulation requirements. The visual subsystem re—
c-~ irements were derived from the visual specification for the1’112. The visual system computation and control mathematics
‘..~ re derived from a math model described in a NASA Technical

Note.1 The basis for estimating the program requirements for
the computer—synthesized target aircraft was also a rnat~t nc.,~cI

f~.scr bed in a NASA Technical Report.
2 Applicable excer~ ts

from these reports are also included in Appendix A.

A preliminary analysis was performed to determine the total
~.irocessing requirements for this device. This analysis indi-
cated that at least four processors would be required. An over—
view of the simulation functions which the trainer must acceno-
date indicated that the total simulation problem could be con—
-.‘eniently divided into four identifiable functional groups.
These are: ( 1) f l ight—aero simulation , ( 2 )  weapons delivery
simulation (tactics), (3) visual simulation and control , and
(4) computer—synthesized target simulation. This divis~on willjilOW the simulation programs for each group to be specified
and designed in a modular confi guration and analyzed in. a
relatively independent manner. Such a modular  approach w i l
facilitate future modification of the simulation program or
subprogram brought about by changes in the training r~quLr~’n~ n~ sor the addition of new operational equipment.

The nex t step was to determine if the total orocess:r.g load
cou1c~ logically be divided among four processors. This was
accomplished by allocating each of the four major  simulat ion
functiona l groups to a separate processor . A deta.~~ed c.om;. .~ter
system anal ysis was then performed. The details are ecscr~ bed
in Section III.

NASA Technical Note D—7304 , Description an~ Perfo’. t—~c~ of
‘.hiu Langley Differential Maneuvering Simulator.

2 .  NASA Technical Report N 6 1 3 3 9 — l 6 — R — 0 0 2 , An Adaj~ti~~ M~ neu-
vering Logic Computer Program for the Simulation of C/. doc
Air-to—Air Combat, Volume 1, General Description .

6
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The software routines (program moduleo) and instroction
estimates were identified for each function by ‘~sing ~fl’~ ~~~~~~~~~~~~~~~~ 

- :

ing techniques: (1) actuoi in~~tr u ct io o  cc~ n -r ~~o
trainer programs with similar requirements, ( 2 ;  detailec: ~~~~ ~~ -

al estimates , ( 3 )  reasonable estimaten ~~~~ e~~~~~ ni.r-~,contingency fac tors based on actual math models , ( c )  mathenori—
cal expressions, (5) processing algorithms and (6) ~mo’~ledgeand experience of the investigators.

In order to determine the ability of several computers to
meet the execution rates and processing requirements of the
various program groupings, a weighted average instruction exe-
cutior. time was calculated for each of the several cand ~~a t n
machines under investigation. The parameter , instruction:. ~~rsecond (or KIPS — kilo instructions per second), was determined
for each major functional program group (i.e., Flight-Aero ,
Tactics (weapon delivery simulation), Visual Simulation and
Interactive synthetic Target).

The flight—aero instruction mix represents an average based
upon the instruction mix for several operational fliqht train.—
ers. The tactics instruction mix was derived by aver-igimo a
variety of instruction usages in radar simulation , data link
processing, command and control , weapons simulation and wc~ p~o

delivery simulation programs.3 The visual subsystem and mte
computer—synthesized target simulation ins t ruct ion m*x~determined by tabulating the various type s of insti.~.c~. : -  oa ~~~~~

-

quired based upon the math model for these two f u n c t io ns .

To ensure adequate total system responses when a visual
subsystem is incorporated , the system solution rate ( fo r  the
flight—aero routines and for the visual control routines) was
selected as 32 times per second. Submultiples of 32 (i.e., 16 ,
8, 4, 2, 1) were assigned to other program modules according to
the required responses of those functions and the need to main-
tain mathematical consistency of various parameters among
severa l of the routines.

With a frame rate of 32 per second , the maximum time avail-
able per frame (or slot) is 31.25 milliseconds. Spare proces—
sing time was specified as 25 percent of the maximum time ava il-
able per frame (or time slot). The spare processing tir~c per
frame is, theref ore , 7.8125 milliseconds. This is to allow for
future changes in training or other simulation contir.genci~’s
3ccurring after delivery and acceptance of the train1~r. The;~.-
fore , the maximum time available in any tine frame for an;
processing under worst—case condition is 23 43 8 mil l iseconds.

3. Author unknown , Instruction Frequency-Comparison of
Different Types of Prog~ram Mixes , Table, Datamation, Dec. 1970.7
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Since FORTRAN IV was specified as the source programming
language for the 2Fll2 visual subsystem, an additional contin—
gency factor of 15 percent was applied to the vim’c.l 5 U : ~ ;t c:~
and synthetic target system instruction count. This was to
compensate for the additional code generated by the avera go
FORTRAN IV compiler as compared to the number of instructions
used on the average in assembly level coding.

Section III delineates in detail a discussion of the
methods and sequential steps of the analysis procedures. The
quantitative data derived from these procedures is presented
in the Appendixes.
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SECT~GN III

~~~~~ ~ROCL.~

INTRODUCTION

This section describes the method of procedures urod
est imat ing the sto rage (memory) and cor L put a t lo ra l  .ec~~i rer  ent s
fo r the real—time s imulat ion or -..hler of Device  2F 112. Tho
methodology may be e; .plo yed in de te rmin ing  the computer re-
quirement for any real- t ime .~nul a t ion problem .

The following paragraph s describe the techniques uoc f to
determine (1) computer system storage requirements , (.~~

) w c r~ ..t
case instructions executed , (3) instruction execution rates ,
( 4 )  percent instruction distrlhut.ion and usage , and (5) averace
instruction execution time capoDilit’.’ of the several ccm’ titers
under investigation. This infc~maticn is osed in sizir.~.

; and
configuring a computer system to sa~.isf y the real tim e si mu l a- -
tion problem being investigated.

The numerical data used in the 2F112 analysis for thL most
part is based upon knowledge and experience derived from exist—
i ng  training systems having similar simulation rent iremen.ts.
The computer analysis as described is ba sed on a weighted aver-
age instruction execution capability of the computer  s . v- t c~
under  consideration, and the est~ rrated worst—case real t ~~t2
program process ing requirements .  F igures  1, 2 , and s.o~~
the detailed mecha n ics of such an analysis procedure. Tne
Appendix tables summarize the quantitative results.

ANALYSIS SEQUENCE

The major steps associated .~‘ith the comnuter  an a l y s is  for
device 2F l l2  were a~ follows (the in fo rmat ion in perer.thes:s
af te r each step relate to the anal ysis sequences of Figures 1,
2 , and 3 ) :

a.  Estimate the module s ize , data and cons tan t  st erags
requirement for each program module ~Figu re 1, 2 , steps 1.1.1 ,
1 1.l.1 , 1.1.1.2 , 1.1.1.4 , 1.1.1.6 , 1.1.1.7 , 1.1.1.1.1).

b. Fst imate the ~~ rs~~—case ins t ru c t ion  count for each
program module (Figure 2, step 1 1.1.6).

c. Determine the computer solution or i t e r a t i o n  r.~te for
each program module (Figure 2, step 1.1.1.8).

d. Determine  the processinq r eq u ir e m t a ns  for  th~ totals imula t ion  problem (Figure 2, steps 1.1.1.6 , 1 .1. 1.8) .

-- ~~~_ _~~~~~~±. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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e. Derive the percent usage factor for anch c imsa of

~.nstruction . This must be done for each of the :tator sirula—
t or. f unctions (Fl ight—aero , tact ics , visual , etc .)  (Fi~ i .i~ 2 ,
steps 1.1.1.9 , 1.1.1.10).

Determin e computer ar dv ;a i€ ~ con f i gur a t i o n  which wil l
cct~~sf y the performance requirements as determinen b’.’ ci . aacve .
A. ;sign program functions to each processor (Figure 2 , steps
1.1.1.11, 1.1 .2 ) .

g. Determine the computational workload per processor ,
(av ~ nage number of instructions to be executed per second )
~.hich is the sum of the products of the worst —case ins t ruct ion
count/module and the corresponding iteration rate (Figure 2 ,
steps 1.1.1.12, 1.1.2).

h. Perform a time slot analysis to determine ~f the nrc-
cessors being considered have sufficient processing capability
to sa t i s fy  the timing requirements on a frame to frame basis
(Figure 2 , step 1.1.1.12).

A series of flow charts are presented to i l l u s t r a t e  the
sequential nature and steps of the computer program design and

~ystem analysis procedure . Figure 1 presents the Level 1 flow
L.~gram of the analys is/synthesis process. Figure 2 has been
expanded to Level 2 (the nex t lower level o f  breakdown ; . The
i n i t ial activity shown in block 1.1.1.1 of Figure 3 (an expan-
sion of the Level 2 diagram) involves organizing the overall
real—time simulation program. All computer functions are
allocated to various modules (routines) which comprise the
comnie te  program . A module mall consist of one or more routines .
The ent i re  simulation program 15 compo sed of iden t i f iab le
cc: duies which can be fl ow charted , programmed or coded) and
debugged as separate logical entities (Figure 3).

The analysis of a compu ter system to Satisfy srecified
perf ormance criteria is conducted in a we l l—def ined  sequence
of steps. These detailed stegs are indicated in Fic;cre 2 ,
Anal ysis/Syntheses Process — Level 2 .  The ini t ial  step in the
t~rocess is the organization of the overall computer p rc cram

b1cc k 1.1.1.1; as fur ther  delineated in lower level fc nct i on c l
breakdowns in Figure 3. The sequential steps of Fi/l~~~ 2
cor related wi th  the column headings of the tables  ir. Ac.~~r.dix
B. These tables summarize the results of all analy sis  s tops
shown in Figure 2 , Block 1.1.1.1 which is further e x s .  led in

.~~ccks 1.1.1.1.1 , 1.1.1.2 , 1.1.1.6 , 1.1.1.7 and l . l . l . E . Co rn —
n i e t i o n  of these steps establishes the program perfoc:cc ce and
processing requirements which the selected computer h~rdware
ru s t  he capable of handling .

10
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Che scccnci significant step in the analysis sequenc e is
to nor.ermine the relative capability of computer hardw.~re c —

to~Jc.rations to process the program involved and r o c€ t  the ~:r-
gran . performance requirements derived during the i ni t i a l  s tep .

The instruction repertoires of general purpo se di-g tal
computers selected for trainer applications have exccut~. r.
speeds which can vary significantly among instruction types.
As an exampl e , an ADD—type instruction of one computer -a~require only 1.5 microseconds for execution and a MULTIPLY—ty pe
may require 5.5 microseconds. Whereas , another computer may be
capabl e of executing ADD-type instructions in 1.2 microseconds
and MULTIPLY—type in 6.75 microseconds.

In order to normalize such variations from machine to
.nchine and be abl e to compare two or more for execution capa-

b i l ±t y, the actual computer hardware execution times are weicht-
ci by a percent—u se factor representing the frequency each in-
~truction is used in the program . This must be accomplashed
for  each computer under consideration.

The percent—use factors (program instruction mix expressed
a percentage) for each of the major program groupings

( f l i gh t , visual , tactics, etc.) that were applied in the anal’;—
sis of the 2F112 trainer are shown in Tablo 1. To afford a con—
ais tent compa ri son , the same list of classes of ins t ruct ion s
were used for  each major  grouping.  However , pe rcent—use fac tcrs
vary  between the major groups because of the nature of the
rout ines involved . This normalization process provides a rela-
t ive weighted Average Instruction Execution Time (A IET ) for each
cc,:.nu t er being considered . The tables in Appendix C present
t ha s  data fo r the three (3) different computers considered
dur ing  the 2F1l2 analysis.

C A comparison can then be made between the program merform-
acre  and processing requ irements  shown in Appendix B and the
ca0.c.5Ji1it~ of each of the computers being analyzed as shown in
A-ipe:.dix C. Table 2 summarizes this information for Device
2 F l l 2  from Appendixes B and C .

PPdP RAM ORGANIZATION AND PERFORMANC E REQU IREMEN T S ANALYSIS

The mcc :u ie  sr :’e , data and cc z-.stont storaqe requ i rements
:n r each fu n c t i o n a l  group was determined by one or more of the
P i l ow ing  methods that relate to the math models presented in

;~~ ndix A. These data were used in constructing the Tables
of  Appe ndix B.

a. Code the various nodules in a given an s emb l y  language
for a representat ive machine and tabulate  each type of instruc-
tion used. These latter data would be needed to construct

14 
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Table 1, Percent Instruction Mix/Usage. Portions of the
f l ig h t— a e ro and tactics sumu~ at~ nn function were dc~tc.tv:n.-C 0
th is mar.ner, based on recently developed ti-a L r . i n g  s -~ cro r - s ~tr.similar requirements.

b . Compare the f un c t i on ~~~-,..c be perforr ,ec in eac .~ .rc-~cle
with common functions in similar training system n~ o~ ~~r .  modu les
and use the instruction count , data and cons tan t  cc’:rt an — ~
instruction mix of toese si0.ilar routines.  This r~ -th- : .i ~~~ •0.4ed
in determining the storage (memory) requirements and instruction
mix for portions of the flight—aero and tactics simulation
fu nctions.

c. Estimate the numbers ama types of i n s t ruc ti-ans , dato
and constant storage requirements based upon math models (Appen-
dix Figures 4 through 7) and apply an appropriate cont inqenc ’~fa ctor to each of the se estimates to account for un c er t a i c t  es
in the estimating process . This method , in con j u nct :~~ . w ith  uco
procedure described in Appendix A , was used to dct~cc:. . . . , - the

— 
. storage requ irements and instruction mix for the n~ ss:1e tra —

• jec tory simulation , visual simulation and synthet ic  target
simulation functions.

The accuracy of methods two ar.d three obviously. dep -cds
upon the experience and judgment of the individuals er f ~~r~~~r c
the analysis . Nevertheless, sucri methods are er .c’.’c~-. ‘P
time does not permit coding of all  modules ~or a l l  t a r p  t CC.’ -
puters under investigation. It gives an indicat icc . - cc pro-
gram processing involved and potential problems in siziag
memory.

The es t imated storage recrarrements for each naTor simu l~-t ion functional group are tabulated in Appendix B t a b l es .  The
summation of the instruct ion count of each iden tr ’ ;ed r - -~ t ir•e .
including appropriate contingency factors , cor.st~’r. c ccc data
counts for each module , determanes the total stora~TE . mem ory )
requirement for that major  func t iona l  group.  Ta t -  .i
a 10 percent contingency factor was added to each module f r —
struction count to allow for est imating errors due to c \ -er~-.igh t ,
changes in training requirements and the like . Sin ce  F~ RTR.~.’. :v
was specified as the programming language for the 2F 112 vi-sual
sy stem and in teract ive  synthetic tarcoct simula t ion , an add i t ion-
al 15 percent was added to each module ins t ruc t ion  cocr.t for
those simulation functions to account for inefficiencies in the
code generated by FORTRA N compilers as conmared to cc u t ia l - S
coded in assembly level language .

In order to allow for f u t u r e  expansi -’n , space n-~~noi  f c c
Devic e 2 F l l2  was specified to be not less than 25 ~ercc nc of
the installed n~ mory.

15

. .

~ 

•~~~~~ . . .~~~~~~~~~~~~~~~~~ • .  ~~~~.



NAVTRA~QUI PCEN 111-2 62

~O 1~ST -CASE INSTRUCTIONS EXECUTED

In determining the time required to execute nh: ‘~ cior’
orogram modules, it is necessary to determine the worst-case
r.ur:.ber of instructions of each module which  are in- cnll y
possible to be executed in a sin gle  pass th rou gh the routtne .
This is usually determined by examining the various qa t a r
a detail flow diagram constructed for each module (Figure 3,

• 1.1.1.1.3). The longest possible path which can be traversed
in a single solution frame will provide an ind:cation of the
worst—case instruction count. This instruction count , deter-
mined by methods previously discussed , can be either less than.
or greater than the total number of instructions co~.ipri sir.g the
to tal module. From a t iming po int of view, the worst—case cur.-
bers of instructions to be executed per pass is of pr imary
interest for this analysis .

The worst—case instructicri execution counts for the fi
aero and tactics simulation functional groups for Device 112
wt~re derived from past experience and other trainer pracrarsc-ltd similar processing requirements. The worst—case instruc-

~~cn count for the various flight and tactics modules r a n-ed
fr o m  0.1 to 10.0 times the module instruction count. The worst-
case instru ction execution counts for the visual and synthetic
target simulation functional groups ‘~~re estimated to be 1.0
(i.e., every instruction of each module would be e:-:ecuoed per
;ass per cycle (or frame)). The worst—case instruction. counts
for each module of each major simulation functional group are
listed in the Appendix B tables.

INSTRUCTION EXECUTION RATE

The highest execution rate for Device 2Fl12 was selected
to be 32 times/second . The basis for selecting this executroc
rate was influenced by several factors which are : (1) design
basis ai r c r aft  performance , ( 2 )  f uture p er fo rmance  considera—
tior.s, and (3) minimization of overall simulation s’isterc time
dela’; and subsystem time lags. Submultiple rates of 32 (i- .e.,
16 , 8, 4, 2, 1) were assigned to other program modules accord—
ing  to the requ ired responses of those modules.  Execution
time must not exceed total available time in a solution frame
(minus 25 pe rcent for spare) in order to provide val id system
stability, simulation performance , and minimization of overall
simulat ion system time delay and subsystem time lao .

Detailed studies4’5 perfcrmed on real—time digital simu-
l at ion of aircraft flight have established the criteria t hat  a
digital computer solution of the aero—fl~ ght equations should

4. Moore School Report ~~~~~ Lr.iversity of Pennsylvania , Simu—
. at i a n  of a Supe r sonic F i g h ter  t r ~ ng a Di g i t al  Com p u t e r .
5. NAVTRADEVCEN 594 — 1 , Analog—Digital Computers for Rea l -Tine
Simulation.
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be :ï~ad~ at the rate  of cc: l t - ~~: n’r.~ir~ 20 t I P I C S the hi ch a t
na tur a l fr ec~uecc y of rhe ~art . ~.i .ac  ai rc r~ f r
tron . The same criteri~ shocia  cold fo r  • -

~~ o’.P~e
for real—tim e digital control ~ac procesc.~ r I .  Oe’~,,ut~’r or. •~~~
d ynamic parameters ~~~~~ :L s; 1. cu ct.’ ccch 1~~~ r S L .  ~c
occur at rates of not less than. 12 to 16 times per tt. :or.d
order to preclude instrument jitter and/or oscillau.I.on for step
changes in output data.

The min imum real—time execution rate required by the total
s mulat ion program (expressed as instructions per second ( i P - ) )
is the summation of the product of the worst—case instruction
count for each module and required solution rate for that
module. The tables of Appendix B list the program nodules
with assigned solution rates for each of the various simulat:cn
functions. Separate tables provide the minimum real—time simu-
lation execution rate fur each major simulation functional
groups (i.e., flight—aero , tactics, visual system , s’mthetic
ta rget) .

PERCENTAGE INSTRUCTION DISTRIBUTION

After the total instruction count per nodule and the fre-
quancy of usage of the various classes of instructions (e.g.,
add , subtract, multiply, divide , etc.) have been tabulator ,
a percentage of each instruction type used in the ~a . u c~
zion program or function is cocruted and tabulatc.e. t s r
accomplished during the course of the 2Fll2 anaiysi~ u~ icg
information derived from procedures described in Apnendix
Table 1 provides a summary of the percent usage of various
classes of instructions considered in the 2Fll2 analysis.

COMPUTER PERFORMANCE AN1~LYSIS

AVERAGE INSTRUCTION TXECCTI ON TIME (AIET ) . The percent usage
of each instruction type corresponding to each major  group
was used to compute the average instruction execut oa t..~me
in microseconds for the various computer systems being con-
sidered for the 2Fll2 simulation task.

The AIET was calculated by imaltiplying the percent utace
of each instructior. type in the program of each major c ro ,~a
by the execution time of the instruction as implemented in.
hardware in the computer being analyzed . The sum. 3± tao in-
dividual products provides the weighted average instructicn
execution time (in m..croseconas). This was repeated for cad -.
different computer under consideration for each percer.t raix
for each major group. Each AIET was converted to an ogunva—
lent Instruction Per Second (IPS) figure in Appendix C Tables.

17
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TABLE 1. PERCENT INSTRUCTION MIX/USAGE

Instruction b’light— Tactics AML* Visual
Type Ae ro Targe t

Load 0.170 0.224 0.315 0.287

Store 0.096 0.133 0.187 0.132

~\-~d/subt 0.170 0.096 0.110 0.170

• Muit ibly 0.060 0.068 0.176 0.151

~ . 1uC 0.006 0.007 0.011 0.031i

0.074 0.016 0.007 0.013

— 

or1i.t(5 places)~~~0.1~ 0 0.091 0.029 0.031

- -  •~~~~~~ • 0.020 0.046 - 0.060 0.054

tic 0..~30 0.147 0 .l~ -5  c . l2 l

0.007

• -
. 0-  e~; 

(~pfls —— — — -— - — —

-~ s .L3 4 0 .0 13  ——
nr a r . s c r  of 0

I 
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A tentative selection of a computer rv~ tem can he based
in. part on the results ohtair,ed as indicated above . ‘hra~e
computers whose AIET ts greater :can. the nime romr r t 3d i r
tables of Appendix B are obviously incapable  of ha r1cl~~r1; t a .
min imum real—time simulation p:-o-~ram proco-;s

.i :-.a rE~eu 
- - - n - n i  -,

and must be removed from furthe r consideratior . . If , ci the
several computers being considered , there is no sta- 1e 2r’rr-
puter whose AIET is equal to or less than the required AIE ’T ,
then consideration rust be given to dividing the rtai—r me
simulation program among two or more processors or computers .
Preliminary 2Fll2 computer analysis indicated that more than
a single processor would be required . Consequently, the
2F11.2 simalation task was divided into the previously :ce r . t :_
fied four major functional groups. Each was assigned to a
separate central processing unit (CPU). A summary of the
2Fl12 real—time simulation processing requirements and the
execution capabilities of the several computers is provided
in Tabl e 2.

The analysis indicates that there is only one a’.-~ ~~.ab1e -
•

computer system which provides the processing capability re-
quired to satisfy the 2F1l2 (with visual) simulation problem
(SEL 32/55). The Interdata 8/32 with lookahead is deficient
for the tactics group. A feature of the 8/32 lookahead capa-
bility for increased processing ~arformance is the crc of a 

- •

cache memory. This lookahead feature of the I r .t c r d a t~. P , 3
cannot be used to its greatest advantage ir a rea1—t r.~ cic.-
lator such as Device 2F112. Since up to 23 percent (fru:.’
Table 1) of the total instructions will be Branch—tI--re , thi~will result in aborting the advantages of the lookahearl
feature a portion of the time. Interdata 8/32 technical

information6 states that for branch operations outs dc the
cache the additional execution time penalty car. vary from 0
to 0.54 microseconds with 0.2 microseconds be:cg a reasonab1~jtypical case. For the 2F112 analysis, the 8/32 execution
time (Appendix Tables 8 through 11) was determined by averagmnc
the branch times of 6 branch type instructions and adnir1g 0.2
microseconds to that average.

TIME SLOT ANALYSIS

The tables of Appendix B ash the precedir .g cc.sc-,~ssicnsshow how the mjxiimum program processing requirements for the
2F112 were derived . This derivation is based on the execution
time of all modules being averaged over a full second. This
facet of the analysis determinec the initial processing and
storage capabilities required of computer hardware.

6. Interdata Corp., Model 8732 Processor User ’s Manua l, 1975.
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However , since reaL—t ime s:mulation n c r  a exec it.r-r,
ir basically an iterati’:e sec.uence of event-~ ~ :taini L .. non—
outer , ~.t becomes necessary to •~.~.-~a.L ’/7~e ~~~ - t a ’ ;r ,vi ~~
ments in .  another level c-i d et a i l  to select ~r :c,’ J n er  :- aro~~are
that is fully capable oi :.1eetir•~ the procrF •~~” -~ ‘):i~~ ‘a-
ments per frame. This more detailed capability is ue fmin ’c
on the basis of a time franc analysis .

For the 2F112 the’ highest frame rate for a’ nun
is 32 per second . This translates to a rerio i of ~l.25O rrilli—
second s per frame . Since 25 percent spare tine per frume ;r-,-:.er
worst—case processing conditions was specified , only 23.438
mil1~~aeconds are available in each tire frame for nroceusirc
all modules assigned to that time frame .

Each module (or routine) iS ars~ cn od for execution in
specific time frames (e.g., the modules required ta ha e:-:ecuted
32 times per second rust be assigned to every frarn u , rnL -.~~ e

be executed at 16 times/second will he ass igned to ever’- rth -~rf rame , etc.). The assignments of each modu le-  of  each r aj o r
functional group for the 2Fll2 analysis are indicated in. tables
of Appendix D.

The worst—case execution ttau of each module is camput~ d
for each assigned time frame . ~Thi s worst—case tir e is the-
product of the worst—case nur.h r of Lnstr cc t ic : .s  to b~:
cuted. per frame and the weighted AIET of the crrpu:er r. -ia c
analyzed . All times calculated are Su:TiTCd to dcter -.mn :-
total execution time for each frame . These individual sur e
represent the worst—case execution time for the mndrv id. n.’
time frames and must not exceed the available time per trace
of 23.438 milliseconds.

A prime objective of th:s facet of the r~’e:au1 anul si5
is to minimize the worst—case ‘rime per f rame . Th.r
za t ion process involves a s tudy  of the a r n :~ n’-en.cs of each
module and the con t ribu t ion  of each ~odul . to the ~nu a l  t:rE
per frame . Some reassignments can be made to reduce ~~~~
worst—case time per frame . However , if it is rh ysicall” in-
~~O S Sj .L C to assign tte various modules in such ways as to
red~ ce the worst—case time to within the allowed time , ar,00hE--
computer (or a more powerful computer) is indica ted .

The allocation of the p r o e r u m  modules and the r ee u l ts  of
the time frame analysis for Device 2F1l2 are srunwn in Anr4 rd:.-:
D , Tables 12 through 2 3 .  It should be noted  t h a t  th e
maximum usable processing ti re ncr freno is defined ta ne frame
time minus the spec i f ied  25 ne rcan t  sn a c o  orocersi :c  o~r.c . It
is conceivable that a more onti;oum (in, pmocessinc . t:nt ) alIcca-
tion of program modules ncr tine frame could ex i s t  than the one
selected . The allocations used in Apoendix D indicate that the

2 1
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enecified usable processing frame time requirement could be met
with at least one state—of—the—art anu available computer hard-
ware (i.e., System Engineering Laboratories Model SEL 32/~ 5)

Several iterations of assignme-nt~ were required to finally
aerive the module assignments shown on all tables of Appendix
D.
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PFCTOD N IV

J~~~ T. ~L , D  ~~~~~~~~ 
- -

The procedures and mcrho~ cla~ v tn.at won u -~.-d t’~ d~ r e-n-
mine  the computer s~.ced aua sroi~iqe re (iu:rcmc r,os for Lec’ice
2Fll2 WST with a wiu-c—an gle visual system. are descri”--ed and
documented in this report. The met~-’odol ,v  described -rll owa
the eng ineer to determine the- computationa l r--ouirer . ..~ s
(average  number of i n s t r u c t iono  to be executed per secor.d)
for the total simulation problem. Should the computation
load exceed the capabilities of available stare—of-the-art
processors , the anrlys~ s procedure illustrates an -terraced
to solving this computer loading problem hr judiciously dis-
tributing the required simulation functions among several
processors . It should be noted that the initial computation
load is based. on the executton. time of all modules cornycis-
ing the total real—tim : si-:-ulat ion Program boir,g an’o:i.~-~-i
over a full second . The next level of deta I deacrlll~-u is
the time frame analysis. This analysis is used to deue :mmr:c
if the selected computer harcl~.-ure is fulL’ canabie ci r~ eain~the processing time r e qu i r em e nt  on a per frame basis.

The analysis method described in this report is a tool
which can be utilized to ga-sac future trainer desion, a . ’-raach- —
es (both hardware and software1 a~ d to iher-tif” r--~t:-r. -

timing and storage problems as related to 1:-rop~-sed d:r~. ‘are
cor,ftrurations. This enables the cnn: near to wr it e  ,to :: e ac-
f~~r i t i v e  computer system specificatioro for tn.u simulausor,
problem at hand and to perform more objective evaluations ai
technical proposals.

Fur thermore , the results of the- a ~al”ses as aresentre in
t h i s  report will also be used, as an i n it i a basi s for  ~nvest1-
ating more advanced trainer carouter soft-rare and ntrdwarc

technologies for future state—c f—the—art trainer computer
srstem. a r ch i t e c tu r e s .
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?PdiINDIX A

SIMU L~lliON ~v 1.APr: :- ,GdE ~~.S , -ll. J - ’d h’ ; i i .~~~~~

FL llIiT—AERO MATH ‘- OL.dL

The simulation of fliceur ir.valve~ tee- -d c-t rt:n~ trot of
forces and moments w~u i c h  act on the aircraft ice to or-c Oil
and external env:ronmontal effects . A oa it i o n al lv , fl : .~~h t  si - —

lation involves determination of the translatic,nni eec an ou l a r
acceleration which results from forces and moments and final 1’
the determination ot aircraft attitude and geographical posi-
tion t.rom these acculerations. ~ath models for the fTh: -di t
simulation functions are shown in Figures 4, 5 and 6.

TACTICAL ENVIRONMENT

The tactical environment for Device 2Fll2 cons~~-ta c~ a -

borne targets, ships , surface-—to—air missile sites , PA. .
air-to—air missiles , and an airborne controller. Aoa tional
capabilities related to the tactical environment m d  he aimr .-
lated 1FF , electronic countermeasures , chaff , deco” , nir-to-
ground missiles , data link -and navinatior. s t a t i o n s .  M a t n  n - - c - c l
f o r  a i r — t o — g r o u n d  targets and a i r — t o — a i r  t a rge t  cc m p u t a o :~~-ce
is shown in Figures 7 and 8.

AIR—TO—AIR MISSILE FLIGHT PATh SINtJLATIO’

The requirement for air—to-air r’issilf- fliaht oath sir-
l i t t o n  resulted from the adhit:on of ii v sual s”steo. In c-ra-
ce-lure employed in estimatincr the conuun - r roruirenents , ±0-
c lud ing  i n s t r u c t i o n  count , ma jo r  data words and CP~ t ime  f a r
missile motion simulation is as follows :

a.  Problem def :ned  (based on assurpti:-rI s to e-eta~~l~~sh a
requirement baseline)

b. Program structure (major functional elements identi-
fied)

c. Model descriot ~ on wi th  s i m p l i f i c a t i o n s/ ap p ro x i r at io i n s

d.  Genera:. Flow Char t s

e. M a t h e m a t i c a l / F O R TR AN - l i k e  s tatements

f. Assembly instruction count

V a _ i :  e s t i m a t i o n  requ i res  accura ~-e Ct finit can of recu~ ~0- -
mer.ts. In the absence of such i n fo r m it i or , r e a s on a b le  uss r : - : —
tions r:-~st be used as the basis for estimation and documenoed
cc net-n-u t dct e rm tn a tio n  of  v a l id i t y  ar .d/ or  a~~ a- tc ,’,ts us
definition of requirements evolve . Genera l rec uirenients for
mtssile ration and relate-i tasks are as follows :
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LIST OF SYl~Pr-L S

b wing span

c characteristic woe-c chord

CD drag coefficient

C rolling, pitchin~ , or yawing moment roefficrer .tm , n

lift coefficient

c~. ~
. 

~ 
x force , y force, cr z force coefficient

, ,

typical stability Cerivat~ ve , th~ s ca se
rolling moment due to sideslip angle

F,~, ~~~
, 

~~ 
total force along the x

~~
, 

~~~‘ 
or

gravit~’ acceleration

Gsx , ~~, ~~ 
gravity force along the x~~, 

~
‘
~~~

‘ 
or axis

I principle moments of inertia about the x,xx , yy ,  zz y, or z axis

I product of inertiaxz

~i 2 3 direction cosine of a unit  y~ vector onto
the x

0
, y

0, 
or z earth axis

L aerodynamic rolling moment about x

L3 aerodynamic rolling moment abou t x~

m mass

2 3 direction cosine of a unit y vector et c
x0 , y0 , or z 0 earth axis

M aero~iynamic pitching moment abou t v

aerodynamic pitching moment about

total pitching moment about x

total pitching moment about y

2 (~
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M
~ 

total pitching moment about z

~
‘l 2 3 diroction cosir.e of a urd t - ~~~~~~~~~~ Se

x0, y0, or z0 axis

N aerodynamic yawing moment about a

aerodynamic yawing moment about

P x component of body-axis angular rd -n-

x~ component of body—axis angular veicciry

x component of body—axis angular velocity

P component of engine thrust along the x , y ,  orx, u, z z axis

Q y component of body—axis angular ve loc i ty

component of body—axis angular veloczty

y
~ 

component of wind—axis arojular \‘& rc:tv

R z component of body-axis angular velocity

z~ component of body—axis angular velocity

Rw z~, component of wind—axis angular velocity

S wing area

Sa deflection of roll control

SAUXFL deflection of auxiliary flap

SF1 deflection of flap

SGV deflection of glove valve

S . deflection of inboard spoiler

deflection of outboard spoiler

SSB def lect ion of speed brake

27
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SSL def lec t ion  of wing slot

SR deflecti- n of rudder

S~ pressure altitude (hp)

T , power plant moment about the x , y, or z axisx , y,  z
U x component of total aircraft velocity

V y component of total aircraft velocity

V~ total aircraft  velocity

W z component of total a i rcraf t  velocity

x , y ,  z a i rcraf t  body axes

x~~, y~~, z 5 stability axes

N , Y , Z aerodyn amic force along the x , y , or z axis

X~~, Y~~, Z 5 Aerodynamic force along the x~ , ~~~ 
z~ axis

~~ angle of attack

angle of attack rate

angle of sideslip

~AUXFL 
flexibility of auxiliary flap

~ SFL f l ex ib i l i t y  of f lap

airspeed components along body axi s

wing sweep angle

— 0 body—axis attitude angle

body-axis bank angle

I body—axis heading angle

body—axis angular velocity

north component of AC velocity

east component of AC velocity

rate of climb

28
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a. The t r a i n i n g  ~orobLarr sit:ation ir.cludc-s two a~~roraft
in a o n e — o n — o n e  tact ical  enco i :st e r .

b . Max of twelve missiles in—flight in st- c a’: c~ne
time .

c. Six outgoing maximum .

d. Six inco ming oax imum .

e. Three different missile tYpes.

t’. CeneraJ motion capabilities to supoort visual display
sroj e c t o r s  o n l y .  Miss i l e  dynamics  to he approx imat ions  o n l y .
T~~ ll L ric l u( .c _ f. general simulation of max G turn and velocity to
depend on air density at current altitude. Control fins and
co ntrol  system not modeled .

g. Da mage assessment to a i r c r a f t  based on i :rox l: ’:ay
: as ing , forced  miss may be included on random basis  if desired.

h. Ability of aircraft to oatmaneuver incoloinc, missile
w il l  depend. solely on max G tu rn of miss i le  and current  veloc—
it.-; .

i. Top priority missiles are :

In coming : Closest ra n =~e f r s t
Outgoing : Outgo ing through burnou t

j .  Two mis s i l e  p ro j ec to r s .  Ton ~r io r i t y  missile droacs
either nro ector required to d:3~ilay video . Remaining pro-
jector will display second priority missile.

k .  Ite rat ion rate 4/sec .

1. Disp l ay  act~ vaticn: Leap on conttn~ oos duriaf; tra—
jectory . Off during gimbal slet~a.ng. (reacsitionir ~rI)

0. H~OJT~-Dflded G t ~rr. anti velocity ~-oth basi l  or str a~~qh o
l nc’ itpproxir’i.”i tions with max vclocity at 60K ~oet , mm at sea - - 

-
:.-v cl , mVIx G at sea level , itinimum at 60 K f e e t .  H

n .  A l l  logic f u n c t i o n s  a s soc i a t ed  w i t h  A~O~— 9 °a~ ar and
m issile , irnamer -st and mode se2ect criteria are osSoaca to be
il~ r.tical to that of the 15C9 Tactics Tro~ nor . Th:s er-tisat :
arI d procedure is only for flicht of missile , anti control of :~
~ ;g ot  pro~~ec tors .

o. Outgoing missiles are from trainee vehicle alw= ys.

p. Incoming missiles are from enemy aircraft always. 
- 

-
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Motion simulation is required to provide miss i i~ position
in jiroblern exercise space , scorics~ or damage asseaarraent for
prob lem a i r c r a f t, and mis s i l e  i 1 o h t  spot pro J~~ctor cost cH
The prelaunch operations are already modeled as par’. of the
F’112 tactics portion with scoring pr’—dictions ha ou on CC-

cep t ab il i ty  of prelaunch o p e r at i en s .  The vi sual ~.1-sterr in-
corporation required missile flight visual cues. Thus , til
missile trajectory had to be aci ..<-d . To integrate tue tra-
j ec to ry  and modif ied scoring wi th  the ex i s t i ng  pre leunch log ic
control simulating missile selection , radar operation , and
control functions , a basic structure (Figure 9) was selected .

The major prelaunch operation is unchanged. Associated

~ ith the missile trajectory and display controls is an. aZuive
missile data list or table. The data list consists of two
aarts~ outgoing missiles and incoming missiles , each of which
has an associated file holding missile state and parameter
data including:

a. Type (1 , 2 , 3)

b. Guidance Mode , PHASE TIME A B C (up to three phases)

c. Burn Time , Time into Trajectory

ci. Inertial Position X , Y, Z

e. Heading, Heading Change Rate , Climb Rate

Max G Turn (Sea Level Value)

g. Speed (Max at 60K feet)

h. Target Vehicle Track Number or (Data Lis t  Po in te r)

i. Position Relat ive to Trainee Pilot

j. Dome Position

k .  Spot Size , I n t ens i t y, Flash On/ Off

As missiles are launcoed , the data list is expand e d Oiiti~~n.L
pertinent data fo r  the associated missile and is m:ssilcs
strike the target or burn out the missile record data is delet-
es and the missile is removed from the active h at. A rro)or
subroutine is provided for processing each of the missiles ~r
the active missile list. -~is-sile list orocessing inc i acres tru-
-jectory integration , target/missile proximitY computat~u :n and
ciamage assessment , burn out determination , li st dcit~ rIr~ and.
priority assignment for light spot projector assignment.
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Essentially the Radar and M i . ~s i le

System Mc=del of the

l5C~

Radar and Weapon System Model up to

and Including Missile Launch Initiation

I 7
Missile List Processing

• ___________ anti  dudat~ ngIncoming -Tra - ectory Ir~ter ratior~
- . and Kill AssessmentMissile List

_____________________ 
Update_ LIs t s

Outgoing Missile
List

I’ _ _ _ _  

j

Display Control
Select Top Priority Missiles (2 each)

for Display

Compute Spot Size , I n t e n sit y
Correct for Display Projector Position
Pa ra liex  to Obtain New
Blossom due to Kill , etc.

Output Spot Size , Intensity

Figure 9. Genera l S’ructure of Missile Motion
Addi.  ~n to 2Fll2 WST
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The m i s s i l~ model is not to- he a co~~r ; l e t e  ~~‘s~ 
- -

~~~~ ~ erod- . r~~r-aics and contril teir ;rir i .ded i t  t1~e -a
s~~rpu e kira enu~tic model approxi. : - ,t i ns  m i s s il e  r ” ,-.~-tr v r s  - -

S~~~~~C ve loc i ty  w i l l  Ica~’e an oss;a nt; - - .a = u x l m a a i - I  ‘. ‘c h  0010’,’ at oar
al tit ud e  of 60 , 000 feet  (and j hr ,’- ’e -  wi th  a sto; i - h i  Li.~~’. . cc-
r - o r t i on a l  decrease wi th  a lt i t U ~a- . the s:i’lricl to’ ~mc rease ~ar,cr ay  ( C )  t u rn  decrease wi ti -r i ncr ~ . sec a l t  itude is dric- to
) en s i t y  e f f e c t s  on t o t i l  dma~, ~t nd ac-rod~’oaa,:. c c c -m i n t s . In it i a l

ve loc i ty  at launch w i l l  ecaual launching aircrnft s -eec
1 ~oe a r  a cce l e rat i on  to the  on> : m asT -a l lowable fo r  c u r re n t  r~~s—
s u e  a l t i t ud e . H e a d in g  change rote ’s  w i l l  oc c :r  at
a l l owab le  C fo rce  value fo r  c u r r e n t  a l t i t u d e  c r . ti i  n a s s il e
h ea d i n g  ec~~~l s  r e l a t i v e  t a rge t/miss i l e  bean .. . Ciimb~ ci iov
angie rates w i l l  be handled in a similar m a n n e r .  ~.o fu r t h e r
e::o-lanation should be required for the rc ssile velocit ’ r.ro-
c edure .

Very general flow charts are provided as Fimaures l(i anti
11. The charts only indicate one major pa th .  S,~veral are

• possible, but all are assumed to be ec au i v ale n t  in tern - : of
tv-re and number of instructior.s per pass. Pro cessing of
r ,e active araissile commences with reading the tyri e word fo r  a
g iver- , missile. Based on the type word , the ai c-rorriato routine
is selected . Assuming here that miss i l e  type 1 was launched ,
tho first two tests are to determine the phase of t:= :~ f l ig ar o
( e . g . ,  i n i t i a l, mid course , terminal) . Any sl~~cn t  d i f f e r e ’r . c - : r
in processing would he provided for in the separat-c routioi- i’a
fo r  Phase  1, Phase 2, and Phase 3. “P,’ and “B” ~rat h a t  des ic-nate  t e rmina l  time for  a g iven abase. “f iT” desia~-
r,ates Time—Into—Trajectory. Assuming Phase “C” (te~~~io-o l
ohase)  , the rn :t ine  flow char t  is f a i r ly self exr;-lunotcry .
Decis ion  blocks con ta in ing  Al , El , A2 , and. B2 or e  to t ic t er a t ; ,c
priculty of the missile currently bc-inn procer~ v:. tin-or. he-
to ot  Hon of bu rn  out or “h i t ” indications , recorh a are deleted
,.ua,- -cc “Flash ” flags are set to direct dis:~lay mr,’st->r’ to ci
play  an appropr ia te  f l a r e  ( f l a s h )  ind~~cat~~on .  The cr-.art shown
d en-lots what is considered the worst case pass throug h the
missile motion routine in terms of instruction count coo CPU
t acne .

h m s p l a y  computat ions for the two top pricrit- : m~ssclesare outlined in Figure 11. It may be necessar.’ to : c-rferrr
these computations during each 1/32 sec tin-.e slot for sn-arc—
priate nonflicker presentations.

The compute r requirements were basea car, th~ assur- - t. cr ~
01St routines shown in Figures 10 and 11 would I a c-or-; -a t ed
tcrc-L t im-es pea: 1/32 sec t ime slot. No scnq e rn.ss:~lt. wli I
orocessed comple tely  every t l•oo s lot , h u t  pro- ’ I slons  to vote—
o r r it e  posit~~oo of each tot ucio r it y  mv osi le  based on r a t e s
cvo - -:ted ci iring the last update of that m z s s i le  are essential
f o r  each t i ne  s lo t .
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~~~~~~D RY

TF~~~~~~~O?’  

-

_ _ _

— _________ 5~~~~ ED ON ?~~ CX~~~
-
~~~T’.

NEW ros:: : : -N , - rUSE . OrrF.AL :~~c:rs , E~c.

~~~~~~~~~~~~~~ 
s ::: , CL~~~~ -

ANGLE -
_____________________________ 

I
- SET FLASh FLA G IF

_________________________ RE~~UIRET

CC- x~ JTE 105 T’C - I_____________________

F NC

_ _ _ _ _ _ _ _ _  

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- r s p _ oc : : -  wa: >a:ss:or — c -v -_a rUT

owN -SN:? SEFAP.AT:c: ~~~~~~ ?~ ttF~J

Figure 10. Basic Missile Motion Flow Chart
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0

I

NOtid :  Al -, A2 TOP COMPti TE MISSILE POSITION
PRIORITY INCOMING RELAT IVE TO AIRCRAFT
MISSILES (TRAINEE)

P~ IORITYOUTGOING MISSILES

COMPUTE SIZE , INTENSITY

L
COMPUTE DOME POSITION

SELECT PROJECTOR (IF TOP
PRIORITY MISSILE)
PARALLEX CORRECTION

I OUTPU T
I SIZE, INTENSITY

FLP~SH FLA G

EXIT

Figure 11. Display Computations Performed for Two Top Proor~ ty
Missiles
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The two final staps in estimatinc requiree instruct ion
count coca CPU time are interrel atecr and based car : the oath mouc:1
and flow charts. The- first stea has to. ur It e a r ou- - c ~ ~ :i : r0 > - -

c a t i o n ,  of the mathematical star orrtnts rerul:ri. * o s - r  i st y  tth
math model and flow c-aarts . i’C H.~~A N-like S t a t e  -

~~~~ t ’c~~e usme
as an intermediate step simply necause they follow directly
from mathematical and logic 0UnCtjOflS and one can raint ain the
overall system view which could be lost in- the detail of assem-
bly  instruction. The FORTRAN/mathematic statements wtie then
scanned and an estimate of assembly instructions of the load ,
store , shift variety required to implement these FORT RA N state-
ments were tallied . Each Trig Macro (SYN ,COS,TAN) recuired
addition of basic operations as tabulated below. This
tabulation was based on a typical SIN-COS function routine.

BASIC INST NO. OF OCCURRENCES

SIN FUNCTION Load 25
Store
Add 10
Malt 10
Logical  2
Sh i f t s  6
Comp 5
Braach 1”
index

Since the addressing scheme for missi le data is based c-:
a record. or File System relative addressing was assumed and
for each load instruction on.e Index operation was also assumed.

In writing the math statements , each bloch of °he flow
cha r t  c~as selected in order. A short sectior~ follows :

FLOW CHART AVG HEADING = hEADING * HFA~l-IN (, RATE/2
HEADING = HEADING + HEADING EATE

BLOCK A THE A = CLIMB ANGLE + CL l-IP SScGL EATS
VELOCITY = VELOCITY MI S + K * ALl I~~ SE
VELOCITY (N Y ) = VELOCIT U * 055 (T HE A)
~ DOT = VELOCITY * 5~~5 (TEE A ’
X DOT = VELOCITY (XY) * COS (AVG ihAfiNE)
Y DOT = VELOCITY (XY ) * s :s (AVG ijEADING.)
X = X + X D O T
y = Y + YDOT

X l = X M — X T
Y l = Y M — Y T

BLOCK B HEAD = ARC TAN X1/Y1

ETC . 

--
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Assembly instructions are then written to impl’ r- ent the
above .

BLOCK A LOAD A
LOAD B
SHIFT B
ADD
STORE
LOAD A
LOAD B
ADD
STORE
LOAD A
LOAD B
SHIFT B
ADD
STORE
LOAD A
LOAD B
ADD
STORE
LOAD A
LOAD B
MULT
LOAD B
STORE
COS *
LOAD B

ETC .

Spon completion of cod ing estimates for all malor Elocks
of the Flow Char t (Fi gure 10) a ta l ly sheet was prepared fcr
each  Fl-ow Chart  (Major  Rout ine) . The basic ins t ruc t ion  cour:t
was adoed first omitting all macros. Next, each macro was
handled by taking the product of its number of occurrences
times the number of times each basic instruction is required
during one call. In this estimate , the SIN macro was used for
all Trig functions inc luding inverse functions. Other macros
such as SQRT were handled similarly.

Assuming an average instruction execution time of 1.5
micro seconds about 2 millisec is required per pass (as per
missile) for basic motion and scoring. To process the two tcrr--
pr ior i ty m issiles for disnlav control , approximately 1.1 m a i l ~-
seconds  is requ ired . Thus , no update’  three  of the po sso) - - Ie  12
athive alissiles and -a -ocess two for displa~-’ would reorarre
a p p r o x i m a t €ly  7 .1 m il li se c o n d s .  If th is  much.  t ime  is avoiiaL-le
after other functions are performed , the four basic 1/32 sec
processing slots will permit updating all 12 missiles.
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V~ E~ A SYSTEM MJ’C’jI MOO - I

vis..sl sys t -m - -vo- :ulat l- r c i :- . a I~’ea, ::ath ~~~~~~ -ar - a
to transform the orrontatrc-:a , ua voertial :;oa:-- , of r- -’c- air—
craft (one—on—one sinuarac ‘ r~~cc tac g:. I ~.l rvv . c-f Yt
projection servos. The mat:-. c-ab el  for cont rol l i ng  th-~ valo r
s~~hs stero s (sk y—Ea r th  :arc -e- r to r , t a rge t  pointin ; r .rrcor , target
model , target zoom and focvo) is ~lIastrated 10 figures 12
through 14. A detailed ‘iscascion of the math ood~~.. for con-
trolling the various subsystems and the projection geometry is
a)rc- -:lc.ec 10 NASA TecEn ~~ca N ot e  0—7 304 Description and Per—
iorm .ance of Langley Differential Maneuvering Simulator.

COMPUTER SYNTHESIZED TARGET

Thformction derived from NASA Report 1—9115 , A bac tive
~Sin a -cve r n q  Logic Commuter Proorar. for the SinuThtlco of One—
on—One A i r — t o — A i r  CocJra a was 15cc: as the basis for est~mat1no
the storage and speed recjuireme-ats for the corcor . -:en s - r o c h e s i r t b
target. A detailed descrin-tior. of the Adaptive Maaaeu’.’errnq
Logic (ANL) program and. subroutines is provided in. the EASA
repor t .

A f i r s t  level f low di - am is provided in Figure  15.
Table 3 depicts in simplified fc-::a, the rer:L~ncc ~n ‘.- or :5
routines are called by the md :. omulaticca arc - car: u~- v
by SASA . It also shows which ot t e r  rOctirt v~ an ta- - loft nan:
side calls the subroutines or~ the right hand side. Bc-C ar. -ad
solid lines are used to designate the attackiri: aircraft ar:.
ta rget a i r c r a f t  respectively. A glossary of rout ines is als o
provided .

The subroutines are crouped ar~ thret~ iceels . In the left
column (level 1) are those roircines which are c~~licd b .’ the
main program. They are listed 10 the sequence in. whoch nsey
are called.

Level two rou t ines  are ..is too. ~ra the center  c o lu mn . 5th—
routines stay be l isted m o r e  thor. once and in more than one
column , ~f they are called at cia thereat levels. For ~nstaoce ,
subroutine CLOSS is nalled directly from the main , but also
from level 1 and f rom level 2 subrout ines .

In. order to keep the f i q ar ~ f rom be ing c l u t t e r e d , the
svoroutir.e CMTRX is omitted . it would andear on ic-~-~C 2 , s e a c a - ~
called by EQMOTA , EC MOTT , REACTA and t-cv~~TT and a:. cvel 3
being called by TRYNXA , TRYNXT and PRETNW . Poces ~5 ~~~~~
)h list the major AML subroutines with a hr:ef ic-scrvrtlc- r, of
e a c ~~ .
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— — Maneuver Com .rn aca -d

.‘-‘ac.c,_ Altatuc e ,Determine Aircraft Aoctl- 
~~~~~~~~~~~~~~~~~~ r ~r-

era t ions, Ve loc i ty ,  Po~:i— - 
- 

O~~~~~~r and —tion , Body Rates , Euler Performance 7~ rforraar- c-e Ta5le~Angles
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[ Throttle Commands
- 
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Figure 15. Flow Chart of AML Program 
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TABLE 3. INFORMATION FLOW BETWEEN MAIN PROGRAdI Pu- P SUIiFOUTT5F~-

LEVEL 1 LEVEL 2 LCVF S 3

INRD - QUATIN

HUMBLO _~.— NOR PLN0 
-~~~~~~~~~~~~ -z ~~ EI~ 1OTA =~~~~~~~

—
~
-— -=-- — FILTRA

I o z
h ~ EQMOTT~~M~~~~~~~~~~~~~~~~CSRO

REACTA ~~~~-~~AE RF 4 -~~EE~~ —-
-~-- - G2

- - --FILTRT ~~~~ G3

MEINTL FIRCON

CLOSS

1 H
EQMOTA - - — - — — — -  - --- —

~~ NORPLN I
E~~~OTT~~~~~~~~~~~~~~~~~~ 

~~~~~~~~
HUMBLO ~~—. FILTPA - =- ~

- h--- -

- - - FILTRT ~-th -
~~~~ G3

RELGN -..~~~~ ~~CQUATEX 
— -~~ G4

~~~~
—f

~~~ 
QUAT G5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
FIRCON

STATEA RELGE —- ---t~~~
- CLOSS

/‘PRESR I
STAT ET / .‘PRETNW

I/ ~ :‘TR~~~XA~~~ 
- -- 

~~ :-T LO
THRTLA f.Ji— ~~ TRYNXT —

/
/
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- 

~~RADIFY ~~~~~~~~~~~~~~~~~
THRTLT ./ - ~~~
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I
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- - EXTRT 
-

0 REACTT’
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LIST OF SUBROUTI.\ES -OOT-IPthSING ~‘HE Pu-lb PROMRAI-i

AERF (Aerodynamic Coe f f ic~ eratsi — Purposa :s to ‘b~~~in ae-- -.-
dynamic c o ef f i c~~er:ts , t h r u s t  da ta , aOC.  -or ’c-iT ance
cha rac te r i s t ics .

CLOSS (A ng le Between ?~‘o Vectors)  — Purpose is to c a a ! v u l a t - .
the ang ie beuween ta- a vectors .

CMTRX (Direction Cosine Matrix ) — Purpose is to cc,:’;utc the
nine elements of a direction cosine matrix .

CSR HO ( Speed of Sound ) — Purpose is to -calcula te  the  scoed
of sourci and atmospheric densi ty for  the PuT. c on t r o l l a d
aircraft as a function of altitude .

EQMOT (Equation of Motion) — Purpose is to compute the
eters defining the trajectory and attitude of the !Vb
controlled aircraft.

EXTRT ( E x t r a p o l a t i o n )  — Purpose is to extravolate nbc- posi-
tion , veloci ty , and a t t i t u d e  of the opponent of the-
AML controlled aircraft.

FILTB. (Body Rotational Rate Filter) — Purpose is ta - smooth
the motion of the dispthycd a i r c r a f t  by filt-r ::.g the
body rates of the AML con t ro l led  a ir cr a f t  ::~~~-:a a e senc—
ing the rates to the model display softacar-L .

GETRXN (Get Closest Maneuver Plane ) — Purvose  15 to ftnd tce
number of maneuver plane rotation increments which \-!: 1
rotate a given mareuver plane closest to soc-ac desired
rotation angle.

MEINTL (Accumulate Time—in—Envelop) — Pucuose is to accumulate
the offensive tirac and weapon delivery t ime fo r  the
AML controlled aircraft .

N ORPLN (Normal to Maneuver Plane) — Purnose is to calc ulate
the components in a unit vector norma l to a specifted
maneuver plane.

PRESR (Predict  St ra i ght Fl :-ght) — Purpose is to prcd:ct pry- -

t ion , velocity and attitude for straight flight trail
maneuvers.

PRFTXW (Predict Turning ~-‘l~~ght) — Purpose 15 to p reu~~ct tIac
positior,, velocity an d attitude for turnino fliqh
in a s ue c it h e d  m a n e uv e r  u iane .
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RXACd ( R e a c t - i o n  Rout ine ) — Pu r i-ose  -~c ~c I t e r m a m e  thc - ~~
( St

era : i sin g  tact ical  :r~~neuver and to ct up he a
eters required to execute the raianeu’- .-cr .

gEtCN (Relative Geometr--) — Purpose  is to cc~rg-~te tac  a nr ~~~.-
eters defining the relative geometry between two air-
craft.

STATE (State Evalua t ion)  — Purpose is to c-vo uate the rela-
tive situation that exist between the ANL controlled
aircraft and its opponent. 

TTL (Thrust Control) — Purpose is to de te rmine  the desir-
able throttle position .

TRYNXT (Try Next  Maneuver)  — Purpose is to define the trail
maneuver to be evaluated dur ing  the cur ren t  decis ion.
making process.

HU M3LO (Human Pilot Blackout Cues) — Pur ose is to provide  a
s imulat ion of pilot blackout under high g-load con-
ditions.

FIRCdN (i~ire Cone Determination) — Purpose is ta determine
whether the subject airc raft is within range and
angles to fire one of three kinds of weauoxas at the
opponent.

OILER (Euler  Angles )  — Purpose is to obtain the Euler an~~ es
from a given direction cosine matrix .

; JAT ( Quate rn i o n  Integr ation) — Purpose is to present  va lues
of qua tern ions, body axes r o t a t i ona l  ra te s p,  c , and r
and integration step size.

QUATFT (du at e r n i o n s  to Direct ion C o s i n e s )  — Purpose is to-
transform the quaternions into t}~e nine direction
cosines.

CUATIN (Euler Angles to Quaternions) — Purp ose  is to c a l c u l a t e
the Euler angles corresponding to qi~—en quaternions.

RIdDIFY (F -unb orn  Per tu rba t ion)  — Purpose  is to i n t r o d u c e  r a n d -a n-
ness in the decision process by randomly perturbing
selected variables about their nominal value.

SRDEF (Maxi m um Speed Brake D e f l e c t i o n )  - Purpose in to cal-
culate maximum permissible speed hr-ado deflection as a
func tion of Mach number and altitude .

SLAPDF (Slat/Flap Deflection Limits ) — P ur n o se is to calcula e
flap/slat deflections as a function of Mach numbe r are
altitude .
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APPENDIX B

CUMPuTEP. i - R ~’G~g-aAdCE R L O U I R T - d . 51 S

r’LIGHT-AERO SIMULATION

The program mod~ le size ( i n s t ruc t i on c o u r t)  and r~r eca s s i n~
requirements for the flight simulation functic a ware c-~ sed ~uon
knowledge and information qainca from existing tra~ r a r - ~ systems
having s imilar  simula tion requirements, namel y Device 11 95-
Operational Flight Trainer for F—l4 aircraft . The results of
the f l igh t  simulation compu ter anal ysis  are summarized in
Table 4.

TACTICAL SIMULATION

The program rout ines , module size (instruction couct) , a r d
processing requirements for the tactical simulation ~-;are-

~non exraerience and data derived from current train_ag dc— :ices
having similar simulation requirements. The- results of the
tactical simulation analysis are depicted in Table 5.

VISUA L SY STE M

The routines , module size (~ n -~truction count) and pro-cessing requirements for the 2 F l lb~ v isual  sys tem ~v;c x e  ( - :~~r—
cained utilizing the procedures descr±heJl in A~anand : - A
in fo rmat ion  derived from the NA SA reports . The re s~~T ts of the
visual system analysis are provided in Table 6 .

SYNTHESIZED TARGET S MU LA T TON

The rout ines , module size ( in s t ru c t i o n  c ou r a u )  ama u m a r o s s . :  S

r equ i rement s  for the computer synthesized target ~-.-e re aaeacrc - nad
utilizing the procedures described nreviousl” arab :nformaticr.
derived from the r e fe renced  l-ASA rea~~r t s .  7h~ r e s u l t s  a t  t h~
synthesized target simulation analysis are prov:ded ma Table ~~~ .
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APPENDIX C

COMPUTER PERFO Rr-~ANCE ANALYS ) .~)

The ins t ruc t ion  ~ ix fo r  the fou r  basic riu~~~t i -~~. f - :n c t i - ”,. s
was based upo n data der ivc~~ f~~ :ii �xistir .g tL~Jr.~~~4J - -

with similar requirements. The method used to dete~ rür c  ani -
s t ruct ion mix was that described in the percenta~ca i:~n i truc t ion
~niix paragraph in Section I I I.  The execut ion ti~nies for the
ins t ruction type ,Cistea in the table were obta ined f r or vendo r
literature . The results of the computer performance analysis
f o r  the fou r  major  2FiJ 2 simulation functions are provided ii-.
Table 8 through 111
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A P P F E N ~J I X D

COM PU TER - 
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~ ~‘~ ON 
C’:ILMES — TI~EI ~~~~ ,-C~AL~ ST.1 -

Tables ,~2 throH:b. 15 sh~ - - v ‘ , , C  worst—caSe -; :ecutiC.~ t:rri -~ s

e 2F 112 s imula t  Ic -O  fu n c ~ , d : ~~~i s~~~ncC to -~~~~ dU Of tL-~ t~ r- ’~
frame slots for each processor.
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I

ESTIMATED
WORST—CAS E rr,Ip,Ic TP’~[ AS~

~ 
INSTRUCTIO N CPU - I r T L P D / T A  8,

PR~~ R~ M MUUULL E X E C U T E D  
______ ______ ______ ______ ______

1 2 3 4 5 6

Flight & Controls (32/Sec) 4730 7.910 7.910 7.910 7.910 7.910 7.9

Fl i g ht & Controls (16/Sec) 1870 - 3 .12 7  - 3 . 1 2 7  - 3 . 1

Fl ight & Controls (8/Sec) 2574 4.305 - - - 4 . 3 0 5  —
Engines (16/Sec) 2475 - 4 .1 3 9  - 4.139 -

Engines (8/Sec) 457 0.764 - - - 0.764 —

Accesso ries (16/Sec) 285 0.477 - 0 .477 - 0 . 477 —

Accessories (8/Sec) 374 - 0.625 - - - 0.6:

Radio Facilities (32/Sec) 825 1.380 1.380 1.380 1.380 1.380 1.3

Radio Facilities (16/Sec) 396 - 0 . 6 6 2  - 0.662 - 0.6:

Radio Facilities (4/Sec) 2613 — - 4.370 — —

Radio Facilities (l/Sec) 2310 - - - 3.863 - -
S — Suit (32/Sec) 704 1.177 1.177 1.177 1.177 1 .177 1.1

Independent Mode (8/Sec) 1056 1.766 - - - 1 . 7 6 6  -

Visual Data Interface (32/Sec) 550 0.920 0.920 0.920 0.920 0.920 0.9

CRT Update Control (8/Sec) 2420 4.047 - — - 4 . 0 4 7  _~~~~~,

CRT Up date Control (4/Sec) 2310 — - 
_ 3.863 - -

Buffe r CTL & Paging (2/Sec) 231 - 0.386 - - -
KBD Interpret & Overlay (2/Sec) 2198 - - — - -

Malfunct ion (1/Sec) 337 - 0 .564 - — -

Mode & Freeze Control (32/Sec) 36 0.060 0.060 0.060 0.060 0.060 0.0

Reco rd/Play back (32/Sec) 1254 2.097 2.097 2.097 2.097 2.097 j Q
Sound (16/Sec) 704 1.177 - 1 . 1 7 7  - 1 . 1 7 7  —

Sound (8/Sec) 572 - - - 0 . 9 5 7  - -

Executive (32/Sec) 473 0.791 0.791 0.791 0.791 0.791 0.7

T (j TAL T I M E  PER FRAME ______________ 26.871 23.833 24. 2 22 2 7 . O L - 3 2~~ .2 7 1  2 2 8



- 4.139 - 4 . 1 3 9  - 4.139 - 4 . 13 9  -

0. 7 64 - - - 0 .764 - - - 0 . 7 6 4

0.477 - 0.477 - 0.477 - 0.477 - 0 .477
— 0 . 6 2 5  - - - 0 .6 2 5  - - -

1.380 1.380 1.380 1.380 1.380 1.380 1.380 1.380 1.380

- 0. 6 2  - 0 . 6 6 2  - 0 .6 6 2  - 0.662 -

- - - - - - 4 . 3 7 0  - -

1. 177 1.177 1 .177 1.177 1.177 1.177 1.177 1 .177 1.177

1.766 - - - 1.7 66 - - - 1 . 7 6 6

0.920 0.920 0.920 0.920 0.920 0.920 0.920 0.920 0.920

4.047 - — - 4.047 - - - 4.047

— — - - - — 3 . 8 6 3  - -

______ ______ 
3.676 - - - 

_______ 

— 
_______

0.060 0.060 0.060 0.060 0 .060 0 .060 0.060 0 .060 0.060
2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097



0.477 — 0.477 - 0.477 - 0 . 4 7 7  

- - - 0.625 - - - 

1.380 1.380 1.380 1.380 1.380 1.380 1.380 

- 0.662 - 0.662 - 0.662 - 

4.370 - - - - - - 

1.1 77 1 .177 1.177 1.177 1 .177 1.177 1.177 
- - 1.766 - — - 1.177 

0.920 0.920 0.920 0.920 0.920 0.920 0.920 

- - 4 . 0 4 7  - - - 4.047 

3.863 - - - - - - 

- - - - 3.676 - -

0.060 0.060 0.060 0.060 0.060 0.060 0.060
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NAVTRAEQUIPCEN IH—262

TABLE 12 . TIME F RAME A N A L Y S I S  — FLIG H T -AERO
(IN TERDATA 8 /32)

1 22 23 24 25 26 27 28 29 30 31 32

10 7.910 7.910 7.910 7.910 7.910 7.910 7.910 7.910 7.910 7.910 7.910

3.127 — 3.127 — 3 . 1 2 7  — 3 . 1 2 7  - 3 . 1 2 7  - 3 . 1 2 7

- - 4 .3 0 5  - - - 4 .3 0 5  - - -

-1 . 39 - 4 . 1 3 9  - 4 . 1 3 9  - 4.139 - 4 . 13 9  - 4 . 1 3 9

- - - 0 . 7 6 4  - - - 0 .7 6 4  - - -

- 0.477 - 0 . 4 7 7  - 0 .4 7 7  - 0.477 - 0. 477 -

0.622 - - - 0 . 6 2 5  - - - 0 . 6 25  - -

1.3 2-0 1.380 1. 380 1.380 1.380 1.380 1.380 1.380 1.380 1.380 1.380

0 . 6 6 2  - 0.662 - 0.662 - 0.662 - 0.662 - 0.662

— - - - - - 4.370 - - - - -

177 1 , 1 77 1.177 1.177 1.177 1.177 1.177 1.177 1.177 1 .177 1.177 1. 177

- - 
- - 1.177 — - - 1.766 - - -

~,Q 0.920 0.920 0.920 0.920 0.920 0.920 0.920 0.920 0.920 0.920 0.920

- - - 4.047 - - - 4.047 - - -

- - - - - 3.863 - 
- 

- - - -

- 3.676 - - - - - - - - -

Q~.2.. 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060

~~~ 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2,097 2.097

Lii... .. — 1.177 - 1 . 17 7  — 1.177 - 1 .1 7 7  - 1 .1 7 7  —

- - 0 . 9 5 7  - - - 0 . 9 5 7  - - - 0.957

~ J J. 791 0.791 0.791 0.791 0.791 0.791 0.791 0.791 0.791 0.791 0.791

22.888 19.665 23.220 26.871 22.888 24.222 23.220 26.871 22.888 15.989 23.220
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E S T I M A T E D  F L I G I
WORST-CASE F P1r-~E TIME ASS II r 1 c T

PROGRAM MODULE INSTRUC TION CPU — SEL 32/55
EXECUTED 

________ ________ ________ ________ ________ ________

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  

1 2 3 4 5 6
Flight & Controls (32/Sec) 4730 6.485 6.485 6.485 6.485 6.485 6.485 J
Flig ht & Controls (16/Sec) 1870 - 2.564 - 2.564 - 2.564 

—

Flight & Controls (8/Sec) 2574 3.529 — — - 3 . 5 2 9  - 
—

Engines (16/Sec) 2475 - 3.393 - 3.393 - 3.393 
—

Engines (8/Sec) 457 0.626 — - — 0 . 6 26  — 
—

Accessories (16/Sec) 285 0.391 - 0.391 — 0.391 -

Accesso ries (8/Sec) 374 - 0.513 - - - 0 . 513  
—

Radio Facilities (32/Sec) 825 1.131 1 .13 1 1.131 1.13 1 1.131 1 .131

Radio Facilities (16/Sec) 396 — 0.543 - 0.543 - 0.543 
—

Radio Facilities (4/Sec) 2613 - - 3.582 — — — 
—

) Hdio Fac i l i t i es  (1 / S ec)  23 10 — - — 3 . 1 6 7  — - 
—

I ) S eat  (32/Sec) 704 0.965 0.965 0.965 0.965 0 .965 0.965

Independent Mode (8/ Sec ) 1056 1.448 - - - 1 . 4 4 8  - 
—

Visua l  Data Interface (32 / Sec ) 550 0.75 4 0 .754 0.754 0.754 0.7 54 0.75 4

CRT Update Control (8/Sec) 2420 3.318 — — — 3.318 — 
—

CRT Update Control (4/Sec) 2310 - - 3.167 - - - 
—

Buffer CTL & Paging (2/Sec) 231 — 0.317 - - — — 
—

KBD Inte rpret & Overla y (2/Sec) 2198 — — — - - - 
—

Malfunctions (1/Sec) 337 — 0.462 — - - 
- 

- 
—

Mode & Freeze Control (32/Sec) 36 0.049 0.049 0.049 0.049 0.049 0.049

Record/Playback (32/Sec) 1254 1.719 1.719 1 .719 1 .719 1.719 1.719

Sound (16/Sec) 704 0.965 - 0 . 9 6 5  - 0 . 9 6 5  - 
—

Sound (8/Sec) 572 - - - 0.784 - - 
—

Execut ive (32/Sec) 473 0.648 0.648 0.648 0.648 0.648 0.648 
—

41 Tr 1”PL T I M E  PER FRA~E 22.028 19.543 19.856 ~,
‘ J2 22.028 18.764 1

-C ‘4 ‘ C— —‘—. )
~~~ 

_____
~~~

_
~~~~~~~~~ 0,,_
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FLIGHT S I M E L A T I O N
FNT AND E X E C U T I O N  T I M E  ( M I L L I S E C O N D S )

A I E T  — 1 . 3 71  M I C R O S E C O N D S

7 8 9 10 11 12 
- 

13 1 14 15 
— 

16 17 18 19

6 .485 6.485 6.485 6.485 6.485 6.485 6.485 6. 485 6 . 485 6.485 6 .485 6.4 85 6 . 4 8 5
- 2.564 — 2 .564 - 2.564 - 2.564 - 2.564 - 2 .564 -
- - 3.529 - - - 3 .529 - - - 3.529 - - _

I
I,

- 3.393 — 3.393 - 3.393 -
__— 

3.393 - 3.393 - 3.393 —

- - 0.626 - - - 0.626 - - - 0.626 - - — -
—

~~~~~1

— 
0.391 — 0.391 - 0.391 - 0.391 - 0.391 - 0.391 - 0.391 —~~

- - - 0 .513 - - - 
- 0 .513 - - - 0 .513 - 

____

Fl 1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 1 3 1  1 . 13 1  1 . 1 3 1  1 . 1

13 - 0.543 - 0.543 - 0.543 - 0.543 - 0.543 - 0.543 - 
_____

— 
- - - - 3.582 - - - - - - - 3.582 —~~

0.965 0 .965 0 .965 0.965 0.965 0.965 0.965 0 .965 0 .965 0.965 0.965 0.965 0.965 0. 9
- - 1.448 - - - 1.44 8 - - - 1.44 8 - ____

0 .754 0.754 0.754 0 .754 0 .754 0 .754 0 .754 0.754 0.754 0.754 0 .754 0 .754 0 .754 Ui
- - 3.318 - - - 3 . 3 18 - - - 3.318 - -

— 
- - - - 3 .167 - - - - — — - 3.167

— 
- - - - - - 

_______ - - - - 0.317 -

— 
3.013 - - - - - - - - - - - -

~ 9 0.049 0.049 0 .049 0.049 0.049 0 .049 0.049 0.049 0.049 0 .049 0.049 0 .049 0 .049 ...~.QJ
19 1 . 713 1.719 1.719 1.719 1 .71 9 1.7 19 1.719 1.719 1 . 7 1 9  1 .71 9 L. 7 1 9  1.719 1.719 ~~

— 
~~~~~~ - 0.965 - 0 .965 - 0.965 - 0 .965  - 0 . 1 € - E - 0.965 

___

— 
- 0. 704 - - — 0.784 - - - O.70 ~ - - - 0:

18 0 .6 ” ~- Q .5~13 0.648 0 .648 0 .648 0 .648 0 .64 2 0 .648 0.6 41 - 0 .641 - 0 .6- 1 Q. 141 0 .648 
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NAVTR,AEQU I PUI- :N I I I — .-~ 1,2

TABLE 13. T I M E  FRAME A~H1. ’SIS - FLIGIIT-AERO
(SEL 3 2 / 5 5)

9 20 21 22 23 24 25 26 27 28 29 30 _______ 
-I

485 6 .485 6.4 85 6 .485 6 .48 5 6.485 6 .485 6 .42- 5 6. 485 6.485 6 . 485 6 . -~ I- i. E :, a

— 2 .564  - 2 .564 - 2 .564 — 2 .564 - 2.564 - - I - - ,-
3.529 - — - 3 .529 - — - 3 .529 - - -

3.393 — 3 .393 - 3 .393 — 3 .393 — 3,393 - 3,393 - _______

- — 0.626 - - - 
- 

0.626 — 
- - - 0.626 - - -

.391 - 0.391 - 0.391 - 0.391 - 0.391 - 0.391 - 

~~~~~ 
- 

- - - 0.513 - - - 0.513 - - - 0.513 - 
_______

~j3 1 1 . 1 3 1 1 .131 1.131 1.131 1.131 1.131 1 .1 31 1.131 1.131 1 .l3L 1 .131 1 . 13J 1 13T
____ 

0.543 - 0.543 - 0.543 - 0.543 - 0.543 - 0.543 - 0.6-43

~ 582 - — - - - - 
—

- 3 .582 - - - - -

~.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 

- - 1.448 - - - 1.448 — 
- - - 1. 448 - - -

~ 754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 

- - 3.318 - - - 3 .318 - - - 3 .31 2 - - -

~.l 67 - - - - - - - 3 .167 - - - - -

_______ 
— — - 3 . Cl 3 - - - - - - - -

~ O49 0,049 0.049 0.049 0.049 0.0~9 0.049 0.049 0.049 0.049 0 .049 0.049 0.0~9 
- C c

LiJ~ 
1.719 1.719 1.719 1.719 1 .719 1.7 19 _l .71 9 1.719 1. 7 19  1 . 7 1 9  1 .719 1.7 17 1 .71 --

~~96~ - c .9 ~ - 5  - o.9,~~ 
- 0.965 - 0.9 65 - 0 .OEE-  - 0. 965 

______

_____ -- 
-- - - - 0.784 - - C ( 1 7 E 1 - - - I~~~~~ El

~.642 9.64- 541 0.6’. - 0.641 0.648 0.648- _0.640 C. i.C- -1 . 6- l1 - , 2-H - 0.640~~~ 2 . 5 1 1  -~~~.E

~ 856 19.035 22.028 18.7CJ 16.120 19.035 22.028 1 . 76— 1 9 . 1 5 6  19.035 22.02 0 1 2 . 1( 2  13 . 107 19.035

75/ 76
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ESTI MATED FL IG H1
WOR ST—CASE FRAM E TIV,[ A SS I I , I I C 2 C T ,~

PROGRAM MODULE INSTRUCTION CPU - XEPOX 550
EXECUTED ________ ________ ________ ________ ________ —

1 2 3 4 5 
— 

E 
—

Fligh t ‘. Controls (32/Sec) 4370 12.756 12.7Sf 12.756 12.756 12.756 12.756 12

Flight ~ Controls (16/Sec) 1870 - 5.043 — 5.043 - 5.043 
—

Fl i g I t ~ Cont rols (8/Sec) 2574 6.942 - - - 6 . 9 4 2  — 
—

Eng i nes 1j6/Sec) 2475 - 6.675 — 6.675 — 6.675 
—

Engines (8/Sec) 457 1.232 - - - 1.232 - 
—

Accessories (16/Sec) 285 0.769 — 0 .7 6 9  — 0.769 — C
Accessories (8/Sec) 374 - 1.009 - - - 1.009 

—

Radio Facilities (32/Sec) 825 2.225 2.225 2.225 2.225 2.225 2.225

Radio Facilities (16/Sec) 396 - 1.068 — 1.062 
_______ 

1.068 
—

Radio Facilities (4/Sc.) 
, 

2613 - - - 7.047 - - 
—

Radio Fac i lities (1/Sec) 2310 - - 6.230 - - - 
—

0-Suit (32/Sec) 704 1.899 1.899 1.899 1.899 1.1199 1.899 1

Independent Mode (8/Sec) 1056 2.848 - - - 2 .848 -

Vi-: -ual Data Interface (32/Sec) 550 1.483 1.483 1.483 1.483 1.483 ~~~~ 1

CRT Update Control (8/5cc) 2420 6.526 - - - 6 . 6 2 €  - 
—

CRT Update Contro l (4/Sec) 2310 - - 6.230 — - - 
—

Buffer CTL & Pag ing (2/Sec) 231 - 0.623 - - - - 
—

KBD I nterp ret & Overlay (2/Sec) 2198 — - - - C - 1

Malfunctions (1/Sec) 337 — 0.909 - - - - 
—

Mode & Freeze Control (32/Sec’I 
_____ 

36 0.097 0.097 0.097 0.097 0.097 0.097 1

Record/Playback (32/Sec) 1254 3.382 3.382 3.382 3.382 3.382 3.382 1

Sound (16/Sec) 704 1 .899 - 1.899 - 1.899 - 1

Sound (8/Sec) 572 - - - 1.543 — - 
—

Executive (32/Sec) 473 1. 1 ‘6- 1.276 1.276 1.276 1.276 1.276

TOTAL TIME PER FRAME 
__________  

43.~ :-i 38.445 38.246 44.494 43.334 36.913 ~

-C 
~~~~~~~~~~~~~~~~~~ — —C — 

- ____—



1.009 - - - 1.009 - - 

2.225 2.225 2.225 2.225 2.225 2.225 2.225 

1.068 - 1.068 - 1.068 - 1.068
- - 7.047 - - - - 

1.899 1.399 1.899 1.899 1.899 1.899 1.899

- - - 2.848 - - - 
1.483 1.483 1.483 1.483 1.483 1.483 1.483

— - - 6.526 - — -

- 6.230 - - - - -

0.097 0.097 0.097 0.097 0.097 0.097 0.097
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NAVTRAEQUIPCIEN IH-262

TABLE 14 . TIME FRAME ANALYSIS - FLIGUT-AE
(X EROX 550 )

19 20 21 22 23 24 25 26 27 28 29 
_____  

_21 S

12.756 12.756 12.756 12.756 12.756 12.756 12 .756 12.756 12.756 12.756 12.756 12 .756 2 , 125 I . ,
— 5.043 - 5.043 - 5.043 - 

— 
5.043 - 5.043 - 5 . C - 4 ~- - 

—

- - 6.942 - — - 6.942 — - - 6.942 - - 
—

- 6.675 - 6.675 - 6.675 - 6.675 - 6.675 - 6 .67 5 - 6.
- - 1 .232 — - - 1 .232 — - - 1.232 - - 

—

0.769 - 0.769 - 0.769 - 0.769 - 0.769 - 0.769 - 0.769 
—

- - - 1.009 - - - 1.009 - - - 1.009 
_____

2.225 2.225 2.225 2.225 2.225 2.225 2.225 2.225 2.225 2.225 2.225 2.225 2.2:1 ~~~
- 1.068 - 1.068 - 1.068 - 1.068 - 

- 
1.068 - 1.068 -

- 7 . 047 - - - - - — - 7.047 - - -

1.899 1.899 1.899 1.899 1.899 1.899 1.899 1.899 1.899 1.899 1.899 1.2-99 1.599 1

- - 2.848 - - - 2.848 - - - 2.848 - -

1.483 1.483 1.483 1.483 1.483 1.483 1.483 1.483 1.483 1.483 1.483 1.483 1. 41-H 1 .
- - 6.526 - - - 6.526 - - - 6.526 - - 

—

6.230 - - - - - - - 6.230 - - - - 
—

- - - - 5.928 - - - - - - - -

0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.057 0.

3.382 3.382 3.382 3 .382 3.382 3 .382 _ 3.382 3.382 3.382 3.382 3.382 3.382 3.352 3.

1.899 - 1.899 - 1.899 - 1.899 - 1.899 - 1 .899 - 1.899 
—

- 1.543 - - - 1.543 - 
- - - 1 .543 - - - 1 .

1. 276 1.276 1.276 1.276 1.2 76 1.276 1.276 1 .276  1.276 1.276 1.276 1 .276 1.276 1.

____ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  - - t---
~~~~~~~ 

—

_____  _____  43.334 36.913 31. 71 4 37.447 ~~~~~~ 36 .913 32.016 44.494 ~~~~~~~~ .3b ~~~~~~ _____  37~
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— ESTIMATED TACTICAL EN
- WORST-CASE FPJ E T IT-1 [ f.OCICN1 C 20

PROGRAM MODULE IN STRUCTION CPU - IN T E P DA TA

E X E C U T E D  _______ _______ _______ _______ ________ ________ —

- 
_ _ _  1 2 3 4 5 _

- 
PH AW ~ (4/5cc) 1100 — 2.463 - - - 2.463 

—

- - DECM (32 Sec) . 
55 0.123 0.123 0.123 0.123 0.123 0 .123 

-

L - 

DECM (4/Sec) 715 1.601 - - - 1 .6 0 1  - 
-

- ALE - 39 (321’Sec) 55 0.123 0.123 0.123 0.123 0i23 0.123 -

ALE - 39 (4/Sec) 72 - - 0.161 - - - 
-

DRLMS (32/Sec) 33 0.074 0.074 0.074 0.074 0.074 0.074 
-

— DRLMS X-Y (8/5cc) 119 - - 0.266 - - - 
-

DRLM Interface (32/Sec) 275 0.615 0.615 0.615 0.615 0.615 0.615

Radar (32/Sec) 55 0.123 0.123 0.123 0.123 0.123 0.123 
-

— Radar (16/5cc) 660 1.478 — 1.4 7 8  — 1.478 — 
—

— Radar (4/5cc) 572 - - - 1.281 - — 
—

Radar (2/Sec) 330 - — - - - - 
-

— JR (32/5cc) 55 0.123 0.123 0.123 0.123 0.123 0.123 
—

IR (16/Sec) 330 - 0.77- s - 0 . 7 3 9  - 0.739 -

- P -~2 / S ec )  193 - — 9 ,432  - - - 
—

51219 (32/Sec) 55 0.123 0.119 9.123 0.123 3 .123 0.123 -

iDlC (16/Sec) 275 - 0.616 - 0.616 - 0.616 -

- Ex ecut ive (3 2/Sec ) 82-0 1.970 1.970 1.970 1.970 1.970 1.970

I TOTAL TIME PER FRAME 30.983 33.625 31.345 33.399 29.234 31.679
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EN. I RONMI I T SI I-IL ! L -~ TI ON
IEI ’ AND L~ E CUT IO N T IM E ( M ILLISEC ON DS)
~T$- 8/32 l.:ILKAI’lD AIET - 2.2387 MICROSECONDS

7 ______ 
9 10 11 12 13 14 15 16 17 18 19 20

- - - 2.463 - - - — 1.108 1 , 100 1.108 1.108 1.108 1.108 1 .1

- 
0.123 0.123 0.123 0.123 0.123 0.123 0.123 — - - 1 .231 — - —

- - 1.601 - - - 1.601 - C - - - - —

0.123 0.123 ,..~J2.3 0.123 0.123 0.123 0.123 1.755 1.755 1.755 1.755 1.755 1.755 Ii

- - - - 0.161 - - - 0.246 - - - 0.246 —

_____ 
0.074 0.074 0.074 0.074 0.074 0.074 - - - - - -

0 .266 - 
______ 

- 0.266 - 
- - 2 .131 2 .131 2 .1 3 1  2 . 1 3 1  2 .1 3 1  2 .131 2.1

0.615 0.615 0.615 0 ,615  0.615 0 .6 15 0.61 5 1.330 - 1.330 - 1.330 - 1.3

0 . 12 3 0.123 0. 123  0 . 123 0.123 0.123 0.123 — 1.530 - 1 .530 - 1.53 0 —
1.478 - L478 - 1.478 - 1.478 4.310 4.310 4 .310 4.310 4 .310 4.310 4.3

—
— - _ - - 1 .281 - , 0.123 0 . 123 0 .123 0 .123 0.123 0 .123 0.1

- 
0.739 - - - - - - 0.246 - 0.246 - 0.246 - 0.2

- 
0.123 0.123 0.12 3 - 

0 .123 0 .123 0.123 0.123 4.954 4.954 4.954 4.954 4.954 4.954 4.~

- 0.739 - 0.739 - 0.739 - - — — - _ -

- 
- _ - — — — 1.034 1 .034 1 .034 1.034 1.034 1 .034 1.1

— 
: .  123 0.123 0.123 0.123 0.123 0.123 0.123 0.493 - 0.493 - 0.493 - 0.4

— 
- 0.616 - 0.616 - 0 . 6 1 6  - 0.761 0.761 0.761 0.761 o.761 0.761 0.7

— 
1.970 1.970 1.970 1.970 1~~2~~ 

1.970 1.970 2.494 2.494 2.494 2.494 2.494 2.494 2.4

— _______ —_____ _______ ______ _______ ______ , ______ 
1.164 - 1.16 4  - 1 .164 - 1 .1

— _______ _______ _______ _______ _______ _______ _______ 
2 .306 2 ,306 2.3 06 2 .306 2 .3 0 6  2.306 2 .3

- _______ _______ —— _______ _______ _______ _______ 
0 .665 - 0.665 - 0.665 - 0.6

- _____ — ______ _______ ______ 
0 . 280 0.280 0.280 0.280 0.280 0.200 0.2

—~~~~~~~~~ 
_ _ _  ____ —___ _ _ _ _  _ _ _ _  _ _ _  

- 1.847 - 1 . 2 - 47  -

- — 0.493 - - - 0 .4

- — —  _____ ______ _____ ______ ____ _____ 
- - 1.694 - - -

-
I 

-- - - 

- 

- - - - 0. 461

-4 - _ _ _ _

_______ _______ _______ _______ _______ 
0,142- 0.148 0.14 2- 0.140 - .14~ 0.140 0.1

— 
‘~~4 1 .450 33.62 5 30.206 33 . 399  29 . 2 7 4  , -

, - - - 1,7 3 1  -

- - - ~~- “- - -~~~~~~~ ~~-C ~~~~~~~ -
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NAVTRAEQUIPCEN IH—262

TABLE 1. 5. TIME FPA ~.I!! ANALYSIS — TACTTCS
( INT JEI ’I JA T A 8/ 3 2 )

19 
- 

20 21 22 23 24 25 26 27 28 29 30 51 22
1.108 1.108 1.108 1.108 1.108 1.108 1.108 1.108 1.108 1 . 108 1 .108 1.108 1. 108

- 1.231 - - - 1.231 - - - 1.23 1 - - -

.755 1 .755 1.755 1.755 1.755 1.755 1.755 1.75 5 1 .7 55 1.755 1 . 755 1 .755 1.755 1.755
) .246 - - — 0.246 - - - 0.246 - - - 0.246 -

~.131 2 . 1 3 1  2 .131 2.131 2 . 131 2.131 2.131 2.131 2 .131 2 . 131 2 .131  2 131 2 .131  2 .131

~~~~ 1.33 0 — 1.330 - 1.330 - 1.330 — 1 .330 - 1.33 6- - 1. 330
- 1.530 — 1 .530 — 1.530 — 1.530 - 1.530 - 1.530 -

4 .310 4.310 4 .310 4 .310 4 .310 4 .310 4.310 4.310 4.310 4.310 ‘. 3117 4 .310 4 .310

).123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123
— 0.246 - 0.246 - 

- 
0.246 - 0.246 — 0 .2 4 6  - 2.24€ - 0.246

~~~~ 4.954 4.954 4.954 4.954 4.954 4.954 4.954 4.954 4.954 4.954 4•954 4 954 4.954

.034 1.034 1.034 1.034 1.034 1.034 1.034 1.034 1.034 1.034 1.034 1.034 1. 034 1.034

0 493 - 0.493 - 0.493 - 0.493 - 0.493 - 0.493 - 0. 493

1.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.761

.494 2.494 2.494 2.494 2.494 2.494 2.494 2.494 2.494 2.494 2.494 2.494 2.494 ~~~~
— 1 . 164 — 1 .164 - 1 .164 - 1.164 - 1.164 - 1 .164 - 1 . 16 4

.306 1.306 2.306 2.306 2.306 2.306 2.306 2.306 2.306 2.306 2.306 2.306 2.306 2.306

— 0.155 - 0.665 - 0.665 - 0.665 - 0.665 - -3.665 - 0.665

L280 2.280 0. 25.0 0.280 0.280 0.280 0.280 0 .280 0.280 0.280 0.280 0.280 0.280 0.280

.847 - 1 . 2 47  - 1.847 - 1.847 - 1.847 - 1.847 - 1 . 847 -

— 0.~ 9 - - - 0.493 - — — 0.493 - - 0.493
— 1,69~ - - - 1.694 — - - 1.694 - - - 1 .694

- C - - - _ _ - - - - -

.141 
— - 

- 
- 

- ! - 2 ~- 0.148 0.148 0 .148 0.148 0 .148 0.1 4 0 0 . 148 0. 148 0 .148 0.i~~
- .2 3 1  - - - 1.231 - - - 1. 231 -

79 . ~o
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/

ESTIMATED TACTICAL E IEV IP1NI -1 E
PROGRAM MODULE WORST-CASE FRAI-~E TIME ASSI ISNMEIIT AN

INSTRUCTIO N CPU - TIITEPLIc-T [. 8/32 2’/LK
EXECUTED 

________ ________ ________ ________ ________ ________

________________ 

1 2 3 4 5 6 7

N a v i gation (32/Sec) 495 1.108 1.108 1.108 1.108 1 .108 1.108 1.10

Navigation (8/Sec) 550 1.231 - — - 1.231 -

Navi gation (lj’ ec) 1100 — — — - - -

Inertial Nay Sys (32/5cc) 784 1.755 1.755 1.755 1.755 1.755 1.755 J...d.~
Inertial Nay Sys (8/Sec) 110 - — 0.246 - - -

Inprti~~l N.~v Sys (1/Sec) 66 0.140 - - - -

UHF Data Link (32/Sec) 952 2.131 2.13 1 2. ls l  2 .131 2 . 13 1 2 .1 31 2 . 13

UHF Dat-i Link (16/Sec ’) 594 — 1.330 - 1 .330 - 1.330 —

- 
UHF Data Link (8/Sec) 683 — - 1.530 - - - 1.53

Nay Computer (32/Sec) 1925 4.310 4.310 4.310 4.310 4.310 4.310 4.31

MOIG Interface Program (32/Sec) 55 0.123 0.123 0.123 
- 
0.123 0.123 0.123 3.12

MOIG Interface Program (16/5cc) 110 - 0.246 - 0.246 - 0 .246 -
Radar/IR Target (32/Sec) 2213 4.954 4.954 4.954 4.954 4.054 4.954 4.95

T I D  Buffer Control (1/5cc) 110 - - 0.246 - - - -

Radar Interface (32/Sec) 462 1.034 1.034 1.034 1.034 1.034 1.034 1.03

Radar Interface (16/5cc) 220 — 0.493 - 0.493 - 0.493 —
Armament (32/Sec) 340 0.761 0.761 0.761 0.761 0.761 0.761 0.7E

Weaoon Deliver y (32/Sec ) 1114 2.494 2.494 2.494 2.494 2.494 2.494 2.4S

Weapon Del iver y  ( 16 / Sec) 
- 

520 - 1 .164 - 1 .164 - 1 .164

Weaoon Scorin g (32/Sec) 1030 2.306 2.306 2.306 2.306 2.306 2.306 2.3(

~‘- ‘
--~~on Scorin g (16/Sec) 297 - 0.665 - 0.665 - 0.665

5400 Interface (32/Sec) 125 0.280 0.280 0.280 0.280 0.280 0.280 O. 2~
5400 Interface (16/Sec) 825 1.847 — 1 .8 4 7  

- 
— 1.847 -

5400 Interface (8/Sec) 220 - — - 0.493 - -

5400 Interface (4/5cc) 1513 — - - 1 .694 - - —

5400 Interface (2ISec’) 206 - - 0.461 - - - —

5400 Interface (1/Sec) 231 
_______ 

— - — - 0 .517

A~C E2 ( ‘~2 / S ~ r )  66 (‘1.148 0.148 0. 148 0j 48 _ 0.1 48 0 .148 ..QJ.~
~I~~~) 550 - 1.23 1 - - - 1 .231 -

__ —- - - -C- -C --- - -



C 
•

IIRO-MM ENT SIMULATI O N
lENT A NC EXECUT ION TIME (MILLISECONDS)
12 W/LKAHD AJET - 2.2387 MI CROSEC ONDS

7 8 9 10 11 12 13 14 15 16 17 18 19 21

— 
1.108 1.108 1.108 1.108 1.108 1.108 1.108 2.463 - — -— 2.463 -

— 
- - 1.231 - - - 12m 0.123 0.123 0.123 0.123 0.123 0.123 0.

— 
1.231 0,616 0.61k - - ______ 

- - - - - 1 .601 - -

— 
1.755 1.755 1 .155 L755 1 7R6 1 7~R L15,~j , 0.123 0.123 0.123 0.123 0.123 0.123 0.~

— 
0.246 - - - 0.246 - - - - - - - 0.161

— 
- - - - - - -

_— 
0.074 0.074 0.074 0 .074 0 .074 0 .074 0.1

— 
2.131 2.131 2.131 2.131 2.131 2.131 2.131 - 0.266 - - - 0.266

— 
- 1.330 - 1.330 - 1 .330 - 0 .615 0.61 5 0.615 0 .615 0.615 0.615 0.~

— 
1.530 - - - 1.530 - -

_ — 
0.123 0.123 0.123 0.123 0.123 0.123 0.

— 
4.310 4.310 4.310 4.310 4.310 4.310 4.310 - 1.478 - 1.478 - 1.478

— 
0.123 0.123 0.123 0.123 0.123 0.123 0.123 - .. - - - -

— 
- 0.246 - 0.246 - 0.246 - - - - - - -

— 
4.954 4.954 4.954 4.954 4.954 4.954 ~~~~ 0.123 0.123 0.123 0.123 0.123 0.123 . Q ~

— 
- - - - - - -

_— 
0.739 - 0.739 ,~~~~~~~ 

0.739 - Oi

1.034 1.034 1.034 1.034 1.034 1.034 1.034 - - - —— - 0.432

- 0.493 - 0.493 - 0.493 -
_— 

0.123 0.123 0.123 Q,C123 0.123 0.123 ~~~~~~~~

— 
0.761 0.761 0.761 0.761 0.761 0.761 0.761 0.616 — 0.616 _ _ ~~~ 0.616 -

2 .4 94 2. 494 2.494 2.494 2.494 2.494 2.494 1.970 1.970 1.970 _ ]_
~9.70 1.970 1.970 j

~
— 1.164 - 1.164 - 1.164 - 

______ ______ ______ ______ ______ ______ —

2.306 2.306 2.306 2.306 2.306 2.306 2.306 
_______ _______ ______ ______ ______ _______ —

- 0.665 - 0.665 - 0.665 - 
_______ ______ ______ _______ _______ _______ —

L 
0.280 0.280 0.280 0.280 0.280 0.280 0.280 

_______ ______ ______ _______ _______ _______ —
— 

1. 847 - 1.847 - 1.847 - 1.847 
______ ______ ______ ______ ______ ______ —

— 
- 0.493 - - - 0.493 -

- 1.694 - - — 1.694 - 
______ ______ ______ ______ ______ ______ —

- - —
C 

_ _  

- - - 
_ _  ——  _ _  _ _  _ _  _ _  —

L 0.148 0.148 QJ48 0.148 0.148 0.148 0.148  
______ ______ ______ ______ ______ ______ —

L ______ ______ ______ l 2~ l 
- - - 31 .162 30.045 32 .118 30.835 33.625 31.099 33.~__________ _________ __________ •__ -) _________ _________ _________ __________ _________ _________ __________ __________ __________

- - C- - -~~~ --- - --C- C-



— - - 2 .463 - — - 2.463 — - - 2.463 

0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 

- - 1.601 - - - 1.601 - - - 1. 601 -

~Q~l23 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 

0.161 — - - - - - - 0.161 - - -

~0 .O 74 0.074 0.074 0 .074 0 .074 0 .074 0.074 0.074 0.074 0 .074 0.074 0. 074

______ 
- - - 0.266 - — - 0.266 - - - 

0.615 0 .6 15 0 .6 15 0 .615 0 .615 0.6 15 0 .615 0 .615 0.615 O.6 l~~ 0.6 15 0 .6 15

~p .l23 0.123 0.123 0.123 0.123 0.123 0.123 0.123 O.l23 0.1-23 0.123 0.123 

1.478 - 1 .478 - 1 .478 - 1.478 - 1.478 - 1.478 -
_ _ _  

1.281 - - - - - - - 1.281 - -

- - - 0.739 - - - - - - -

0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123

- 0.739 - 0.739 - 0.739 — 0.739 - 0.739 - 0.739

0.432 - - - - - - - - - - - 

0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 

- 0 .616 — 0.616 - 0.616 , - 0 .616 - 0.616 — 0.616

1.970 1.970 1.970 1.970 1.970 1.970 1.970 1.970 1.970 1.970 1.970 1.970
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/

ESTIMATED TACTIC
WORST-CASE FRAME T I M E  ASS)

PROGRAM MODULE INSTRUCTION CPU - SEL 32)
EXECUTED _______ _______ _______ _______ _______ _______

1 2 3 4 5 6

Navigation (32/Sec) 495 0.698 0.698 0.698 0.698 0.698 0.698

Navigation (8/Sec) 550 0.776 - — - 0.776 —

Navigation (1/5cc) 1100 - - - — - -

Inertial Na y Sys (32/Sec) 784 1.106 1.106 1.106 1.106 1.106 1.106

Inertial Nay Sys (8/Sec) 110 - - 0.155 - - -

Inertial Nay Sys ( 1/ Sec)  66 0 .093 — - — — —

UHF Data Link (32/5cc) 952 1.343 1.343 1.343 1.343 1.343 1.343

UHF Data Link (16/5cc) 594 - 0.838 - 0.838 - 0.838

UHF Data Link (8/Sec) 683 - - 0.963 - - -

Nay Computer (32/Sec) 1 925 2.715 2.715 2.715 2.715 2.715 2.7l~
Mdi g Interface Prog (32/5cc) 55 0.078 0.078 0.078 0.078 0.078 0.078

Mdig Interface Prog ( 16/ 5c c) 110 - 0.155 - 0.155 - 0.155

Radar JIR Target (32/Sec) 2213 3.12 1 3 .121 3.121 3.121 3 .121 3 .121

TID Buffer Control (1/Sec) 110 - - 0.155 - - -

Radar Interface (32/Sec) 462 0.652 0.652 0.652 0.652 0.652 0.652

Radar Interface (16 / Sec)  220 - 0 .310 - 0 .310 - 0.310

Armament (32 / 5cc )  340 0.480 0 .480 0.480 0 .480 0 .480 0.480
Weapon Delivery (32/5cc) 1114 1.571 1 .571 1.571 1.571 1.571 1.571

Weapon Delivery (16/5cc) 520 - 0.733 - 0.733 -

Weapon Scoring (3215cc) 1030 1.453 1.453 1.453 1.453 1.453 l.453

Weapo n Scori ng (16/5cc) 297 - 0.419 - 0 .419 - 0.419

5400 Interface (32/Scc) 125 0.716 0.716 0.716 0.716 0.716 0.716

5400 Interface (16/5cc) 825 1.163 - 1.163 - 1.163 
_______

5400 Interface (8/Sec) 220 — - — 0.310 - —
5400 Interface (4/Sec) 1513 - - - 2 . 134 - - —
5400 Interface (2/5cc) 206 - - 0.291 - - -
5400 Interface (1/Sec ) 231 - - - - - 0.32k

RHAWS (32/Sec) 66 — 0 . 09 3  0. 093 0.093 0 .093 0.093 0 .093

RHAW S (R i S e r)  R6O - 1L776 - - - ______

C -



-- -- -,~~~------ - - -~~~~~ .~~ ‘ , ‘

- rACTIcA L I 25 I P - ~2 N’EN T SIMULATION
I ASS IG N I”LNT A N D EXECUTION TIME (MILLISECONDS)
EL 32/55 AI ET - 1.4103 MICROSECONDS

6 7 8 9 10 11 12 13 14 15 16 17 18 19

0.698 0.698 0.698 0.698 0.698 0.698 0.698 0.698 3.698 0.698 0.698 0.698 0.698 0.698

- - 0.776 - - — 0.776 - - - 0.7Th - -

— 0.776 0,387 0.388 - - - - - - - — - —

1.106 1.106 1.106 1.106 1.106 1.106 1.106 1.106 1.106 1.106 1.106 1.106 1.106 1.106

- 0.155 - 
—_

- - 0 .155 — - - 0 .155 - - - 13 .155

1.343 1.343 1.343 1.343 1.343 1.343 1.343 1.343 L343 1.343 1.343 1.343 1.343 1.343

0.838 - 0.838 - 0.838 - 0.838 - 0.838 - 0.838 - 0.838 -

- 0.963 - — - 0.963 - - - 0.963 - — - 0.963

2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2.715 2 .715 2.715 2.715

0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078

0.155 - 0.155 - 0.155 — 0 .155 - 0.155 - 0 .155 - 0 155 -

3.12 1 3 .121 3.121 3.121 3.121 3.121 3 .121 3.121 3.121 3.121 3.121 3 .121 3.121 3.121

______ 
0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652

0.310 - 0 .310 - 0.310 - 0.310 - 0.310 - 0.310 - 0.310 -

~ 0.48 0 0 .480 0.480 0.480 0.480 0.480 0 .480 0.480 0.480 0.480 0. 480 0.480 0 .480 0.480
1.571 1.571 1.57 1 1.571 1.571 1.571 1.57 1 1.57 1 1.571 1.57 1 1.57 1 1.571 1.57 1 1.571
0.733 - 0.733 - 0.733 - 0.733 - 0.733 - 0.733 - 0 .733 —
l,4R3 l,4Fi3 1.453 1.453 1.453 1.453 1.453 1.453 1.453 1.453 1.453 1.453 1.453 1.453



- 
0.698 0.698 0.698 0.698 0.698 0.698 0.698 0.698 0.698 0.698 0.698

- 
0.776 — — - 0.776 - — - 0.776 — — 

1. 106 1.106 1.106 1.106 1.106 1.106 1.106 1.106 1. 106 1.106 1. 106
- - 0.155 - - - 0.155 - - - 0.155 

1.34 3 1.343 1.343 1.343 1.343 1.343 1.343 1.343 1.343 1.343 1.343 
- 0.838 - 0.838 - 0.838 - 0.838 - 0.838 - 

- - 0.963 — - - 0.963 — - — 0 .963
- 2.715 2 .715 2 .715 2 .715 2 .715 2.715 2.715 2 .715 2 .715 2 .715 2 .715 

0.078 0.078 0.078 
- 

0 .078 0.078 0. 078 0.078 0.078 0.078 0.078 0.078 
- 0.155 - 0 .155 - 0.155 - 0.155 - 0.155 -

- 3.121 3.121 3.121 3.121 3.121 3.121 3.121 3.121 3 .121 3.121 3.121 

0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 

- 0.310 - 0 .310 - O .310_ - 0.310 - 0 .310 - 

0.480 0.480 0.480 0.480 0.480 0.480 0.480 0.480 0.480 0.480 0.480 

1.5 7 1 1 . 5 7 1  1.57 1 1.57 1 1.57 1 1.571 1.571 1.57 1 1.571 1.57 1 1.571 
— 0.733 — 0.733 - 0.733 - 0.733 - 0 .733 - 

1.453 1,453 1.453 1.453 1.453 1,453 1.453 1.453 1.453 1.453 1. 453
- 0 .4 19  - 0.419 - 0.419 - 0.419 - 0.419 -
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ESTIMATED TACTICAL £
WORST-CASE FRAME TI I ’ F ASS IGI~PROGRAM MODULE INSTRUCTION CPU - SEL 32/5
E X E C U T E D

1 2 3 4 5 6

RHAWS (4/Sec) 1100 — 1.551 - — — 1 .661

DECM (32/ Sec) 55 0 .078 0.078 0.078 0.078 0.078 0.078 0

DECM (4 / Sec)  715 1.008 - - - 1.008 -

ALE-39 (32/5cc) 55 0.078 0.078 0.078 0.078 0.078 0.078 0

ALE -39 (4/Sec) 72 - - 0.102 - - -

DRLMS X-Y (32/Sec) 33 0.047 0.047 0.047 0.047 0.fl’.7 0.3~ 7 0
DRLMS X— ” (8/Sec) 119 - - 0.168 — - - 0

DRLM Interface (32/Sec) 275 0.388 0.388 0.388 0.388 0.388 0.388 0

Radar (32/5cc) 55 0.078 0.078 0.078 0.078 0.078 0.078

Radar (16/Sec) 660 0.931 - 0.931 - 0.9:1 - 0

Radar (4/5cc) 572 — - — 0.807 - - 
—

Radar (2/Sec) 330 - 
- 

- — - -

IR (32/Sec) 55 0.078 0.078 0.078 0.078 0.078 0.078

IR (16/Sec) 330 - 0.465 - 0.465 - 0.465 
—

IR (2/Sec) 193 - - 0.272 - - - 
—

VID IG (32/5cc) 55 0.078 0.078 0.078 0.078 0.078 0 . 0 7 8  
—

VIDIG (16/5cc) 275 0.388 - 0.388  - 0.388 - 
—

Executive (32/Sec) 880 1.241 1.241 1.241 1.241 1.241 1.241 
—

TOTr- L TI~’[ PEP ~RAM [ _____________ 19.911 20.799 32.14 ~ ~I . _ .1,~ 17I . IZS 

-C - --C-’-’ C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - - - 

rAd IcAL ENVIRONMENT SIMULATI ON
IME A SS I1N~’EN T AND EXECUTION TIME (MILLISECONDS)
— SEL 32/55 AIET - 1.4103 MICROSECONDS

— 
6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 .511 - - - 1 551 - - — 1.551 — - — 1 .551 —

0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078

- - - 1.008 - - - - 1.008 - - - 1.008 - -

0.07)1 0 .078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0 .078 0.078 0.078 0.0 78

—
- - - - - 0.102 — - - - - - - 0.102

0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047

- 0.168 - - - 0.168 - - - 0.168 - - - 0.168

0.388 0 .3 178 0.388 0.388 0.388 0.388 0.388 0.388 0.388 0.388 0.388 C 388 0 . 3 2 2  0.388

0.078 0.078 0.078 0.078 
- 
0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078

- 0.931 - 0.931 — 0.931 - 0.931 - 0.931 - 0.931 - 0.931
- - - - - - 0.807 - - - - - - -

- 0.465 - - - - - - - - - - - -

0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078

0.465 - 0.465 - 0.465 - 0.465 - 0.465 - 0.465 - 0.465 -

0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.073 0.078 0.078 0.078 0.078 0.078 0.078

- 0.388 - 0.388 - 0.388 - 0.388 - 0.388 - 0.388 - 0.38E

1.241 1.241 1 .241 1 . 241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241

~ 2 I .~~~ 
- - , ~~

‘, 7 .303 29.206 20.799t9.422 21 .723 19.818~ 
20.799 Th320 ~~~~~~ 19.818 20.799 19.7~



21 22 23 24 25 26 27 28 29 30 31
— 1 .551 — - — 1.551 — — - 1 .551 -

0.078 0.078 0.078 0.078 0 .078 0. 078 0.078 0.078 0.078 0.078 0 .078
1.008 - - - 1.008 - - - 1.008 - -

0.078 0.078 0 .078 0.078 0 .078 0.078 0 .078 0.078 0 .078 0.078 0.078
- - - - - - 0.102 - - - -

0.047 0.047 0.047 0.047 0.047 0. 047 0 .047 0.047 
, 
9.047 0.047 0.047

- - 0.168 - - 
______ 

0. 168 - - - 0. 168
0.388 0.388 0.388 0.388 0.388 0.388 0.388 0.388 0.388 0.388 0.388

0.078 0.078 0.078 0.078 0.078 0. 078 0.078 0.078 0.078 0.078 0 .078
0 .931 - 0.931 - 0.93 1 - 0.931 - 0.93 1 - 0.931

- - - - - - - 0.807 - - -

- - 0.465 - - - - - - - -

- 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078

- 0.465 - 0.465 - 0.465 - 0.465 - 0.465 - 

0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 

0.388 - 0.388 - 0.388 - 0.388 - 0.388 - 0.388 

1.241 1.241 1.241 1.241 1.241 1.24 1 1.241 1.241 1.241 1.241 1.241



ESTIMATED TACTICAL
WORST-CASE FRAME TIME ASSIGNME NT
INSTRUCTION CPU- X E Pfl Y 550

1 2 3 4 5 6

Navigation (32/Sec) 495 1.325 1.325 1.325 1.325 1.325 1.325

Navigation (8/5cc) 550 1.472 - - - 1.472 - 

—

Navi gation (1/Sec) 1100 - - - - - -

Inert ia l Nay (32/Sec) 784 2.099 2.099 2.099 2.099 2.099 2.099

I nertial Nay Sys (8/Scc) 110 — - 0.294 - -

Inertial Nay Sys (1/Sec) 66 0.177 — — - - - 
—

UHF Oa td Link (32/5cc) 952 2.548 2.548 2.548 2.548 2.548 2.548

UHF Data Link (l6/Scc) 594 - 1.590 - 1.590 - 1.590 
—

UHF 13-ita Link (8/5cc) 683 
— 

- - 1.828 - - - 
—

Nay Computer (32/Sec) 1925 5.153 5.153 5.153 5.153 5.153 5.153

MDIG Interface Program (32/Sec) 55 0.147 0.147 0. 147 0.147 0.147 0.147
MD IG Inter face Program (16/Sec) 110 - 0.294 - 0.294 - 0.294 

—

Radar/IR (32/Sec) 2213 5.924 5.924 5.924 5.924 2.924 5.924

TID Buffe r Control (1/Scc ) 110 - - 0.294 - - - 
—

Radar Interface (32/Sec) 462 1.237 1.237 1.237 1.237 1.237 1.237 
—

Radar Interface (16/5cc) 220 - 0.5 8 9  - 0.589 - 0.589 
—

Armament (32/Sec) 340 0.910 0.910 0.910 0.910 0.910 0.910 
—

Weapon Delivery (32/Sec) 1114 2.982 2.982 2.982 - 
2.982 2.982 2.982

Weapon Delivery (16/Sec) 520 - 1.392 - 1.392 - 1.392 
—

Weapon Scoring (32/Sec) 1030 2.757 2.757 2.757 2.757 2.757 2.757 
—

Weapon Scoring (16/Sec) 297 - 0 . 7 9 5  - 0.795 - 0.795 
—

54 )0 Interface (32/Sec) 125 0.335 0.335 0.335 0.335 0.335 0.335 
—

5400 Interface (16/Sec) 825 2.208 — 2.208 - 2.208 — 
—

5400 Interface (8/ Sc c) 220 — - — 0.589 - - 
—

5400 Interface (4/5cc) 1513 - - - 4.050 - - 
—

5400 Interface (2/Sec) 206 - - 0.55 1 - - - 
—

5400 Interface (1/Sec) 231 - - - - - 0.618 
—

RHAW 5 (32 / Sec)  66 0 .177 0 .177 0 . 177 ~ O . l77 0 . 1 7 7  0 . 177 
—

PHAWS (8/ 5c c )  550 - 1.472  — - - 1.472 —



- - ___________________

-L

~ ICAL ENVI RO N M EN T SI MULATION
- 

ENT AND E X E C U T I O N  T I M E  ( M I L L I S E C O N D S )
A IET - 2 .6769 MICROSECONDS

5 7 8 9 10 11 12 13 
- 

14 15 16 17 18 19

~25 1.325 1.325 1.325 1.325 1.325 1.325 1 .325 1.325 1.325 1.32 5 1.325 1.325 1 . 325
— - - 1.472 - - - 1.472 - - - 1 .472 - -

-— 1 .472 0.736 0.736 - - - - 
- - - - - -

‘099 2.099 2 .099 2 .099 2.099 2.099 2.099 2 .099 2 .099 2 .099 2 .099 2 .099 2 .099 2 .099

— 0.294 - - - 0.294 - - - 0.294 - - - 0.294

548 2 .54 17 - 2 .64 0 2.548 2.548 2.548 2.548 2.548 2.548 2.548 2.548 2.548 2.548 2,642-

590 - 1.590 - 1.590 - 1.590 - 1.590 - 1.590 - 1 .590 -

____ 

1.828 - - - 1.828 - - - 1.828 - - - 1.828

~.153 5.153 5.153 5.153 5.153 5.153 5.153 5.153 5.153 5.153 5.153 5.153 5.153 5.153

~~147 0 .147 0.147 0. 147 0.147 0 .147 0 .147 0.147 0. 147 0.147 0. 147 0. 147 0.147 0 .147

5.294 — 0.294 - 0.294 - 0.294 
- 

- 0.294 - 0.294 - 0.294 -

~~924 5.924 5 .924 5.924 5.924 5.924 5 .924 5.92 4 5 .924 5.924 5 .924 5 .924 5 .924 5 .9 2 4

1237 1 237 1 237 1 237 1 237 1 237 1 237 1 237 1 237 1 237 1 237 1 237 1 237 1 237

~~ 89 - 0.580 - 0.589 - 0.589 - 0.589 - 0.589 - 0.589 -

910 0.910 0 .9 10 0.910 0.910 0.910 0.910 0.910 0.910 0.9 10 0 .910 0 .910 0 .910 0 .910

2.982 2.982 2.982 2.982 2.982 2.982 2.982 2.982 2.982 2.982 2.982 2.982 2.982

.392 — 1.392 - 1.392 — 1.392 - 1.392 - 1.392 - 1.392 -

.757 2.757 2 .757 2 .757 2 .757 2.757 2.757 2.757 2 .757 2.757 2 .757 2 .757 2 .757 2 .757

.795 - 0.795 - 0.795 - 0.795 - 0.795 - 0.795 - 0.795 - 

.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0.335

_____ 
2.208 - 2.208 - 2.208 - 2.208 - 2.208 - 2.208 - 2.208

- 0.58 - - - - 0.589 - - 
- 

- 0.589 - - -

- - - - 4 .050 - 
- - - - - -

- - - - _ - - - - - - - 0 .551

0.618 - - - - - - - - - - - -

~~177 0 .1 77 0 . 177 0 . 177 0. 177 0.177 0 . 177 0.177 0.177 0 .177 0. 177 0 . 177 0. 177 0.177 -

]~~~~ 72 - - , - 1.472 - - - 1.472 - - - 1 .472 -

- -  ~~~~~, .



- - - C- _________

j  

NAVTRAEQ IJ Ip CEN I H - 2 6 2
- TABLE 17. TIM1-: SLOT A N A L Y S I S  - TACTICS

- (XEROX 550 )

19 20 21 22 23 24 25 26 27 22 29 33 31 32

— 1.325 1.325 1.325 1.325 1.325 1 . 3 2 2  1 . 325 1.325 1.325 1.325 1.325 1.326 1 .326 1 .325

- - 1.472 - - - 1.472 — - - 1.472 - - -

C — — — — — - - - - - - - - 
_ _

2 .099 2.099 2 .099 2 .099 2 .099 2 .099 2 .099 2 .099 2 .099 2 .099 2.099 2.099 2.099 2.O9~
0.294 - - - 0.294 - - - 0.294 - - - 0.294 -

r - - - - - - - - - - - - - -

2 .548 2 .548 2.548 2.548 2 .548 2.548 2 .548 2 .548 2 .548 2.548 2 .548 2 .548 2 .54 2 2 .54~
- ‘ .590 - 1.590 - 1.590 - 1.590 - 1.590 - 1.590 - 1 .591

~~~~

i.822 - - - 1.828 - - - 1.828 - - - 1 , 828 -

5.153 5.153 5 . 153 5 . 153 5.153 5.153 5.153 5.153 5 . 153 5 .153 5.153 5.153 5 .153 5. l 5~
0.147 0.147 0 .147 0.147 0.147 0.147 0 .147 0 .147 0. 147 0.14 7 0.147 0. 147 0.147 0 , 14 1

- 0.294 - 0.294 - 0.294 - 0.294 - 0.294 - 0.294 - 0.29L

‘, 5.924 5.924 5.924 5.924 5.924 5.924 5.924 5.924 5 .924 5 .924 5 .924 5.92 4 5.924 5 .92~

I 

1.237 1.237 1.237 1.237 1.237 1.237 1.237 1.237 1.237 1.237 1.237 1 . 237  1 .2 37  1 , 2 3 3
- - 0.589 - 0.589 - 0.589 - 0.589 - 0.589 - 0.589 - 3 , 58 1

- 0.910 0.910 0.910 0 .910 0.910 0.910 0.910 0.910 0.910 0.910 0 .9 10 0.910 0. 9 10 J. -~l(

- 2.982 2.982 2 .982 2 .982 2 .982 2.982 2.982 2.982 2 .982 2 .982 2 .982 
- 

2.982 . 917 
_____

- 1 .392 - 1.392 - 1.392 - 1 .392 - 1.392 - 1 .392 
____ 

- -
_ _  _ _  _ _  _ _  _ _  _ _  _ __ _  - -C

7~ - 2 .757 2 .757 2 .757 2 .757 2 .757 2.757 2 .757 2 .757 2 .757 2 .757 2 . 757 2 . 75~~ -

- 0.795 - 0.795 - 0.795 - 0.795 - 0.795 
_______

— _ _ _ _ _  ____  ____  _ _ _ _ _  ____- _ _ _ _ _

.5 0.335 0.335 0.335 0.335 0.335 0.335 0.335 0 .335 0 .335 0 .335 J 3 ~~-

~~ 2 .208 - 2 .208 - 2.208 - 2 .208 - 2.208 - i ?)8

—
- 0.589 - - - 0.589 - - - 

4~~~s~ 9 4
— - 4.050 - - - - - - -

0.5 51 - - - - - - - -

-
. 

- - 

-

~~~ --

C
_  

- - 

‘C 

-

J 0.177 0.177 0.177 0 . 17 7  0.177 0.177 0.177 0.1 ,, 3 1

2 - — - 1 .472 - - 
______ 

1 ’ .~~”
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ESTIMATED TACTICAL EN~
WORST-CASE FRAME TIME ASSIGNME

ponro nu ulmiII t INSTRUCTION CPU - XEROX 550
EXECUTED

1 2 3 4 5 6

RHI\W S (4 / Sec ) 1100 - 2.945 — - — 2.945 .—.~:

DECM (32/Sec)_ 55 0.147 0.147 0.147 0.147 0.147 0.147 0.1

DECM (4/Sec) 715 0.957 - - - 0.957 -
ALE-39 (32/Sec) 55 0.147 0.147 0.147 0.147 0.147 0.147 _ Q~J
ALE- 39 (4/Sec) 72 — — 0.193 - - - _ Q~J
DRLMS X - Y (32JSec) 33 0.088 0.088 0.088 0.088 0.088 0.088 _Q4
DRLMS X-Y (8/Sec) 119 - - 0.319 — - - •••.Q•~
DRLM Interface (32]Sec ) 275 0.736 0.736 0.736 0.736 0.736 0.736 ....Q.~
RADAR (32 / Sec) 55 0.147 0.147 0.147 0.147 0.147 0.147 •.•Q~•]
RADAR (16/Sec) 660 1 .767 - 1 .767 - 1 .767 -

RADAR (4/Sec ) 572 - - - 1. 531 - -

RADAR (2 / Sec) 330 - - - - - - ._ Q_j
IR (32/Sec) 55 0.147 0.147 0.147 0.147 0.147 0.147 ...Q.~J
I R ( l 6 JSec )  330 - 0.883 - 0.883 - 0.883
IR (2/Sec) 193 - - 0.517 - - -

VIDIG (32 /Sec ) 55 0 . 147 0 . 147 0.147 0.147 0 .147 0 .147 _Q.~
VIDIG (16 /Sec ) _275 0 .736 — 0 .736 - 0.736 -

EXECUTIVE FUNT ( 32 /Sec )  880 2 .356 2 .356 2.356 2.356 2 .356 2 .356 ...2.~

TOT A L TIME PER FRAME 36.826 39 .469 38.216 41 .222 36 .649 37 .142 39.~



L

~CAL ENVIRONMENT SIMULATION

~SSIGNMENT AND EXECUTION TIME (MILLISECONDS )
DX 550 A IET - 2 .6769 MICROSECONDS

7 8 9 10 11 12 13 14 15 16 17 18 19
- - - 2 .945 - - - 2.945 - - - 2.945 -

47 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 C

— — 0 .957 — — — 0.957 — — — 0.957 - - —

L~2_ 0.147 0.147 0.147 O.t47 0.147 0.147 0.147 fL147 JL147 0.147 0.147 Q.14L 0.147 ...~
~~~_ 0.193 - - - 0.193 - - - 0.193 - - - 0.193 

—

~~~ 0.088 0.088 0.088 0.088 0.088 0.088 0.088 0.088 0.088 0.088 0.088 0.088 0.088 ~
0.31 9 - - - 0.319 - - - 0.319 - - - 0.319 

—

~~~~~~~~ 0 .736 0 .736 0.736 0 .736 0.736 0. 736 0.736 0.736 0 .736 0.736 0 .736 0 .736 0.736 ~
L~L 0.147 0.147 0 .147 0.147 0.147 0.147 0.147 0.147 0.147 0 .147 0.147 0.147 0.147 J
— 1.767 — 1.767 - 1.767 - 1.767 — 1.767 - 1.767 — 1.767 

—

- — — — — 1.531 — - — — — — —
— 0.883 - - - - - - - - - - - -

] iL. 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.141 0.147 J
- 0.883 - 0.883 - 0.883 - 0.883 - 0.883 - 0.883 - J
- - - - - - - - - - - - 0.517~~_

].4j .. 0.147 0.147 OJ4L 0.147 0.147 0.147 O.14L 0.147 0.147 0.147 0.147 0.147 0.147 J
~~~... 0 .736 - 0 736 - 0.736 - 0.736 - 0 .736 - 0.736 - 0.736

~~L 2.356 2.356 2.356 2 356 2.356 2.356 2.35E 2.356 2.356 2.356 2.356 2.356 2.356 ~



— 0.319 - - - 0.319 - 
0.736 0.736 0.736 0 .736 0.736 0 .736 0 .736 
0.147 0.14 7 0.147 0.147 0.147 0.147 0.147 

- 1.767 - 1.767 — 1.767 -

I 
— - — — — — 1.531 
- 0.883 - - - - - 

0.14 7 0.147 0.147 0.147 0.147 0.147 0.147 
0.883 - 0.883 - 0.883 - 0.883

H 
0.147 0.147 0.147 0.147 0.147 0.147 0.147 

- 0.736 - 0 .736 - 0.736 - 
2 .356 2 .356 2.356 2 .3 56 2.356 2 .356 2.356



r

/

ESTIMATED VI~
WORST-CASE FRAME TIME ASS IGNrIENT

~‘ROGRAM MODULE INSTRUCTION CPU - INTERDAT
EXECUTED 

_______ _______ _______ _______ _______ _______

1 2 3 4 5 6

Sky-Sea Projector (32/Sec) 2024 3.948 3.948 3.948 3.948 3.948 3.948

Miscellaneous (32/Sec) 76 0.148 0.148 0.148 0.148 0.148 0.148 0.

Target Projector (32/Sec) 1884 3.675 3.675 3.675 3.675 3.675 3.675 3.~
Miscellaneous (32/Sec) 265 0.517 0.517 0.517 0.517 0.517 0.517 O.~
Intcractive Target Projector (32/Sec 1884 3.675 3.675 3.675 3.675 3.675 3.675 3.’

Miscellaneous (32/Sec) 265 0.517 0.517 0.517 0.517 0.517 0.517 O.~
Mi ssile ,’Gun Projector (32/Sec) 759 1.481 1.481 1.481 1.481 1.481 1.481 1.

Miscellaneous (32/Sec) 164 0.320 0.320 0.320 0.320 0.320 0.320 0.

CVA (8/Sec) 935 1.824 - - - 1.824 - 
—

CVA (4/Sec) 66 - - 0.129 - - -
Executive and I/O (32/Sec) 1075 2.097 2.097 2.097 2.097 2.097 2.097 2.

TOTAL TI VE PE P FRAME 
______________ 

18.202 16.378 16 .507 16.378 18.202 16.378 16



F 2

VISUAL SIMULATION
IIENT AND EXECUTION TIME (MILLISECONDS)
:RDATA 8/32 WLKHD AIET - 1.9506 MICROSECONDS

7 8 9 10 11 12 13 14 15 
- 

16 17 18 19 20
3.948 3.948 3.948 3.948 3.948 3.948 3.948 3.948 3.948 3.948 3.948 3.948 3.948 3.S

- 
0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.148 0.1

3.675 3.675 3.675 3.675 3.675 3.675 3 .675 3.675 3 .675 3.675 3.675 3.675 3.675 .jj

L 0.517 0.517 0.517 0.51 7 0.517 0.517 0.517 0.517 0, 517 0.517 0 .517 0.517 0.517 ~~
— 

3.675 3.675 3.675 3.675 _3.675 3.675 3.675 3.675 3.675 3.675 3.675 3.675 3.675 3.~

— 
0.5 17 0.517 0.517 0.517 0.5 17 0.517 0.5 17 0.5 17 0.517 0.517 0 .5 17 0 .5 17 0 .5 17 0.6

— 
1 .481 1.481 1.481 1.481 1.481 1.481 1.481 1.481 1.481 1.481 1.481 1.481 1.481 jJ

L 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.320 0.~
- - 1.824 - - - 1.824 - - - 1.824 - - -

- — — — 0.129 - — - - - - — 0.129 -

2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.097 2.0

78 16.378 16.378 18.202 16.378 16.507 16.378 18.202 16.378 16.378 16.378 18.202 16.378 16.507 16.



1.481 1.481 1.481 1.481 1.481 1.481 h481 
0.320 0.320 0.320 0.320 0.320 0.320 0.320 

- - 1.8 24 - - - 1.824 
- - - - 0.129 - - 

2 .097 2.097 2.097 2 .097 2 .097 2 .097 2 .097



-~ - --~ . ~~‘r.vz~~z~~- ’ -  — ~— -——. ~~~~~~~~~~ _ : ? .artcr - —a 

/

ESTIMATED VISUAL
WORST-CASE FRAME TIME ASSIGNMENTS ~

PROGRAM MODULE INSTRUCTION CPU - SEL 32/55
EXECUTED 

________ ________ ________ ________ ________ ________

_________________________________________ _______________ 
1 2 3 4 5 6

Sky-Sea Prolector (32/Sec) 2024 3.590 3.590 3.590 3.590 3.590 3.590 3.~
Miscellaneous (32/Sec) 76 0.135 0.135 0.135 0.135 0.135 0.135 0.

Target Projector (32/Sec) 1884 3.341 3.341 3.341 3.341 3.341 3.341 
•~~~~~

Miscellaneous (32/Sec) 265 0.470 0.470 0.470 0.470 0.470 0.470 Q~
In teractive Target Projector (32/Sec 1884 3.341 3.341 3.341 3.341 3.341 3.341 3.~
Miscellaneous (32 /Sec ) 265 0.470 0.470 0 .470 0 .470 0.470 0 .470 0.
Missile/Gun Proiector (32JSec) 759 1.346 1.346 1.346 1.346 1.346 1.346 j

~
Miscellaneous (32/Sec) 160 0.284 0.284 0.284 0.284 0.284 0.284 .Q~

j
CVA (8/Sec) 935 1.658 - - - 1.658 -

CVA (4JSec) 66 - - 0.117 - - -
Executive and I/O (32/Sec) 1075 1.907 1.907 1.907 1.907 1.907 1.907 1.

_  

H

TOTAL TIME PER FRAME 16 .542 14.884 15.001 14.884 16.542 14.884 14

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~



VISUAL SIMULATION
MENTS AND EXECUTION TIME (MILLISECONDS)
/55 MET - 1 .7736 MICROSECON DS

7 8 9 
- 

10 11 12 13 14 15 
— 

16 17 18 19

90 3.590 3.590 3.590 3.590 3.590 3.590 3.590 3.590 3.590 3.590 3.590 3.590 3.590

35 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135

41 3.341 3.341 3.341 3 .341 3.341 3.341 3 .341 3 .341 3 .341 3 .341 3.34 1 3 .341 3.341

70 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470

~4l 3.341 3.341 3.341 3.341 3.341 3.341 3.341 3.341 3.341 3.341 3.341 3.341 3.341 -

~70 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470

~46 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346

~84 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 i3.284 0.284 0.284

— - 1.658 — — — 1.658 - - - 1.658 - -

- - - - 0.117 - — — - - - - 0.117

~07 1.907 1.907 1.907 1.907 1.907 1.907 1.907 1.907 1.907 1.907 1.907 1.907 1.907



3.341 3.341 3.341 3.341 3.341 .3.341 3.341 3.341 3.341 3.341 3.341 3.341 3.341 3.34~
0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0.470 0 .470 0.470 0.470 0. 470 0.411
1 .346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.346 1.3

0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 O.2_

- 
1 658 - - - 1.658 - - - 1.658 - - 

____

0.1 17 
— 

- - - 
- 

— - - 0.117 - - - - — —

1.907 ~~7 1 .907 1.907 1.907 1.907 1.907 1.907 1.907 1.907 1.907 1.907 l.9Q~



-- -- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ _____

/

ESTIMATED VISUAL SI

INSTRUCTION FRAME TIME ASSIGNMENT AND EXE~
PROGRAM MODULE EXECUTED _______ _______ _______ _______ 

CPU - XEROX 550 1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
1 2 3 4 5 6 7

Sky-Sea Proiector (32/Sec) 2024 5.400 6.400 6.400 6.400 6.400 6.400 6.40
Miscellaneous (32/Sec) 76 0.240 0.240 0.240 0.240 0.240 0.240 0.2~
Target Projector (32/Sec) 1884 5.957 5 .957 5 .957 5 .957 5.957 5.957 5.95

Miscellaneous (32/Sec) 265 0.838 0.838 0.838 0.838 0.838 0.838 0.8~
Interactive Target Projector (32/Sec 1884 5.957 5.957 5.957 5.957 5.957 5.957 5.96

Miscellaneous (32/Sec) 265 0.838 0.838 0.838 0.838 0.838 0.838 0.8~
Missile/Gun Projector (32/Sec) 

— 
759 2 .400 2 .400 2 .400 2 .400 2 .400 2 .400 2 .4 (

Miscellaneous (32/Sec ) 164 0.519 0.519 0.519 0.519 0.519 0.519 0.51

CVA (8/Sec) 935 2.957 — - — 2.957 —

CVA (4/ Sec) 66 
— 

- - 0.209 - - -

Executive and I/O (32/Sec) 1075 3.399 3.399 3.399 3.399 3.399 3.399 3.~~

TOTAL TIME PER FRAME 29 .505 26 .548 26 . /~ 7 26. 54 8 29.505 26.548 26.

- -—- _
~~~~- __-- . _~~ __1_~._ _ _ 

-.



5.957 5.957 1 
~~~ ~~~~ 5.957 5.957 5.957 5.957 5.957 ~ .957 5.957 ~.957 5.957 5.957

0.838 0.838 0.838 0.838 0.838 0.838 0.838 0.838 0.838 0.838 0.838 C.~ 30 0.838 0.838

5.957 5.957 5.957 5.957 5.957 5.957 5.957 5.957 5.957 5.9b7 5.95 ’ 
~~~. 1~L7 5.957 5.957

0.838 0.838 0.838 0.838 0.838 0.838 0.838 U.838 0.838 0 838 0.838 0.. 338 0. 838 0.83&

2 .400 2 . 400 2 . 400 2 .400 2 . 400 2.400 2 .400 2 400 2 .400 2 400 2.400 2.400 2.400 2.400

0.519 0.519 0.519 0.519 0.519 0.519 0.519 n.5j~ 0.519 fl.519 0.519 0 519 0 519 0.519

- - 2.957 - — - 2.957 - — - 2.957 - -
- - - - 0.209 - - - — - - - 0.209 -

3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399

6.548 26.548 29.505 26.548 26.757 26.548 29.505 26.548 26.548 26.548 29.505 26.548 Z~.757~ 26.548



-~~~ 
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NAVTRAEQUIPCEN IH-262

TABLE 20. TIME FRAME ANALYSIS - VISUAL
(XEROX 550)

20 21 22 23 24 25 26 27 28 29 30 31 32

QQ_ 6.400 6.400 6.400 6.400 6.400 6.400 6.400 6.400_ 6.400 6.400 6.400 6.400 6.400

~Q., 0.040 0.240 O~240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.24~.

~~~~~~~~~ 5.957 5.957 5.957 5.957 5.957 5.957 5~9~7 ~~~~ 5.957 5.957 5.957 5.957 5.957

~~~~~~~_. 0.838 0.838 0.838 0.838 0.838 0.838 cL838 0.838 0.838 O.838~ 0.838 0.830 003~

~~~ 5.957 5.957 5.957 5.957 5.957 5.957 j~.957 5.957 5.957 ~~~~~ 5.957 5.957 5.952

~&. 0.838 0.838 0.838 0.838 0.838 0.838 fl.838 0.838 0.838 2.238 0.838 0.238 0.830

La.... 2.400 2.400 2.400 2.400 2.400 2.400 2.400 2 400 2 400 2 400 2 400 2 400 2 400

W.... 0.519 0.519 0.519 0.519 0.519 0.519 1L519 0.519 ~~~~~ 
0 5 19 0 5 1 9  0 ~1Q 0 ~~~

— - 2.957 - - - 2.957 - — - 7.957 - - -
- 

- 
- 

_~_.:_ 
- - - - 0. 209 - - - - -

399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399 3.399

.757~ 26 .548 29.505 26.548 26.548 26.548 29.505 26.548 26.757 26.548 29.505 26.548 26.548 26.548

95/96
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ESTIMATED SYNTHETIC TAft
WORST-CASE FRAME TIME ASSIGNMENT Al

PROGRAM MODULE INSTRUCTION CPU - INTERDATA 8/3
EXECUTED _______ _______ ________ _______ _______ _______ —

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
1 2 3 4 5 6 

—

Equation of Motion (32/Sec) 3618 6.922 6.922 6.922 6.922 6.922 6.922

Direction Cosines (32/Sec) 76 0.145 0.145 0.145 0.145 0.145 0.145

Aero Coefficients (32L$ec) 341 0.652 0.652 0.652 0.652 0.652 0.652

Euler An Qie (32/Sec) 278 0.532 0.532 0.532 0.532 0.532 0.532

Rotational Filter (32/Sec) 76 0.145 0.145 0.145 0.145 0.145 0.145

Quaternion to Dir. Cosine (32/Sec) 1 088 2.082 2.082 2.082 2.082 2.082 2.082 
—~

Quatern ion Integration (32/Sec) 354 0.677 0.677 0.677 0.677 0.677 0.677

Human Pilot Blackout (32/Sec) 76 0.145 0.145 0.145 0.145 0.145 0.145

Relative Geometry (32/Sec) 670 1.282 1.282 1.282 1.282 1.282 1.282 
—

Closest Maneuverp lane (32/Sec) 518 0.991 0.991 0.991 0.991 0.991 0.991 
—

Accumulation of Weapon Time (32/Sec) 63 0.121 0.121 0.121 0.121 0.121 0.121 
—

Fire Cone (32/Sec) 152 0.291 0.291 0.291 0.291 0.291 0.291 
—

Thrus t Control (32ISec) 88 0.168 0.168 0.168 0.168 O.16& 0.168 -

Reaction Routine (32/Sec ’) 872 1.668 1.668 1.668 1.668 1.668 1.668 —

Predict TurninQ Fli ght (32LSec) 177 0.339 0.339 0.339 0.339 0.339 0.339 —

Ran dom Perturbation (32/Sec) 733 1.402 1.402 1.402 1.402 1 .402 1. 402 
—

State Eval uation (32/Sec) 101 0.193 0.193 0.193 0.193 0.193 0.193 —

Executive and I/O (32/Sec) 1075 2.057 2.057 2.057 2.057 2.052 2.057 —

TOTAL TI ME PER FRAME 19.812 19.812 19.812 19.812 19.812 19.812 1

- - - -~~~ ~~-.-_ ~~~~ -~~~~~~~~~.- -- . ~~~ -~~~~--~~~~~~~~ - - -  ~~~~~~~
—

~~~~ -—~~~~~~~~
——— - - - -
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C TARGET SIMULATION
ENT AND EXECUTION TIME (MILLISECONDS)
8/32 WLKHD AIET - 1.9132 MICROSECONDS

— _ _ _  _ _ _  _ _ _  _ _ _  ___ - .

— 
7 8 9 10 1 1 12 13 14 15 lb 17 l~ 19

22 6.922 5.922 6.922 6.922 6.922 6.922 6.922 6.922 6.922 6.922 6.922 6.922 6.922

45 0.145 0.145 0.145 0.145 0.145 O.l4~_ 0.145 0.145 0.145 0.145 0.145 0.145 0.145

~52 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652

~~~ 0.532 0.532 0.532 0.532 0.532 0.532 0.532 ~~~~ 0.532 0.532 0.532 0.532 0.532

14k.... 0.145 0.145 0.145 0.145 0.145 0.145 ~Ll45 
0.145 0.145 0.145 0.145 0.145 0.145 

-

~~~ 2.082 2.082 0.082 0.082 0.082 0.082 0.082 2.082 2.082 2.082 2.082 2.082 2.082

QZZ.... 0.677 0.677 0.677 0.677 0.677 0.677 0.677 0.677 0.677 0.677 0.677 0.677 0.677

]~~~.. 
0.145 0,145 0.145 0.145 0.145 0.145 0.145 0.145 ..~~.145 0.145 0.145 0.145 0.145

~~~ 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282

~.L 
0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991

121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121

~ L.. 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291

.1.Q&. 0.168 0.168 0.168 0.168 0.168 0.168 ~ .l68 0.168 0.l6~ 0.168 ~~~~~~~~~~~~~~~~ 0.168 0.168 -

~~~ 1.668 1.668 1.668 1.668 1.668 1.668 1 .668 1.668 1.668 1.668 1.668 1.668 1.668

.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 
-

.402 1.402 1.402 1 .402 1 ,402 1.402 1.402 1 .402 1.402 1.402 1.402 1 .402 1.402 1.402

J93 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.’L93 0J91 _0 .l93 0.193
.057 2.057 2~O57 2.057 2.057 2.057 2.057 2.057 2.057 2.057 2,057 2.057 2.057 2.057

.812 19.812 19.812 19.812 19.812 19.8 12 19.812 19 .8 12 19.812 19.812 19.812 19.812 19.812 19.8 12
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NAVTRAEQUIPCEN IH-262

TABLE 21. TIMJ~ FRAME ANALYSIS - SYNTHETIC
TARGET (INTERDATA 8/ 32 )

— 
_~u 21 2~ 23 24 25 26 27 28 29 30 31 32

~22 6.922 6.922 
- 
6.922 6.922 6.922 6.922 6.922 6.922 6.922 6.922 6.922 6.922 6 .922

145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145

6~j  0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652 0.652

532 0.532 0.532 0.532 0.532 0.532 0.532 0.532 0.532 0.532 0.532 0.532 0.532 0.532

145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145

082 2.082 2.082 2.082 2.082 2.082 2.082 2.082 2.082 2.082 2.082 2.082 2.082 2.082

~1L.. Q.677 0.677 0.677 0.677 0.677 0.677 0.677 0.677 0.677 0.67/ 0.677 0.677 0.677

145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145 0.145

282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282 1.282

991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991 0.991

121 0.l2l~ 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121

291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291 0.291

~~~ 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.168 0.168

~668 1.668 1.668 1.668 1.668 1.668 1.668 1.668 1.668 1.668 1.668 1.668 1.668 1.668

L339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339 0.339

~4O2 1.402 1 .402 1.402 1.402 1.402 1.402 1.402 1.402 1.402 1.402 1 .402 1.402 1 . 402

LJ 93 0.193 0.193 .j~.l93 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193

~057 2.057 2.057 2.057 2.057 2.057 2.057 2.057 _2.057 2.057 2.057 2.057 2.057 2.057

~812 19.812 19.812 19.812 19.812 19.812 19.812 19.812 19.812 19.812 19.812 19.812 19.812 19.812
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ESTIMATED SYNTHETIC TA
WORST-CASE FPAME TIME ASSIGNMEN

PROGRAM MODULE INSTRUCTION CPU - SEL 32/55
EXECUTED _______ _______ _______ _______ _______ _______ —

1 2 3 4 5 6

Equation of Motion (32/Sec) 3618 6.433 6.433 6.433 6.433 6.433 6.433 6

Direction Cosines (32/ Sec) 76 0.135 0. 135 0.135 0 .135 0.135 0.135 C
Aero Coeff icients (32/ Sec) 341 0.606 0.606 0.606 0.606 0.606 0.606 C
Euler An gle (32/Sec) 278 0.494 0.494 0.494 0.494 0.494 0.494 C
Rotational Filter (32/ Sec ) 76 0 .135 0.135 0 .135 0.135 0.135 0.135 C

Quaternion to Dir. Cosine (32/ Sec) 1088 1.934 1.934 1.934 1.934 1.934 1.934 1
Quaternion Integration (32/ Sec) 354 0.629 0.629 0.629 0.629 0 .629 0.629 C
Human Pilot Blackout (32 / Sec) 76 0.135 0.135 0.135 0 . 135 0.135 0.135 C
Relative Geometry (32/Sec) 670 1.191 1.191 1.191 1.191 1.191 1 .191 1

Closes t Maneuver p lane (32/Sec 518 0.921 0.921 0.921 0.921 0.921 0.921 C

Accumulation of Weapon Time (32/Sec) 63 0.112 0.112 0.112 0.112 0.112 0.112 C

Fire Cone (32/Sec) 152 0.270 0.270 0.270 0.270 0.270 0.270 C

Thrust Control (32/Sec) 88 0.156 0.156 0.156 0.156 0.156 0.156 C

Reaction Routine (32/Sec) 872 1.550 1.550 1.550 1.550 1.550 1.550 1

Predict Turning Flight (32/Sec) 177 0.315 0.315 0.315 0.315 0.315 0.315 C

Random Perturbation (32/Sec) 733 1.303 1.303 1.303 1.303 1.303 1.303 1

State Evaluation (32/Sec) 101 0.180 1.080 1.080 1.080 1.080 1.080 1

Executive and I/O (32/ Sec) 1075 1.91 1 1.91 1 1.911 1.91 1 1.9 11 1.911 1

TOTAL TIME PER FRAME 
___________  

18.410 18.410 18.410 ~~~~~ 18.410 10, 410 j

-



0.494 0.494 0.494 0.494 0.494 0.494 0.494 0.494 0.494 0.494 .Q~.494 0.494 0.494 0.494
- 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0 .135 0.135
1.934 1.934 1.934 1 .934 1.934 1.934 1.934 1.934 1.934 1.934 j~..934 1.934 1.934 1.934
0.629 0.629 0.629 0.629 0.629 0.629 0.629 0.629 0.629 0.629 0.629 0.629 0.629 0.629
0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135
1.191 1.191 1 .191 1 .191 1.191 1.191 1.191 1.191 1.191 1.191 1.191 1.191 1.19 1 1.191

0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921

0.112 0.112 0 .112 0 .112 0 .112 0.112 0.112 
- 

0.112 0.112 0.112 0.112 0.112 0.112 0.112
0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270

0.156 
- 
0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156

1.550 1.550 1.550 1 .550 1.550 1.550 1.550 1.550 1.550 1.550 1.550 1.550 1.550 1.550

0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315

1.303 1.303 1.303 1 .303 1.303 1.303 1.303 1.303 1 .303 1.303 1.303 1.303 1.303 1.303

1.080 1.080 1.080 1 .080 1.080 1.080 1.080 1.080 0.180 0.180 0.180 0.180 0.180 0.180

1.911 1 .911 1.911 1 .911 1.911 1.911 1.911 1.911 1.911 1.91 1 1.91 1 1.911 1.911 1 .91 1

_____  ~~~~ 18.410 18.410 18.410 18.410 18.410 18.410 ~~j~ - 1. - ~~~~~~~~~ 1~~. 410 18. flO 18.4l~
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NAVTRAEQUIPCEN IH-262

TABLE 22. TIME FRAME ANALYSIS - SYNTHETIC
TARGET (SEL 32/ 55)

19 20 21 i.2 23 24 25 26 27 28 29 30 31 32 —

6.433 6.433 6.433 6.433 6.433 6.433 6.433 6.433 6.433 6.433 6.433 6.433 6.433 6.433

0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135

Q.606 0.606 0.606 Q~~06 0.606 0.606 0.606 0.606 0.606 0.606 0~6O6 0.606 0.606 O.606
0.494 0.494 0.494 Q.~.494 0.494 0.494 0.494 0.494 0.494 0.494 0.494 0.494 0.494 0.494

0.135 0.135 0.135 0.135 0.135 0.135 0.135 - 0.135 0.135 0.135 0.135 0.135 0.135 0.135....
1.934 1.934 1.934 1.934 1.934 1.934 1.934 1.934 1.934 1.934 1.934 1.934 1.934 l.934_

0.629 0.629 0.629 Q~629 0.629 0.629 0.629 0.629 0.629 0.629 Q~~29 0.629 0.629 0.629

0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.135 0.]~~_ 0.135 0.135 0.135
1.191 1.191 1.191 l.1~il 1.191 1 .191 1 .191 1.191 1 .191 1.191 1.191 1.191 1 .191 1 .191

0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921 0.921

0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0.112 0,112

0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270 0.270_

0.156 0.156 1.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.156 0.l56_

1.550 1 .550 1.550 1.550 1.550 1.550 1 .550 1.550 1.550 1.550 1.550 1.550 1.550 1 .550

0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315 O .3l5_

1.303 1 .303 1.303 1.303 1.303 1.303 1 .303 1.303 1.303 1.303 1.303 1.303 1.303 1.303

0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180

1.91 1 1 .911 1.91 1 1.911 1 .91 1 1 .911 1 .911 1.911 1.911 1.911 1.91 1 1.911 1.9 11 1 .911

18.410 1~ .4lO 18.410 lft.410 1 8.410 18.410 ~~ 4~0 12~.-t] 0 12.4 10 18.410 1~ ..410 18.410 18.410 l2.4l0~
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ESTIMATED SYNT!~ETIC Ti
PROGRAM MODULE WORST-CASE FRAME TIME ASSIGNMEJ

EXECUTED _______ _______- _______ _______ 

- -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
1 2 3 4 5 6

Equation of Motion (32/Sec) 3618 11.060 11.060 11.060 11.060 11.060 11.060 11

Direction Cosines (32/Sec ) 76 0.232 0.232 0.232 0.232 0.232 0.232 0

Aero Coefficients (32/Sec) 341 1.042 1.042 1.042 1.042 1.042 1.042 1

Euler Angle (32/Sec) 278 0.850 0.850 0.850 0.850 0.850 0.850 0

Rotation Filter (32/Sec) 76 0.232 0.232 0.232 0.232 0.232 0.232 0

Quatern i on to Dir. Cosine (32/Sec) 1088 3.326 3.326 3.326 3.326 3.326 3.326 3

Quaternion Integration (32/Sec) 354 1.082 1.082 1.082 1.082 1.082 1.082 1

Human Pilot Blackout (32/Sec) 76 0.232 0.232 0.232 0.232 0.232 0.232 0

Relative Geometry (32/Sec) 670 2.048 2.048 2.048 2.048 2.048 2.048

Closest Maneuverplane (32/Sec) 518 1.584 1.584 1.584 1.584 1.584 1.584 1

Accumula tion of Weapon Time (32/Sec) 63 0.193 0.193 0.193 0.193 0.193 0.193 0

Fire Cone (32/Sec) 152 0.465 0.465 0.465 0.465 0.465 0.465 0

Thrust Control (32/Sec) 88 0.269 0.269 0.269 0.269 0.269 0.269 0

Reaction Routine (32/Sec) 872 2.666 2.666 2.666 2.666 2.666 2.666 2

Predict Turning Flight (32/Sec) 177 0.541 0.541 0.541 0.541 0.541 0.541 0

Random Perturbation (32/Sec) 733 2.241 2.241 2.241 2.241 2.241 2.241 2

State Evaluation (32/Sec) 101 
— 

0.309 0.309 0.309 0.309 0.309 0.309 C

Executive and I/O (32/Sec) 1075 3.286 3.286 3.286 3.286 3.286 3.286 1

TOTAL TIME PER FRAME ____________ 31 .658 31.658 31 .658 31.658 31.658 31.658 3 

~~~~~~~ 
_ _
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4ETIC TARGET SIMULATION
SSIGNMENT AND EXECUTION TIME (MILLISECONDS)

AIET - 3.0571 MICROSECONDS

7 8 9 10 1 1 1 2 13 14 15 16 17 18 19

___  

11.060 11.060 11.060 11.060 11.060 11.060 11 .060 11 .060 11 .060 11 .060 11.060 11.060 11 . 060 1

~~32 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 
—

‘.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1 .042 1.042 1.042 
—

850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 
—

.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 
—

____ 

3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326

[082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 
—

[232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 
—

~.O48 2.048 2.048 2.048 2.048 2.048 2.048 2.048 2.048 2.048 2.048 2.048 2.048 2 .048 
-

1.584 1.584 1.584 1.584 1.584 1.584 1.584 1.584 1.584 1.584 1.584 1.584 1.584 1.584 
-

).193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0 .193 0. 193 0.193 
-

).465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 
-

).269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269

~.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 
-

).54l 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541

~.24l 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241
).309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309

~.286 3.286 3.286 3.286 3.286 3.286 3 .286 3.286 3.286 3.286 3.286 3.286 3.286 3.286

__________ ______________ ______________ ______________ ______________ ______________ I

1.658 31.658 31 .658 31 .658 31.658 31 .658 31 .658 31.658 31.658 31. 658 31.658 31.658 31.658 31.658

— ~~~~~ ~~ -i —
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NAVTRAEQU IPCEN IH-262

TABLE 23. TIME FRAME ANALYSIS - SYNTHETIC
TARGET (XEROX 550)

- 
20 21 22 23 24 25 26 27 28 29 30 31 32

0 1 1.060 11.060 11.060 11.060 11.060 11.060 11.060 11.060 11 . 060 11 .060 11 .060 11 .060 11 .060
2 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232
2 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042 1.042
0 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850

2 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0 .232 0 .232 0.232 0.232 0.232
6 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326 3.326
2 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082 1.082
2 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232 0.232
8 2.048 2.048 2.048 2.048 2 .048 2.048 2.048 2.048 2.048 2.048 2.048 2.048 2.048

4 1.584 1.584 1.584 1.584 1.584 1.584 1.584 1.584 1 .584 1.584 1.584 1 .584 1 .584

~ 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193 0.193

~ 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465

9 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269

~ 2.666 2.666 2 .666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666 2.666

1 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541

1 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241 2.241

9 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309 0.309

~ 3.286 3.286 3.286 3.286 3.286 3.286 3.286 3.286 3.286 3.286 3.286 3.286 3.286

~ 31.658 31.658 31.658 31. 658 31.658 31. 658 31.658 31.658 31.658 31.658 31.658 31 .658 31.658
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