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THE ROLE OF SIMULATION I N  THE 

DEVELOPMENT OF AN AUTOMATIC CHECKOUT SYSTEM 

INTRODUCTION 

Simulat ion may be def ined as the representa t ion  o f  a  device, 

phenomenum, o r  some combination o f  these, by another device, 

phenomenum, o r  combination thereof ,  i n  o rder  t o  achieve some 

advantage over  us ing  the  prime ob jec t  f o r  the  purpose intended. 

The advantage may be economic, one o f  t ime u t i l  i t y ,  one o f  ease 

o f  observat ion o r  measurement, o r  some combination o f  these. 

Some o f  t he  uses o f  s imu la t i on  are the fo l l ow ing :  

1. To study the behavior o f  l a r g e  masses o f  people o r  

ob jec ts  where the cos t  and re1 i a b i  1  i t y  o f  measuring 

and record ing  would be p r o h i b i t i v e  i f  the masses 

themselves were used. 

2. To study the 1  i f e  cyc le  o f  a  device i n  a  few hours 

where such l i f e  cyc le  might  span months, years, o r  

even centur ies .  

3 .  To t r a i n  p i l o t s  on the ground a t  a  considerable 

savings i n  cos t  and w i t h  l e s s  r i s k  t o  personnel and 

equipment. 

4. To study the  performance o f  a  system o f  devices which 

has n o t  y e t  been designed and manufactured, a l l ow ing  

wide manipulat ion o f  t he  device c h a r a c t e r i s t i c s  

w i thou t  having t o  spend the  t ime and money t o  change 

the devices themselves. 

5. To solve t h e o r e t i c a l  problems i n  a  sho r t  per iod  o f  

t ime t h a t  a re  e i t h e r  unsolvable o r  r e q u i r e  i n t e n s i v e  

c a l c u l a t i o n s  when solved by a n a l y t i c  means. 

The above l i s t  would have t o  cont inue f o r  several pages i n  order  

t o  cover  a l l  the var ious uses o f  s imulat ion.  To i l l u s t r a t e  the  

use o f  t h i s  method i n  one o f  the most modern f i e l d s  o f  techn ica l  

development t h i s  paper describes the a p p l i c a t i o n  o f  s imu la t i on  i n  

the  development o f  an automatic checkout system, and, i n  p a r t i c u -  

l a r ,  the  opera t ing  procedures used f o r  the t e s t i n g  o f  a  complex 

space veh ic le  w i t h  t h a t  system. 



The f o l l o w i n q  d i s c u s s i o n  i s  d i v i d e d  i n t o  f o u r  m a j o r  p a r t s .  

These a r e :  

1. The v a r i o u s  aspec ts  o f  t h e  development o f  an a u t o -  

m a t i c  checkou t  system. 

2.  The t y p e  o f  m i s s i l e  o r  s taqe*  s i m u l a t o r s  used i n  

p r e v i o u s ,  non -au tomat i c  checkout  systems and t h e i r  

sho r t cominas  f o r  c u r r e n t  a u t o m a t i c  systems. 

3. The S-IVE Stage S i m u l a t o r  and Systems I n t e q r a t i o n  

L a b o r a t o r y  and t h e  r o l e  t h e y  p l a y e d  i n  t h e  deve lop -  

ment o f  t h e  S-IVD f l u tomat i c  Checkout System. 

4. So f tware  s i m u l a t o r s  and t h e i r  p r e s e n t  and f u t u r e  

r o l e  i n  c o n n e c t i o n  w i t h  a u t o m a t i c  checkou t  systems. 

DEVELOPMENT OF AUTOMATIC CHECKOUT SYSTEPIS 

I n  o r d e r  t o  d i s c u s s  t h e  r o l e  o f  s i m u l a t i o n ,  i t  i s  f i r s t  

necessa ry  t o  d e s c r i b e  t h e  v a r i o u s  aspec ts  and phases o f  t h e  

development o f  a  checkou t  system. Us inq  t h e  S-IVR system as a  

model, F i g u r e  1  shows t h e  breakdown o f  a  t o t a l  system deve lop -  

ment. The d e l i n e a t i o n  o f  hardware and s o f t w a r e  as s e p a r a t e  

development i t e m s  i s  a r t i f i c i a l .  The i n t e r f a c e s  between t h e  

two a r e  many and complex. T h e i r  development i s  so i n t e r t w i n e d  

t h a t  i t  i s  i m p o s s i b l e  t o  separa te  t h e  two e x c e p t  on paper .  

However, t h i s  breakdown does p r o v i d e  a  c o n v e n i e n t  s t a r t i n q  

p o i n t  f o r  t h e  f o l l o w i n q  d i s c u s s i o n .  

As can be seen i n  F i g u r e  1, t h e  hardware and s o f t w a r e  deve lop-  

ments each c o n s i s t  o f  a  b a s i c  and s t a g e  p e c u l i a r  p o r t i o n .  F o r  

f u r t h e r  c l a r i f i c a t i o n  t h e  b a s i c  hardware system i s  shown i n  

F i g u r e  2 and t h e  s t a g e  p e c u l i a r  hardware i s  shown i n  F i q u r e  3. 

The b a s i c  ha rdware /so f tware  system p r o v i d e s  a  g i v e n  c a p a b i l i t y  

i ndependen t  o f  s t a g e  c o n f i q u r a t i o n ,  much t h e  same as a  q e n e r a l  

pu rpose  computer  p r o v i d e s  a  c e r t a i n  c a p a b i l i t y  " o f f  t h e  

* Stage as used h e r e  means one o f  t h e  m a j o r  s e c t i o n s  o f  a  
m u l t i - s t a g e  b o o s t e r  v e h i c l e ,  e.q., t h e  S a t u r n  V / A p o l l o  
b o o s t e r  c o n s i s t s  o f  t h e  S-IC Stage, t h e  S - I 1  Staqe,  t h e  
S-IVB Staqe and t h e  I n s t r u m e n t  U n i t .  
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s h e l f . "  The development o f  t h i s  c a p a b i l i t y  may take  p l ace  

e a r l y  w i t h  r espec t  t o  the  s tage des ign and f a b r i c a t i o n .  

Th i s  development, however, i s  n o t  complete u n t i l  t he  s tage 

p e c u l i a r  p o r t i o n  has a l s o  been developed and i t  has been 

determined t h a t  t he  c a p a b i l i t y  p rov ided  i s  i n  f a c t  

s u f f i c i e n t  f o r  t h e  a p p l i c a t i o n .  

Bas ic  System Development 

The development o f  t he  bas i c  hardware/software system s t a r t s  

w i t h  t h e  i n s t a l l a t i o n  and checkout o f  t he  computer and i t s  

p e r i p h e r a l  equipment. Th is  i s  g e n e r a l l y  done by t he  computer 

manufacturer  w i t h  manufacturer  supp l i ed  d i agnos t i cs .  These 

a r e  n o t  n e c e s s a r i l y  a p p l i c a t i o n  o r i en ted .  A t  t h i s  p o i n t  

c e r t a i n  p o r t i o n s  o f  t h e  b a s i c  so f tware  may be checked ou t ,  

p a r t i c u l a r l y  t h a t  p a r t  assoc ia ted  w i t h  i npu t / ou tpu t .  

I n  p a r a l l e l  w i t h  t h i s  opera t ion ,  t he  o t h e r  p ieces o f  hardware 

shown i n  F igu re  2 a re  i n s t a l l e d  and p r e l i m i n a r y  checks per-  

formed. These checks c o n s i s t  o f  c o n t i n u i t y  t e s t s ,  c a l  i bra -  

t i o n ,  and f u n c t i o n a l  t e s t i n g .  The degree o f  f u n c t i o n a l  t e s t -  

i n g  depends on how much i n d i v i d u a l  s e l f - t e s t  c a p a b i l i t y  has 

been desiqned i n t o  t h e  va r i ous  end i tems.  I n  t he  case o f  t h e  

S-IVB equipment, t he  c a p a b i l i t y  was p rov ided  t o  operate a l l  

l o g i c a l  f unc t i ons ,  though n o t  n e c e s s a r i l y  a t  system c l o c k  

speed. 

The computer I n t e r f a c e  U n i t  i s  then connected t o  t h e  com- 

pu te r .  A t  t h i s  t ime t he  ope ra t i ona l  execu t i ve  begins i t s  

development process. Specia l  t e s t  proqrams a r e  w r i t t e n  t o  

check o u t  the  i n t e r f a c e  u n i t  us inq  those p a r t s  o f  the  execu- 

t i v e  a p p l i c a b l e  t o  t h a t  i n t e r f a c e .  The o t h e r  end i tems a r e  

then connected t o  t he  Computer I n t e r f a c e  Un i t .  A d d i t i o n a l  

s p e c i a l  t e s t  programs a re  used t o  check o u t  these i tems and 

those p o r t i o n s  o f  t he  execu t i ve  a p p l i c a b l e  t o  each end i tem. 

These programs do n o t  r e a l l y  i n v o l v e  s imu la t i on ,  b u t  mere ly  

d r i v e  t h e  end i tems i n  a l l  t h e i r  f u n c t i o n a l  modes t o  demon- 

s t r a t e  t h e  ope ra t i ona l  readiness o f  t he  bas i c  system. 



Stage P e c u l i a r  Hardware Development 

Dur ing  t h e  development o f  t h e  b a s i c  system, t h e  equipment 

assoc ia ted  w i t h  t h e  s t a g e / f a c i l i t y  i n t e r f a c e  i s  i n s t a l l e d  

and sub jec ted  t o  pre1iminar.y t e s t s .  These t e s t s  a r e  con- 

t i n u i  t y  checks and very  1 i m i  t e d  f u n c t i o n a l  checks. The 

S-IVB system was designed such t h a t  t he  b u l k  o f  f u n c t i o n a l  

t e s t i n q  o f  t h i s  equipment i s  done us i nq  t h e  computer and 

assoc ia ted  d i g i t a l  system. Th i s  i s  accomplished by con- 

f i g u r a t i n g  t h e  removable pa tch  panels  shown (and s i m i l a r  

p a t c h  panels  which a r e  i nco rpo ra ted  i n  t h e  d i s t r i b u t i o n  

u n i t s  as an i n t e g r a l  p a r t  o f  t he  u n i t )  t o  " t u r n  t h e  system 

around on i t s e l f . "  The amount o f  system s e l f - t e s t i n g  t h a t  

may be accompl ished i n  t h i s  manner i s  a f u n c t i o n  o f  t he  

s e l f - t e s t  c a p a b i l i t y  b u i l t  i n t o  t he  system. I n  t h e  case of 

t h e  S-IVB system, t h e  c a p a b i l i t y  was desiqned i n t o  t h e  hard-  

ware t o  a l l o w  i s o l a t i o n  o f  f a u l t s  between t h e  s tage and 

checkout  system. Th i s  same c a p a b i l i t y  p rov ides  thorough 

system s e l f - t e s t i n g  d u r i n g  t he  development phase. 

A t  t h e  comp le t ion  o f  t h e  "system s e l f - t e s t , "  t he  proqramm- 

a b l e  pa t ch  boards a re  exchanqed f o r  a s e t  c o n t a i n i n g  those 

patches necessary t o  i n t e r f a c e  w i t h  t he  s taqe  t o  be t es ted .  

The p r ima ry  d i f f e r e n c e s  between these two se t s  o f  boards 

e x i s t  i n  t h e  d i s t r i b u t i o n  u n i t  pa tch  boards, w i t h  o n l y  m inor  

chanaes r e q u i r e d  i n  t he  main pa tch  panels .  A t  t h i s  p o i n t ,  

two aspects  o f  system development have n o t  been covered. 

These a re :  (1  ) t he  v e r i f i c a t i o n  o f  t he  s taqe lcheckou t  s,ystem 

i n t e r f a c e ,  and, ( 2 )  development and v e r i f i c a t i o n  o f  s taqe 

t e s t  programs. 

A Ground Equipment Tes t  Set  (GETS) i s  used t o  v e r i f v  t h e  

s tage/checkout  system i n t e r f a c e .  Th i s  dev ice  p rov ides  t he  

c a p a b i l i t y  t o  mon i t o r  s i g n a l s  f rom and p r o v i d e  s i q n a l s  t o  

t h e  s tage u m b i l i c a l s .  Th i s  i s  accomplished w i t h  pa tch  

panels  and a l i m i t e d  amount o f  s w i t c h i n g  hardware and 



e l e c t r i c a l  loads.  No c a p a b i l i t y  i s  p rov ided  t o  per form 

s tage  t e s t  programs us ing  t he  Ground Equipment Test  Set. 

The development o f  t e s t  programs i s  discussed as p a r t  o f  

t h e  d e s c r i p t i o n  o f  t h e  S-IVB S imu la to r  and Systems 

I n t e g r a t i o n  Laboratory .  

"CONVENTIONAL" MISSILE/STAGE SIMULATORS 

The Ground Equipment Tes t  Set  i s  i n  many ways s i m i l a r  t o  

m i s s i l e / s t a g e  s imu la to r s  used on programs n o t  hav ing auto-  

m a t i c  checkout systems. These s imu la to r s  were designed 

such t h a t  t hey  would p rov ide  responses t o  i n p u t s  i n  much 

t h e  same manner as t h e  s tage under t e s t .  Manual opera t ions  

were p rov ided  f o r  those cases where t h e  o u t p u t  was a  r e s u l t  

o f  a  n o n - e l e c t r i c a l  i n p u t ,  e.g., pneumatic o r  h y d r a u l i c .  

Manual procedures cou ld  be r u n  w i t h  t h i s  t ype  o f  s imu la to r .  

Th i s  p rov ided  v e r i f i c a t i o n  o f  t h e  checkout system and t h e  

procedure a t  t h e  same t ime. C e r t a i n  m o d i f i c a t i o n s  were 

necessary, o f  course, t o  account f o r  t he  d i f f e r e n c e s  between 

t he  s i m u l a t o r  and t h e  stage, b u t  these were r e a d i l y  handled 

w i t h i n  t h e  manual procedure. I n  c e r t a i n  cases t ime de lay  

c i r c u i t s  were a l s o  i nco rpo ra ted  w i t h i n  the  s i m u l a t o r  f o r  

c e r t a i n  t ime  c r i t i c a l  f u n c t i o n s  t o  a l l o w  checkout o f  i n t e r -  

1  ock o r  sequencing c i r c u i t r y .  

Wi th  t he  advent o f  automat ic  checkout systems, t h i s  t ype  o f  

procedure v e r i f i c a t i o n  becomes i n v a l i d .  Th is  l a c k  o f  

v a l i d i t y  i s  a  r e s u l t  o f :  

1. Lack o f  D i q i  t a l  Data A c q u i s i t i o n  System (Telemetry)  

S imu la t ion .  

2. Lack o f  f a c i l i t y / v e h i c l e  i n t e r a c t i o n  s imu la t i on .  

3. Lack o f  t i m i n g  response c h a r a c t e r i s t i c s .  

D i g i t a l  Data A c q u i s i t i o n  System (DDAS) 

An au tomat ic  checkout system prov ides  f o r  t h e  i n t e g r a t i o n  o f  

t he  a i r b o r n e  d i g i t a l  data a c q u i s i t i o n  system ( a  p o r t i o n  o f  



the telemetry system) into the ground checkout system. In 

previous space programs the telemetry system has been 

treated as almost a separate en t i ty  from the control system. 

Checkout of the telemetry system was n o t  a prerequisite for  

the checkout of any other subsystem. The only vital  inter-  

face between the two was the requirement for  the control 

system to be available to  turn on and off the telemetry. 

Certain telemetry channel s were monitored during the check- 

out of other subsystems to verify channel inteqri t y ,  and t o  
provide engineering personnel a "feel" for  the operation of 

the telemetry. However, proper performance of the telemetry 

system was n o t  a requirement of vehicle checkout per se since 

a l l  checkout parameters were also brought out hardwire e i ther  

through the umbilical or over special t e s t  cables. 

The Saturn IB and V vehicles present an ent i rely different  

picture.  With the advent of automatic checkout systems and 

the use of digi ta l  computers, i t  has become feasible t o  use 

the data from the telemetry as an integral part of the check- 

out. This has radically reduced the number of signals 

(par t icular ly analog s ignals)  which must be hardwired out of 

the stage. This i s  particularly true of upper stages. 

Therefore, the checkout of the digi ta l  data acquisition 

system has become an integral part of the overall checkout, 

and i s  a prerequisite for  most other t e s t s .  This mode of 

operation requires that  any simulator that  i s  to  verify 

checkout procedures must be able to  supply th is  telemetry 

(d ig i ta l  data acquisition system) 1 ink t o  the checkout system. 

Further, parameter values transmitted over th is  link must be 

responsive to hardline commands from the checkout system. 

Facil i  ty/Vehicle Interaction 

The most d i f f i cu l t  t e s t s  t o  develop for  the S-IVB Stage were 

the propulsion subsystem te s t s  and the overall (simulated 

f1 i  q h t )  t e s t s  for factory and post acceptance f i r ing  checkout, 



and t h e  p r o p e l l a n t  l o a d i n g  and s t a t i c  f i r i n g  programs f o r  

acceptance f i r i n g .  I n  these t e s t s  t h e r e  i s  a  d i r e c t  i n t e r -  

a c t i o n  between t h e  f a c i l i t y  pneumatic supp l i es  and t he  

veh i c l e .  The c o n t r o l  and r e g u l a t i o n  o f  pneumatic supp l i es  

i s  an area r e q u i r i n g  cons iderab le  development. A d d i t i o n a l l y ,  

t h e  ope ra t i on  o f  these systems presents  a  h i ghe r  degree o f  

danger t o  equipment and personnel than pure e l e c t r i c a l  t e s t s .  

Th is  s i t u a t i o n  i s  magn i f i ed  i n  t h e  case o f  t he  acceptance 

f i r i n g  s i t u a t i o n  w i t h  i t s  c ryogen ic  l oad ing  and h o t  engine 

f i r i n g .  Therefore,  a  h i g h  degree o f  development i s  r e q u i r e d  

i n  t h e  area o f  c o n t r o l l i n g  these elements and p r o v i d i n g  

a p p r o p r i a t e  s a f e t y  shutdown r o u t i n e s .  The t y p i c a l  pre-S-IVB 

GETS does n o t  p rov ide  any s i m u l a t i o n  o f  t he  i n t e r a c t i o n  o f  

t h e  f a c i l i t y  and t he  v e h i c l e  except  f o r  manual i n p u t s  a t  t h e  

t e s t  s e t  t o  s imu la te  c e r t a i n  v e h i c l e  responses. Because o f  

t h e  l a r a e  number o f  unknowns i n  t h i s  area i t  i s  necessary t o  

have t h e  f a c i l i t y  and v e h i c l e  s imu la ted  i n  such a  way t h a t  as 

much development o f  these programs as i s  economica l ly  j u s t i -  

f i a b l e  can be c a r r i e d  o u t  p r i o r  t o  ac tua l  opera t ions .  

T imi  ng Response C h a r a c t e r i s t i c s  

F i n a l l y ,  i n  an automat ic  checkout system the  t i m i n g  o f  r es -  

ponses t o  commands takes on a d d i t i o n a l  s i g n i f i c a n c e .  The 

computer i s  s e t  up such t h a t  i t  a l l ows  a  c e r t a i n  p e r i o d  o f  

t ime  f o r  t h e  response t o  a  g i ven  command t o  appear. For 

example, i f  r e l a y s  a r e  used t o  s imu la te  v e h i c l e  va lves,  t he  

response c h a r a c t e r i s t i c s  change cons iderab ly  f rom the  va l ve  

o p e r a t i o n  i t s e l f .  To a  human ope ra to r  mon i t o r i ng  a l i g h t  

i n d i c a t i o n ,  t he  change i n  response t ime t o  t h e  command i s  

n o t  n e c e s s a r i l y  meaningfu l .  However, t o  a  computer which i s  

work ing  i n  smal l  numbers o f  m i l l i s e c o n d s ,  such a  change i s  

n o t  a l l owab le  i f  a  v a l i d  procedure i s  t o  be developed. 

Experience has shown t h a t  one o f  t h e  major  areas o f  t e s t  

programming r e q u i r i n g  m o d i f i c a t i o n  as a  r e s u l t  o f  t he  develop- 

ment process i s  t h a t  o f  t i m i n g  between commands and t h e i r  

responses o r  between commands and o t h e r  commands. 



S-IVB STAGE SIMULATOR AND THE SYSTEMS INTEGRATION LABORATORY 

I n  o r d e r  t o  more n e a r l y  meet t he  needs o f  automat ic  system 

development, p a r t i c u l a r l y  i n  t he  area o f  t e s t  program develop- 

ment, t he  S-IVB Stage S imu la to r  and t he  Systems I n t e g r a t i o n  

Labora to ry  ( S I L )  came i n t o  b e i  nq. The Systems I n t e g r a t i o n  

Labora to ry  c o n s i s t s  o f  t he  s i m u l a t o r  and t he  p ro to t ype  s e t  o f  

au tomat ic  checkout equipment. The p ro to t ype  se t ,  i n c l u d i n g  

t h e  f a c i l i t y  setup and pneumatic consoles, i s  f u n c t i o n a l l y  

i d e n t i c a l  t o  t h e  equipment i n s t a l l e d  f o r  f a c t o r y  checkout and 

p o s t  acceptance f i r i n g .  E a r l y  i n  t h e  program a  t r a d e - o f f  was 

made between t h a t  c o n f i q u r a t i o n  and t he  c o n f i g u r a t i o n  o f  

f a c i  1  i ty  and checkout equipment r ep resen t i ng  t he  s t a t i c  f ir- 

i n g  s i t e .  It was decided t h a t  t h e  f a c t o r y  checkout con f i gu ra -  

t i o n  would be used, p r i m a r i l y  f o r  t h e  f o l l o w i n q  reasons: 

1. The s t a t i c  f i r i n g  c o n f i g u r a t i o n  would have i n v o l v e d  

cons iderab le  e x t r a  expense and would s t i l l  n o t  have 

a l lowed t o t a l  f a c i l i t y  r ep resen ta t i on  s i nce  c ryo-  

genics,  wa te r  systems, e tc . ,  would s t i l l  have t o  be 

f u n c t i o n a l l y  s imulated.  

2. The f a c t o r y  checkout c o n f i g u r a t i o n  i s  t he  f i r s t  con- 

f i g u r a t i o n  used t o  t e s t  each f l i q h t  stage. There- 

f o re ,  i t  i s  t he  most advanced w i t h  respec t  t o  

schedule. 

3. The f a c t o r y  checkout s i t e  and t h e  Systems I n t e q r a -  

t i o n  Labora to ry  a r e  bo th  l oca ted  a t  Hunt ington Beach, 

C a l i f o r n i a ,  thus a l l o w i n g  maximum c r o s s t a l k  between 

t he  two areas. Hence, t h e  Systems I n t e q r a t i o n  

Labora to ry  cou ld  be as r e c e p t i v e  as p o s s i b l e  t o  

f a c t o r y  checkout problems 

The S-IVB Stage S imu la to r  con ta ins  bo th  e l e c t r i c a l  and mechani- 

c a l  components. I n  most cases these a re  e i t h e r  a  p ro to types  

o r  one o f  t h e  e a r l y  f l i g h t  a r t i c l e s .  



Propu l s i on  Subsystem S imu la t i on  

P ropu l s i on  subsystems a re  s imu la ted  by s p e c i a l  subsystem 

s i m u l a t o r s  desiqned s p e c i f i c a l l y  f o r  t h a t  purpose. F i gu re  4 

shows some o f  these s i m u l a t i o n  dev ices.  The 5-2 enqine 

shown i s  a  n o n - f l i g h t  eng ine procured as Government Furn ished 

Equipment a f t e r  i t  had a l r eady  been used as an e a r l y  ground 

t e s t  a r t i c l e .  A l l  engine systems r e q u i r e d  f o r  d r y  checkout 

w i t h  t h e  excep t i on  o f  t h e  gimbal dev ices a re  f u n c t i o n a l  i n  

t h i s  engine. 

I n  t h e  fo reground  o f  F i gu re  4 i s  one o f  t h e  s taqe p r o p e l l a n t  

tank  s imu la to r s .  The tank i s  capable o f  be ing  p ressur i zed ,  

vented, e t c . ,  i n  much t h e  same manner as t h e  a c t u a l  s tage  

tank  w i t h  cons ide rab l y  l e s s  gas be ing  r e q u i r e d  because o f  i t s  

much s m a l l e r  volume. The ven t  plumbing and v a l v i n q  i s  

s i m i l a r ,  and i n  some cases i d e n t i c a l ,  t o  t h e  f l i q h t  system. 

That  t ransducery  which i s  f u n c t i o n a l  d u r i n g  d r y  checkout i s  

i n s t a l l e d .  The panels  shown i n  t h e  background o f  F i qu re  4 

a re  t he  s i m u l a t i o n  panels  f o r  t h e  va r i ous  pneumatic subsystems 

( c o l d  he l ium,  ambient hel ium, e t c . ) .  Aqain, ac tua l  f l i g h t  

t ype  v a l  v i  ng , r e g u l a t o r s  , and t ransducery  a re  used. B o t t l  es 

a r e  p rov i ded  behind t h e  panel  t o  r ep resen t  s taqe  s to rage  

b o t t l e s .  The p r imary  d i f f e r e n c e  i s  t h a t  o n l y  one b o t t l e  i s  

used t o  r ep resen t  t h e  m u l t i p l e  b o t t l e  c o n f i g u r a t i o n  o f  t he  

f l i g h t  s tage.  

F igures  5 and 6 show the  e l e c t r i c a l  p o r t i o n s  o f  t h e  s i m u l a t o r  

r e p r e s e n t i n g  t h e  a f t  and fo rward  s k i r t s  on which most o f  t h e  

s tage  e l e c t r i c a l  equipment i s  l oca ted .  The e l e c t r i c a l  

i n s t a l l a t i o n  i s  connected t o  t h e  p ropu l s i on  s i m u l a t i o n  equip-  

ment i n  much t he  same way as on t h e  staqe. The b l ack  boxes 

shown a re  p r o t o t y p e  o f  f l i g h t  a r t i c l e s .  The w i r i n q  i n s t a l l a -  

t i o n  i s  s i m i l a r ,  and i n  many cases i d e n t i c a l ,  t o  t h e  f l i g h t  

w i r e  i n s t a l l a t i o n s .  Components a re  l o c a t e d  as they  a re  on 

t h e  s tage t a k i n g  i n t o  account t h e  square shape o f  t h e  simu- 

l a t o r  as opposed t o  t h e  c i r c u l a r  form o f  t h e  veh i c l e .  The 







Figure 6. 



major d i f f e r e n c e  between the  e l e c t r i c a l  i n s t a l l a t i o n  i n  the  

s imu la to r  and the  stage i s  the  absence o f  c o l d  p la tes  o r  

o the r  environmental c o n t r o l  devices used on the  stage. As 

can be seen i n  F igure 6 (see arrow), an umb i l i ca l  p l a t e  i s  

prov ided on each s k i r t ,  which i s  f u n c t i o n a l l y  i d e n t i c a l  t o  

the stage u m b i l i c a l  t o  a l l ow  connect ion o f  the checkout 

system t o  the  stage i n  the same manner as i n  the f a c t o r y  

checkout con f i gu ra t i on .  A means f o r  d isconnect ing the  

u m b i l i c a l s  du r ing  s imulated f l i g h t  i s  a l s o  provided. The 

two s k i r t  s imu la tors  a re  connected by harnesses under the 

f l o o r  represent ing  the  stage tunnel .  A forward and a f t  

i n t e r s t a g e  connect ion prov ides the i n t e r f a c e  t o  the  upper 

and lower stage s u b s t i t u t e s  which are  p a r t  o f  the  checkout 

sys tem. 

S imula tor  Charac te r i s t i cs  

The i n c l  us ion  o f  transducery , mu1 ti p l  exers , s iqna l  condi - 
t i o n i n g ,  and associated te lemet ry  equipment a l lows the  

checkout o f  the  te lemet ry  system and the  s imu la t i on  o f  the  

i n t e r a c t i o n  o f  the  te lemet ry  ( d i g i t a l  data a c q u i s i t i o n  

system) w i t h  the c o n t r o l  system i n  the stage. That data 

which comes o u t  o f  t he  stage over  t he  DDAS l i n k  f o r  check- 

o u t  i s  prov ided i n  the  same form by the s imulator .  Thus, 

the  f u l l  i n t e g r a t i o n  o f  the DDAS and con t ro l  system f o r  

checkout i s  accomplished i n  the  Systems I n t e g r a t i o n  Labora- 

t o r y  as i t  i s  on the  f l i g h t  stages. 

The design o f  t he  propu ls ion  modules are such t h a t  pneumatic 

operat ions us ing  f a c t o r y  checkout type f a c i  1  i t i  es can be 

c a r r i e d  ou t .  The techniques f o r  c o n t r o l  and r e g u l a t i o n  o f  

these supp l ies  have been developed w i t h  t h i s  equipment. 

Though the  c o n t r o l  o f  cryogenics and the  operat ions requ i red  

f o r  s t a t i c  f i r i n g  have n o t  been developed i n  t h i s  area, many 

o f  t he  techniques evol ved f o r  pneumatic system opera t ion  

have l e d  d i r e c t l y  t o  t h a t  development a t  the s t a t i c  t e s t  s i t e  



The use o f  va lves,  t ransducers,  pressure switches, motor  

d r i v e n  swi tches,  e tc . ,  has a l lowed t h e  development o f  t im -  

i n g  requi rements p r i o r  t o  t e s t i n g  o f  t he  f l i g h t  stage. The 

t r u e  t i m i n g  response c h a r a c t e r i s t i c s  p rov ided  by t h e  simu- 

l a t o r  have m a t e r i a l l y  a ided  i n  p r o v i d i n g  work ing procedures 

t o  t h e  ope ra t i ona l  areas. 

The s i m u l a t o r  descr ibed  i s  cons iderab ly  more c o s t l y  than t h e  

GETS-type o f  m i s s i l e  s imu la to r .  A d d i t i o n a l l y ,  i n  o r d e r  t o  

m a i n t a i n  i t s  use fu lness  i t  r e q u i r e s  upda t ing  a t  p e r i o d i c  

i n t e r v a l s  t o  m a i n t a i n  f u n c t i o n a l  i d e n t i t y  w i t h  success ive 

c o n f i q u r a t i o n s  o f  f l i g h t  stages. Several  a t tempts have been 

made t o  eva lua te  t he  c o s t  o f  t he  Systems I n t e g r a t i o n  Labora- 

t o r y  ( S I L )  versus t h e  advantages p rov ided  by such an opera- 

t i o n .  I n  o r d e r  t o  a i d  i n  t h i s  e v a l u a t i o n  an ou t s i de  consul -  

t a n t  was b rought  i n  t o  l o o k  a t  t he  S IL  opera t ion .  The 

f o l l o w i n g  a re  excerp ts  f rom t h a t  r e p o r t  r e s u l t i n g  f rom t h a t  

e f f o r t :  

" I n  o t h e r  words, S IL  i s  a t e s t  bed i n  which paper designs o f  

programs and hardware can be t e s t e d  be fo re  checkout i n  t he  

VCL." ( A u t h o r ' s  note:  VCL i s  t h e  Veh ic le  Checkout Labora- 

t o r y  r e f e r r e d  t o  i n  t h i s  d i scuss ion  as f a c t o r y  checkout.)  

"It i s  a des ign t o o l  f o r  f a s t e r  d e l i v e r y  and f o r  e a r l i e r  

c o r r e c t i o n  o f  e r r o r s  i n  so f tware  and hardware. I t s  value, 

then, should be judged i n  how w e l l  i t  reduces t h e  elapsed 

t ime  o f  a s tage i n  t h e  VCL, when every minute may be 

c r i t i c a l  . 

"To determine meaningful  l y  whether S IL  pays f o r  i t s e l f ,  we 

must analyze i t s  c o n t r i b u t i o n  and i t s  c o s t  t o  t he  Sa tu rn  Pro- 

gram. The main c o n t r i b u t i n g  f a c t o r s  are:  

1 . Reduct ion o f  c o s t  i n  VCL 

a. Manpower and equipment usaqe 

b. Premature wear-out o f  d e l i v e r a b l e  p a r t s  



2. Faster overall  delivery 

3 .  Others 

a.  Operator t ra in ing 
b. Programming research 

c.  Support a c t i v i t y  

The cos t  f ac to rs  a r e  the cos t  of SIL as ref lec ted in i t s  

monthly equipment and manpower charges, and the cost  of 

possible e r ro rs  in VCL introduced by temporar-y f ixes  i n  

SIL t ha t  have not been removed . . . . no e r ro r s  uncovered 

in VCL may be traced t o  temporary f ixes  i n  SIL. 

"In support of t h i s  study, the e r ro rs  found by SIL from 

4 January t o  7 May 1965 were tabulated by e r ro r  type, and 

potent ia l  savings t o  VCL were estimated. Error types t ha t  

saved a delay in VCL a re  vehicle and GSE hardware e r ro r s ,  

t e s t  requirement e r ro r s ,  and programming e r ro rs .  Other 

e r ro r s  were peculiar  t o  the SIL operation and saved no 

time in VCL.  Table I shows the  time spent in SIL on each 
of these e r ro rs  f o r  the 2001 vehicle." (Author's note: 

The 2001 vehicle was the f i r s t  f l i g h t  S-IVB s tage . )  

"The pessimist ic est imate i n  Table I assumes t ha t  each 

delaying e r r o r  from SIL i s  discovered i n  V C L  only a f t e r  the 

previous delay had been f ixed . . . . The opt imis t ic  

est imate assumes t h a t  the r i g h t  expert i s  in VCL a t  a l l  

times and can f i x  the  program using a m i n i m u m  of red tape 

. . . . Between 1000 and 1300 hours saved f o r  the problems 

discovered on the 2001 vehicle may be a r e a l i s t i c  value f o r  

the f i r s t  configuration. 



"Table I Actual  SIL Time and Est imated VCL Delay Savings 

f o r  t h e  2001 Vehic le  

Problem SIL Est. Savings i n  VCL Delays 

Corrected T i  me Pess im is t i c  O p t i m i s t i c  

Hrs Hrs Hrs 

Veh ic le  6.5 200 100 

GSE 27.5 976 150 

Tes t  Requirements 29.2 446 75 

Procedure Program 62.9 1550 173 

SIL 74.7 - - -- 
To ta l  

Another i n d i c a t i o n  o f  t h e  c o n t r i b u t i o n  o f  t h e  SIL and the  

S imu la to r  t o  t he  S-IVB checkout system development can be 

found i n  Space/Aeronautics magazine'or! t he  sub jec t  o f  t he  

Apol 1 o program. 

" . . . w i t h i n  l i m i t s ,  each o f  t h e  major  Apo l lo  con- 
t r a c t o r s  was a l lowed t o  develop h i s  own checkout 
approach, and i t  i s  gene ra l l y  agreed t h a t  Douglas 
chose the  one i n v o l v i n g  the  h ighes t  degree o f  auto- 
mation. Yet checking o u t  t he  f i r s t  S-IVB, Douglas 
repo r t s ,  proved 'an order  o f  magnitude' eas ie r  than 
expected. I n  f a c t ,  the  company was su rp r i sed  t o  
f i n d  t h a t  i t s  equipment took the  automation more 
r e a d i l y  than d i d  i t s  engineers. 

NASA o f f i c i a l s ,  t o o  ons ider  the  S-4B's GSE problem 
e s s e n t i a l  l y  solved. " 5 

There i s  l i t t l e  ques t ion  as t o  the  va lue o f  t he  S I L  and the  

associated stage s imu la to r  i n  t he  development o f  t he  auto- 

ma t i c  checkout system and the  associated t e s t  programs. 

There i s  a general  f e e l i n g  among those personnel connected 

w i t h  t he  development o f  t h e  S-IVB GSE t h a t  t h e  development 

would have been "an order  o f  magnitude" more d i f f i c u l t ,  had 

' ~ x c e r p t e d  f rom I M  217-1, E f fec t i veness  o f  t he  Systems 
I n t e g r a t i o n  Laboratory ( A  C r i t i c a l  Review), September 15, 
1965 by G. L. Hol lander,  Hol lander  Associates, Fu l l e r ton ,  
C a l i f o r n i a .  

2 " ~ e r o s p a c e  i n  Perspect ive, A Special  Issue, " Space/ 
Aeronaut ics , January, 1966, p. 72. 



t he  SIL and s imu la to r  n o t  been ava i l ab le .  The quest ion 

remaining i s  one o f  determin ing t h a t  p o i n t  i n  t h e  program 

where such a  development t o o l  i s  no longer  necessary. This  

would e l i m i n a t e  the  need f o r  f u r t h e r  m o d i f i c a t i o n  o f  t he  

s imu la to r  t o  keep up w i t h  f l i g h t  stage conf igura t ions .  This  

i s  now being s tud ied  by both Douglas and NASA. 

SOFTWARE SIMULATORS 

The s imu la to r  descr ibed i n  t h e  preceding sec t i on  has consider-  

ab le  cos t ,  n o t  t he  l e a s t  o f  which i s  the  enqineer ing and manu- 

f a c t u r i n g  t ime requ i red  t o  update i t  t o  successive stage con- 

f i g u r a t i o n s .  The obvious quest ion o f  whether the  same capa- 

b i l i t y  cou ld  n o t  be prov ided a t  l e s s  cos t  and w i t h  g rea te r  

c o n f i g u r a t i o n  f l e x i b i l i t y  through the  generat ion o f  a  sof tware 

s imu la to r  i s  a  l e g i t i m a t e  one and warrants examination. 

A so f tware  s imu la to r ,  as t he  name imp l ies ,  i s  one o r  more com- 

p u t e r  programs. It i s  designed t o  r u n  on the  t e s t  processing 

computer, another f u n c t i o n a l l y  i d e n t i c a l  computer, o r  a  second 

computer connected t o  e i t h e r  o f  the  f i r s t  two. Two general  

types o f  sof tware s imu la t i on  may be considered: 

1. Dr iver IMoni  t o r  S imu la t ion  Programs 

2. Funct ional  S imu la t ion  Programs 

D r i v e r I M o n i t o r  S imu la t ion  Programs 

A d r i v e r l m o n i t o r  s imu la t i on  program i s  a  program t h a t  i s  r e s i -  

dent  i n  t he  processing computer ( o r  f u n c t i o n a l  l y  equi va l  e n t  

machine). It ac ts  as a  superv isory  execut ive  over , the normal 

execu t i ve  r o u t i n e  causing var ious a c t i v i t i e s  t o  take p lace  i n  

"s top"  t ime. That i s ,  t he  opera t iona l  execut ive i s  a l lowed 

t o  process the  t e s t  program f o r  a  s h o r t  per iod,  u s u a l l y  some 

smal l  number o f  m i l l i seconds ,  and then t ime i s  stopped by the  

s i m u l a t i o n  execut ive  and var ious p a r t s  o f  t he  program a re  

manipulated o r  checked. 



The s imu la t i on  execut ive i s  used i n  con junc t ion  w i t h  a  simu- 

l a t i o n  i n p u t  program. This program may be w r i t t e n  i n  the  

same language as the  t e s t  program (a t e s t  o r i en ted  1  anguage 

as opposed t o  "machine" language). There i s  a  statement- 

by-statement c o r r e l a t i o n  between the  t e s t  program and t h i s  

s imu la t i on  i n p u t  program. For example, i f  the t e s t  program 

i s  requ i red  t o  measure a  parameter a t  a  c e r t a i n  p o i n t  i n  the  

program, the  s imu la t i on  i n p u t  program must p rov ide  a  value 

f o r  t h a t  parameter a t  t h a t  po in t .  Values prov ided may be 

e i t h e r  i n  o r  o u t  o f  to1  erance depending upon whether the  

s imu la t i on  i s  d r i v i n g  the program down a  main path o r  o u t  

through a  f a u l t  i s o l a t i o n  path. 

I n  i t s  most soph is t i ca ted  form t h i s  type o f  s imu la t i on  can 

d r i v e  the  program down a l l  poss ib le  paths. A t  the same t ime 

checks may be b u i l t  i n t o  the s imu la t i on  execut ive t o  a l l ow  

i t  t o  au tomat i ca l l y  mon i to r  much o f  the t e s t  process. I n  

i t s  s imp ler  form, the  s imu la t i on  execut ive merely provides 

the  c a p a b i l i t y  o f  mon i to r ing  the  processing o f  the t e s t  pro- 

gram by record ing  c e r t a i n  parameters w i t h i n  the  machine. 

They may be r e t r i e v e d  and p r i n t e d  o u t  l a t e r  f o r  programmer 

eval  u a t i o n  . 

A r a t h e r  simple vers ion  o f  t h i s  type o f  s imu la tor  was 

w r i t t e n  f o r  the  S - I V B  system. I n  con junc t ion  w i t h  simula- 

t i o n  i n p u t  programs w r i t t e n  i n  the  t e s t  o r i en ted  language, 

i t  had the  c a p a b i l i t y  o f  d r i v i n g  the  program down a l l  paths 

and record ing  var ious  i n fo rma t ion  f o r  eva lua t ion  by the  t e s t  

programmer. Several shortcomings were discovered i n  t h i s  

approach which made i t s  use extremely l i m i t e d .  The two most 

p e r t i n e n t  were: 

1. The s imu la t i on  i n p u t  r o u t i n e  was w r i t t e n  from the  

same requirements document as the  t e s t  program. 

This meant t h a t  the  s imu la t i on  was on l y  as good as 

the requirements document. This  d i d  n o t  p rov ide  



any check o f  the  r e a l  c a p a b i l i t y  o f  checking o u t  

the stage i t s e l f .  Any e r r o r s  i n  the  requirements 

document were c a r r i e d  through the  s imu la t i on  

process. 

The t ime requ i red  t o  w r i t e  the s imu la t i on  execu- 

t i v e  was r e l a t i v e l y  smal l  ( l e s s  than one-half  man 

year ) .  However, t he  t ime t o  w r i t e  the  s imu la t i on  

i n p u t  program f o r  each t e s t  program was about h a l f  

the  t ime requ i red  t o  w r i t e  the t e s t  program i t s e l f .  

This  meant t h a t  t he  t ime requ i red  t o  generate a  

t e s t  program w i t h  s imu la t i on  was 1.5 t imes t h a t  

requ i red  i f  s imu la t i on  were n o t  used. Due t o  

schedule r e s t r i c t i o n s  i t  was n o t  poss ib le  t o  a l l ow  

t h i  s  addi ti onal t ime i n  the  programming schedule. 

As ind ica ted ,  t h i s  type o f  s imu la to r  i s  r e l a t i v e l y  simple t o  

w r i t e  and use. However, i t s  use should probably be l i m i t e d  

t o  those s i t u a t i o n s  where no o the r  form o f  program v e r i f i c a -  

t i o n  i s  a v a i l a b l e  o r  where program v e r i f i c a t i o n  i s  n o t  

c r i t i c a l  t o  the  o v e r a l l  p r o j e c t  success. 

FUNCTIONAL SOFTWARE SIMULATION 

Experience w i t h  the  dr iver lmon i  t o r  s imu la t i on  approach and 

i t s  shortcomings l e d  t o  cons idera t ion  o f  a  more soph is t i ca ted  

type o f  s imu la t ion .  The s imu la t i on  considered would prov ide  

a  comparable degree o f  v e r i f i c a t i o n  as the  hardware s imu la tor  

and e l i m i n a t e  the a d d i t i o n a l  burden on the  t e s t  language 

programmers. 

The s imu la to r  would be w r i t t e n  t o  run  e i t h e r  on the  t e s t  

processing computer, a  f u n c t i o n a l l y  i d e n t i c a l  computer, o r  a  

computer connected t o  one o f  the  f i r s t  two. I t s  prime charac- 

t e r i s t i c  i s  t h a t  i t  would be w r i t t e n  from the u n i t  under t e s t  

design i n fo rma t ion  independently o f  the  t e s t  requirements o r  

t e s t  programs. I f  poss ib le  i t  would be w r i t t e n  t o  run  i n  

r e a l  t ime w i thou t  the  necess i ty  o f  s topping t ime t o  keep up 



w i t h  bookkeeping, e t c .  To the  t e s t  operator  there  would be 

l i t t l e  d i f f e r e n c e  between running aga ins t  t h i s  type o f  

s imu la to r  and running aga ins t  a  hardware s imu la tor  (hence the  

name " func t i ona l  s imu la tor ) .  

This  i s  accomplished by w r i t i n g  the  s imu la t i on  program such 

t h a t  i t  a c t u a l l y  emulate the  systems and subsystems w i t h i n  

t h e s t a g e .  I n i t s m o s t c o m p l e t e f o r m i t w o u l d p r o v i d e  f o r  

a l l  the  i n t e r a c t i o n s  between the  var ious subsystems and 

would be capable o f  responding t o  i n c o r r e c t  i npu ts  i n  the 

same way the  stage would. To do t h i s  the representa t ion  of 

t he  subsystems, o r  p a r t s  thereof ,  must do more than merely 

p rov ide  an o v e r a l l  t r a n s f e r  f u n c t i o n  f o r  expected sequences 

o f  inputs .  I f  a  bus vo l tage i s  low ( e i t h e r  by design o r  by 

t e s t  program e r r o r )  the  subsystem should r e a c t  t o  t h i s  low 

vo l tage and prov ide  appropr ia te  dev ia t ions  i n  i t s  output.  

A f u n c t i o n a l  s imu la t i on  program would be a  very powerful  

t o o l  i n  the  development o f  an automatic checkout system and 

the  v e r i f i c a t i o n  o f  t e s t  programs f o r  such a  system. I t 

cou ld  be reproduced and used i n  many areas. I t  would have 

f a r  more f l e x i b i l i t y  than a  hardware s imu la tor ,  and cos t  

l e s s  t o  main ta in  once i t  was establ ished.  However, i t  i s  an 

extremely d i f f i c u l t  programming e f f o r t .  Many people i n  the  

aerospace f i e l d  a re  p resen t l y  l ook ing  i n t o  t h i s  form o f  simu- 

l a t i o n ;  but ,  t o  the au tho r ' s  knowledge, no ser ious attempt 

has been made as y e t  t o  w r i t e  such a  program f o r  something o f  

t he  s i z e  o f  a  stage o r  veh ic le .  

I t should be noted t h a t  t he  func t i ona l  s imu la tor  as described 

has many o f  t he  c h a r a c t e r i s t i c s  o f  s imu la t i on  programs used 

i n  o the r  d i s c i p l i n e s ,  p r i n c i p a l l y  operat ions ana lys is .  How- 

ever, t he  degree o f  complexi ty  and the  number o f  i n t e r a c t i o n s  

invo lved are probably an order  o f  magnitude h igher  than t h a t  

p resen t l y  handled i n  those f i e l d s .  This does n o t  say t h a t  i t  

can o r  should n o t  be used i n  the  aerospace f i e l d ,  b u t  o n l y  

t h a t  i t  i s  a  d i f f i c u l t  achievement a t  t h i s  p o i n t  i n  t ime. 



SUMMARY AND CONCLUSIONS 

Experience has i n d i c a t e d  t h a t  t h e  use o f  s i m u l a t i o n  i n  t h e  

development o f  automat ic  systems and t h e i r  assoc ia ted opera t -  

i n g  procedures p rov ides  an economic advantage over  t he  c o s t  

o f  ope ra t i ons  i n  a  formal  checkout area us ing  a  f l i a h t  stage; 

an advantage o f  t ime  u t i l i t y  s i nce  the. development can take 

p l ace  p r i o r  t o  t he  complet ion o f  manufactur ing on t h e  stage; 

and t h e  advantage o f  ease o f  measurement and observa t ion  

s i n c e  spec ia l  c a p a b i l i t i e s  may be b u i l t  i n t o  t he  s i m u l a t i o n  

equipment f o r  t h a t  purpose. 

To date,  t h e  s imu la to r s  used f o r  t h i s  purpose have been p r i -  

m a r i l y  hardware o r i e n t e d  w i t h  the  degree o f  s i m i l a r i t y  t o  

pr ime hardware be ing  h i g h l y  v a r i a b l e  depending upon t h e  

a p p l i c a t i o n .  It appears t o  be c l e a r  t h a t  t h e  degree o f  auto-  

mat ion  used i n  t he  process and t he  degree o f  s i m i l a r i t y  

r e q u i r e d  between pr ime equipment and s i m u l a t o r  equipment a re  

d i r e c t l y  p r o p o r t i o n a l  t o  each o the r .  Th i s  i m p l i e s  t h a t  as 

au tomat ic  systems become more soph i s t i ca ted ,  so must t h e  

s i m u l a t i o n  used. I t  i s  n o t  a t  a l l  c l e a r  t h a t  hardware simu- 

l a t o r s  can ma in ta i n  a  use fu l  advantage under those cond i t i ons .  

I n  o t h e r  areas f u n c t i o n a l  so f tware  s i m u l a t i o n  has been used 

as a  t o o l  o f  ope ra t i ons  a n a l y s i s  f o r  s t udy ing  p roduc t  f lows,  

s e r v i c e  f a c i l i t y  d i s t r i b u t i o n ,  p roduc t i on  1  i n e  o r g a n i z a t i o n  

and o t h e r  r e l a t e d  process opera t ions .  To date,  t he  number 

o f  parameters i nvo l ved  and t h e  complexi ty  o f  t he  pr ime systems 

has been low compared t o  space systems. As these opera t ions  

become more complex ( f o r  example, t h e  ope ra t i on  o f  a  nuc lea r  

power p l a n t ) ,  they  w i l l  take on many o f  t he  c h a r a c t e r i s t i c s  

o f  space systems. Present  s i m u l a t i o n  proqramming techniques 

w i  11 have d i f f i c u l t y  coping w i t h  t h i s  increased complexi t.y. 



What then i s  t h e  f u t u r e  o f  s imu la t i on  o f  complex systems, 

whatever t h e i r  a p p l i c a t i o n ?  The c o s t  o f  pr ime systems, t he  

degree o f  d i f f i c u l t y  i n  t he  development o f  automatic tech- 

niques, and i n  some cases (such as space environments), t he  

i n a b i l i t y  t o  g e t  t o  t he  pr ime opera t ion  o r  system u n t i l  a  

p o i n t  i n  t ime when t h e  development must a l ready  be accom- 

p l i shed ,  almost c e r t a i n l y  means t h a t  s imu la t i on  i s  a  

necess i t y  i n  t he  development o f  f u t u r e  systems. 

I n  o rde r  t o  f u l f i l l  i t s  r o l e  t o  the  g rea tes t  advantage, simu- 

l a t i o n  as used i n  t he  f u t u r e  must combine t h e  techniques of 

a l l  t h e  p resent  forms. It i s  probable t h a t  t he  s imu la to r  o f  

t he  f u t u r e  w i l l  resemble a  sof tware f u n c t i o n a l  s imu la to r .  

However, i t  must be done such t h a t  i t  has the  v a l i d i t y  o f  t h e  

hardware simul a to r ,  t h e  f l  e x i  b i  1  i ty o f  p resent  sof tware s  imu- 

l a t o r s  used w i t h  s imp le r  systems, and the  c a p a b i l i t y  o f  

hand l ing  complex f u n c t i o n a l  r e l a t i o n s h i p s .  Whether t h i s  

s imu la to r  uses a  d i g i t a l  computer, an analog computer, 

spec ia l  hardware, o r  some combinat ion o f  these, w i l l  depend 

on t h e  a p p l i c a t i o n  and the  degree o f  development i n  each o f  

those areas. The pr imary i n g r e d i e n t  requi red,  however, f o r  

i t s  development i s  t he  f i r m  b e l i e f  t h a t  such s imu la t i on  pro- 

v i d i n g  a l l  t he  advantages i nhe ren t  i n  i t s  use can, and must, 

be accompl i shed. 


