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CHAPTER I 

INTRODUCTION 

Nature o f the Study 

T h i s study w i l l examine the computer programming 

sys tem, DYNAMO, and some o f the problems to which t h i s 

system has been a p p l i e d . The s t u d i e s which are c i t e d were 

s e l e c t e d from both i n d u s t r i a l and m i l i t a r y a p p l i c a t i o n s . 

For the most p a r t , however, i n d u s t r i a l examples are l i m i t e d 

to p o s s i b l e m i l i t a r y a n a l o g i e s . , . 

The p r i n c i p a l p o i n t deve loped i n t h i s paper i s the 

dichotomy o f approach to a g i v e n p r o b l e m ; these may be 

te rmed, I n d u s t r i a l Dynamics and Dynamo S i m u l a t i o n . Be fore 

examining these terms and the u n d e r l y i n g p h i l o s o p h y o f each 

a p p r o a c h , the computing system used to implement them, 

DYNAMO, w i l l be b r i e f l y d i s c u s s e d . A g e n e r a l u n d e r s t a n d i n g 

o f t h i s system i s n e c e s s a r y f o r a more complete a p p r e c i a t i o n 

o f the d i f f e r e n t approaches i t s e r v e s . 

The i n t e n t o f t h i s u n d e r t a k i n g i s to focus a t t e n t i o n 

on the p o t e n t i a l areas o f a p p l i c a b i l i t y to m i l i t a r y problem 

areas o f Dynamo S i m u l a t i o n and I n d u s t r i a l Dynamics. 

I t i s a l s o a n t i c i p a t e d tha t a n a l y s e s Of the examples 

c i t e d w i l l r e s u l t i n a b a s i s f o r e x t r a p o l a t i o n o f c r i t e r i a 

fundamental t o problem types a p p l i c a b l e f o r study by e i t h e r 

I n d u s t r i a l Dynamics or Dynamo S i m u l a t i o n . 
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Background I n f o r m a t i o n 

The a u t h o r ' s i n t e r e s t i n t h i s s u b j e c t a rea was f i r s t 

aroused d u r i n g a course i n . I n d u s t r i a l Dynamics p r e s e n t e d by 

Dr . B. C. S p r a d l i n o f The S c h o o l o f I n d u s t r i a l E n g i n e e r i n g , 

G e o r g i a I n s t i t u t e o f T e c h n o l o g y . The p o s s i b i l i t i e s o f t h i s 

techn ique i n a m i l i t a r y environment appeared e s p e c i a l l y 

f a v o r a b l e . The h i g h degree o f a g g r e g a t i o n u s e d , the l a c k 

o f a requirement f o r p r e c i s e d a t a and the manager ia l o v e r ­

view taken are a l l compat ib le w i th the na ture o f many 

m i l i t a r y problems. O f t e n i n h i g h e c h e l o n s t a f f work i t i s 

necessary to attempt to r e c o n c i l e be forehand the e f f e c t o f 

a p o l i c y change on o ther s e c t o r s o f the command or s e r v i c e . 

T r a d i t i o n a l l y t h i s has been approached on a "best e s t i m a t e " 

b a s i s , o f t e n i n s i t u a t i o n s too complex f o r even the c o l l e c ­

t i v e best judgments p r o v i d e d by c r i t i c a l s t a f f a n a l y s i s . 

I n d u s t r i a l Dynamics was seen as a manner o f approach w h i c h , 

though not a p a n a c e a , o f f e r e d a much b e t t e r , more s o p h i s t i ­

ca ted means o f a n a l y s i s . B e h a v i o r c h a r a c t e r i s t i c s , r a t h e r 

than s p e c i f i c responses o f a system are o f u s u a l i n t e r e s t 

i n s t a f f p o l i c y e v a l u a t i o n s and t h i s i s the na tu re o f the 

output o f I n d u s t r i a l Dynamics, t h a t i s , to r e v e a l the 

b e h a v i o r a l c h a r a c t e r i s t i c s o f the system and the c o n t r o l 

" l o o p s " which govern them. 

Subsequent study r e v e a l e d tha t some s c h o l a r s were i n 

d isagreement w i th some a s p e c t s o f the I n d u s t r i a l Dynamics 

p h i l o s o p h y , and tha t o t h e r s , o s t e n s i b l y u s i n g , I n d u s t r i a l 
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Dynamics, were a c t u a l l y on ly s i m u l a t i n g a system and u s i n g 

the Dynamo computer programming p rocess to a c c o m p l i s h the 

s i m u l a t i o n . These f a c t o r s , when taken t o g e t h e r , i n d i c a t e d 

tha t there was a need f o r a r e a l i s t i c examinat ion o f the 

uses o f Dynamo to p l a c e them i n t o p e r s p e c t i v e , thus g i v i n g 

r i s e to t h i s p a p e r . 

Scope and L i m i t a t i o n s 

The scope o f t h i s e f f o r t ; h a s been l i m i t e d to the 

examinat ion o f e s s e n t i a l l y Army t o p i c s a l though the i d e a s 

espoused are p a r a l l e l e d i n the o t h e r m i l i t a r y s e r v i c e s a l b e i t 

i n somewhat d i f f e r e n t terms and .under d i f f e r i n g c i r c u m ­

s t a n c e s . ' S i m i l a r l y , the d e t a i l s o f problems encountered 

w i l l vary from s e r v i c e to s e r v i c e . However, these- p r o b l e m s , 

i n e s s e n c e , are a l i k e . •• ,' 

A l i m i t a t i o n i s imposed by the very na ture o f t h i s 

u n d e r t a k i n g which i s p r i m a r i l y a search f o r and rev iew o f 

Dynamo a p p l i c a t i o n s ; l i t t l e i s added to the e x i s t i n g body 

o f knowledge on the s u b j e c t . What i s p r o v i d e d i s r a t h e r 

an overview o f the ideas o f o t h e r s c o u p l e d w i th an e lemen­

t a r y problem a n a l y s i s procedure and a r e c o n c i l i a t i o n o f the 

major p h i l o s o p h i e s i n v o l v e d . T h i s study i s not i n t e n d e d to 

be a t h e o r e t i c a l d i s s e r t a t i o n but r a t h e r a p r a c t i c a l exam­

i n a t i o n o f a u s e f u l s c i e n t i f i c t o o l t o b.e used on r e a l - w o r l d 

p rob lems . 
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C H A P T E R I I 

L I T E R A T U R E S E A R C H 

G e n e r a l 

P u b l i s h e d s t u d i e s i n v o l v i n g t h e u s e o f D y n a m o a r e 

n o t n u m e r o u s . M i l i t a r i l y o r i e n t e d s t u d i e s a r e p r a c t i c a l l y 

n o n - e x i s t e n t e x c e p t f o r s o m e l i m i t e d w o r k d o n e a t a f e w 

u n i v e r s i t i e s , p r i m a r i l y b y m i l i t a r y s t u d e n t s a s p a r t o f 

t h e s i s w o r k . D u e t o t h i s s c a r c i t y o f b a c k g r o u n d i n f o r m a ­

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

D y n a m o b y m i l i t a r y a g e n c i e s w a s e x t e n d e d t o i n c l u d e 

u n p u b l i s h e d r e p o r t s a n d w o r k i n g p a p e r s w i t h i n t h e D e p a r t m e n t 

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

A r m y . L i m i t e d c o n t a c t w a s . a l s o m a d e w i t h a f e w c o n s u l t a n t 

c o m p a n i e s w h i c h h a v e d o n e e x t e n s i v e c o n t r a c t w o r k f o r 

D e p a r t m e n t o f A r m y a g e n c i e s . A l t h o u g h s o m e o f t h i s i n f o r m a l 

s e a r c h f o r i n f o r m a t i o n 1 w a s d o n e b y m a i l , m o s t w a s a c c o m ­

p l i s h e d b y d i r e c t c o n t a c t a n d v i s i t s t o t h e s t a f f a g e n c i e s 

i n v o l v e d . T h e o r d e r i n w h i c h t h e f o l l o w i n g d e s c r i p t i o n s 

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

d o c u m e n t s ' f o r m a n d d e g r e e o f s o p h i s t i c a t i o n , w i t h t h o s e 

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

D y n a m i c A l l o c a t i o n M o d e l 

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

l i t e r a t u r e t h a t t h e t e r m , D Y N A M O , h a s a l s o b e e n u s e d t o 
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d e s c r i b e a c l a s s o f models based on an a p p l i c a t i o n o f 

dynamic programming t e c h n i q u e s . When used i n t h i s context 

DYNAMO i s an acronym f o r Dynamic A l l o c a t i o n M o d e l . A word 

o f c a u t i o n ; the two methods, though hav ing the same name, 

are e n t i r e l y d i f f e r e n t and e s s e n t i a l l y u n r e l a t e d . An 

example o f the dynamic programming a p p r o a c h , "A G e n e r a l 

Dynamic Model For A i r D e f e n s e , " appeared i n Opera t ions 

Research S e p t - O c t 1 9 6 7 ( 1 ) . The model p r e s e n t e d i s 

e s s e n t i a l l y p r o b a b i l i s t i c and concerned w i th o p t i m i z a t i o n . 

As p r e v i o u s l y p o i n t e d o u t , each o f these f e a t u r e s i s a l i e n 

to the I n d u s t r i a l Dynamic or Dynamo S i m u l a t i o n a p p r o a c h e s . 

Search L i m i t a t i o n s 

The na ture o f t h i s study i s i n many r e s p e c t s a 

l i t e r a t u r e s e a r c h i t s e l f and due to the expressed : i n t e n t o f 

p r i m a r i l y e x p l o r i n g m i l i t a r y s u b j e c t s the d i r e c t i o n o f 

search was m o d i f i e d somewhat from the norm. The computer ­

i z e d f a c i l i t i e s o f Defense Documentat ion C e n t e r , (DDC), 

A l e x a n d r i a , V i r g i n i a , were u t i l i z e d t o extend the l i m i t s o f 

t h i s e x p l o r a t i o n ; . i t i s to be r e a l i z e d , o f c o u r s e , t h a t on ly 

u n c l a s s i f i e d m a t e r i a l has been u t i l i z e d i n t h i s paper and 

consequent ly the examples c i t e d are by no means e x h a u s t i v e . 

U n f o r t u n a t e l y , the i n f o r m a t i o n r e t r i e v a l system at DDC 

i s not geared to methodo log ies or computer languages but 

r a t h e r to l i s t i n g s by s u b j e c t m a t t e r . S e v e r a l r e c e n t 

q u e r i e s had been d i r e c t e d t o DDC c o n c e r n i n g I n d u s t r i a l 

Dynamics and Dynamo and t h i s was i t s e l f o f i n t e r e s t 
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because o f the p a u c i t y o f completed s t u d i e s on these s u b ­

j e c t s . The i n c r e a s i n g i n t e r e s t i n these t e c h n i q u e s i s 

m a n i f e s t e d i n t h i s unusual r a t e o f r e q u e s t s f o r i n f o r m a t i o n . 

I t w i l l be seen i n the f o l l o w i n g pages t h a t w i th 

few e x c e p t i o n s the models and s t u d i e s ment ioned are 

academic In tha t they are not d i r e c t e d at s p e c i f i c r e a l -

wor ld problems but r a t h e r at problem types which are 

encountered i n substance i n a m i l i t a r y env i ronment . 
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CHAPTER I I I 

LANGUAGE AND PHILOSOPHIES 

Dynamo S p e c i a l Purpose Computer Language 

The name, DYNAMO, i s a c o n t r a c t i o n f o r DYNAmic MOdels . 

I t was a p p l i e d to a s p e c i a l purpose s i m u l a t i o n language 

deve loped by A lexander M. Pugh I I I and o thers at the 

A l f r e d P. S loan S c h o o l o f Management, Massachuset ts 

I n s t i t u t e o f T e c h n o l o g y . T h i s language was deve loped i n 

1 9 5 9 f o r the purpose o f s i m u l a t i n g i n f o r m a t i o n feedback 

systems, p r i m a r i l y f o r the s o l u t i o n o f problems i n the 

I n d u s t r i a l Management f i e l d . 

Dynamo f i l l s a unique p o s i t i o n i n the f i e l d o f 

s i m u l a t i o n languages o r systems i n tha t i t i s geared to the 

s o l u t i o n o f systems o f s imul taneous zero and f i r s t o rder 

d i f f e r e n c e equa t ions r e p r e s e n t i n g a d e t e r m i n i s t i c , c l o s e d 

l o o p , con t inuous s y s t e m . : T h u s , i t s c l o s e s t c o u n t e r p a r t s 

are the s p e c i a l purpose l a n g u a g e s , MIDAS, MIMIC e t c . w h i c h 

are used as d i g i t a l s i m u l a t i o n d e v i c e s f o r s imul taneous 

d i f f e r e n t i a l e q u a t i o n s , norma l ly a s s o c i a t e d w i th r a t h e r 

cumbersome ana log computer t e c h n i q u e s . S i n c e d i f f e r e n c e 

e q u a t i o n s are more p r a c t i c a l t o r e p r e s e n t t ime sequences o f 

system i n p u t and output than are d i f f e r e n t i a l e q u a t i o n s , i t 

i s r e a d i l y seen why such a - language would have a t t r a c t i o n 

f o r those i n t e r e s t e d i n economic or m a n a g e r i a l type s t u d i e s , 
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A R E A S C H A R A C T E R I Z E D B Y D I S C R E T E T I M E S E Q U E N C E S . T H E N I C H E 

O C C U P I E D B Y D Y N A M O , I N R E L A T I O N T O O T H E R L A N G U A G E S , I S 

D E P I C T E D I N F I G U R E 1 . ( 2 0 

T H E E S S E N T I A L V A R I A B L E S O F A D Y N A M I C S Y S T E M S S T U D Y , 

S T A T E V A R I A B L E S A N D O U T P U T V A R I A B L E S , A R E D E S C R I B E D I N 

DYNAMO B Y L E V E L E Q U A T I O N S A N D R A T E E Q U A T I O N S R E S P E C T I V E L Y . 

S T A T E V A R I A B L E S ( L E V E L S ) D E S C R I B E T H E S T A T E O R C O N D I T I O N O F 

T H E S Y S T E M AT G I V E N T I M E . R A T E V A R I A B L E S ( R A T E S ) D E S C R I B E 

HOW T H E S T A T E S C H A N G E W I T H T H E P A S S A G E O F T I M E . A L T H O U G H 

T H E L E V E L A N D R A T E E Q U A T I O N S A L O N E D E S C R I B E T H E S Y S T E M , I T 

H A S B E E N F O U N D T H A T A C O M P O N E N T O F T H E R A T E E Q U A T I O N , W H I C H 

S E R V E S T O C O M P L E T E L Y D E S C R I B E T H E F U N C T I O N O F T H A T R A T E 

E Q U A T I O N , I S G E N E R A L L Y R E Q U I R E D . I N DYNAMO T H E S E E Q U A T I O N S 

A R E T E R M E D A U X I L I A R Y E Q U A T I O N S . T H E A U X I L I A R Y E Q U A T I O N S 

F O R M T H E B A S I S F O R T H E C O N T R O L O F T H E R A T E S A N D A R E O F 

G R E A T I M P O R T A N C E I N A R E P R E S E N T A T I O N O F F E E D B A C K C O N T R O L . 

D E T A I L E D I N F O R M A T I O N ON E A C H O F T H E S E E Q U A T I O N T Y P E S I S 

F O U N D I N C H A P T E R 7 O F I N D U S T R I A L D Y N A M I C S . ( 3 ) 

D Y N A M O I S A S I M P L E L A N G U A G E T O U N D E R S T A N D A N D U S E I N 

C O M P A R I S O N W I T H O T H E R C O M P U T E R L A N G U A G E S . T H E T I M E N O T A T I O N 

U S E D W I T H I T I S P A R T I C U L A R L Y H E L P F U L I N A P P R E C I A T I N G T H E 

S E Q U E N C E O F C O M P U T A T I O N S ; T H I S I S U S E F U L I N P R E P A R I N G A 

D Y N A M O M O D E L . A N O T H E R N O T E W O R T H Y F E A T U R E O F D Y N A M O I S T H A T , 

I N A D D I T I O N T O P R I N T E D R E S U L T S - , T H E U S E R MAY O B T A I N G R A P H ­

I C A L P L O T S O F T H E V A L U E O F S E L E C T E D V A R I A B L E S AT W H A T E V E R 

S C A L E T H E U S E R MAY C H O O S E . F O R A N A L Y S I S O F R E S U L T S O F 



S i m u l a t i o n Techniques 

Analo 
S imul 
Techn 

=> 

a t i o n 
iques 

C o n t i 
S imul 

nuous 
a t i o n 

D i g i t a l S i m u l a t i o n Techniques 

S p e c i a l - p u r p o s e Languages 

Cont inuous 
S i m u l a t i o n 

D i s c r e t e 
S i m u l a t i o n 

GPSS 
SIMSCRIPT 
SIMPAC 
SIMULA .. 
CSL 
ESP 
GSP 
MONTEGODE 
SIMON 

G e n e r a l -
Purpose 
Languages 

FORTRAN 
ALGOL 

B l o c k -
O r i e n t e d 

D i f f e r e n t i a l 
E q u a t i o n s 

Analog 
Computers 

B l o c k - o r i e n t e d S i m u l a t o r s 

D i f f e r e n t i a l 
E q u a t i o n s 

D i f f e r e n c e 
E q u a t i o n s 

MIDAS 
MIMIC 
PACTOLUS 
SLASH 

DYNAMO MIDAS 
MIMIC 
PACTOLUS 
SLASH 

F i g u r e 1. C l a s s i f i c a t i o n o f Cont inuous S i m u l a t i o n Dev ices 
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i n d i v i d u a l " r u n s " t h i s f e a t u r e i s p a r t i c u l a r l y v a l u a b l e . 

In a d d i t i o n , t h i s f e a t u r e t o g e t h e r w i th the n o n t e c h n i c a l 

n o t a t i o n o f the language i t s e l f , makes i t e s p e c i a l l y 

adap t ive f o r p r e s e n t a t i o n o f o f f i c e r s or managers u n f a m i l i a r 

w i th such methodology. 

For those who are i n t e r e s t e d i n the d e t a i l s o f the 

Dynamo language and i t s implement ing i n s t r u c t i o n s , the 

Dynamo U s e r ' s Manual ( 4 ) p r o v i d e s a c o n c i s e r e f e r e n c e . The 

f o l l o w i n g g e n e r a l i z a t i o n s , however, p r o v i d e the substance 

o f the language i t s e l f and w i l l f a c i l i t a t e u n d e r s t a n d i n g o f 

the example problems to be d i s c u s s e d i n l a t e r c h a p t e r s . In 

b r i e f , Dynamo u t i l i z e s two types o f punched c a r d s , e q u a t i o n 

cards and d i r e c t i o n c a r d s . The d i r e c t i o n cards merely serve 

to s p e c i f y the t ime i n t e r v a l , run l e n g t h and the v a r i a b l e s 

whose v a l u e s are to be p r i n t e d a n d / o r p l o t t e d . E q u a t i o n 

cards c o n s i s t o f seven q u a n t i t y types , , each i d e n t i f i e d by 

l e t t e r . These a r e : , 

L L e v e l 

R . Rate 

A A u x i l i a r y 

C Cons tan ts 

N I n i t i a l va lue (or computed c o n s t a n t ) 

B Boxcar t r a i n 

S Supplementary 

L e v e l s , r a t e s and a u x i l i a r y e q u a t i o n s p r o v i d e the 

nuc leus o f the e q u a t i o n types and were d i s c u s s e d e a r l i e r . 
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C o n s t a n t s a r e e x p l i c i t n u m e r i c a l v a l u e s h e l d c o n s t a n t f o r 

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

s y s t e m a t t h e b e g i n n i n g o f t h e r u n v i a t h e i n i t i a l v a l u e 

e q u a t i o n s a n d p r o v i d e a s t a r t i n g p o i n t f o r t h e c o m p u t e r 

p r o g r a m . B o x c a r t r a i n e q u a t i o n s a r e s p e c i a l s e t s o f 

e q u a t i o n s u s e d t o s h i f t q u a n t i t i e s f r o m o n e t i m e p e r i o d t o 

t h e n e x t , s u c h a s i n u p d a t i n g s e a s o n a l d a t a o r c o n s t r u c t i n g 

" p i p e l i n e d e l a y s 1 , " j 

U s i n g t h e D y n a m o l a n g u a g e f o r s i m u l a t i o n i s f a c i l i ­

t a t e d b y a n u m b e r o f s p e c i a l f u n c t i o n s w h i c h c a n b e u s e d i n 

a v a r i e t y o f w a y s a s r e q u i r e d b y t h e . p r o b l e m a t h a n d . 

R a n d o m n u m b e r s f o r e x a m p l e c a n b e g e n e r a t e d i n t w o w a y s ; 

t h e f i r s t a s " n o i s e " i n . t h e s y s t e m , u n i f o r m l y d i s t r i b u t e d 

w i t h i n l i m i t s s p e c i f i e d b y t h e u s e r ; s e c o n d , a s a s e t o f 

n o r m a l l y d i s t r i b u t e d r a n d o m n u m b e r s a b o u t a s p e c i f i e d m e a n 

a n d w i t h s t a n d a r d d e v i a t i o n e s t a b l i s h e d b y t h e u s e r . 

S i m i l a r l y , d e l a y s o f s e v e r a l t y p e s c a n b e g e n e r a t e d a n d 

t h e s e a r e p a r t i c u l a r l y i m p o r t a n t t o t h e I n d u s t r i a l D y n a m i c s 

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

m i n i m u m a n d m a x i m u m f u n c t i o n s , l i m i t i n g , s w i t c h i n g , s u m m i n g 

a n d t a b l e f u n c t i o n s r o u n d o u t a n d g i v e f l e x i b i l i t y t o t h e 

l a n g u a g e . C o m m o n f u n c t i o n s s u c h a s t h e e x p o n e n t i a l , s i n e , 

c o s i n e , s q u a r e r o o t a n d n a t u r a l l o g a r i t h m a r e a v a i l a b l e 

a n d m a y b e a d a p t e d f o r p a r t i c u l a r r e q u i r e m e n t s s u c h a s a 

s p e c i f i c a m p l i t u d e a n d p e r i o d f o r a t r i g o n o m e t r i c f u n c t i o n . 
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The t ime n o t a t i o n used i n Dynamo p a r a l l e l s the p r o ­

cedure used by the computer i n c a l c u l a t i n g va lues i n t h a t 

both move through t ime i n d i s c r e t e s teps and the va lues o f 

each o f the . v a r i a b l e s are c a l c u l a t e d at each s t e p . Present 

t ime i s denoted by the s u f f i x K, p r e v i o u s t ime by J . , and 

f u t u r e t ime by L . F i g u r e 2 d e p i c t s t h i s r e l a t i o n s h i p . 

I t s h o u l d be noted tha t the i n t e r v a l s JK and KL are c a l l e d 

DT; t h i s i s the t ime i n t e r v a l which must be s p e c i f i e d by 

the u s e r . T h i s t ime n o t a t i o n enab les the user to s p e c i f y 

the t ime at which a q u a n t i t y i s to be c a l c u l a t e d and to 

e s t a b l i s h the t ime at which the q u a n t i t i e s used i n t h i s 

c a l c u l a t i o n were p r e v i o u s l y computed. When a l l the v a r i a ­

b l e s have been c a l c u l a t e d f o r Time K and the i n t e r v a l K L , 

the computer moves to the next t ime s tep and the v a l u e s 

a s s o c i a t e d w i th Time' K become the hew Time J v a l u e s e t c . 

The o rder o f c o m p u t a t i o n , by a computer , i s f i r s t l e v e l s 

then a u x i l i a r i e s and f i n a l l y the r a t e s f o r the next t ime 

p e r i o d o f i n t e r e s t , K L . 

Past Time Present Time Fu tu re Time 

1 
JK 

( I n t e r v a l DT) 
KL — — 

( I n t e r v a l DT) 

Time 
L 

JK KL 

F i g u r e 2 . Dynamo Time N o t a t i o n 
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I n d u s t r i a l Dynamics 

" I n d u s t r i a l Dynamics i s the i n v e s t i g a t i o n o f the 

i n f o r m a t i o n - f e e d b a c k c h a r a c t e r o f i n d u s t r i a l systems and 

the use o f models f o r the d e s i g n o f improved o r g a n i z a t i o n a l 

form and g u i d i n g p o l i c y . " ( 5 ) 

P r o f e s s o r Jay W. F o r r e s t e r , the o r i g i n a l d e v e l o p e r 

o f I n d u s t r i a l Dynamics, p r e s e n t s the above d e f i n i t i o n i n the 

r e f e r e n c e d work a l though i t i s but one o f s e v e r a l d e f i n i ­

t i o n s which he o f f e r s . Another d e s c r i p t i v e phrase used to 

d e s c r i b e I n d u s t r i a l Dynamics i s tha t i t i s a "way o f s t u d y ­

i n g b e h a v i o r o f i n d u s t r i a l systems t o show how p o l i c i e s , 

d e c i s i o n s , s t r u c t u r e and d e l a y s are i n t e r r e l a t e d to i n ­

f l u e n c e growth and s t a b i l i t y . " ( 6 ) 

These d e s c r i p t i o n s , wh i l e not unique d e f i n i t i o n s , 

form the b a s i s o f I n d u s t r i a l Dynamics. The s a l i e n t i d e a s 

i n these phrases a r e : i n f o r m a t i o n - f e e d b a c k ; an approach f o r 

r e l a t i n g i n t e r r e l a t i o n s h i p s ; and improved form and g u i d i n g 

p o l i c y . Imp l i ed i n these i d e a s i s some form o f c o n t r o l to 

b r i d g e the gap between the i n f o r m a t i o n feedback mechanism 

and the d e s i r e d improvements. T h u s , we have An approach or 

p h i l o s o p h y which r e l a t e s the i n t e r r e l a t i o n s h i p s w i t h i n a 

system to t h a t s y s t e m ' s i n f o r m a t i o n - f e e d b a c k c o n t r o l 

mechanism f o r the purpose o f s t u d y i n g the system and e f f e c t ­

i n g improved p o l i c i e s and system s t a b i l i t y v i a the feedback 

c o n t r o l mechanism. 
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T H E E M P H A S I S I N T H E F O R E G O I N G D I S C U S S I O N H A S B E E N O N 

I N F O R M A T I O N - F E E D B A C K , C O N S E Q U E N T L Y I T W I L L B E D I S C U S S E D 

B R I E F L Y A S I T I S T H E F O U N D A T I O N O F T H E I N D U S T R I A L D Y N A M I C S 

A P P R O A C H . P R O F E S S O R F O R R E S T E R S T A T E S , " A N I N F O R M A T I O N -

F E E D B A C K S Y S T E M E X I S T S W H E N E V E R T H E E N V I R O N M E N T L E A D S T O A 

D E C I S I O N T H A T R E S U L T S I N A C T I O N W H I C H A F F E C T S T H E E N V I R O N ­

M E N T A N D T H E R E B Y I N F L U E N C E S F U T U R E D E C I S I O N S . " ( 7 ) T H I S 

C Y C L E I S O F C O U R S E C O N T I N U O U S A N D R E G E N E R A T I V E ; C U R R E N T 

R E S U L T S L E A D T O N E W D E C I S I O N S W H I C H L E A D T O F U T U R E R E S U L T S . 

( T H E S U I T A B I L I T Y O F D Y N A M O A S A S T U D Y V E H I C L E I S R E A D I L Y 

S E E N H E R E W H E N R E L A T E D T O T H E P R E V I O U S D I S C U S S I O N O F T I M E 

N O T A T I O N ) . I N A N I N F O R M A T I O N - F E E D B A C K S Y S T E M I T I S A P P A R E N T 

T H A T A V A I L A B L E I N F O R M A T I O N A B O U T T H E P A S T S T A T E O F T H E 

S Y S T E M I S U S E D A S A B A S I S F O R C O N T R O L L I N G F U T U R E A C T I O N . 

I N F O R M A T I O N - F E E D B A C K S Y S T E M S H A V E T H R E E S I G N I F I C A N T 

C H A R A C T E R I S T I C S W H I C H A R E ; T H E I R S T R U C T U R E , D E L A Y S A N D 

A M P L I F I C A T I O N . T H E C O M P O N E N T R E L A T I O N S H I P S W H I C H E X I S T 

W I T H I N T H E S Y S T E M P R O V I D E T H E S T R U C T U R E . D E L A Y S A R E T H O S E 

I N H E R E N T I N O B T A I N I N G I N F O R M A T I O N , M A K I N G D E C I S I O N S A N D 

I M P L E M E N T I N G T H E S E D E C I S I O N S . A M P L I F I C A T I O N I S C O N C E R N E D 

W I T H T H E S E N S I T I V I T Y O F T H E S Y S T E M T O C H A N G E S I N P O L I C Y . 

F O R E X A M P L E , A N A P P A R E N T L Y S M A L L P O L I C Y C H A N G E M A Y R E S U L T 

I N A G R E A T L Y E X A G G E R A T E D R E S P O N S E A T S O M E O T H E R P O I N T I N 

T H E S Y S T E M . 

W I T H T H I S B A C K G R O U N D C O N C E R N I N G I N D U S T R I A L D Y N A M I C S 

A N D I T S C O R N E R S T O N E , I N F O R M A T I O N - F E E D B A C K C O N T R O L , T H E R E 
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are a s e r i e s o f s teps to be f o l l o w e d i n d e v e l o p i n g a l e g i t ­

imate i n d u s t r i a l dynamics s t u d y . These s teps must be 

f o l l o w e d to i n s u r e r e t e n t i o n o f the b a s i c p h i l o s o p h y of . 

I n d u s t r i a l Dynamics; f a i l u r e to f o l l o w these procedures 

i n c r e a s e s the l i k e l i h o o d o f d e v e l o p i n g a Dynamo S i m u l a t i o n 

model i n s t e a d . T h i s w i l l be d i s c u s s e d as a separa te 

techn ique i n the next s e c t i o n . The p r o c e d u r a l s teps to 

f o l l o w f o r an i n d u s t r i a l dynamics s t u d y , as o u t l i n e d by 

P r o f e s s o r F o r r e s t e r , a r e : ( 8 ) 

1 . I d e n t i f y a p rob lem. 

2. I s o l a t e the factors t h a t appear t o interact t o 
c r e a t e the observed symptoms. 

3 . T race the c a u s e - a n d - e f f e c t i n f o r m a t i o n - f e e d b a c k 
loops t h a t l i n k d e c i s i o n s to a c t i o n to r e s u l t i n g 
i n f o r m a t i o n changes and to new d e c i s i o n s . 

4 . Formulate a c c e p t a b l e fo rma l d e c i s i o n p o l i c i e s 
t h a t d e s c r i b e how d e c i s i o n s r e s u l t from the 
a v a i l a b l e i n f o r m a t i o n s t reams. 

5 . C o n s t r u c t a mathemat ica l model o f the d e c i s i o n 
p o l i c i e s , i n f o r m a t i o n s o u r c e s , and i n t e r a c t i o n s 
o f the system components. 

6 . Generate the b e h a v i o r through t ime o f the system 
as d e s c r i b e d by the model ( u s u a l l y w i th a d i g i t a l 
computer to execute the l e n g t h y c a l c u l a t i o n s ) . 

7 . Compare r e s u l t s a g a i n s t a l l p e r t i n e n t a v a i l a b l e 
knowledge about the a c t u a l sys tem. 

8 . R e v i s e the model u n t i l i t i s a c c e p t a b l e as a r e p r e ­
s e n t a t i o n o f the a c t u a l sys tem. 

9 . R e d e s i g n , w i t h i n the m o d e l , the o r g a n i z a t i o n a l 
r e l a t i o n s h i p s and p o l i c i e s which can be a l t e r e d 
i n the a c t u a l system to f i n d the changes which 
improve system b e h a v i o r . 

1 0 . A l t e r the r e a l system i n the d i r e c t i o n s tha t model 
e x p e r i m e n t a t i o n has shown w i l l l e a d to improved 
per fo rmance . 
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These s teps are p r e d i c a t e d on a s e r i e s o f a s s u m p t i o n s . 

These a r e : ( 9 ) 

1 . D e c i s i o n s i n management and economics take p l a c e 
i n a framework tha t be longs to the g e n e r a l c l a s s 
known as. i n f o r m a t i o n - f e e d b a c k systems. 

2. Our i n t u i t i v e judgment i s u n r e l i a b l e about how 
these systems w i l l change w i t h t i m e , even when we 
have good knowledge o f the i n d i v i d u a l p a r t s o f the 
system. 

3 . Model e x p e r i m e n t a t i o n i s now p o s s i b l e to f i l l the 
gap where our judgment and knowledge are weakest— 
by showing the way i n which the known separa te 
system p a r t s can i n t e r a c t to produce unexpected 
and t roublesome o v e r - a l l system r e s u l t s . 

4. Enough information is a v a i l a b l e f o r t h i s e x p e r i ­
menta l m o d e l - b u i l d i n g approach w i thout g r e a t 
expense and de lay i n f u r t h e r d a t a g a t h e r i n g . 

5 . The " m e c h a n i s t i c " view o f d e c i s i o n making i m p l i e d 
by such model exper iments i s t r u e enough so t h a t 
the main s t r u c t u r e o f c o n t r o l l i n g p o l i c i e s and 
d e c i s i o n streams o f an o r g a n i z a t i o n can be 
r e p r e s e n t e d . 

6 . Our i n d u s t r i a l systems are c o n s t r u c t e d i n t e r n a l l y 
i n such a way t h a t they c r e a t e f o r themselves many 
o f the t r o u b l e s t h a t are o f t e n a t t r i b u t e d to o u t ­
s i d e and independent c a u s e s . 

7 . P o l i c y and s t r u c t u r e changes are f e a s i b l e t h a t w i l l 
produce s u b s t a n t i a l improvement i n i n d u s t r i a l and 
economic b e h a v i o r ; and system performance i s o f t e n 
so f a r from what i t can be t h a t i n i t i a l system 
d e s i g n changes can improve a l l f a c t o r s o f i n t e r e s t 
w i thout a compromise t h a t causes l o s s e s i n one a rea 
i n exchange f o r g a i n s i n a n o t h e r . 

I t i s impor tan t to r e a l i z e t h a t the I n d u s t r i a l Dynamics 

approach i s o r i e n t e d toward top management d e c i s i o n making 

system. I t Is not i n t e n d e d 

r a t h e r an a n a l y t i c examina-

and a m a n a g e r i a l , overv iew o f a 

as an o p t i m i z i n g t e c h n i q u e but 

t i o n o f a number o f complex i n t e r r e l a t i o n s h i p s which i n -
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elude the e f f e c t o f i n t a n g i b l e f a c t o r s as w e l l as e m p i r i c a l 

q u a n t i t a t i v e d a t a . The r e c o g n i t i o n o f the i n t a n g i b l e i n ­

f l u e n c e s on d e c i s i o n s by I n d u s t r i a l Dynamics has been the 

source o f some c r i t i c i s m by s c h o l a r s . I n d u s t r i a l Dynamics 

may be defended however on the b a s i s tha t i t examines the 

b e h a v i o r c h a r a c t e r i s t i c s o f a system r a t h e r than measur ing 

a s p e c i f i c r e s p o n s e . P r o f e s s o r F o r r e s t e r s t a t e s : 

There seems to be a g e n e r a l m i s u n d e r s t a n d i n g to the 
e f f e c t tha t a mathemat ica l model cannot be under taken 
u n t i l every cons tan t and f u n c t i o n a l r e l a t i o n s h i p i s 
known to h i g h a c c u r a c y . T h i s o f t e n l e a d s to the 
o m i s s i o n o f a d m i t t e d l y h i g h l y s i g n i f i c a n t f a c t o r s 
(most of the "intangible" influences on decisions) 
because these are unmeasured or . immeasurable. To omit 
such v a r i a b l e s i s e q u i v a l e n t to s a y i n g they have zero 
e f f e c t - p r o b a b l y the on ly va lue tha t i s known to be 
w r o n g . ( 1 0 ) 

Dynamo S i m u l a t i o n 

The second g r o u p i n g o f s t u d i e s which use the Dynamo 

language may b r o a d l y be termed Dynamo S i m u l a t i o n f o r l a c k 

o f a s p e c i f i c i d e n t i f y i n g , phrase i n the l i t e r a t u r e . To 

i s o l a t e what i s meant by Dynamo S i m u l a t i o n i n the d i s c u s s i o n 

which f o l l o w s , i t w i l l i n c l u d e a l l s i m u l a t i o n u s i n g the 

Dynamo language which n e i t h e r c e n t e r upon the r e c o g n i t i o n 

o f feedback c h a r a c t e r i s t i c s o f the system b e i n g s i m u l a t e d 

nor i n c l u d e i n t a n g i b l e f a c t o r s where these f a c t o r s have 

major i n f l u e n c e s on the sys tem. T h i s g e n e r a l d e f i n i t i o n 

covers a wide range o f s t u d i e s but o b v i o u s l y o r i e n t s 

Dynamo S i m u l a t i o n \ t o d e t a i l e d , q u a n t i t a t i v e e x a m i n a t i o n o f 

a sys tem. 
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S i m u l a t i o n i t s e l f i s b a s i c a l l y concerned w i th 

i m i t a t i n g the o p e r a t i o n o f a, system through a p e r i o d o f 

t i m e . The uses to which the s i m u l a t i o n may be a p p l i e d are 

many and v a r i e d but the purpose o f the a c t u a l computer 

s i m u l a t i o n i s merely t o a c c u r a t e l y i m i t a t e the system under 

s t u d y . A p r o p e r l y c o n s t r u c t e d s i m u l a t i o n model t h e n , o f an 

i n v e n t o r y p r o b l e m , g i v e n a set o f h i s t o r i c a l d a t a such as 

i n v e n t o r y l e v e l s , o rder r a t e s and so o n e , s h o u l d a c c u r a t e l y 

r e f l e c t the changing i n v e n t o r y l e v e l s , back o rder r a t e s 

e t c . , as shown i n the h i s t o r i c a l r e c o r d s f o r the p e r i o d . 

T h u s , e x p e r i m e n t a t i o n can be a c c o m p l i s h e d w i t h the s i m u l a ­

t i o n model to determine the e f f e c t o f changes , e . g . 

d e c r e a s i n g the r e s e r v e component o f i n v e n t o r y to examine 

the e f f e c t o f such a change on back o r d e r r a t e s o r o t h e r 

f a c t o r s . T h i s can a l l be examined w i thout change i n the 

r e a l system u n t i l such t ime as a d e s i r a b l e p o l i c y , perhaps 

an o p t i m a l o n e , i s o b t a i n e d w i t h the s i m u l a t i o n mode l . 

A d i r e c t change can then be made i n the r e a l s y s t e m , w i t h ­

out r e c o u r s e t o t r i a l and e r r o r e x p e r i m e n t a t i o n w i t h t h a t 

sys tem, and t h e o r e t i c a l l y i t a l s o s h o u l d opera te at i t s 

optimum performance l e v e l e . g . l e a s t c o s t . 

The use o f Dynamo i s w e l l s u i t e d to a number o f 

s i m u l a t i o n s , p r o v i d e d the system b e i n g i m i t a t e d i s o f the 

c o n t i n u o u s , d e t e r m i n i s t i c , c l o s e d loop v a r i e t y where 

system i n p u t s and ou tputs can be assumed to be t ime s e ­

q u e n c e s , such as i n economic and m a n a g e r i a l a n a l y s i s . 
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Al though much has been w r i t t e n on the g e n e r a l s u b j e c t o f 

s i m u l a t i o n , t h e r e has been very l i t t l e devoted to the 

p h i l o s o p h y u n d e r l y i n g the use o f Dynamo as a s i m u l a t i o n 

v e h i c l e , n o t w i t h s t a n d i n g the number o f models which have 

been c o n s t r u c t e d w i t h i n the framework o f what i s c a l l e d 

Dynamo S i m u l a t i o n . Dr . Joseph K r o l o f the I n d u s t r i a l 

E n g i n e e r i n g Department , G e o r g i a I n s t i t u t e o f T e c h n o l o g y , 

has proposed a set o f p r i n c i p l e s f o r dynamic model b u i l d i n g 

w h i c h , wh i l e they appear; b a s i c a l l y s i m i l a r to those e s t a b ­

l i s h e d by P r o f e s s o r F o r r e s t e r f o r I n d u s t r i a l Dynamics s t u d i e s 

a r e , i n f a c t , s u b s t a n t i a l l y d i f f e r e n t . The d i f f e r e n c e s 

are p r i m a r l y o f p e r s p e c t i v e and o f manner o f a p p r o a c h , 

a l t h o u g h t h e r e are s e v e r a l o t h e r d i f f e r e n c e s to be n o t e d . 

The s i x p r i n c i p l e s espoused by D r . K r o l are as f o l l o w s : 

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

2. The second p r i n c i p l e i s to d e s c r i b e a c l o s e d 
system. 

3 . The t h i r d p r i n c i p l e i s to i d e n t i f y c a u s e - a n d -
e f f e c t r e l a t i o n s h i p s between a l l v a r i a b l e s ; w i t h 
j u d i c i o u s i n c l u s i o n o f feedback c o n t r o l p r o c e s s e s . 

4 . The f o u r t h p r i n c i p l e i s t o g i v e the f o l l o w i n g 
p r e f e r e n c e s to i n f o r m a t i o n used i n model c o n ­
s t r u c t i o n : (a) q u a n t i t a t i v e , (b) s e m i q u a n t i t a t i v e , 
a n d . ( c ) v e r b a l . 

5 . The f i f t h p r i n c i p l e i s to i d e n t i f y the major 
subsystems o f the mode l . 

6 . The s i x t h p r i n c i p l e i s to r e c o g n i z e the i n f o r m a t i o n 
network o f the. system as the t i s s u e which i n t e g r a t e s 
the o t h e r components ( 1 1 ) . 

The d i f f e r e n c e i n p e r s p e c t i v e between Dynamo S i m u l a ­

t i o n and I n d u s t r i a l Dynamics i s t h a t whereas the l a t t e r 
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t e c h n i q u e aggregates v a r i a b l e s which are f e l t to have l i t t l e -

e f f e c t on the t o t a l sys tem, Dynamo IS imula t ion r e c o g n i z e s 

t h a t s i g n i f i c a n t i n t e r a c t i o n s may e x i s t among these 

v a r i a b l e s and t h e r e f o r e must be i n c l u d e d . S t u d i e s conducted 

w i th l i m i t e d or no v a r i a b l e a g g r e g a t i o n have been termed 

microdynamic by some w r i t e r s . A g rea t amount o f a g g r e g a t i o n 

and the r e s u l t a n t "overv iew" p r o v i d e d , the I n d u s t r i a l 

Dynamics a p p r o a c h , consequent ly has been termed macrodynamic 

The manner o f approach Is b a s i c a l l y one o f s y n t h e ­

s i z i n g a system from known i n f o r m a t i o n about t h a t sys tem's 

components under the Dynamo Simulation concept. Contrasted 

wi th t h i s i s the a n a l y t i c a l breakdown o f a system i n t o i t s 

pr imary c a u s e - a n d - e f f e e t i n f o r m a t i o n feedback loops o f 

I n d u s t r i a l Dynamics making e x t e n s i v e use o f n o n - q u a n t i f i e d 

v e r b a l d e s c r i p t i o n . . The two d i a m e t r i c a l l y o p p o s i t e 

a p p r o a c h e s , s y n t h e s i s on one h a n d , a n a l y s i s on the o t h e r , 

are e s p e c i a l l y s i g n i f i c a n t , as w i l l be seen l a t e r , i n 

a s c e r t a i n i n g the p r e f e r r e d approach to a p a r t i c u l a r p r o b l e m . 

In s u b s t a n c e , the 1 Dynamo S i m u l a t i o n approach i s the 

more c o n s e r v a t i v e and t r a d i t i o n a l concept o f e n g i n e e r s and 

e c o n o m i s t s . I t f o c u s e s on the known, q u a n t i t a t i v e and 

t a n g i b l e f a c t o r s o f a p a r t i c u l a r system and the o v e r t 

r e l a t i o n s h i p s which govern the b e h a v i o r o f t h a t sys tem. 

S i m u l a t i o n l a c k s the m y s t e r i o u s " b l a c k box" s t igma o f t e n 

a s s o c i a t e d w i th new concepts and i s more r e a d i l y a c c e p t e d 

by p r o s p e c t i v e u s e r s , such as i n d u s t r y , than i s a l e s s 

r e a d i l y unders tood and more c o n t r o v e r s i a l c o n e c p t , i n t h i s 
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case I n d u s t r i a l Dynamics. In the s e c t i o n s which f o l l o w , 

m i l i t a r y a p p l i c a t i o n s o f each o f these i d e a s w i l l be 

examined and the u s e f u l n e s s o f each put- i n t o p e r s p e c t i v e . 

I t i s hoped tha t the present p o l a r i z a t i o n o f thought on 

the use o f Dynamo can be somewhat a l l e v i a t e d through the 

development o f c r i t e r i a which gu ide an a n a l y s t to an 

approach t o h i s p a r t i c u l a r problem which bes t s u i t s the 

o b j e c t i v e s o f t h a t p rob lem. 
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CHAPTER IV 

COMBAT MODELS 

An E a r l y E f f o r t 

The preponderance o f e f f o r t to date i n the use o f 

Dynamo has been by i n d u s t r y , w i th some few s t u d i e s o f 

m i l i t a r y s u b j e c t s hav ing been a c c o m p l i s h e d by s tudents and 

f a c u l t y members o f a few u n i v e r s i t i e s . These few s p e c i f i c 

a p p l i c a t i o n s , t o g e t h e r w i t h g e n e r a l a n a l o g i e s o f m i l i t a r y 

problems w i th i n d u s t r i a l , and i n s t i t u t i o n a l a p p l i c a t i o n s , 

form a broad spectrum o f p o s s i b l e m i l i t a r y u s e s . F i r s t 

to be c o n s i d e r e d are m i l i t a r y combat models deve loped by 

o f f i c e r s tudents at G e o r g i a I n s t i t u t e o f Technology as 

Masters Research Papers or as complete t h e s i s work. 

In t h i s r e g a r d , a g r e a t d e a l o f e f f o r t has been 

expended i n u s i n g the Dynamo computer language to study a 

v a r i e t y o f combat s i t u a t i o n s . In the terms o f r e f e r e n c e 

used i n t h i s p a p e r , the use o f the p h r a s e , I n d u s t r i a l 

Dynamics, i n the t i t l e s o f some o f those s t u d i e s may be a 

source o f some c o n f u s i o n as w i l l be p o i n t e d o u t . 

In 1 9 6 6 , L t . C o l . L o u i s E . Abele ( 1 2 ) d e v e l o p e d a 

Dynamo model to study the b e h a v i o r o f an i n f a n t r y r i f l e 

p l a t o o n exposed t o enemy f i r e . B a s i c a l l y , t h i s model 

examined the e f f e c t o f v a r i o u s r a t e s o f enemy f i r e on the 
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s t r e n g t h o f the p l a t o o n as a f u n c t i o n o f t i m e . T h i s model 

was c o n s t r u c t e d In s t a g e s , w i th re f inements and a d d i t i o n s 

made at each s u c c e s s i v e s t a g e . F i g u r e 3 r e f l e c t s the f i n a l 

stage o f t h i s model ( 1 3 ) . 

The appearance o f the f low diagram i s at f i r s t 

g lance r a t h e r complex and meaning less to a layman. In a 

l a t e r d i s c u s s i o n i t w i l l be seen tha t i t i s not very 

d i f f i c u l t to comprehend w i th a minimum o f e x p l a n a t i o n . A 

s i g n i f i c a n t p o i n t to n o t e , however, i s t h a t the amount o f 

d e t a i l used i n t h i s model o f an i n f a n t r y p l a t o o n may be 

expressed by the number o f l e v e l s , seven i n t h i s c a s e , and 

by the number o f r e q u i r e d e q u a t i o n s , which i s approx imate ly 

8 0 . I t w i l l be seen l a t e r t h a t an I n d u s t r i a l Dynamics model 

o f an i n s u r g e n t a c t i v i t y has a l s o been d e s c r i b e d by a 

seventh o r d e r (seven l e v e l s ) system and about 1 7 5 e q u a t i o n s . 

T h i s suggests the d e s i r a b i l i t y o f u s i n g the I n d u s t r i a l 

Dynamics concept on systems o f g r e a t e r import and s i g n i f i ­

c a n c e , where the r e t u r n on a p p r o x i m a t e l y the same study 

e f f o r t i s c o n s i d e r a b l y g r e a t e r . 

In C o l o n e l A b e l e ' s s t u d y , the e a r l y s tages o f h i s 

model r e f l e c t e d on ly the l i n e a r i t i e s and m o n o t o n i c a l l y 

i n c r e a s i n g or d e c r e a s i n g na ture o f the v a r i a b l e v a l u e s . 

As r e f i n e m e n t s were made on the m o d e l , i n f o r m a t i o n - f e e d b a c k 

was i n t r o d u c e d i n m e a n i n g f u l amounts and c o n s e q u e n t l y the 

c h a r a c t e r i s t i c o s c i l l a t o r y na tu re o f v a r i a b l e s c o n t r o l l e d 

by i n f o r m a t i o n - f e e d b a c k l o o p s became apparent ( F i g u r e 4 ) . (14) 



F i g u r e 3 . Flow Diagram o f Abe le Model 
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F i g u r e 4 . P l o t o f the v a r i a b l e s o f i n t e r e s t i n Abe le Model 
(Po in t v a l u e s connected f o r c l a r i t y ) 
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I t shou ld be remembered, however, t h a t the p r o c e d u r a l s teps 

set f o r t h by P r o f e s s o r F o r r e s t e r were not v i g o r o u s l y 

f o l l o w e d by t h i s method o f f o r m u l a t i o n . The procedure was, 

i n s t e a d , a s y t h e s i z i n g a p p r o a c h ; i n f o r m a t i o n feedback was 

i n c l u d e d as the model was r e f i n e d . T h i s i s the t e c h n i q u e 

advocated by Dr . K r o l i n h i s statement o f p r i n c i p l e s to 

f o l l o w (see page 1 9 ) . T h u s , t h i s study must be termed a 

Dynamo S i m u l a t i o n pursuant! to the demarcat ion which e x i s t s 

w i th r e g a r d to the degree o f emphasis on i n f o r m a t i o n -

feedback . The semant ics o f the s i t u a t i o n a s i d e t e m p o r a r i l y , 

C o l o n e l Abele summarizes h i s f e e l i n g s c o n c e r n i n g the m i l i t a r y 

use o f the I n d u s t r i a l Dynamics/Dynamo S i m u l a t i o n t e c h n i q u e 

as f o l l o w s : 

The I n d u s t r i a l dynamics f low d i a g r a m , w i t h i t s match­
i n g set o f e q u a t i o n s , can be e a s i l y read and. u n d e r ­
s tood by any p r o f e s s i o n a l o f f i c e r not p o s s e s s i n g 
computer programming s k i l l . T h i s f e a t u r e a lone makes 
the i n d u s t r i a l dynamics approach s u p e r i o r to the o ther 
p r e s e n t l y deve loped computer methods des igned to d e a l 
w i th the dynamic problems o f management ( 1 5 ) . 

An A s s a u l t R i v e r C r o s s i n g 

Another and more complex combat m o d e l , o f a 

d i f f e r e n t t y p e , was deve loped by L t . C o l . Reed E . Dav is ( 1 6 ) 

as a M a s t e r ' s T h e s i s w h i l e a t t e n d i n g G e o r g i a I n s t i t u t e o f 

T e c h n o l o g y . ' E n t i t l e d , "A Dynamo S i m u l a t i o n o f an A s s a u l t 

R i v e r C r o s s i n g " , t h i s p r o j e c t examines from two a s p e c t s the 

problem o f a mechanized i n f a n t r y d i v i s i o n c o n d u c t i n g an 

a s s a u l t r i v e r c r o s s i n g . The f i r s t o f these i s a compar ison 
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o f s e v e r a l a l t e r n a t i v e c r o s s i n g p l a n s to determine which 

p l a n best s a t i s f i e s the requi rements o f the d i v i s i o n s 

s t a t e d t a c t i c a l p l a n under a g i v e n set o f c r o s s i n g equipment 

c o n d i t i o n s . The second aspect i s concerned w i th d e t e r m i n ­

i n g a set o f d e c i s i o n p o l i c i e s , r e l a t i v e to the forward 

movement o f t roop u n i t s and the d e n s i t y o f t roop c o n c e n t r a ­

t i o n throughout the d i v i s i o n zone , which best s a t i s f i e s the 

requ i rements o f f u l l u t i l i z a t i o n o f c r o s s i n g c a p a b i l i t i e s 

wh i l e m i n i m i z i n g the p r e s e n t a t i o n o f wor thwhi le t a r g e t s to 

enemy f i r e . 

T h i s comprehensive model was a l s o b u i l t i n s u c c e s s i v e 

s t a g e s , f o l l o w i n g the s y n t h e s i s approach to model b u i l d i n g , 

and u l t i m a t e l y i n c l u d e d a number o f r e f i n e m e n t s which 

d r a m a t i c a l l y i n d i c a t e the degree o f f l e x i b i l i t y a v a i l a b l e 

to an i m a g i n a t i v e user o f Dynamo. The i n i t i a l model 

c o n s i d e r e d f i v e a l t e r n a t i v e c r o s s i n g p l a n s , under i d e a l 

c o n d i t i o n s , from a s t r i c t l y d e t e r m i n i s t i c s t a n d p o i n t . . As 

the model was i m p r o v e d , s e v e r a l p r o b a b i l i s t i c f e a t u r e s were 

added to make the model more r e p r e s e n t a t i v e o f a r e a l - l i f e 

env i ronment . T h e o r e t i c a l d i s t r i b u t i o n f u n c t i o n s were i n ­

c l u d e d to d e s c r i b e d e l a y s , movement t imes and c r o s s i n g 

c a p a b i l i t i e s . C o n s t r u c t i o n o f c r o s s i n g means ( r a f t s and 

b r i d g e s ) was s i m u l a t e d by Monte C a r l o t e c h n i q u e r a t h e r than 

s imply as phased i n p u t d a t a . Movement o f u n i t s from forward 

h o l d i n g areas to c r o s s i n g s i t e s was examined by a se t o f 

d e c i s i o n r u l e s which were based on an a l l o w e d l e v e l o f t r o o p 
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c o n c e n t r a t i o n w i t h i n t h e c r o s s i n g a r e a . T h i s p e r m i t t e d a 

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

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

D e f i l e c o n t r o l , a n d t h e a s s o c i a t e d a c c e p t a b l e l e v e l s 

o f t r o o p c o n c e n t r a t i o n , i s o f c o n s i d e r a b l e s i g n i f i c a n c e f r o m 

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

r i v e r c r o s s i n g o p e r a t i o n s , p a r t i c u l a r l y w i t h t h e a d v e n t o f 

s m a l l y i e l d t a c t i c a l n u c l e a r w e a p o n s . T h e e f f e c t s o f a 

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

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

c o n c e n t r a t i o n s f o r . t h i s s t u d y . 

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

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

i n g m e a n s t o b e e x a m i n e d . R e l i a b i l i t y f a c t o r s f o r e a c h o f 

t h e c r o s s i n g e q u i p m e n t t y p e s w e r e u s e d w i t h e q u i p m e n t r e p a i r 

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

i n g t h e e f f e c t o f r a n d o m o u t a g e s a n d s i t e d o w n t i m e s t o b e 

i n t r o d u c e d . 

A s i g n i f i c a n t f a c e t o f t h i s s i m u l a t i o n b e c o m e s 

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

T h e b a s i s f o r t h e m o d e l w a s a p r o b l e m p r e s e n t e d a t t h e U . S . 

- A r m y C ' C ^ M a f r b ? i h t I f e ^ e ^ t t ' ^ ^ ^ ' ^ l l e g e d t M r f g l ^ - f r f , T h o s e , 

f a m i l i a r w i t h t h e f o r m u l a t i o n o f p r o b l e m s a t m i l i t a r y s c h o o l s 

a r e a w a r e t h a t a g r e a t d e a l o f s t u d y a n d a l a r g e a m o u n t o f 

c o l l e c t i v e e f f o r t i s i n v o l v e d n o t o n l y i n t h i s p r o b l e m 

f o r m u l a t i o n b u t a l s o i n t h e d e v e l o p m e n t o f t h e " s c h o o l 
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s o l u t i o n . " The Dynamo S i m u l a t i o n / o f t h i s same p r o b l e m , 

by a s i n g l e a n a l y s t , suppor ts the p r e s e n t d o c t r i n e conc-ern-

i n g a s s a u l t r i v e r c r o s s i n g s w i th one noteworthy e x c e p t i o n . 

T h i s e x c e p t i o n , as s t a t e d by C o l o n e l Dav is i s : 

I n . (a) t a c t i c a l n u c l e a r environment p resen t d e f i l e 
c o n t r o l d o c t r i n e appears q u e s t i o n a b l e , i n terms o f 
the h y p o t h e t i c a l f a m i l y o f n u c l e a r weapons. L e v e l s 
o f t roop c o n c e n t r a t i o n s imply cannot be reduced to 
the a c c e p t a b l e l e v e l e s t a b l i s h e d by the r e s u l t s o f 
the r e s e a r c h . What seems t o be demanded i s an a s s a u l t 
r i v e r c r o s s i n g d o c t r i n e t h a t avo ids d e f i l e n e g o t i a ­
t i o n , thereby e l i m i n a t i n g the u n a c c e p t a b l e c o n c e n t r a t i o n 
o f f o r c e s . The crux o f the problem i s w i th the d i v i s i o n ' s 
equipment . A marked i n c r e a s e i n amphibious and h e l i b o r n e 
c a p a b i l i t i e s f o r combat , l o g i s t i c a l and a d m i n i s t r a t i v e 
elements o f the d i v i s i o n s h o u l d p r o v i d e the impetus f o r 
revised doctrine (17). 

Use o f h e l i c o p t e r s would a v o i d d e f i l e n e g o t i a t i o n at ground 

l e v e l and consequent ly e l i m i n a t e the problem o f t r o o p 

c o n c e n t r a t i o n . 

I f the f o r e g o i n g c o n c l u s i o n i s a c c e p t e d as at l e a s t 

a r e a s o n a b l e a s s u m p t i o n , then i t f o l l o w s t h a t t h i s s i n g l e 

Dynamo S i m u l a t i o n model h a s , i n a q u a n t i t a t i v e manner, c a s t 

doubt on the v a l i d i t y o f an army d o c t r i n e f o r m u l a t e d by a 

q u a l i f i e d m i l i t a r y committee which used the l o n g s t a n d i n g 

t e c h n i q u e o f p o o l e d judgement and e x p e r i e n c e i n i t s 

deve lopment . Of i t s e l f t h i s may or may not be o f c o n s e ­

quence; however , the pr imary s i g n i f i c a n c e i s i n the i m p l i e d 

a p p l i c a t i o n o f Dynamo S i m u l a t i o n as a means o f v a l i d a t i n g 

e s t a b l i s h e d d o c t r i n e o r t e s t i n g and e v a l u a t i n g proposed 

d o c t r i n a l c o n c e p t s . 

In h i s c o n c l u s i o n s , C o l o n e l Dav is makes the f o l l o w i n g 

o b s e r v a t i o n : ' 
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The r e s u l t s o f t h i s r e s e a r c h , when c o u p l e d w i t h 
e x t e n s i o n s t h a t a p p e a r l o g i c a l and p o s s i b l e , i n d i c a t e 
t h a t Dynamo c o u l d c o n c e i v a b l y be d e v e l o p e d i n t o a 
s p e c i a l p u r p o s e s i m u l a t o r f o r t a c t i c a l o p e r a t i o n s ( 1 8 ) . 

He adds t h a t s u b - r o u t i n e s f o r r e a l i s t i c t e r r a i n m o d e l i n g a r e . 

r e q u i r e d and c o n c l u d e s : 

For t h e m i l i t a r y o p e r a t i o n s a n a l y s t , a s p e c i a l p u r p o s e 
t a c t i c a l s i m u l a t o r would be a we lcome and p o w e r f u l 
t o o l i n t h e s t u d y o f weapons s y s t e m s , u n i t o r g a n i z a ­
t i o n s , t a c t i c a l d o c t r i n e and ; o p e r a t i o n a l p l a n s ( 1 9 ) . 

I n s u r g e n t A c t i v i t y S i m u l a t i o n 

The s e c o n d combat model t o be e x a m i n e d was p r e p a r e d 

by Major R o b e r t W. F a u l k e n d e r and i s e n t i t l e d , "Use o f 

I n d u s t r i a l Dynamics i n S i m u l a t i o n o f an I n s u r g e n t A c t i v i t y " 

( 2 0 ) . The p u r p o s e o f t h e r e s e a r c h was t o d e v e l o p a c o m p u t e r 

s i m u l a t e d dynamic mode l o f an i n s u r g e n c y e f f o r t . The 

a p p r o a c h u s e d was t h a t o f I n d u s t r i a l D y n a m i c s ; t h e i n s u r g e n c y 

was c o n s i d e r e d a s an o p e r a t i n g dynamic s y s t e m w i t h i n a 

s p e c i f i c e n v i r o n m e n t and t h e o b j e c t i v e o f t h e r e s e a r c h was 

t o i n v e s t i g a t e t h e b e h a v i o r a l a s p e c t s o f t h i s s y s t e m . In 

Major F a u l k e n d e r s ' w o r d s : 

The s p e c i f i c o b j e c t i v e s a r e t o f o r m u l a t e a r e l e v a n t 
s y s t e m o f dynamic r e l a t i o n s h i p s t h a t d e s c r i b e an 
i n s u r g e n t a c t i v i t y a s a b e h a v i o r a l s y s t e m , and t o 
s i m u l a t e t h i s dynamic mode l by means o f a d i g i t a l 
c o m p u t e r program u s i n g t h e DYNAMO l a n g u a g e ( 2 1 ) . 

The d a t a u s e d f o r t h e mode l was t a k e n from a r e a l -

w o r l d s i t u a t i o n , i n p a r t i c u l a r from k n o w l e d g e o f an I n s u r ­

g e n t f o r c e o p e r a t i n g i n t h e Mekong R i v e r D e l t a o f S o u t h 

V i e t n a m . The d a t a was a d m i t t e d l y I n c o m p l e t e y e t t h a t w h i c h 

was a v a i l a b l e was d e r i v e d from f i r s t h a n d i n f o r m a t i o n . As 
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mentioned In the s e c t i o n c o n c e r n i n g I n d u s t r i a l Dynamics , 

da ta requi rements need not be p r e c i s e to u t i l i z e t h i s 

a p p r o a c h , consequent ly the r e s t r i c t i o n s imposed by the l a c k 

o f d e t a i l e d i n f o r m a t i o n were not s e v e r e . 

The model i t s e l f was composed o f t h r e e major systems 

encompassing two o p e r a t i o n a l phases (F igure 5 ) . ( 2 2 ) 

One o f the sys tems, t h a t r e p r e s e n t i n g c i v i l a f f a i r s i s 

shown i n f low diagram form i n F i g u r e 6 , and the complete 

model i n F i g u r e 7 . ( 2 3 ) These diagrams and the d i s c u s s i o n 

o f some o f the development are shown h e r e , a long wi th one 

o f the model r u n s , f o r i l l u s t r a t i v e purposes as i t i s c o n ­

s i d e r e d t h a t t h i s model w e l l i l l u s t r a t e s some, o f the most 

s a l i e n t f e a t u r e s o f bo th DYNAMO and I n d u s t r i a l Dynamics. 

The u n d e r s t a n d a b i l i t y o f the f low diagram by one f a m i l i a r 

w i th the p r o j e c t i s f a c i l i t a t e d by the a b b r e v i a t e d n o t a t i o n . 

C o n s i d e r i n g F i g u r e 6 w i thout p r i o r knowledge o f any o f the 

t e r m s , i t i s s t i l l p o s s i b l e to i d e n t i f y government o p e r a ­

t i o n s (GYNOP), propaganda (PROPG), c i v i c a c t i o n (CVACT) and 

o t h e r terms on i n i t i a l i n s p e c t i o n . A b r i e f o r i e n t a t i o n on 

the o t h e r terms and the s i g n i f i c a n c e o f the symbol shapes 

c l a r i f i e s and makes the diagram m e a n i n g f u l t o even the most 

u n i n i t i a t e d i n d i v i d u a l . s R e c t a n g u l a r symbols i d e n t i f y l e v e l s , 

the b u t t e r f l y - v a l v e shapes p e r t a i n to r a t e s , the c i r c l e s t o 

e q u a t i o n s which determine r a t e s ( a u x i l i a r y e q u a t i o n s ) , and 

the i r r e g u l a r shapes t o s i n k s or s o u r c e s . I d e n t i f y i n g the 

a b b r e v i a t e d n o t a t i o n once o r t w i c e , e . g . PMF stands f o r 
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F i g u r e 6. Flow Diagram o f C i v i l A f f a i r s Subsystem 
i n F a u l k e n d e r Model 
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p a r a m i l i t a r y f o r c e s , TRNQR f o r . t r a i n and equip r a t e , PRJLM 

f o r p r o j e c t l i m i t at any one t i m e , e t c . , r e s u l t s i n a h i g h 

degree o f model a p p r e c i a t i o n . 

The f o r m u l a t i o n o f equat ions i s s i m i l a r l y q u i t e 

e a s i l y unders tood and may be r e a d i l y e x p l a i n e d . To i l l u s t r a t e : 

PMF.K = PMF.J + (DT) (TRNQR.JK-O) 

or i n words, the s i z e o f the p a r a m i l i t a r y f o r c e at t ime K 

i s equa l to the s i z e at p r e v i o u s t ime J p l u s the number 

t r a i n e d and equipped d u r i n g the i n t e r v a l J K . S i m i l a r l y , 

TRNQR.KL = INPUT (men/two weeks) and t h i s e q u a t i o n i n v o l v e s 

no i n t e r p r e t a t i o n except t o say tha t the inpu t c o u l d be a 

c o n s t a n t , a t a b l e f u n c t i o n or c o u l d be made t o be a v a r i a b l e 

whose va lue was dependent on one or more a u x i l i a r y e q u a t i o n s . 

Those who have had e x p e r i e n c e i n " s e l l i n g " an e n g i n e e r i n g 

or r e s e a r c h p r o p o s a l to c r i t i c a l , but n o n s c i e n t i f i c a l l y 

o r i e n t e d p e r s o n n e l w i l l a p p r e c i a t e the advantages o f these 

aspec ts o f Dynamo. In t h i s c o n t e x t , the a c t u a l r e s u l t s o f 

a mode l , the computer r u n , i s a l s o a conven ien t d e v i c e t o 

show how the dynamic system behaves . T h i s i s an i n t e r p r e ­

t i v e procedure i n which both the g r a p h i c a l output o f the 

run and the feedback l o o p s o f the system are used t o g e t h e r 

t o determine the dominant f a c t o r s i n f l u e n c i n g the system. 

The ex ten t t o which a n a l y s i s and i n t e r p r e t a t i o n o f r e s u l t s 

can be a p p l i e d i s e v i d e n c e d i n the d i s c u s s i o n c o n c e r n i n g 

one o f the exper iments w i th the i n s u r g e n t o p e r a t i o n . 
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C o n s i d e r one o f the runs o f the model under d i s ­

c u s s i o n (F igure 8 ) . (24) Major Fau lkender d e s c r i b e s the 

a n a l y s i s o f t h i s run i n the f o l l o w i n g manner: 

The i n s u r g e n t i n f l u e n c e b u i l d s up s t e a d i l y wh i l e 
ant igovernment sent iment c o n t i n u e s u n t i l the 
i n t e l l i g e n c e network can counte r the t e r r o r f a c t o r . 
I n c i d e n t s c o n t i n u e to o c c u r , however, even as the 
p a r a m i l i t a r y f o r c e grows. The t e r r o r f a c t o r s t a r t s 
to c l imb back u n t i l the p a r a m i l i t a r y can c o n t r o l or 
r e v e r s e i n s u r g e n t growth . When t h i s occurs and the 
t e r r o r f a c t o r i s r e v e r s e d aga in the t a r g e t group 
response then improves f o r the government. At f i r s t , 
i n t e l l i g e n c e a f f e c t s p r i n c i p a l l y the t e r r o r f a c t o r 
and the i n s u r g e n t a b i l i t y to r e c r u i t . In t i m e , how­
e v e r , the i n f o r m a t i o n f low swi tches i t s p r i n c i p a l 
e f f e c t t o the a r r e s t r a t e and subsequent i n s u r g e n t 
d e g e n e r a t i o n . In s p i t e o f the i m p r e s s i v e support 
g a t h e r e d , wi thout c o n s o l i d a t i n g i t s c o n t r o l w i th a 
hard l i n e p o l i c y , the i n s u r g e n t f o r c e does not 
succeed' (25) . 

These g r a p h i c a l r e s u l t s add c o n s i d e r a b l y to the 

a t t r a c t i v e n e s s o f Dynamo, not on ly f o r purposes o f e x p l a n a ­

t i o n but a l s o f o r a n a l y s i s by the r e s e a r c h e r . S e n s i t i v i t y 

o f the system t o changes i n v a r i o u s parameters i s r e a d i l y 

apparent by compar ison o f the r e s u l t s o f the separa te r u n s . 

Systems which are u n d e r , o v e r , or c r i t i c a l l y damped, or 

even e x p l o s i v e , can be r e c o g n i z e d w i th some, p r a c t i c e by 

examinat ion o f the p l o t t e d r e s u l t s . F i g u r e 9 p o r t r a y s 

examples o f a v a r i e t y o f system responses which serve to 

i l l u s t r a t e the g e n e r a l na ture o f some o f these c h a r a c t e r i s t i c s . 

T h i s model o f an i n s u r g e n t a c t i v i t y r e f l e c t s another 

o f the b a s i c c h a r a c t e r i s t i c s o f the I n d u s t r i a l Dynamics 

c o n c e p t , t h a t i s the r e c o g n i t i o n o f the i n t a n g i b l e , n o n -

q u a n t i t a t i v e a s p e c t s o f a p r o b l e m ; p r e s s u r e , p e r s u a s i o n , 

f e a r and t e r r o r are terms not n o r m a l l y as s o c i a t e d w i t h 
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system s t u d i e s , yet they are i n c l u d e d i n the model . T e r r o r 

i s d e s c r i b e d as a f u n c t i o n o f the f requency o f a c t s o f 

t e r r o r , a measurable q u a n t i t y , and the magnitude o f v i o l e n c e , 

the l a t t e r q u a n t i f i e d by a s c a l a r p r o c e d u r e . P ressure on 

the p o p u l a t i o n i s expressed i n terms o f u n c o n t r o l l e d i n c i ­

d e n t s , and a l l e g i a n c e to the government i s r e f l e c t e d i n a 

combina t ion o f measurable q u a n t i t i e s . Other i n t a n g i b l e s 

such as d i s s a t i s f a c t i o n , s o c i a l s t a b i l i t y and o t h e r f a c t o r s 

are a l s o r e c o g n i z e d and i n c l u d e d i n the model . 

S e v e r a l c o n c l u s i o n s were made by Major Fau lkender 

from a n a l y s i s o f the model: r u n s . The scope o f the c o n ­

c l u s i o n s i s b r o a d , and r e f l e c t i v e o f the b e h a v i o r a l a s p e c t s 

o f the model as i s c h a r a c t e r i s t i c o f I n d u s t r i a l Dynamics 

s t u d i e s . . The macro -na ture o f the approach r e s u l t s i n 

g e n e r a l i z e d c o n c l u s i o n s which are n o n e t h e l e s s m e a n i n g f u l . 

T h i s i s e x e m p l i f i e d i n the model o f the i n s u r g e n t a c t i v i t y ' 

when the c o n c l u s i o n s were i n t e r p r e t e d by Major Fau lkender 

as f o l l o w s : 

The above f i v e c o n c l u s i o n s suggest c e r t a i n g u i d e l i n e s 
w i th r e f e r e n c e t o c o u n t e r i n s u r g e n c y e f f o r t s . The 
f o r m u l a t i o n o f the s i m u l a t i o n Is such tha t the i n ­
surgency f a i l s when i t cannot c r e a t e unpunished 
i n c i d e n t s . T h i s f a c t suggests t h a t the most s u c c e s s f u l 
counte r to i n s u r g e n c y d u r i n g e a r l y s tages o f a move­
ment would be any program aimed at , r e d u c i n g the enemy 
inpu t r a t e . I f re forms and c i v i c a c t i o n programs are 
to have any major s u c c e s s , the s i m u l a t i o n i n d i c a t e s 
tha t such success s h o u l d o c c u r i n these e a r l y s t a g e s . 
L i k e w i s e , the obv ious and perhaps most e f f i c i e n t 
counte r to i n s u r g e n c y would be the commitment o f o u t ­
s i d e f o r c e s at the f i r s t r e c o g n i t i o n o f an a c t i v e 
movement. In l a t e r s t a g e s , when enemy s t r e n g t h has 
c a r r i e d the movement i n t o Phase I I , the success o f the 
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Insurgency i s s t i l l dependent on I t s a b i l i t y to 
generate unpunished i n c i d e n t s and m i l i t a r y o p e r a t i o n s . 
The s i m u l a t i o n suggests t h a t d u r i n g these l a t t e r 
s t a g e s , the most s u c c e s s f u l counter to insurgency i s 
a program aimed at d i r e c t l y i n c r e a s i n g the l o s s e s i n 
enemy manpower. 

The o v e r a l l i m p l i c a t i o n o f the above p o i n t s i s tha t the 
most s u c c e s s f u l c o u n t e r i n s u r g e n c y programs are those 
which d i r e c t l y reduce the enemy f o r c e . Programs aimed 
d i r e c t l y at p u b l i c w e l f a r e o r p u b l i c o p i n i o n have 
t h e i r g r e a t e s t e f f e c t i n the very e a r l y s tages o f a n t i ­
s o c i a l . a c t i v i t i e s and become l e s s e f f e c t i v e as the 
insurgency con t inues ( 2 6 ) . 

I t i s to be noted tha t each o f the a forement ioned 

combat models was deve loped w i th the gu idance o f Dr . Joseph 

K r o l whose p r i n c i p l e s c o n c e r n i n g model b u i l d i n g have a l r e a d y 

been shown. Dr . K r o l ' s own r e s e a r c h u s i n g Dynamo has i n ­

c l u d e d the development o f computer s i m u l a t e d models o f 

L a n c h e s t e r type combat. H i s work on t h i s p r o j e c t was 

p r e s e n t e d at the NATO Conference on O p e r a t i o n a l Research i n 

J u l y 1 9 6 7 ( 2 8 ) . The s t r u c t u r e o f the model c o n s t r u c t e d by 

Dr . K r o l I n c o r p o r a t e s th ree types o f f i r e between the 

oppos ing f o r c e s , these a r e : 

1 . Pr imary system 1 ( I . e . , a t t a c k e r ) versus 
pr imary system 2 ( i . e . , d e f e n d e r ) . 

2 . S u p p o r t i n g weapons systems versus the oppos ing 
pr imary systems. 

3 . S u p p o r t i n g weapon system 1 versus s u p p o r t i n g 
weapon system 2 . 

T h i s model which i s an e x t e n s i o n o f the Abe le model 

and which i s a l s o o f the Dynamo S i m u l a t i o n g r o u p , a c c o r d i n g 

to i t s author r e s u l t e d i n the u n i f i c a t i o n o f the theory o f 

d i f f e r e n t i a l games w i th the methodology o f Dynamo. F i g u r e 1 0 
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F i g u r e 10. Master Flow Diagram o f K r o l Model 
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d e p i c t s the master f low diagram used w i th the mode l . The 

upper p o r t i o n o f the diagram i s the d i r e c t f i r e segment 

(Primary System) and the lower p o r t i o n i s devoted to i n ­

d i r e c t f i r e ( s u p p o r t i n g weapons sys tem) . 

Opposing F o r c e s Model 

The f i n a l combat model to be d i s c u s s e d i s the work 

o f L t . C o l . Donald L . Meyer . T h i s m o d e l , which i s e n t i t l e d 

" M i l i t a r y T a c t i c a l S i m u l a t i o n Mode l " was a l s o deve loped as 

a M a s t e r ' s T h e s i s w i t h i n the I n d u s t r i a l E n g i n e e r i n g 

Department o f G e o r g i a I n s t i t u t e o f T e c h n o l o g y . In p a r t , i t 

i s a f u r t h e r e x t e n s i o n o f the p r e v i o u s model deve loped by 

D r . K r o l . C o l o n e l Meyer used a modular concept i n the 

c o n s t r u c t i o n o f t h i s mode l . The i n d i v i d u a l modules , each 

d e s c r i b i n g a p a r t i c u l a r f a c t o r o f i n t e r e s t i n the o p e r a t i o n 

b e i n g s i m u l a t e d , were then t e s t e d as separa te e n t i t i e s 

u n t i l they were p e r f o r m i n g the d e s i r e d f u n c t i o n . The 

separa te modules were then c o u p l e d and r e t e s t e d . T h i s use 

o f i n d i v i d u a l modules as b u i l d i n g b l o c k s has.some i n h e r e n t 

advan tages , among these are c o n t r o l l e d growth o f the mode l , 

r e a d i l y i d e n t i f i a b l e system components and r e t e n t i o n o f a 

h i g h measure o f c o n f i d e n c e i n model s t r u c t u r e at any p o i n t 

i n the model s y n t h e s i s . F i g u r e 11 i l l u s t r a t e s the modular 

c o n c e p t . 

The model i t s e l f i s concerned w i th two oppos ing 

f o r c e s , Red and B l u e ; the former i s approx imate ly p l a t o o n 

s i z e , the l a t t e r i s o f company s t r e n g t h but these s t r e n g t h 



F i g u r e 11. Components o f the Meyer Model 
Showing Modular Concept 



assignments c o u l d be r e v e r s e d i f d e s i r e d . Some o f the 

c o n s i d e r a t i o n s i n t h i s model a r e ; u n i t s t r e n g t h s , c a s u a l t i e s , 

ammunition supply and r e s u p p l y , f i r e p o w e r and t r o o p move­

ments , each i n t e r a c t i n g w i th the o t h e r . T e s t s accompl ished 

by use o f the model i n c l u d e e v a l u a t i n g a proposed h y p o t h e t ­

i c a l l i g h t machine gun hav ing an i n c r e a s e d r a t e of f i r e to 

determine i f the re was a m a t e r i a l change i n combat e f f e c t i v -

n e s s . The c r i t e r i o n f o r combat e f f e c t i v e n e s s was the 

r e s i d u a l s t r e n g t h o f the u n i t s . ' More d e t a i l e d t e s t i n g i n 

which the proposed l i g h t machine gun had t h r e e a l t e r n a t i v e 

f i r i n g r a t e s has a l s o been i n v e s t i g a t e d . T h i s t e s t i n g i n ­

c l u d e d t h e . d i f f e r i n g b a s i c ammunit ion loads i n v o l v e d i n the 

i n t r o d u c t i o n o f another weapons system. Other exper iments 

i n c l u d e d d e t e r m i n i n g the p r o p e r t ime to execute a w i t h ­

drawal and t e s t i n g v a r i e d u n i t o r g a n i z a t i o n s . An example o f 

the l a t t e r i s the examinat ion o f a r i f l e p l a t o o n i n defense 

w i th a d d i t i o n a l l i g h t machine guns i n l i e u o f r i f l e 

s t r e n g t h . 

Unique movement modules used i n t h i s model enab led 

C o l . Meyer to examine the case o f the Red p l a t o o n i n 

d e f e n s i v e p o s i t i o n s , w i t h d i f f e r e n t degrees o f p r o t e c t i o n , 

under a t t a c k by the s u p e r i o r B lue f o r c e . Hasty and d e l i b e r ­

ate r e t r o g r a d e o p e r a t i o n s by the Red f o r c e , a g a i n opposed 

by B l u e , were a l s o s t u d i e d . In a l l o f these t e s t s , the 

e f f e c t i v e n e s s o f f i r e was a f u n c t i o n o f the d i s t a n c e between 

the oppos ing f o r c e s . The modular concept i s shown i n more 
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d e t a i l i n the movement modules shown i n F i g u r e 1 2 . In 

the d i a g r a m , M 4 i s the Red F o r c e D e l a y i n g A c t i o n Module . 

T h i s i s c o u p l e d w i t h M l , the Red F o r c e Movement Modu le , 

and t o M2, the B lue F o r c e Movement Modu le . N e e d l e s s - t o - s a y 

t h i s i s a complex model i n v o l v i n g some 2 0 6 e q u a t i o n s . 

However, the re are f e a t u r e s o f t h i s model o f c o n s i d e r a b l e 

i n t e r e s t to those i n v o l v e d i n a n a l y z i n g the e f f e c t o f 

changes i n equipment on m i s s i o n pe r fo rmance . 
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F i g u r e 12. Modular Concept o f Meyer Model Shown i n D e t a i l 
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CHAPTER V 

NON-COMBAT.MODELS 

P e r s o n n e l S t u d i e s 

An u n p u b l i s h e d study o f U. S . Army s p e c i a l i s t 

t r a i n i n g was conducted In the summer o f 1 9 6 7 by L t . C o l . 

Kenneth J . Sweeney and the au thor f o r the purpose o f 

examining the l e v e l s o f q u a l i f i e d Army O p e r a t i o n s R e s e a r c h / 

Systems A n a l y s i s (OR/SA) s p e c i a l i s t s i n l i g h t o f s e v e r a l 

a l t e r n a t i v e t r a i n i n g and u t i l i z a t i o n - p o l i c i e s ( 2 9 ) . The 

f low diagram deve loped f o r t h i s study i s shown i n F i g u r e 1 3 . 

I t was h y p o t h e s i z e d t h a t the i n c r e a s i n g requi rements f o r 

OR/SA s p e c i a l i s t s c o u l d not be a t t a i n e d w i t h i n any r e a s o n ­

a b l e t ime by the t r a i n i n g p o l i c y then i n e f f e c t and t h a t 

a l t e r n a t i v e procedures would have to be e s t a b l i s h e d t o meet 

these p r i o r i t y r e q u i r e m e n t s . 

The model was des igned to r e f l e c t p e r s o n n e l f l o w 3 

wi th c o n t r o l e x e r c i s e d by an i n f o r m a t i o n network t i e d t o 

the p e r s o n n e l f l o w . Some d i f f i c u l t y . w a s encountered i n 

c o n s t r u c t i o n o f the c o n t r o l mechanism (due p r i n c i p a l l y to 

the i n e x p e r i e n c e o f the c o - a u t h o r s ) and the system- was 

e v e n t u a l l y c o n t r o l l e d by an i n t e r n a l d e c i s i o n making d e v i c e . 

T h i s was merely a mathemat ica l f o r m u l a t i o n i n which the 

number o f p e r s o n n e l i n t r a i n i n g was a f u n c t i o n o f the 
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F i g u r e 1 3 . Flow Diagram o f OR/SA P e r s o n n e l Study 
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d i f f e r e n c e b e t w e e n t h e d e s i r e d work f o r c e l e v e l (DWFL) and 

t h e a c t u a l work f o r c e (AWF). 

T h i s mode l was p r o f e s s e d t o be an I n d u s t r i a l 

Dynamics s t u d y a t t h e t i m e i t was f o r m u l a t e d . However , i t 

can r e a d i l y be s e e n t h a t a l t h o u g h i t . f o c u s e d a t t e n t i o n on 

f e e d b a c k , t h e f e e d b a c k a d d r e s s e d o n l y t h e t r a n s i t i o n o f 

p e r s o n n e l i n t o and o u t o f t h e a c t u a l OR/SA work f o r c e . 

There was l i t t l e , i f a n y , f e e d b a c k c o n t r o l and a c t u a l l y no 

s t r o n g i n f o r m a t i o n - f e e d b a c k s y s t e m ( a s d e f i n e d on page 14) 

was i d e n t i f i e d . T h i s p r o j e c t was t h e n a s i m u l a t i o n u s i n g 

Dynamo rather than an Industrial Dynamics study. 

A l t h o u g h n o t a v e r y s o p h i s t i c a t e d mode l and n o t ­

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

Dynamics were n o t p r o p e r l y i m p l e m e n t e d , s e v e r a l i n t e r e s t i n g 

c o n c l u s i o n s were d e r i v e d from t h e m o d e l . The f i r s t o f 

t h e s e s u p p o r t e d t h e s t a t e d h y p o t h e s i s ; t h e t h e n c u r r e n t and 

f o r e c a s t t r a i n i n g program f o r O p e r a t i o n s R e s e a r c h / S y s t e m s 

A n a l y s i s s p e c i a l i s t s was i n a d e q u a t e i n t e r m s o f q u a n t i t y 

o f s p e c i a l i s t s p r o d u c e d when compared w i t h known and 

a n t i c i p a t e d r e q u i r e m e n t s . 

A s e r i e s o f e x p e r i m e n t s was t h e n c o n d u c t e d w i t h t h e 

m o d e l , e a c h e x p e r i m e n t d e s i g n e d t o examine t h e e f f e c t o f a 

s p e c i f i c p o l i c y c h a n g e on t h e l o n g t e r m a v a i l a b i l i t y o f 

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

p o l i c y c h a n g e s a s p e r m i t t i n g c o n s e c u t i v e o p e r a t i o n s 

r e s e a r c h t o u r s , r a t h e r t h a n a l t e r n a t i n g b r a n c h t o u r s w i t h 

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

c o n s t r a i n t s i m p o s e d b y d e l a y s i n t r a i n i n g c o u p l e d w i t h i n ­

c r e a s i n g r e q u i r e m e n t s , t h e o n l y m a n n e r i n w h i c h t h e r e q u i r e d 

f o r c e o f t r a i n e d s p e c i a l i s t s c o u l d b e o b t a i n e d w a s b y 

e x o g e n o u s i n p u t t o t h e s y s t e m . T r a n s l a t i n g t h i s i n t o a 

r e a l w o r l d s o l u t i o n w a s t h e n s i m p l y a m a t t e r o f d r a w i n g a 

p a r a l l e l ; t h e e x o g e n o u s i n p u t c o u l d b e a c c o m p l i s h e d b y 

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

e d u c a t i o n a l b a c k g r o u n d , i n t o t h e s y s t e m . Of c o u r s e t h i s 

a l t e r n a t i v e s u f f e r e d f r o m t h e o b v i o u s , d i s a d v a n t a g e o f 

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

t h e r e q u i r e m e n t s o f g r a d e . a n d e x p e r i e n c e d e m a n d e d b y a 

n u m b e r o f t h e v a l i d a t e d OR/SA p o s i t i o n s . N o n e t h e l e s s , i t 

s u g g e s t e d t h e n e c e s s i t y o f a n a c t i v e r e c r u i t i n g s y s t e m t o 

meie t i m m e d i a t e n e e d s o f t h e A r m y . ' A s i d e e f f e c t o f t h i s 

s t u d y w a s t h a t i t w a s t h e i m p e t u s f o r a s e p a r a t e OR/SA 

p r o g r a m a n a l y s i s c u r r e n t l y b e i n g c o n d u c t e d b y C o l o n e l 

S w e e n e y i n c o n j u n c t i o n w i t h i n t e r e s t e d a g e n c i e s o f D e p a r t m e n t 

o f t h e Army ( 3 0 ) . 

T h e n e x t s t u d y t o b e e x a m i n e d i s a l s o c o n c e r n e d w i t h 

p e r s o n n e l p o l i c i e s a n d a g a i n i t i s a g r o u p o f p e r s o n n e l 

p o s s e s s i n g a p a r t i c u l a r s k i l l w h i c h i s u n d e r c o n s i d e r a t i o n ; , 

i n t h i s c a s e Army a v i a t o r s . A l t h o u g h n o t n e c e s s a r i l y 

o b v i o u s , i t r e m a i n s a f u n d a m e n t a l f a c t t h a t t h e b u l k of . 

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

c a t e g o r i e s o f p e r s o n n e l c l a s s i f i e d b y g r a d e , m i l i t a r y 
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o c c u p a t i o n a l s p e c i a l t y (MOS), ' b r a n c h , s p e c i a l s k i l l s and 

the l i k e . To ' i l l u s t r a t e v i a the d e f i n i t i o n . o f i n f o r m a t i o n -

feedback sys tems; such a system e x i s t s whenever the e n v i r o n ­

ment ( e . g . l e v e l o f t r a i n e d r a d i o repairmen) l eads to a 

d e c i s i o n ( i n c r e a s e number o f t r a i n e e s i n m i l i t a r y s c h o o l s ) 

tha t r e s u l t s i n a c t i o n which a f f e c t s the environment ( r a i s e s ' 

l e v e l o f t r a i n e d r a d i o repairmen) and thereby i n f l u e n c e s 

f u t u r e d e c i s i o n s (modify number o f t r a i n e e s i n s c h o o l ) . 

U n f o r t u n a t e l y no t r u e I n d u s t r i a l Dynamics study which 

addresses i t s e l f to t h i s m a d e - t o - o r d e r type problem i s 

known to have been c o n d u c t e d . The study which f o l l o w s was 

deve loped by the U n i t e d S t a t e s Army Management Systems 

Support Agency (USAMSSA) i n c o o p e r a t i o n w i th the A s s i s t a n t 

C h i e f o f S t a f f f o r Force Development (ACSFOR) i n response 

t o a requirement from the Deputy S e c r e t a r y o f Defense da ted 

1 1 October 1 9 6 7 ( 3 1 ) • The purpose o f ' t h e model was to 

f o r e c a s t t r a i n i n g requ i rements f o r v a r i o u s f o r c e l e v e l s , 

developments and t o u r p o l i c i e s . The model was t o be capab le 

o f f o r e c a s t i n g : 

1 . P i l o t output r e q u i r e m e n t s . 
2. Requ i red number o f p i l o t s i n the supplement . 
3 . P i l o t t r a n s i t i o n t r a i n i n g r e q u i r e m e n t s . 
4 . I ns t rument , maintenance and s a f e t y t r a i n i n g 

r e q u i r e m e n t s . 

I t i s to be noted t h a t the requ i rements o f t h i s p r o j e c t 

are q u a n t i t a t i v e i n na ture thus s u g g e s t i n g the s i m u l a t i o n 

approach . Had the purpose been s l i g h t l y more g e n e r a l i z e d 
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the I n d u s t r i a l Dynamics approach would be i n o r d e r . For 

example, s u b s t i t u t i o n o f the word, i n v e s t i g a t e , f o r the 

word, f o r e c a s t , ' i n . t h e expressed purpose would be s u f f i c i e n t 

b a s i s f o r u s i n g the e x p l o r a t o r y concept o f I n d u s t r i a l 

Dynamics. 

For b a s i c da ta the P i l o t Requirements F o r e c a s t i n g 

Models u t i l i z e d computer tape l i s t i n g s o f a l l p i l o t jobs 

throughout the Army!and a l s o l i s t i n g s o f the c u r r e n t p i l o t 

i n v e n t o r y . P i l o t . j o b s were c a t e g o r i z e d i n t o ; f o r c e , t r a i n ­

i n g , s u p e r v i s o r y , supplement and. o t h e r s . Each o f these 

c a t e g o r i e s was i n t u r n s u b d i v i d e d i n t o i d e n t i f i a b l e g r o u p s . 

W i t h i n these s u b d i v i s i o n s the s k i l l s necessary f o r each 

p i l o t j o b , i n c l u d i n g a i r c r a f t q u a l i f i c a t i o n s , s a f e t y 

t r a i n i n g , ins t rument t r a i n i n g , maintenance t r a i n i n g , t e s t 

p i l o t t r a i n i n g and the l i k e , were i d e n t i f i e d . L i k e w i s e the 

p i l o t i n v e n t o r y l i s t i n g was matched t o the job c a t e g o r i z a ­

t i o n s . The d a t a requ i rements used i n the study are shown 

i n more d e t a i l i n Appendix A. E x p e r i m e n t a t i o n w i th the 

model i s s t i l l i n p r o g r e s s at t h i s w r i t i n g , consequent ly 

the re i s i n s u f f i c i e n t i n f o r m a t i o n on which to base an 

e v a l u a t i o n o f the u s e f u l n e s s o f the mode l . 

L o g i s t i c s 

Next to be c o n s i d e r e d i s the obv ious ; e x t e n s i o n o f the 

I n d u s t r i a l Dynamics concept o f a p r o d u c t i o n - d i s t r i b u t i o n 

system to i t s m i l i t a r y c o u n t e r p a r t , l o g i s t i c s . 
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In Chapter 1 5 o f h i s book, I n d u s t r i a l . Dynamics , 

P r o f e s s o r F o r r e s t e r deve lops system equa t ions f o r a p r o d u c ­

t i o n - d i s t r i b u t i o n system. T h i s i s f u r t h e r s u b d i v i d e d i n t o 

equa t ions f o r th ree separa te s e c t o r s o f tha t o v e r a l l sys tem; 

tha t i s , the r e t a i l , d i s t r i b u t i o n and f a c t o r y s e c t o r s . Two 

U. S. Army o f f i c e r s t u d e n t s , wh i l e a t t e n d i n g an i n t e n s i v e 

two week course o f study i n I n d u s t r i a l Dynamics at 

Massachuset ts I n s t i t u t e o f T e c h n o l o g y , deve loped a rud imen­

t a r y model o f "The Army L o g i s t i c S y s t e m , " ( 3 2 ) by d i r e c t 

analogy w i th P r o f e s s o r F o r r e s t e r f s p r o d u c t i o n - d i s t r i b u t i o n 

system. The r e t a i l s e c t o r o f the i n d u s t r i a l model was 

c o n s i d e r e d analogous to the d i r e c t suppor t u n i t s o f the 

Army l o g i s t i c a l system. L i k e w i s e , the d i s t r i b u t i o n s e c t o r 

o f i n d u s t r y cor responds c l o s e l y to g e n e r a l support u n i t s 

(depots) w i t h i n the Army sys tem, and the f a c t o r y s e c t o r , 

w i th some m o d i f i c a t i o n , to a N a t i o n a l Inventory C o n t r o l 

P o i n t . F i g u r e 14 shows the f low diagram f o r the d i r e c t 

suppor t u n i t s (DSU) ( 3 3 ) . These s i m i l a r i t i e s were then 

used to deve lop the model and to o b t a i n the I n i t i a l computer 

r u n s . S i n c e t h i s model was i n t e n d e d as a t r a i n i n g v e h i c l e , 

r a t h e r than as a r e f i n e d f i n i s h e d p r o d u c t , n e i t h e r the 

r e s u l t s o b t a i n e d nor t h e i r s i g n i f i c a n c e w i l l be d i s c u s s e d 

h e r e . I t s u f f i c e s to serve as an example o f a m i l i t a r y 

a p p l i c a t i o n a n d , i n t h i s i n s t a n c e , perhaps the most d i r e c t 

compar ison w i th the i n d u s t r i a l use most o f t e n a s s o c i a t e d w i t h 

I n d u s t r i a l Dynamics. 
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Examina t ion o f c o n t r o l p r o c e s s e s have a l s o been 

approached i n a l o g i s t i c a l framework. The U n i t e d S t a t e s 

A i r Force had implemented a s o p h i s t i c a t e d c o n t r o l system 

f o r h i g h cost A i r Force m a t e r i a l , a system i n t e n d e d to 

p r o v i d e f o r c o n s e r v a t i v e i n i t i a l procurement and d e t a i l e d 

l i n e i tem management o f these i tems throughout t h e i r u s e f u l 

l i f e c y c l e . T h i s system o f c o n t r o l was i t s e l f s t u d i e d v i a 

an I n d u s t r i a l Dynamics model (3*0. The r e s u l t i n g a n a l y s i s 

r e v e a l e d t h a t even the c o n s e r v a t i v e approach t o the H i V a l u 

System, as i t was c a l l e d , c o u l d r e s u l t i n p e r i o d i c o v e r ­

statement o f requ i rements r e s u l t i n g i n excess procurement , 

unnecessary i tem r e p a i r s a n d , a f t e r a t i m e , the c o n v e r s e , 

which i n c l u d e d s h o r t a g e s . As excesses o f equipments are 

d e p l o r a b l e , shor tages can be i n t o l e r a b l e ; the apparent 

requi rement a g a i n i s f o r dampening o f the p a t t e r n o f 

o s c i l l a t i o n s and i t was to t h i s end' tha t the study recommen­

d a t i o n s were d i r e c t e d . Changes i n b a s i c p o l i c y as w e l l as 

i n use o f a v a i l a b l e i n f o r m a t i o n were proposed by t h i s 

s t u d y . The s a l i e n t p o i n t , f o r purposes o f Dynamo a p p l i c a ­

t i o n s , i s t h a t s y s t e m s , once d e v e l o p e d , can be t e s t e d and 

e v a l u a t e d by the I n d u s t r i a l Dynamics a n a l y s i s p r o c e d u r e s . 

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

Chapter VI a l b e i t i n a p e r s o n n e l s t a b i l i z a t i o n s i t u a t i o n . 

Research and Development 

Research and development has a l s o been s t u d i e d by 

a p p l i c a t i o n o f the I n d u s t r i a l Dynamics a p p r o a c h . I t i s to 



the f i e l d o f management o f r e s e a r c h and development t h a t 

Edward B. Rober ts addressed h i s \ a t t e n t i o n i n h i s book , 

The Dynamics o f Research and Development ( 3 5 ) • A l though 

t h i s work was not f o c u s e d s t r i c t l y on m i l i t a r y R and D 

a c t i v i t i e s , they are an impor tant aspect o f R and D work 

conducted i n t h i s country and by the very na ture o f t h e i r 

t i e s w i th i n d u s t r y i t i s a p p r o p r i a t e to c o n s i d e r m i l i t a r y 

p r o j e c t s as p a r t and p a r c e l o f the o v e r a l l R and D e f f o r t . 

Emphasis i s p l a c e d , however, on r e s e a r c h and development 

f o r ^ m i l i t a r y and space p u r p o s e s . 

P r o f e s s o r Roberts, j u s t i f i e s the use o f the I n d u s t r i a l 

Dynamics approach i n the i n t r o d u c t i o n to h i s book. 

I n d u s t r i a l Dynamics i s p a r t i c u l a r l y s u i t e d f o r the 
study o f complex systems p r o b l e m s , in . which a m u l t i t u d e 
o f f a c t o r s are i n t e r r e l a t e d through o r g a n i z a t i o n a l 
i n f o r m a t i o n feedback p a t h s . I t i s s i m i l a r l y aimed at 
dynamic problems i n which the p r o c e s s tends to evo lve 
and r e v e a l i t s e l f over a p e r i o d o f t i m e . These two 
c h a r a c t e r i s t i c s o f system c o m p l e x i t y and t ime o r i e n t a ­
t i o n are c l e a r l y t y p i c a l o f r e s e a r c h and development 
a c t i v i t i e s . ( 3 6 ) 

The p r o c e d u r a l s teps o f an I n d u s t r i a l Dynamics s t u d y , 

shown i n Chapter I I I o f t h i s p a p e r , form the o u t l i n e o f the 

development o f R o b e r t ' s book. S i n c e the models c r e a t e d do 

not d e p i c t any p a r t i c u l a r R and D o r g a n i z a t i o n or e f f o r t , 

on ly broad p o l i c y I m p l i c a t i o n s w i th r e g a r d t o R and D work 

i n g e n e r a l can be d e r i v e d . These are d i s c u s s e d at l e n g t h 

and the na ture o f these f i n d i n g s i s s u b s t a n t i a l l y as f o l l o w s 

1 . That t h e r e i s a dynamic system u n d e r l y i n g p r o j e c t 
l i f e c y c l e s ( F i g u r e 1 5 ) . 

file:///attention
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2. That timing is of significant Importance in 
research and development decisions. 

3 - That there is low correlation between scheduled, 
events, such as completion times, and observed 
events. 

4 . That project costs increase significantly when 
the research organization must be expanded to 
handle the project. 

- 5 . That system models of socio-economic activities 
laden with intangible but consequential influences 
are both feasible and effective. 

Some interesting "specific findings" were also 

developed as were "factors of consequence" in research and 

development which of course were used in arriving at all of 

the findings. It is not,the purpose of this study to 

enumerate these conclusions but rather to illustrate the 

nature of results which can be expected by use of these 

methods and the areas of study in which the methodology has 

been applied. Thus the specific field of R and D, as a 

system, is but an example of type systems appropriate for 

Industrial Dynamics investigations. 
i Changing world _Work progress "^fcCompletion of 

r Request for 
customer support'' 

Firms investment 
/ of funds 

Evaluation 
of progress 

Acquisition of 
personnel and 

resources V 

Customer fund 
commitment 

Job 

Figure 1 5 . Dynamic System Underlying R and D Project Life 
Cycles ( 3 7 ) 
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Weapons Systems 

The s u b j e c t o f weapons system d e s i g n and e v a l u a t i o n 

has been r e c e n t l y approached by C a r l V . .Swanson o f M. I. T . 

( 3 8 ) . T h i s endeavor was c a t e g o r i z e d by i t s author as a 

dynamic a n a l y s i s u s i n g the i d e a s and t e c h n i q u e s deve loped 

i n the f i e l d o f I n d u s t r i a l Dynamics. In s u b s t a n c e , the 

model deve loped c e n t e r s on the compar ison o f h e l i c o p t e r and 

f i x e d - w i n g a i r c r a f t i n the a t t a c k and d e s t r u c t i o n o f a 

t a r g e t . The purpose o f the 1 -s tudy was to i l l u s t r a t e the use 

o f t h i s form o f dynamic a n a l y s i s , consequent ly the model was 

h y p o t h e t i c a l bo th w i t h r e s p e c t t o the a i r c r a f t b e i n g com­

pared as w e l l as to the c o n c l u s i o n s o b t a i n e d . 

E s s e n t i a l l y the model i l l u s t r a t e s the concepts o f the 

I n d u s t r i a l Dynamics t e c h n i q u e t o i n c l u d e the r e p r e s e n t a t i o n , 

a n a l y s i s and d e s i g n o f a model w i th p a r t i c u l a r emphasis on 

the feedback p r o c e s s and the feedback loops i d e n t i f i e d 

w i th these p r o c e s s e s . The i l l u s t r a t i v e purpose i s accom­

p l i s h e d i n p a r t ; the development and e x p l a n a t i o n o f d e c i s i o n 

making as a feedback p r o c e s s ; e q u a t i o n f o r m u l a t i o n ; and 

feedback loop a n a l y s i s are shown i n d e t a i l . However, the 

c h o i c e o f systems under compar ison and the f a c t o r s c o n ­

s i d e r e d p r e j u d i c e d the c o m p a r i s o n . A b a s i c t ene t f o r u s i n g 

the I n d u s t r i a l Dynamics approach i s t h a t the system b e i n g 

s t u d i e d c o n s i s t o f a complex set o f I n t e r r e l a t i o n s h i p s , the 

net a f f e c t s o f which are not apparent to the a n a l y s t , as 

t h i s i s the purpose o f the i n v e s t i g a t i o n . I n ' t h i s i n s t a n c e 



5 9 

the f a c t o r s f a v o r i n g the h e l i c o p t e r were such t h a t 

i n t u i t i o n , c o u p l e d w i th a few r e a d i l y a v a i l a b l e s t a t i s t i c s , 

f o r e t o l d the g e n e r a l outcome, thus system b e h a v i o r per se 

was not a study o b j e c t i v e . The r e s u l t a n t system i n f a c t 

e x h i b i t s s e v e r a l o f the c h a r a c t e r i s t i c s o f a Dynamo 

S i m u l a t i o n n o t w i t h s t a n d i n g the c o n c e n t r a t i o n s o f e f f o r t on 

the feedback p h i l o s o p h y . The p r i n c i p a l p o i n t to be d e r i v e d 

from t h i s i l l u s t r a t i v e model i s t h a t the re e x i s t s the 

c a p a b i l i t y o f weapons system compar ison by the use o f the 

Dynamo language . S e l e c t i o n o f methodology to use would 

seem to be somewhat dependent"upon the s o p h i s t i c a t i o n o f 

the p a r t i c u l a r weapons system;, the more complex systems 

norma l ly i n v o l v e more e x t e n s i v e and e l a b o r a t e c o n t r o l 

mechanisms and t h e i r degree o f complex i t y c o u l d m i l i t a t e 

a g a i n s t pure s i m u l a t i o n t e c h n i q u e s . 

To r e c a p i t u l a t e the m i l i t a r y a p p l i c a t i o n s o f Dynamo 

as so f a r addressed i n t h i s s t u d y , t h e r e were f o u r 

fundamenta l ly d i f f e r e n t combat mode ls : 

1 . An A s s a u l t R i v e r C r o s s i n g . 

2. An Insurgent A c t i v i t y M o d e l . 

3 . An examina t ion o f an i n f a n t r y r i f l e p l a t o o n i n 
d e f e n s e . 

4 . An Opposing Forces Engagement. 

In the a rea o f l o g i s t i c s two models were b r i e f l y 

d e s c r i b e d : 

1 . The Army L o g i s t i c s System 

2. The A i r F o r c e H i Va lue L o g i s t i c System 
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Under the head ing o f p e r s o n n e l o p e r a t i o n s t h e r e were 

a l s o two models d i s c u s s e d . 

1 . A study c o n c e r n i n g o p e r a t i o n s r e s e a r c h p e r s o n n e l . 

2. A study o f p i l o t requ i rements f o r e c a s t i n g . 

In the g e n e r a l ca tegory o f m i s c e l l a n e o u s m i l i t a r y 

models the re were two s e p a r a t e d i s c u s s i o n s . 

1 . A c o m p a r i s i o n o f a l t e r n a t i v e weapons systems. 

2. A study o f r e s e a r c h and development as a sys tem. 
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CHAPTER VI 

CURRENT STUDY 

M a n a g e m e n t I m p r o v e m e n t 

T h e v a r i e t y a n d s c o p e o f t h e p r e v i o u s l y d i s c u s s e d 

a p p l i c a t i o n s i s e v i d e n t . L o g i c a l e x t e n s i o n s o f t h e s e t o p i c s 

o r a n a l o g o u s s i t u a t i o n s s h o u l d a l s o b e a p p a r e n t t o t h e 

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

o f c o u r s e , b e d e p e n d e n t o n t h e i n d i v i d u a l a r e a s o f i n t e r e s t 

t o t h e r e a d e r . T h e d i v e r s e f i e l d s o f a p p l i c a b i l i t y a r e t o o 

e x t e n s i v e t o a t t e m p t t o e x p l o r e a l l o f t h e m ; h o w e v e r - , s o m e . 

i n s i g h t may b e o b t a i n e d b y e x a m i n a t i o n o f c u r r e n t a r e a s o f 

i n t e r e s t a n d e m p h a s i s a t D e p a r t m e n t o f Army l e v e l . D o i n g 

t h i s r e s u l t s i n " d a t i n g " t h i s p a p e r t o s o m e d e g r e e b u t 

s i n c e t h e p u r p o s e o f t h i s s e c t i o n i s t o g i v e a p p r e c i a t i o n t o 

t h e s c o p e o f p o s s i b i l i t i e s t o w h i c h I n d u s t r i a l D y n a m i c s a n d 

D y n a m o S i m u l a t i o n may f i n d a p p l i c a t i o n , i t i s i n c l u d e d 

n o n e t h e l e s s . T h e v e h i c l e t o I l l u s t r a t e t h e s e p o t e n t i a l i t i e s 

i s p r o j e c t PRIMAR, a n i n - p r o g r e s s p l a n t o t i e a h o s t o f 

m a n a g e m e n t s y s t e m i m p r o v e m e n t p r o j e c t s t o g e t h e r i n t o a f u l l y 

i n t e g r a t e d Army R e s o u r c e M a n a g e m e n t S y s t e m ( 3 9 ) . 

PRIMAR s t a n d s f o r " P r o g r a m t o I m p r o v e M a n a g e m e n t o f 

Army R e s o u r c e s . " • E s s e n t i a l l y , t h i s Army i n i t i a t e d p r o j e c t 

i s d e s i g n e d t o f i r s t i d e n t i f y s h o r t f a l l s i n t h e p r e s e n t 
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system o f management and d e f i n e improvement needs . T h i s 

p o r t i o n o f the p r o j e c t was Phase I. I t i n c l u d e d : 

1. D e s i g n i n g a l i m i t e d number o f new systems. 

2 . B u i l d i n g on e x i s t i n g systems and improvement 
e f f o r t s c u r r e n t l y underway. 

3 . P r o d u c i n g an i n t e g r a t e d sys tem. 

Phase I I , which began J a n I 9 6 8 marked the onset o f 

e x e c u t i o n o f the p l a n to d e s i g n the t o t a l system. T h i s 

p l a n has as i t s o b j e c t i v e s (40): 

1. An a b i l i t y w i t h i n the Depar tment .o f the Army 
t o determine a v a i l a b l e r e s o u r c e s . 

2 . C o n t r o l o f a l l o c a t i o n . a n d adjustment o f Army 
r e s o u r c e s at Department o f the Army l e v e l . 

3 . A c a p a b i l i t y t o assess i m p l i c a t i o n s o f r e s o u r c e 
a l l o c a t i o n changes on the o v e r - a l l e f f e c t i v e n e s s 
o f the Army. T h i s w i l l i n c l u d e means to conduct 
a c e n t r a l i z e d e v a l u a t i o n o f the optimum use o f 
Army r e s o u r c e s a s s u r i n g the r e a d i n e s s o f Army 
f o r c e s and t h e i r a d e q u a t e . s u p p o r t . 

4. D e l e g a t i o n o f t h r e s h o l d a u t h o r i z a t i o n t o permi t 
Army a c t i v i t i e s and f i e l d commands to per form 
t h e i r m i s s i o n s e f f e c t i v e l y wh i l e s t i l l m a i n t a i n i n g 
management c o n t r o l at Department o f the Army l e v e l . 

5 . E f f i c i e n t d i r e c t i o n and c o o r d i n a t i o n o f the Army's 
p l a n n i n g , programming, and b u d g e t i n g e f f o r t s . 

6 . An e f f e c t i v e i n t e r f a c e , both i n t ime p h a s i n g as 
w e l l as i n format between Army p l a n n i n g , programming 
and b u d g e t i n g and c o r r e s p o n d i n g OSD requ i rements i n 
o rder to improve the Army's a b i l i t y to o b t a i n 
a p p r o p r i a t e i n f l u e n c e i n the OSD d e c i s i o n - m a k i n g 
p r o c e s s . 

7 . Rap id r e s p o n s i v e n e s s w i t h i n the O f f i c e o f the C h i e f 
o f S t a f f to OSD i n f o r m a t i o n r e q u e s t s . These r e s ­
ponses s h o u l d p r o v i d e the best a v a i l a b l e da ta and 
i n c l u d e a p p r o p r i a t e m i l i t a r y judgment 5 r a t i o n a l e , 
and a v a i l a b l e e v i d e n c e . 
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8 . E s t a b l i s h m e n t o f an e f f i c i e n t management i n f o r m a ­
t i o n s t o r a g e and r e t r i e v a l system matched by 
s to rage and r e t r i e v a l systems elsewhere i n the 
Army. 

9 . A concept o f in tegrated.management o f Army r e s o u r c e s 
which i n v e s t s i n the G e n e r a l S t a f f the r e s p o n s i b i l i t y 
f o r a s s u r i n g the t i m e l y accomplishment o f i n t e r n a l 
Department o f the Army a c t i v i t i e s . 

Phase I I I o f the p r o j e c t , the t e s t i n g and i n s t a l l a t i o n 

o f both subsystem and t o t a l system recommendat ions, i s 

schedu led to commence;In June 1 9 6 8 . B e f o r e examining any 

o f the twenty th ree i n d i v i d u a l management p r o j e c t s c o m p r i s ­

i n g PRIMAR, the f i r s t Dynamo a p p l i c a t i o n p o s s i b i l i t y i s 

e v i d e n t . R e c a l l t h a t r e s e a r c h and deve lopment , as a dynamic 

o p e r a t i n g sys tem, i s an area o f p o s s i b l e i n v e s t i g a t i o n as . 

suggested by P r o f e s s o r Rober ts i n Chapter V o f t h i s p a p e r . 

There i s l i t t l e doubt tha t P r o j e c t PRIMAR has many o f the 

c h a r a c t e r i s t i c s o f a n , i n f a c t , i s a r e s e a r c h and d e v e l o p ­

ment e f f o r t . 

P r o g r e s s i n g on ly a l i t t l e f u r t h e r i n t o P r o j e c t PRIMAR, 

another o p p o r t u n i t y t o use I n d u s t r i a l Dynamics can be seen 

i n the purpose o f the Phase I p o r t i o n o f the p r o j e c t , tha t 

i s , i n t h e i d e n t i f i c a t i o n o f shor tcomings i n the p r e s e n t 

system. A p r o p e r l y c o n s t r u c t e d model o f the p r e s e n t system 

c o u l d be used to e f f e c t t h i s i d e n t i f i c a t i o n o f problem areas 

and suggest improvement p o l i c i e s . 

The o b j e c t i v e s ment ioned e a r l i e r themselves suggest 

p o s s i b l e areas o f s t u d y , e s p e c i a l l y those d e s i g n a t e d as 

numbers 2 , 3 , 5 and 9 » and t o a l e s s e r d e g r e e , o b j e c t i v e s 
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6 and 7 . Rephras ing these o b j e c t i v e s as problems perhaps 

c l a r i f i e s the p o t e n t i a l a p p l i c a b i l i t y o f the methodology 

b e i n g d i s c u s s e d . For example , r e p h r a s i n g the f i f t h 

o b j e c t i v e might r e s u l t i n the f o l l o w i n g problem d e s c r i p t i o n : 

" I n v e s t i g a t e the i n t e r r e l a t i o n s h i p s between the Army's 

p l a n n i n g , programming and budget ing e f f o r t s to determine 

the c r i t i c a l p o i n t s o f c o n t r o l w i t h i n the sys tem, and 

suggest p o l i c y changes which would r e s u l t i n more e f f i c i e n t 

d i r e c t i o n and p l a n n i n g o f these e f f o r t s . " T h i s i s a d m i t ­

t e d l y a broad base on which to i n i t i a t e a s t u d y , however, 

i t must be borne i n m i n d . t h a t >the e x p e c t a t i o n o f the va lue 

o f r e s u l t s o b t a i n e d cannot exceed the scope o f the s u b j e c t . , 

b e i n g s t u d i e d . The p o t e n t i a l b e n e f i t s t o be d e r i v e d from 

the study o f s i g n i f i c a n t l y impor tant t o p i c s are e x t e n s i v e ; 

the converse i s a l s o t r u e . 

The t h i r d phase o f the p r o j e c t , t e s t i n g o f system 

recommendat ions, i s an o f f - s h o o t o f the two p r e v i o u s 

a p p l i c a t i o n p o s s i b i l i t i e s . A model o f the proposed system 

c o u l d be m a n i p u l a t e d t o t e s t the b e h a v i o r o f the system 

w i th r e g a r d to the c o n s i d e r a t i o n s o f i n t e r e s t . T h i s c o u l d 

a l l be done wi thout changes i n the a c t u a l system u n t i l such 

t ime as the proposed system has undergone f i n a l m o d i f i c a t i o n , 

as a m o d e l , and i s ready f o r i m p l e m e n t a t i o n . 

The twenty t h r e e p r o j e c t s o f PRIMAR cover a wide 

spectrum o f s u b j e c t m a t t e r , r a n g i n g through p e r s o n n e l , 

r e a d i n e s s , l o g i s t i c , budgetary and o t h e r c o n s i d e r a t i o n s . 
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A l i s t i n g o f the s p e c i f i c t o p i c s i s i n c l u d e d i n the 

Append ix . Of these p r o j e c t s , , the re are two to which the 

methodolog ies o f t h i s study appear to have a p p l i c a t i o n ; | 

the f i r s t o f these i s P r o j e c t 3 - 1 : D e f i n i n g , I n t e g r a t i n g , 

and D i r e c t i n g a Respons ive P r o g r a m / B u d g e t / D i s t r i b u t i o n 

System. 

The i n t e n t o f t h i s p r o j e c t i s t o s y n t h e s i z e an 

i n t e g r a t e d sys tem, o f the t h r e e components m e n t i o n e d , which 

w i l l meet the demands o f the r e a l wor ld env i ronment . 

I n c l u d e d are c o n s i d e r a t i o n s o f t i m i n g f o r i n - c y c l e and o u t -

o f - c y c l e demands, d e t a i l l e v e l r e q u i r e d , and p r o c e d u r e s 

f o r top management d i r e c t i o n . T h i s p r o j e c t i s a l s o t o 

develop a per formance measurement system to i s o l a t e causes 

o f s h o r t f a l l s i n a t t a i n i n g r e a d i n e s s g o a l s i n terms o f 

r e s o u r c e a c q u i s i t i o n and d i s t r i b u t i o n . 

The second p r o j e c t , "Deve lop ing Techniques f o r 

A s s e s s i n g the Impact o f P e r s o n n e l P o l i c i e s on D e p l o y a b i l i t y , " 

P r o j e c t 5 - 1 , has as one o f i t s s t a t e d p u r p o s e s , t h a t o f i n ­

s u r i n g tha t ongoing p r o j e c t s such a s , " S i m u l a t i o n Model o f 

P e r s o n n e l O p e r a t i o n s " (SIMPO), are a c t u a l l y capab le o f 

d e t e r m i n i n g the impact o f p e r s o n n e l ^ p o l i c y changes on f o r c e 

r e a d i n e s s . 

S e v e r a l o f the o t h e r p r o j e c t s , n o t a b l y 1 - 1 , 3 - 5 and 

3 - 7 , have a s p e c t s to which I n d u s t r i a l Dynamics or Dynamo 

S i m u l a t i o n might have a p p l i c a t i o n . However, the two 

p r o j e c t s d e s c r i b e d appear t o be most s u i t e d f o r such s t u d y . 



66 

Without c o n s i d e r i n g those p r o j e c t s o f which on ly p o r t i o n s 

may have a p p l i c a t i o n , f i v e study areas have then been 

i d e n t i f i e d w i t h i n the framework o f PRIMAR which appear 

amenable to study by one o r another o f the t e c h n i q u e s under 

d i s c u s s i o n . 

In the p r e c e d i n g examina t ion o f PRIMAR p r o j e c t s , 

ment ion was made i n one case o f d e v e l o p i n g a performance 

measurement sys tem. T h i s was w i t h r e g a r d to the Program/ 

B u d g e t / D i s t r i b u t i o n system: t h e r e i s a l s o a p r o j e c t under 

examina t ion at t h i s t ime which i s s i m i l a r i n na ture but 

d i f f e r s i n what i s t o be measured. The proposed p r o j e c t i s 

c a l l e d , "Combat O p e r a t i o n s Measured by Economet r ic 

Techn iques" (COMBET) ( 4 l ) . The s p o n s o r i n g agency f o r t h i s 

proposed p r o j e c t i s Force P l a n n i n g A n a l y s i s , O f f i c e o f the 

V i c e C h i e f o f S t a f f o f the Army. The p r o p o s a l c e n t e r s on 

the development o f a model o f "low i n t e n s i t y w a r f a r e , " t o 

measure the success o f m i l i t a r y o p e r a t i o n s . F o r i n p u t d a t a 

the model would use t h a t c o n c e r n i n g Vietnam but the model 

i s to be a p p l i c a b l e to o t h e r p o t e n t i a l a reas o f o p e r a t i o n . 

As p r o p o s e d , t h i s study would employ econometr ic 

t e c h n i q u e s to d e r i v e the c o e f f i c e n t s o f s e l e c t e d v a r i a b l e s . 

T h i s approach would i n v o l v e the e x t e n s i v e use o f m u l t i p l e 

l i n e a r and n o n l i n e a r r e g r e s s i o n a n a l y s e s t o deduce the 

r e l a t i o n s h i p s among the v a r i a b l e s i n v o l v e d . The r e s u l t i n g 

c o e f f i c i e n t s would then be used i n the development o f a 

model based on the p r i n c i p l e s o f I n d u s t r i a l Dynamics. , The 
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l a t t e r p o i n t i s no tewor thy ; i t s s i g n i f i c a n c e i s d i s c u s s e d 

i n the f i n a l c h a p t e r . : C o n t i n u i n g w i th d i s c u s s i o n o f the 

p r o p o s a l i t s e l f ; i t would be o r i e n t e d on the b r o a d , o v e r a l l 

o b j e c t i v e s o f low i n t e n s i t y combat and would c o n f i n e the 

examinat ion o f da ta t o ' o n l y those v a r i a b l e s o f s i g n i f i c a n c e 

at t h e a t e r l e v e l . 

C a r s w e l l and V a n d i v e r , c o n s u l t a n t s to the Army, have 

conducted r e s e a r c h i n measures o f e f f e c t i v e n e s s . T h e i r 

r e s e a r c h proposed a l a t t i c e - l i k e s t r u c t u r e o f combat 

o b j e c t i v e s and s u b o b j e c t i v e s which i s adap tab le to e x ­

p a n s i o n through the d e f i n i t i o n o f s u b o r d i n a t e t a s k s . stemming 

from the s u b o b j e c t i v e s . F i g u r e 1 6 i l l u s t r a t e s the l a t t i c e 

s t r u c t u r e . The study p l a n f o r m u l a t i o n on ly r e q u i r e s c o n ­

s i d e r a t i o n o f t h i s approach i n the development o f the 

l o g i c a l s t r u c t u r e o f the c o n f l i c t . I t i s r e q u i r e d t h a t 

p o l i t i c a l , economic , p s y c h o l o g i c a l , as w e l l as m i l i t a r y 

c o n s i d e r a t i o n s be i n c l u d e d i n the proposed model s t r u c t u r e . 

P e r s o n n e l D i s t r i b u t i o n 

The p e r s o n n e l d i s t r i b u t i o n s y s t e m . o f the Army may 

a l s o be an a rea o f i n v e s t i g a t i o n by use o f I n d u s t r i a l 

Dynamics. There are o f course a number o f s t u d i e s which 

are d i r e c t l y concerned w i t h the problems o f m i n i m i z i n g 

t u r b u l a n c e i n Army o p e r a t i n g f o r c e s , m in imiz ing ; t r a n s i e n t s , 

max imiz ing o p e r a t i n g s t r e n g t h . w i t h i n the c o n s t r a i n t s o f 

a u t h o r i z a t i o n s , m i n i m i z i n g c o s t s , and the l i k e . I n v e s t i g a t i o n 

has r e v e a l e d , however , t h a t a n e c e s s a r y f i r s t . s t e p i s t o 
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c o n s i d e r d e c i s i o n t e c h n i q u e s t o p l a n s t r e n g t h a c c e s s i o n s 

i n such a manner as to i n s u r e t h a t the f low o f p e r s o n n e l 

i s reasonab ly f r e e o f wide s t r e n g t h f l u c t u a t i o n s . I d e a l l y , 

these f lows w i l l match the t r a i n e d and o p e r a t i n g s t r e n g t h 

l o s s e s when a u t h o r i z a t i o n s and separa te i n d i v i d u a l c a t e ­

g o r i e s are h e l d c o n s t a n t . 

When a u t h o r i z e d s t r e n g t h s are changing and the re are 

s i g n i f i c a n t v a r i a t i o n s from the mean expected s t r e n g t h s , 

(as t h e r e are because o f the p r e s e n t p r a c t i c a l s t a t e o f the 

a r t w i th r e g a r d to asse t a c c o u n t i n g ) , the re are c o n t i n u a l l y 

h i g h e r or lower demands f o r p e r s o n n e l than are p lanned and 

programmed. There i s at p r e s e n t no " i n v e n t o r y " or "Deployment 

T r a i n i n g C e n t e r " to ac t as a surge tank o f t r a i n e d s t r e n g t h . 

The p r e s e n t method o f h a n d l i n g p e r s o n n e l " i n v e n t o r y " i s 

through such a d m i n i s t r a t i v e measures as c r e a t i n g t r a n s i e n t , 

s t u d e n t , p a t i e n t , and o t h e r a c c o u n t s . . . G u i d e l i n e s f o r these 

accounts i s h i s t o r i c a l da ta o f overages a d j u s t e d by f a c t o r s 

which are a l s o based on pas t d a t a . T h i s r e s u l t s i n a 

system which i s perhaps s t a t i c a l l y s t a b l e , but d y n a m i c a l l y 

u n s t a b l e . When the re i s an i n c r e m e n t a l o r p u l s e i n c r e a s e 

or decrease i n new p e r s o n n e l , as demand f o r p e r s o n n e l o c c u r s , 

the t r a i n i n g base u n f o r t u n a t e l y e i t h e r under or over r e a c t s . 

There i s an obv ious need to dampen the o s c i l l a t i o n s 

o c c u r r i n g i n the system as a r e s u l t o f the d e v i a t i o n s 

between a c t u a l and p r e d i c t e d g a i n s and l o s s e s . The dynamic 

s t a b i l i t y r e q u i r e d would a p p a r e n t l y be more a t t a i n a b l e by 
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c o n s i d e r a t i o n o f p r e s e n t c o n d i t i o n s u s i n g feedback o f 

i n f o r m a t i o n p o s s i b l y m o d i f i e d by h i s t o r i c a l f a c t o r s , and 

f u t u r e needs . 

The author i s not aware o f any p r o p o s a l to study 

t h i s problem by the t e c h n i q u e o f I n d u s t r i a l Dynamics. Some 

c o n s i d e r a t i o n has been g i v e n to approach ing the s i t u a t i o n 

through the use o f d i f f e r e n t i a l equa t ions a l o n g the l i n e s 

suggested i n r e f e r e n c e (42) . T h i s avenue has been a mat te r 

o f d i s c u s s i o n by the Manpower and Reserve A f f a i r s department 

o f the o f f i c e o f A s s i s t a n t S e c r e t a r y o f the Army. To date 

no study has been i n i t i a t e d u s i n g the d i f f e r e n t i a l equa t ions 

c o n c e p t . I t would appear tha t an I n d u s t r i a l Dynamics or 

Dynamo S i m u l a t i o n s t u d y , based upon d i f f e r e n c e e q u a t i o n s , 

might be most s a t i s f a c t o r i l y employed on t h i s s u b j e c t . 

Other s u b j e c t s known t o have been examined or under ­

g o i n g s t u d y , and which are m i l i t a r i l y o r i e n t e d i n c l u d e : 

1. The a p p l i c a t i o n o f I n d u s t r i a l Dynamics to the 
study o f an a r t i l l e r y engagement. 

2. A study o f the i n t e r r e l a t i o n s h i p s o f m a i n ­
t a i n a b i l i t y , r e l i a b i l i t y , c o s t and combat 
e f f e c t i v e n e s s , as they apply to m i l i t a r y e q u i p ­
ment , to t e s t a l t e r n a t i v e rep lacement or o v e r h a u l 
p o l i c i e s . 

3 . An examina t ion o f f u t u r e Army Communicat ion Systems 
u s i n g Dynamo to model these systems. 

Not to conc lude t h i s c h a p t e r on a n e g a t i v e note but 

r a t h e r to i n c l u d e a l l known m i l i t a r y a p p l i c a t i o n s and 

at tempts at the use o f these t e c h n i q u e s , i t i s t o be noted 

tha t at l e a s t one r e s e a r c h c o n s u l t a n t f i r m r e p o r t s no 
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S U C C E S S I N I D E N T I F Y I N G M I L I T A R Y P R O B L E M S F O R W H I C H 

I N D U S T R I A L D Y N A M I C S T E C H N I Q U E S S H O U L D B E U S E D ( 4 3 ) . T H I S 

F I R M C O N D U C T E D A N I N V E S T I G A T I O N O F T H E A P P L I C A B I L I T Y O F 

T H E S E T E C H N I Q U E S T O P R O B L E M S O F M U N I T I O N S M A N A G E M E N T F O R 

T H E L O G I S T I C S D I R E C T O R A T E , J O I N T C H I E F S O F S T A F F . T H E 

R E S U L T S O F T H E I R I N V E S T I G A T I O N S W E R E N E G A T I V E . I T I S T O B E 

N O T E D , H O W E V E R , T H A T I F Q U A N T I T A T I V E D A T A W E R E R E Q U I R E D F O R 

T H I S T A S K T H E N T H I S A U T H O R W O U L D C O N C U R I N T H E S P E C I F I C 

F I N D I N G . I F , H O W E V E R , T H E P R O B L E M W A S I N F A C T A Q U E S T I O N 

O F M A N A G E M E N T A N A L Y S I S F O R W H I C H R I G I D Q U A N T I T A T I V E D A T A 

W E R E N O T R E Q U I R E D , T H E N I T W O U L D S E E M T H A T T H E C O N C L U S I O N S 

C O U L D W E L L H A V E B E E N I N E R R O R . T H E ' I N F E R E N C E S , W H I C H C A N . 

B E M A D E F R O M T H I S N E G A T I V E R E S P O N S E I N C L U D E T H E P O S S I B I L I T Y 

T H A T T H I S F I R M W A S N O T P R E P A R E D T O A C C E P T T H E U N I Q U E L Y N E W 

I D E A S O F I N D U S T R I A L D Y N A M I C S . A L T H O U G H T H A T I S A M A T T E R 

O F C O N J E C T U R E , T H E R E I S O F T E N O P P O S I T I O N T O P H I L O S O P H I E S 

O R M E T H O D S W H I C H A R E S I G N I F I C A N T L Y D I F F E R E N T F R O M C O N V E N ­

T I O N A L A P P R O A C H E S A N D I N D U S T R I A L D Y N A M I C S I S A N U N C O N V E N ­

T I O N A L T E C H N I Q U E . V 
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CHAPTER VII 

CONCLUSIONS 

The b r i e f examinat ion and d i s c u s s i o n o f the separa te 

s t u d i e s makes i t p o s s i b l e to g e n e r a l i z e to some degree 

about m i l i t a r y a p p l i c a t i o n s o f Dynamo and about the manner 

o f approach a p p r o p r i a t e to a g i v e n p r o b l e m . 

I t has been shown tha t t h e r e are many f u n c t i o n a l 

areas o f a p p l i c a t i o n to which the computer programming 

sys tem, Dynamo, i s a u s e f u l t o o l f o r m i l i t a r y a n a l y s t s . 

The spectrum o f these a p p l i c a t i o n s has been such t h a t i t 

would appear t h a t the re are few, i f any , s u b j e c t areas which 

c o u l d not be i n v e s t i g a t e d from some aspec t through p r o p e r 

use o f t h i s t o o l . 

The p r i n c i p a l l i m i t a t i o n o f e i t h e r o f the two 

p h i l o s o p h i e s on the use o f Dynamo i s t h a t f o r s t r i c t , 

q u a n t i t a t i v e r e s u l t s i n o p t i m i z i n g - t y p e s t u d i e s , t h e i r use 

i s l i m i t e d . Advan tages , on the o t h e r h a n d , are numerous. 

They range from ease o f u n d e r s t a n d i n g and use to e x t e n s i v e 

a rea o f a p p l i c a t i o n . 

In o rder to c l a s s i f y and g i v e substance to the d i f f e r -

ances which e x i s t between I n d u s t r i a l Dynamics and Dynamo 

S i m u l a t i o n and ,at the same t ime p r o v i d e a ready means o f 

method s e l e c t i o n , the c l a s s i f i c a t i o n shown i n F i g u r e 1 7 i s 

o f f e r e d . I t s h o u l d be r e a l i z e d t h a t t h i s taxonomy i s 
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expressed i n r a t h e r g e n e r a l terms and the c h o i c e o f words 

may l a c k s c h o l a r l y p r e c i s i o n ye t they are c o n s i d e r e d 

d e s c r i p t i v e . 

I n d u s t r i a l Dynamo 
Dynamics S i m u l a t i o n 

Comparison 
F a c t o r s 

1 . C l a s s i f i c a t i o n 
w i th r e g a r d to 
d e s i r e d na ture 
o f i n v e s t i g a t i o n 

2. L e v e l o f pr imary 
study i n t e r e s t 

3 . C l a s s i f i c a t i o n o f 
method o r i e n t a t i o n 

6 . Nature o f r e s u l t s 

E x p l o r a t o r y 
(unders tand ing 
system b e h a v i o r ) 

Top Management 

Systems A n a l y s i s 

Q u a l i t a t i v e 

D e c i s i o n 
(numer ica l s o l u ­
t i o n s to 
s imul taneous 
d i f f e r e n c e 
e q u a t i o n s ) 

M i d d l e Management 

Opera t ions Research 

S y n t h e s i s 
( f o r m u l a t i o n o f 
c l o s e d dynamic 
model based on 
c a u s e - a n d - e f f e c t 
r e l a t i o n s h i p s 
between system 
v a r i a b l e s ) 

Microdynamic 

Low 

E x t e n s i v e 

Omit ted 

Q u a n t i t a t i v e 

4 . Method o f approach A n a l y s i s 
( f o r m u l a t i o n o f 
dynamic h y p o t h e s i s 
based on v e r b a l 
d e s c r i p t i o n o f 
system) 

5 . Scope o f i n v e s t i g a - M a c r o d y n a m i c 
t i o n s i n t o the 
dynamic system 

a . L e v e l o f 
A g g r e g a t i o n High 

b. Data 
Requirements M in ima l 

c . I n f l u e n c e o f 
i n t a n g i b l e s C o n s i d e r e d 

F i g u r e 1 7 . Comparison o f Methods o f Approach 

A l though t h i s c l a s s i f i c a t i o n i s i n t e n d e d p r i m a r i l y 

f o r method compar ison i t may be u s e f u l i n d e t e r m i n i n g a 



method o f problem a t t a c k based upon the p a r t i c u l a r c h a r a c ­

t e r i s t i c s o f the p r o b l e m , the na ture o f d e s i r e d r e s u l t s , 

and the l e v e l o f p e r s p e c t i v e at which the problem i s 

v iewed. 

T h i s s u g g e s t s , as an area f o r f u r t h e r s t u d y , an 

e x t e n s i v e i n v e s t i g a t i o n , o f problem a n a l y s i s to determine 

a p p r o p r i a t e methods to apply i n the s o l u t i o n o f s p e c i f i c 

problem t y p e s . In the examina t ion o f I n d u s t r i a l Dynamics 

and Dynamo S i m u l a t i o n , i t was seen t h a t these t e c h n i q u e s 

are a p p l i c a b l e to c l o s e d , con t inuous and e s s e n t i a l l y 

d e t e r m i n i s t i c , d y n a m i c s y s t e m s . W i t h i n these c o n s t r a i n t s 

i t was a l s o apparent tha t when i n f o r m a t i o n feedback i s a 

dominant i n f l u e n c e o f the system and when cont inuous input 

to the system can be assumed to be t ime sequences , as i n 

economic and m a n a g e r i a l a n a l y s i s , then the t e c h n i q u e s d i s ­

cussed are a p p l i c a b l e . 

I t was found tha t d e s p i t e the work o f e d u c a t i o n a l 

i n s t i t u t i o n s , the m i l i t a r y s e r v i c e s have not yet r e c o g n i z e d 

the p o t e n t i a l o f f e r e d by Dynamo and the p h i l o s o p h i e s o f i t s 

u s e , at l e a s t not to the p o i n t o f i n c o r p o r a t i n g these s u b ­

j e c t s i n t o the c u r r i c u l a o f the s e r v i c e s c h o o l s which 

p resen t t e c h n i q u e s o f O p e r a t i o n s Research and Systems 

A n a l y s i s . The t e c h n i c a l l y o r i e n t e d m i l i t a r y s c h o o l s 

c o n s i d e r e d to be i n t h i s ca tegory a r e : 

U n i t e d S t a t e s Nava l Pos tgradua te S c h o o l , M o n t e r e y , 
C a l i f o r n i a . 
U n i t e d S t a t e s A i r F o r c e I n s t i t u t e o f T e c h n o l o g y , 
Wright P a t t e r s o n A i r Force B a s e , O h i o . 
U n i t e d S t a t e s Army Management S c h o o l , F t . ' B e l v o i r , Va . 
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I t i s unders tood t h a t a few I n s t r u c t o r s at some o f 

these s c h o o l s do i n t e g r a t e " I n d u s t r i a l Dynamics 1 1 i n t o t h e i r 

c l a s s e s but t h i s i s a p p a r e n t l y an i n d i v i d u a l , r a t h e r than 

o f f i c i a l , r e c o g n i t i o n o f the f i e l d . 

In c o n c l u s i o n , the computer programming sys tem, 

Dynamo, and the two approaches t o i t s u s e , I n d u s t r i a l 

Dynamics and Dynamo S i m u l a t i o n , have e x t e n s i v e a p p l i c a b i l i t y 

i n m i l i t a r y problem a r e a s . The va lue o f these r e s e a r c h t o o l s 

has not been adequate ly r e c o g n i z e d by the m i l i t a r y s e r v i c e s 

t o date as ev idenced by both the l a c k o f a p p l i e d usage and 

by absence o f t h e i r ment ion i n s c i e n t i f i c ' •mi l i tary! methodology 

l i t e r a t u r e . Of course no s i m u l a t i o n t e c h n i q u e o r a n a l y t i c a l 

d e v i c e i s a s u b s t i t u t e f o r judgement and e x p e r i e n c e , b u t , 

by the same t o k e n , i n t u i t i o n and guess work s h o u l d not be 

r e l i e d upon to a s s i s t i n making d e c i s i o n s when u n c o m p l i c a t e d 

t e c h n i q u e s e x i s t which can p r o v i d e l o g i c a l and mean ing fu l 

f o u n d a t i o n s f o r these d e c i s i o n s . 
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APPENDIX A 

DATA REQUIREMENTS 

P i l o t Job Data 

a . S k i l l s necessary to h o l d each p i l o t j o b . T h i s 

w i l l i n c l u d e a i r c r a f t q u a l i f i c a t i o n s , s a f e t y t r a i n i n g , 

ins t rument t r a i n i n g , maintenance t r a i n i n g , t e s t p i l o t 

t r a i n i n g , and o t h e r s p e c i a l t r a i n i n g deemed a p p l i c a b l e . 

b. The f o r c e p i l o t ca tegory w i l l be s u b d i v i d e d i n t o : 

( 1 ) TOE 

(2) TDA ( l e s s t r a i n i n g p i l o t s ) 

c . The s u p e r v i s o r y ca tegory w i l l be s u b d i v i d e d i n t o : 

( 1 ) TOE 

(a) Company l e v e l 

(b) B a t t a l i o n l e v e l 

(c) Group l e v e l 

(d) Above group l e v e l 

(2) TDA ." • • 

d . The t r a i n i n g ca tegory w i l l be s u b d i v i d e d i n t o : 

( 1 ) I n s t r u c t o r p i l o t s f o r undergraduate a v i a t o r 

t r a i n i n g . 

(2) I n s t r u c t o r p i l o t s f o r f o r m a l graduate 

a v i a t o r t r a i n i n g . 

( 3 ) Rated i n s t r u c t o r s r e q u i r e d f o r c lassroom 

I n s t r u c t i o n i n fo rma l a v i a t o r t r a i n i n g . 
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P i l o t Inventory Data 

a . Grade 

b. Ca tegory : ( O B V , R A , OTRA) 

c . Branch o f S e r v i c e 

d . Date o f b i r t h 

e . Years o f s e r v i c e 

f . Date o f i n i t i a l r a t i n g 

g . E s t i m a t e d date o f s e p a r a t i o n 

h . Date r e t u r n e d from RVN 

i . Date r e t u r n e d from o ther s h o r t - t o u r a rea 

j . Cur ren t a i r c r a f t q u a l i f i c a t i o n s 

k. Cur ren t s k i l l s to I n c l u d e ins t rument q u a l i f i c a ­

t i o n s , s a f e t y t r a i n i n g * , maintenance t r a i n i n g * , 

and t e s t p i l o t t r a i n i n g * . 

1 . Rotary wing f l i g h t t i m e * 

m. F i x e d wing f l i g h t t i m e * 

* Data elements not a v a i l a b l e f o r i n i t i a l s u b m i s s i o n t o OSD, 
but w i l l be added at subsequent updates o f the t a p e . 



APPENDIX B 

PRIMAR PROJECT LIST 

I n t e g r a t e d Readiness Measurement 
System 

S t r e n g t h e n i n g the Army O b j e c t i v e s 
and Resource P l a n n i n g System 

S t r e n g t h e n i n g D i r e c t i o n and C o o r d i n a t i o n 
o f the Army Requirements Study E f f o r t 

S t r e n g t h e n i n g A c t i o n O f f i c e r 
E f f e c t i v e n e s s 

S t r e n g t h e n i n g P l a n n i n g T o o l s and 
Techniques 

D e f i n i n g , . I n t e g r a t i n g , and D i r e c t i n g a 
Responsive Program, B u d g e t i n g , and 
D i s t r i b u t i o n System 

Improving Force Programming 
Procedures 

Development and Use o f the FAS 
and TAADS . 

S t r e n g t h e n i n g Procedures f o r Per forming 
C a p a b i l i t i e s S t u d i e s 

Deve lop ing a Readiness Based P e r s o n n e l 
D i s t r i b u t i o n Program 

S t r e n g t h e n i n g T r a i n i n g Programming 
Procedures 

Deve lop ing a Readiness Based Equipment 
D i s t r i b u t i o n Program and S t r e n g t h e n i n g 
Equ ip Asset R e p o r t i n g System 

D e v e l o p i n g a Readiness Based Depot 
Maintenance Program 

Improving Guidance t o Subord ina te 
Commands 



S t r e n g t h e n i n g P e r s o n n e l Data 
R e p o r t i n g and I n f o r m a t i o n System 

S t r e a m l i n i n g Equipment Program 
Budget ing Procedures 

E x t e n d i n g the Use o f S t a f f Prepared 
Budgets 

S i m p l i f y i n g the Army Budget 
System 

Deve lop ing Techniques f o r A s s e s s i n g 
the Impact o f P e r s o n n e l P o l i c i e s on 
D e p l o y a b i l i t y 

P e r f e c t i n g the Army Supply Inventory 
S t r a t i f i c a t i o n System 

S t r e n g t h e n i n g C o n t r o l and D i s c i p l i n e 
o f the M o b i l i z a t i o n Reserve System 

Deve lop ing Improved Supply Goals and 
P o l i c i e s 

Improving NICP Programming Data 
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