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SUMMARY 

The U n i t e d S t a t e s Army h a s s e v e r a l t y p e s of f i e l d communica t ion 

s y s t e m s , t h e most e x t e n s i v e of which i s t h e F i e l d Army Area Communica­

t i o n Sys tem. I t i s a ne twork of communica t ion c e n t e r s d i s p e r s e d 

t h r o u g h o u t t h e combat zone .which i s i n t e r c o n n e c t e d e l e c t r o n i c a l l y by a 

c o m b i n a t i o n of r a d i o and c a b l e c i r c u i t s . W i t h i n each of t h e communi­

c a t i o n c e n t e r s i s a message c e n t e r t h r o u g h which a l l w r i t t e n c o r r e ­

spondence f o r e l e c t r i c a l t r a n s m i s s i o n i s r o u t e d . 

T h i s r e s e a r c h i s a s t a t i s t i c a l a n a l y s i s of t h e a b i l i t y of a 

message c e n t e r t o p r o c e s s message t r a f f i c unde r v a r y i n g i n p u t c o n d i ­

t i o n s . Through t h e c o n s t r u c t i o n of a c o m p u t e r i z e d model and t h e 

s u b s e q u e n t a n a l y s i s of d a t a g e n e r a t e d by t h e model t h e r e s e a r c h was 

aimed a t d e t e r m i n i n g t h e v a l u e s of i n p u t p a r a m e t e r s which c a u s e d 

messages t o be d e l a y e d e x c e s s i v e l y . With t h i s i n f o r m a t i o n t h e Army 

Commander i s a b l e t o p r e s c r i b e t h e o r g a n i z a t i o n of a p a r t i c u l a r message 

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

m i t t i n g t h e message c e n t e r t o an a r e a of r e s p o n s i b i l i t y i n t h e c o m p o s i t e 

communica t ion p l a n . 

The model was programmed f o r t h e IBM 7094- d i g i t a l compute r s y s t e m 

u t i l i z i n g G e n e r a l Pu rpose System S i m u l a t o r I I I (GPSS I I I ) , a s p e c i a l 

p u r p o s e programming l a n g u a g e . The i n p u t t o t h e model c o n s i s t e d of 

messages a r r i v i n g i n a random manner where t h e ' t i m e be tween a r r i v a l s i s 

d e s c r i b e d by t h e Gamma d e n s i t y f u n c t i o n . By v a r y i n g t h e shape p a r a m e t e r 



and t h e mean t i m e be tween a r r i v a l s , a wide v a r i e t y of i n p u t s were 

o b t a i n e d s i m u l a t i n g e n v i r o n m e n t a l a c t i o n s unde r a s s o r t e d combat c o n d i ­

t i o n s . In a d d i t i o n , each message g e n e r a t e d i s a s s i g n e d one of f o u r 

p r i o r i t i e s which d e n o t e s t h e o r d e r i n which i t i s t o be p r o c e s s e d , 

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

i n h a n d l i n g and t r a n s m i s s i o n . Both t h e p r i o r i t y mix and t h e c l a s s i f i ­

c a t i o n s were v a r i e d t o d e t e r m i n e t h e i r e f f e c t on t h e o p e r a t i o n of t h e 

s y s t e m . 

I t was found t h a t t h e c a u s e of e x c e s s i v e d e l a y t i m e s was a 

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

To a l l e v i a t e t h i s c o n g e s t i o n a d d i t i o n a l f a c i l i t i e s were added t o t h e 

m o d e l . The r e s u l t s were d e p i c t e d i n a s e r i e s of t a b l e s g i v i n g t h e 

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

z a t i o n of t h e message c e n t e r c o u l d p r o c e s s t h e s p e c i f i e d i n p u t w i t h i n 

an a c c e p t a b l e t i m e l i m i t . 
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CHAPTER I 

INTRODUCTION 

Background 

The v a r i o u s components of Army a c t i v i t y a r e c o n n e c t e d by 

some means of communica t i on . Whether i t be a s o p h i s t i c a t e d s p a c e -

s a t e l l i t e s y s t e m , a s i m p l e " h a n d y - t a l k i e , " o r m e r e l y a r u n n e r , t h e r e 

i s a lways some method f o r communica t ion be tween u n i t s . The need f o r 

communica t ion i n any m i l i t a r y o r g a n i z a t i o n i s e v i d e n t . The evo lvemen t 

of communica t ion s y s t e m s has been l a r g e l y b a s e d on t h e n e e d s of t h e 

s e r v i c e . The e x p a n s i o n of i n v o l v e m e n t i n w o r l d a f f a i r s h a s s t i m u l a t e d 

a p a r a l l e l g rowth i n t h e m i s s i o n of t h e armed f o r c e s , p a r t i c u l a r l y t h e 

Army. The dep loyment of u n i t s t o a l l p a r t s of t h e w o r l d h a s become 

common; a n d , a s a r e s u l t , t h e r o l e of t h e communica t ion a c t i v i t y i n t h e 

Army h a s d e v e l o p e d i n t o one of p r o v i d i n g w o r l d - w i d e s e r v i c e t o com­

manders a t a l l l e v e l s . Th i s s e r v i c e i s p r o v i d e d by t h e S i g n a l C o r p s . 

F o r t u n a t e l y , t h e advancement of t e c h n o l o g y h a s k e p t p a c e w i t h i n c r e a s e d 

m i s s i o n r e q u i r e m e n t s , and t h i s s e r v i c e i s n o t o n l y f e a s i b l e b u t i n 

e x i s t e n c e t o d a y . 

Advanc ing t e c h n o l o g y has had one a d v e r s e a f f e c t , howeve r , i n 

t h a t i t h a s p roduced equ ipmen t t h a t i s e x t r e m e l y complex . As t h i s 

c o m p l e x i t y i n c r e a s e s , so must t h e s k i l l of t h e u s e r . As a r e s u l t , t h e 

t r a i n i n g and r e t r a i n i n g of m a i n t e n a n c e and o p e r a t o r p e r s o n n e l h a s become 

a c o s t l y and t i m e consuming p r o c e s s , and a major c o n c e r n t o b o t h t h e 
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Army and t h e v e n d o r . 

A n o t h e r p rob lem t h e Army c o n f r o n t s a s i t a c q u i r e s such c o m p l i ­

c a t e d equ ipment i s t h e a d d i t i o n a l c o s t a s s o c i a t e d w i t h i n c r e a s e d 

r e l i a b i l i t y , r a n g e , v e r s a t i l i t y , s p e e d , e t c . Each of t h e s e d e s i r a b l e 

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

p a r t i c u l a r c h a r a c t e r i s t i c and e q u i p m e n t . The t r a d e - o f f be tween p r i c e 

and sys t em e f f e c t i v e n e s s i s d e p e n d e n t on t h e s p e c i f i c a t i o n s of t h e 

s y s t e m . The c o n t i n u i n g r e q u i r e m e n t f o r more communica t ion s y s t e m s 

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

t h a t c o s t s have become a d e f i n i t e l i m i t i n g f a c t o r . 

I t i s n o t t h e o b j e c t i v e of t h i s r e s e a r c h t o d w e l l , i n any 

d e t a i l , i n t o c o s t s and m a i n t a i n a b i l i t y b u t o n l y t o p r e s e n t them as 

m o t i v a t i o n t o t h e main t h e s i s . There i s no q u e s t i o n t h a t t h e s c i e n t i s t s 

and e n g i n e e r s i n t h e e l e c t r o n i c s i n d u s t r y have p r o v i d e d t h e Army w i t h 

t h e communica t ions equ ipment n e c e s s a r y t o a c c o m p l i s h i t s m i s s i o n . In 

f a c t , t h e y have gone beyond t h e s e r e q u i r e m e n t s . I t i s now a p p r o p r i a t e 

t o employ a s y s t e m s a p p r o a c h t o s t u d y methods f o r o p t i m a l l y u t i l i z i n g 

e x i s t i n g p e r s o n n e l and e q u i p m e n t . 

The i m p l i c a t i o n i s n o t b e i n g made t h a t o p e r a t i o n s r e s e a r c h and 

s y s t e m s a n a l y s i s a p p r o a c h e s have been n e g l e c t e d by t h e S i g n a l C o r p s . 

To t h e c o n t r a r y , v a r i o u s o r g a n i z a t i o n s w i t h i n and o u t s i d e t h e Army have 

made s t u d i e s t o e v a l u a t e t h e e f f e c t i v e n e s s and e f f i c i e n c y of communica­

t i o n s a t most l e v e l s c o n s i d e r e d t o be s t r a t e g i c i n n a t u r e , i . e . , 

G e n e r a l S t a f f , C o n t i n e n t a l U n i t e d S t a t e s , T h e a t e r s , e t c . Most of t h e s e 

s t u d i e s i n v o l v e f i x e d s t a t i o n o p e r a t i o n ( immob i l e ) and a r e c o n c e r n e d 
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w i t h a u t o m a t i c s y s t e m s . G e n e r a l l y , t h e s e s y s t e m s a r e o p e r a t e d and 

m a i n t a i n e d by h i g h l y - t r a i n e d e n l i s t e d p e r s o n n e l a n d / o r c i v i l s e r v a n t s 

o r on a c o n t r a c t b a s i s w i t h a c i v i l i a n o r g a n i z a t i o n . The p rob lem men­

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

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

employed. 

The o t h e r a s p e c t of Army communications* i s t h a t c o n c e r n e d w i t h 

t a c t i c a l and f i e l d u n i t s . Here t h e equ ipmen t i s m o b i l e , w e a t h e r p r o o f 

and s h o c k p r o o f and i s g e n e r a l l y d e s i g n e d t o o p e r a t e i n any p a r t of t h e 

w o r l d . O p e r a t o r s and m a i n t e n a n c e p e r s o n n e l a r e a l m o s t e n t i r e l y e n l i s t e d 

and have l i m i t e d t r a i n i n g when compared w i t h f i x e d s t a t i o n a t t e n d a n t s . 

Concept of O p e r a t i o n s 

The f i r s t t a c t i c a l u n i t t h a t i s found when d e s c e n d i n g t h e Army's 

o r g a n i z a t i o n i s t h e F i e l d Army. I t i s a c o m p o s i t e of t a c t i c a l and s u p ­

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

d e p e n d e n t on t h e o p p o s i n g enemy f o r c e s and t h e t e r r a i n i n which i t 

o p e r a t e s . The c o n c e p t of communica t ions w i t h i n t h e F i e l d Army i s b a s e d 

on t h e g r i d s y s t e m , which c o n s i s t s of a number of Communicat ion C e n t e r s , 

d i s p e r s e d t h r o u g h o u t t h e Army a r e a . These a r e i n t e r c o n n e c t e d by some 

l o n g - l i n e f a c i l i t y ( e i t h e r c a b l e or r a d i o , o r b o t h ) . F i g u r e 1 shows a 

t y p i c a l communica t ion sys t em as i t would a p p e a r i n an O p e r a t i o n Order 

f o r dep loyment of S i g n a l Corps p e r s o n n e l . The c i r c l e s d e n o t e Communica-

"The O p e r a t i o n Order i s t h e f o r m a l d i r e c t i v e r e s u l t i n g from 
o p e r a t i o n a l p l a n n i n g ( 2 0 , p . 7 0 ) . " I t i s a d e t a i l e d o r d e r f o r t h e 
c o n d u c t of a f i e l d e x e r c i s e o r a p h a s e o f combat . 
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F i g u r e 1 . The Army Area Communicat ions System (Gr id Sys tem) 
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t i o n C e n t e r s which a r e j o i n e d ( e l e c t r o n i c a l l y ) by m u l t i - c h a n n e l 

r a d i o s . Though t h i s sy s t em i s t y p i c a l , i t i s n o t n e c e s s a r i l y s t a n d a r d . 

The c o m b i n a t i o n of Communicat ion C e n t e r s and r a d i o n e t w o r k s v a r i e s 

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

The F i e l d Army S i g n a l O f f i c e r h a s u n d e r h i s s u p e r v i s i o n s i x 

b a t a l l i o n s w i t h f o u r companies each t h a t a r e r e s p o n s i b l e f o r t h e 

i n s t a l l a t i o n , o p e r a t i o n , and m a i n t e n a n c e of t h e Combat Area Communica­

t i o n Sys tem. T h i s i s a t o t a l of 24 Communicat ion C e n t e r s a v a i l a b l e 

f o r u s e . In a d d i t i o n , many of t h e s e u n i t s may be augmented w i t h t eams 

from TOE 11-500D, a s p e c i a l a u t h o r i z a t i o n f o r s u p p l e m e n t i n g s p e c i f i c 

o r g a n i z a t i o n s w i t h a d d i t i o n a l p e r s o n n e l and equipment f o r v a r i o u s 

c o n t i n g e n c i e s . 

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

of combat o r f i e l d e x e r c i s e i s a r e s u l t of p l a n n i n g a t t h e Army l e v e l . 

The S i g n a l O f f i c e r a t t h i s l e v e l b a s e s h i s p l a n on t h e t a c t i c a l s i t u a ­

t i o n and t h e communica t ion r e q u i r e m e n t s of t h e u n i t s i n v o l v e d . 

G e n e r a l l y , t h e p l a n i s t o e s t a b l i s h t h e g r i d sy s t em i n s u f f i c i e n t d e p t h 

and w i d t h t o encompass t h e e n t i r e Army a r e a . The Communicat ion C e n t e r s 

a r e i d e a l l y p l a c e d i n a r e a s of h i g h t r o o p c o n c e n t r a t i o n so t h a t t h e i r 

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

Those u n i t s t h a t a r e n o t u sed a r e m a i n t a i n e d i n a r e s e r v e s t a t u s 

f o r a s s i g n m e n t a s t eams t o v a r i o u s l o c a t i o n s o r f o r f u t u r e commitment . 

The c o n c e p t of a r e s e r v e f o r communica t ion u n i t s i s s i m i l a r t o t h a t of 

Tab le of O r g a n i z a t i o n and Equ ipmen t . 
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a r t i l l e r y u n i t s i n t h a t t h e y a r e r e t a i n e d f o r a s p e c i f i c m i s s i o n and n o t 

n e c e s s a r i l y f o r emergency c o n d i t i o n s . R e s e r v e u n i t s can be c o n s i d e r e d 

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

of t eams t o be a s s i g n e d t o a r e a s r e q u i r i n g a d d i t i o n a l communica t ion 

s u p p o r t . 

I t i s e v i d e n t t h a t t h e Army S i g n a l O f f i c e r must make some t r a d e ­

o f f be tween t h e e f f e c t i v e n e s s of t h e r e s e r v e u n i t s and t h e r e q u i r e m e n t 

f o r a d d i t i o n a l o p e r a t i n g t eams a t o t h e r l o c a t i o n s . I t may be n e c e s s a r y 

i n some s i t u a t i o n s t o r e a s s i g n component p a r t s of r e s e r v e u n i t s t o 

o p e r a t i o n a l u n i t s , t h e r e b y r e n d e r i n g t h e r e s e r v e u n i t i n o p e r a b l e . T h i s 

d e c i s i o n i s ba sed on a t r a d e - o f f be tween t h e e x p e c t e d u t i l i z a t i o n of 

t h e r e s e r v e u n i t and t h e u r g e n c y of t h e r e q u i r e m e n t f o r t h e team i n 

q u e s t i o n . Throughout t h i s t h e s i s i t i s assumed t h a t t h e Army S i g n a l 

O f f i c e r has t h e i n f o r m a t i o n a v a i l a b l e and t h e a b i l i t y t o make t h i s 

d e c i s i o n u n d e r any g i v e n s e t of c i r c u m s t a n c e s . 

In t h e d e s i g n of t h e Combat Area Communicat ion System t h e Com­

m u n i c a t i o n C e n t e r i s c o n s i d e r e d t h e b a s i c component . I t n o r m a l l y i s 

o p e r a t e d by a c o m p a n y - s i z e u n i t composed e n t i r e l y of S i g n a l Corps 

p e r s o n n e l ( 2 1 ) . The o r g a n i z a t i o n of t h e Company i s shown i n F i g u r e 2 . 

There a r e two s e c t i o n s i n t h e Communicat ion C e n t e r t h r o u g h which 

a l l communica t i ons f l o w . The f i r s t i s t h e Wire O p e r a t i o n s S e c t i o n 

which o p e r a t e s and m a i n t a i n s t h e s w i t c h b o a r d , and t h e second i s t h e Message Center Section. A l l v e r b a l communica t i ons o r i g i n a t i n g i n o r 

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

by l o c a l s u b s c r i b e r s o r f o r r e l a y t o r e m o t e s w i t c h b o a r d s . The Message 
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C e n t e r S e c t i o n i s r e s p o n s i b l e f o r p i c k u p , p r o c e s s i n g and d e l i v e r y of 

a l l w r i t t e n c o m m u n i c a t i o n s . I t i s t h e Message C e n t e r S e c t i o n w i t h 

which t h i s t h e s i s w i l l be c o n c e r n e d . 

A p a r t i c u l a r p rob lem t h a t t h e Army S i g n a l O f f i c e r h a s i s t h a t 

of a l l o c a t i n g Communicat ion C e n t e r s t o a r e a s w i t h i n t h e combat zone t o 

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

w i t h i n t h a t a r e a . At p r e s e n t t h e t e c h n i q u e u s e d i s ba sed on t h e p e r ­

s o n a l judgment of t h e S i g n a l O f f i c e r . The d e c i s i o n s a r e s t r i c t l y 

s u b j e c t i v e and i n many c a s e s i n a d e q u a t e . I t i s t o be shown t h a t t h e s e 

d e c i s i o n s can be made o b j e c t i v e l y t h r o u g h a s t a t i s t i c a l a n a l y s i s of t h e 

e f f e c t s of v a r i o u s i n p u t s on t h e message c e n t e r . For i n s t a n c e , g i v e n 

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

be tween a r r i v a l s , what w i l l be t h e r e q u i r e m e n t s i n t e r m s of p e r s o n n e l 

and equ ipmen t t o p r o p e r l y h a n d l e t h e s e messages? W i l l i t r e q u i r e an 

augmented p l a t o o n from one of t h e TOE 11-500D t e a m s , one w i t h r e d u c e d 

s t r e n g t h , o r p e r h a p s an e n t i r e company commi t t ed from t h e p o o l of 

r e s e r v e u n i t s ? In a d d i t i o n , what w i l l be t h e e f f e c t of t h e e x p e c t e d 

A A A 
mix of p r e c e d e n c e s and c l a s s i f i c a t i o n s on t h e o u t p u t ? 

The o b j e c t i v e of t h i s t h e s i s i s t o answer t h e s e q u e s t i o n s 

t h r o u g h t h e c o n s t r u c t i o n and e v a l u a t i o n o f a computer s i m u l a t i o n of a P r e c e d e n c e i s t h e t e r m which t h e Army g i v e s t o a message t o 
d e n o t e t h e r e l a t i v e o r d e r of h a n d l i n g and t h e o r d e r i n which t h e s u b ­
j e c t m a t t e r i s t o be n o t e d . The v a r i o u s p r e c e d e n c e s a r e d i s c u s s e d on 
page 1 3 . 

The t e r m c l a s s i f i c a t i o n d e n o t e s t h e i m p o r t a n c e of t h e c o n t e n t s 
of t h e message t o t h e s e c u r i t y o f t h e n a t i o n . 
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t y p i c a l F i e l d Army message c e n t e r . The model i s d e s i g n e d t o s i m u l a t e 

t h e p r o c e s s i n g of messages from t h e t i m e t h e y a r r i v e a t t h e message 

c e n t e r u n t i l t h e y a r e t r a n s m i t t e d t o some r emote l o c a t i o n . The 

p r o c e s s i n g p r o c e d u r e u s e d i s s t a n d a r d t h r o u g h o u t t h e Army and i s 

e s t a b l i s h e d by r e g u l a t i o n s from which no d e v i a t i o n i s a l l o w e d . The 

e n v i r o n m e n t i n which t h e message c e n t e r o p e r a t e s p r o v i d e s t h e i n p u t 

of m e s s a g e s . Th i s i n p u t i s e n t i r e l y d e p e n d e n t on t h e t a c t i c a l s i t u a t i o n 

and t h e number and t y p e of u n i t s which t h e Communicat ion C e n t e r i s s u p ­

p o r t i n g . T h i s i n f o r m a t i o n i s a v a i l a b l e t o t h e Army S i g n a l O f f i c e r i n 

t h e form of a f t e r a c t i o n r e p o r t s from numerous f i e l d e x e r c i s e s . The 

e f f e c t of i n p u t c h a r a c t e r i s t i c s on t h e message c e n t e r o p e r a t i o n i s n o t 

a v a i l a b l e , however , and must be d e r i v e d p r i o r t o c o m m i t t i n g a Communi­

c a t i o n C e n t e r t o s u p p o r t a s p e c i f i c a r e a . The p r i m a r y p rob lem t h e 

S i g n a l O f f i c e r f a c e s i s t h a t t h e r e a r e many e n v i r o n m e n t a l p a r a m e t e r s t o 

be s i m u l t a n e o u s l y c o n s i d e r e d . Not o n l y i s t h e r a t e of a r r i v a l of mes ­

s a g e s t o t h e message c e n t e r a random v a r i a b l e , b u t t h e mix of p r e c e ­

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

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

d e s t i n a t i o n s f o r which t h e messages a r e d e s i g n a t e d a r e a l s o v a r i a b l e . 

The v a r i a t i o n of any one of t h e s e p a r a m e t e r s h a s some e f f e c t on t h e 

o u t p u t . Fo r t h i s p r o j e c t i t was n o t c o n s i d e r e d f e a s i b l e t o v a r y a l l 

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

d e t e r m i n e t h e e f f e c t s of v a r y i n g t h e o t h e r s . In t h i s r e s p e c t , t h e s cope 

of t h e s t u d y i s somewhat l i m i t e d . 
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Scope 

The f a c t t h a t t h i s r e s e a r c h i s d i r e c t e d a t t h e F i e l d Army S i g n a l 

O f f i c e r does n o t n e c e s s a r i l y l i m i t i t s use t o t h a t o f f i c e . Any agency 

c o n c e r n e d w i t h t h e e n g i n e e r i n g and deve lopmen t of f i e l d communica t ion 

s y s t e m s s h o u l d f i n d t h e r e s u l t s u s e f u l . For e x a m p l e , c o n s i d e r t h e Com­

m u n i c a t i o n O f f i c e r a t a s i n g l e f i e l d message c e n t e r . The movement of 

u n i t s i n t o and o u t of h i s zone of r e s p o n s i b i l i t y i s a f r e q u e n t o c c u r ­

r e n c e i n most t r a i n i n g e x e r c i s e s and combat s i t u a t i o n s . I f he h a s some 

n o t i o n of t h e number and t y p e of u n i t s t h a t a r e mov ing , which i n t u r n 

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

he w i l l be a b l e t o p l a n f o r t h e e x p e c t e d u t i l i z a t i o n of h i s f a c i l i t y . 

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

a p p l i c a b l e t o f i x e d s t a t i o n o p e r a t i o n s . With c o n s i d e r a b l y more r e s e a r c h 

and a g e n e r a l r ep rog ramming of t h e m o d e l , t h i s a p p r o a c h c o u l d be u n d e r ­

t a k e n f o r f i x e d s t a t i o n f a c i l i t i e s ; howeve r , t h e u s e f u l n e s s of such a 

p r o j e c t would be i n q u e s t i o n , s i n c e s u p p o r t e d u n i t s a r e r e l a t i v e l y 

s t a t i o n a r y and i n p u t s a r e l e s s v a r i a b l e . 

Env i ronment 

The f i r s t s t e p i n t h e s o l u t i o n of t h e p rob lem i s t h e d e f i n i t i o n 

of t h e s y s t e m and i t s e n v i r o n m e n t . The r e a l wor ld s y s t e m u n d e r c o n ­

s i d e r a t i o n i s t h e F i e l d Army Combat Area Message C e n t e r . The e n v i r o n ­

ment c o n s i s t s of t h o s e u n i t s f o r which t h e message c e n t e r p r o v i d e s 

s e r v i c e , i . e . , t h e t a c t i c a l and l o g i s t i c a l u n i t s which o r i g i n a t e w r i t t e n 

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

a s t h e a d d r e s s e e f o r t h i s c o r r e s p o n d e n c e . The i n p u t t o t h e message 
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c e n t e r c o n s i s t s of messages a r r i v i n g i n some random manner d e s c r i b e d 

by a p a r t i c u l a r d e n s i t y f u n c t i o n . These messages a r r i v e by one of 

t h r e e means : 

1 . D i r e c t t e l e t y p e from t h e o r i g i n a t i n g o r g a n i z a t i o n a d d r e s s e d 

t o some r e m o t e u n i t . 

2. Unschedu led messenge r s e r v i c e from t h e o r i g i n a t o r f o r t r a n s ­

m i s s i o n t o a d i s t a n c e a d d r e s s e e . 

3 . Hand c a r r i e d by t h e o r i g i n a t o r f o r t r a n s m i s s i o n t o a d i s t a n t 

a d d r e s s e e . 

The method of d e l i v e r y h a s no e f f e c t on t h e message f l o w . I t i s 

men t ioned h e r e o n l y t o i n d i c a t e random a r r i v a l p o s s i b i l i t i e s and t h e 

l i k e l i h o o d t h a t t h e mean r a t e of a r r i v a l s i s n o t d e p e n d e n t on t i m e i n 

a combat s i t u a t i o n . R e g a r d l e s s of t h e d e l i v e r y means , t h e messages w i l l 

be r e c e i v e d a t t h e message c e n t e r f o r t h e f i r s t s t e p i n p r o c e s s i n g f o r 

d e l i v e r y . 

In most c a s e s t h e message w i l l be w r i t t e n on a p r e p r i n t e d form 

( F i g u r e 3) and i n a l l c a s e s w i l l c o n s i s t of t h r e e p a r t s : 

1 . Head ing : c o n t a i n s t h e i n f o r m a t i o n n e c e s s a r y f o r p r e p a r a t i o n 

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

t i o n , t y p e of m e s s a g e , e t c . 

2. T e x t : c o n t a i n s t h e i n f o r m a t i o n t h a t t h e o r i g i n a t o r i s 

g i v i n g t h e a d d r e s s e e . 

3 . E n d i n g : r e s e r v e d f o r message c e n t e r p e r s o n n e l f o r p r o p e r 

i d e n t i f i c a t i o n of t h e m e s s a g e , and t h e o r i g i n a t o r . 

As each message a r r i v e s i n t h e message c e n t e r , a d e s i g n a t e d 
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s u p e r v i s o r checks i t t o i n s u r e p r o p e r p r o c e d u r e h a s been f o l l o w e d and t o 

n o t e t h e o r d e r i n which t h e message i s t o be h a n d l e d ( s e e F i g u r e 4 ) . 

The o r d e r of h a n d l i n g i s c a l l e d t h e p r e c e d e n c e of t h e m e s s a g e . I t i s 

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

ma t ion i n t h e t e x t . The f o u r p r e c e d e n c e s , i n o r d e r of i m p o r t a n c e , a r e : 

1 . F l a s h : t o be h a n d l e d a s f a s t a s humanly p o s s i b l e , i n t e r ­

r u p t i n g t h e p r o c e s s i n g of any l ower p r e c e d e n c e m e s s a g e . 

2 . I m m e d i a t e : t o be p r o c e s s e d ahead of messages w i t h a l o w e r 

p r e c e d e n c e , i n t e r r u p t i n g when a p p r o p r i a t e . 

3 . P r i o r i t y : t o be p r o c e s s e d ahead of r o u t i n e m e s s a g e s , i n t e r ­

r u p t i n g when a p p r o p r i a t e . 

4 . R o u t i n e : t o be p r o c e s s e d i n t h e o r d e r r e c e i v e d and a f t e r 

h i g h e r p r e c e d e n c e s . 

A f t e r t h e s u p e r v i s o r h a s checked t h e messages t h e y a r e g i v e n t o 

a c l e r k who t r a n s c r i b e s i d e n t i f y i n g i n f o r m a t i o n i n t o t h e Message C e n t e r 

Log. The c l e r k f u r t h e r s e g r e g a t e s t h e messages a c c o r d i n g t o c l a s s i f i ­

c a t i o n . Each message i s d e s i g n a t e d , by t h e o r i g i n a t o r , a s b e i n g e i t h e r 

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

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

n a t i o n and i t s compromise by u n a u t h o r i z e d p e r s o n s cou ld be d e t r i m e n t a l 

t o t h e s e c u r i t y of t h e n a t i o n . C l a s s i f i e d messages a r e , t h e r e f o r e , 

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

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

p r o v i d e d by armed gua rd o r a p p r o p r i a t e c o n t a i n e r s . T r a n s m i s s i o n 

s e c u r i t y i s p r o v i d e d by t h e c r y p t o g r a p h i c u n i t . Th i s u n i t encodes t h e 
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message i n such a way t h a t i t s i n t e r c e p t i o n c a n n o t d i v u l g e u s e f u l 

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

d e v i c e t h a t " c u t s " a t e l e t y p e t a p e w i t h t h e c h a r a c t e r s of t h e coded 

l a n g u a g e . T h i s t a p e , when comple t ed by t h e c r y p t o g r a p h i c u n i t , i s 

v i r t u a l l y u s e l e s s t o any agency which does n o t have a d e c o d i n g d e v i c e 

c o r r e s p o n d i n g t o t h e d e v i c e on which i t was e n c o d e d . The t a p e c a n , 

t h e r e f o r e , be t r a n s m i t t e d w i t h o u t f e a r of compromise . 

For t r a n s m i s s i o n t h e t a p e i s s e n t t o t h e t r a n s m i t t i n g and r e ­

c e i v i n g u n i t where i t w a i t s u n t i l a t r a n s m i t t e r i s f r e e or u n t i l a l l 

messages of a h i g h e r p r e c e d e n c e have been s e n t . When t h e s e c o n d i t i o n s 

have been m e t , t h e t e l e t y p e o p e r a t o r p l a c e s t h e p r e p a r e d t a p e i n t o a 

t r a n s m i t t e r and i n fo rms t h e d i s t a n t s t a t i o n t h a t he has a message f o r 

them. When t h e d i s t a n t s t a t i o n i s r e a d y and has been p r o p e r l y i d e n t i ­

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

m i s s i o n u n t i l i t has been p r o p e r l y t r a n s m i t t e d and a c k n o w l e d g e d . 

When t h e r e c e i v i n g s t a t i o n has acknowledged r e c e i p t , t h e s e n d i n g s t a t i o n 

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

U n c l a s s i f i e d messages a r e h a n d l e d i n t h e same manner a s c l a s s i ­

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

and r e c e i v i n g s e c t i o n a f t e r t h e y have been l o g g e d by t h e message c e n t e r 

c l e r k . A t e l e t y p e o p e r a t o r t h e n " c u t s " t h e t a p e (which w i l l be i n c l e a r 

t e x t ) and t r a n s m i t s i t t o t h e d e s i r e d d e s t i n a t i o n . 

P r i o r t o each s e r v i c i n g f a c i l i t y i n t h e message c e n t e r , t h e r e i s 

some s o r t o f queue t h a t each message e n t e r s b e f o r e b e i n g p r o c e s s e d . I t 

may be an " i n box" on a c l e r k ' s d e s k , o r a s a f e ( f o r c l a s s i f i e d 
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m e s s a g e s ) , o r a n a i l on a t e n t p o l e ( f o r t e l e t y p e t a p e s ) . R e g a r d l e s s 

of t h e p h y s i c a l r e p r e s e n t a t i o n , t h e message e n t e r s a w a i t i n g l i n e . I f 

t h e message i s of a h i g h e r p r e c e d e n c e t h a n t h e o t h e r messages i n t h e 

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

i n t e r r u p t s e r v i c e and be p r o c e s s e d ahead of t h e o t h e r m e s s a g e s . T h i s i s 

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

t h e message c e n t e r . 

T h i s b r i e f d e s c r i p t i o n of t h e o p e r a t i o n of a t y p i c a l F i e l d Army 

Message C e n t e r i s t o s e r v e a s a f o u n d a t i o n on which t o b u i l d a model 

t o r e p r e s e n t t h e r e a l wor ld s y s t e m . 

Approach 

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

c h o i c e i n v o l v e s some a p p l i c a t i o n s of q u e u e i n g t h e o r y , s i n c e t h e o p e r a ­

t i o n of t h e message c e n t e r i n v o l v e s w a i t i n g l i n e s and s e r v i c e f a c i l i ­

t i e s . A l i t t l e r e s e a r c h i n t o t h e p r e s e n t u s e s and t h e " s t a t e of t h e 

a r t , " howeve r , i n d i c a t e s t h a t t h e c o n s t r u c t i o n of such an a n a l y t i c a l 

model i s n o t p o s s i b l e f o r t h i s s y s t e m , a s w i l l be e v i d e n t a s t h e 

e x p e r i m e n t i s d e s c r i b e d . F u r t h e r r e s e a r c h i n d i c a t e s t h a t an a c c e p t a b l e 

t e c h n i q u e f o r m o d e l i n g complex s y s t e m s where a n a l y t i c a l s o l u t i o n s a r e 

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

C a r l o m e t h o d s . 

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

p r o b l e m s : 

1 . S i n c e t h e s i m u l a t i o n r e q u i r e s an enormous number of a r i t h ­

m e t i c a l c a l c u l a t i o n s , a d i g i t a l computer i s a n e c e s s i t y . 
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2 . The programming i n v o l v e d i n a s i m u l a t i o n of t h i s t y p e u s i n g 

a g e n e r a l p u r p o s e l a n g u a g e i s a t e d i o u s and t i m e - c o n s u m i n g p r o c e s s . 

The f i r s t p rob lem was s o l v e d by t h e U n i v e r s i t y of G e o r g i a which 

o f f e r e d t h e u s e of i t s IBM 7094 c o m p u t e r ; t h e second by t h e u s e of a 

s p e c i a l programming l a n g u a g e d e v e l o p e d by t h e IBM C o r p o r a t i o n e n t i t l e d 

" G e n e r a l Pu rpose System S i m u l a t o r I I I (GPSS I I I ) " ( 2 5 ) . " 

With t h e d e c i s i o n made t o u se s i m u l a t i o n and w i t h t h e r e s o l u t i o n 

of t h e two p r o b l e m s a b o v e , t h e method of a p p r o a c h can be b r o k e n down 

i n t o two p h a s e s : 

1 . C o n s t r u c t i o n and v a l i d a t i o n of t h e m o d e l . 

2 . M a n i p u l a t i o n o f t h e model t o e v a l u a t e s y s t e m o p e r a t i o n u n d e r 

v a r i o u s s e t s of c o n d i t i o n s ( p a r a m e t e r v a l u e s ) . 

Assumpt ions 

To g i v e c r e d e n c e t o t h i s a p p r o a c h , c e r t a i n a s s u m p t i o n s must be 

made, a b o u t t h e r e a l w o r l d s y s t e m . Though t h e s e a s s u m p t i o n s may d i l u t e 

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

m o d e l i n g p r o c e s s . 

1 . The t i m e s be tween a r r i v a l s of messages a t t h e message c e n t e r 

a r e i n d e p e n d e n t random v a r i a b l e s which can be a p p r o x i m a t e d by a 

s t a t i s t i c a l d i s t r i b u t i o n . 

2 . S e r v i c e t i m e s f o r t h e v a r i o u s s t a t i o n s w i t h i n t h e message 

c e n t e r a r e i n d e p e n d e n t random v a r i a b l e s which can be a p p r o x i m a t e d by a 

The Bur roughs d i g i t a l computer s y s t e m a t G e o r g i a Tech does n o t 
have a GPSS I I I c a p a b i l i t y . GPSS I I I was programmed by IBM f o r IBM 
m a c h i n e s ; t h e r e f o r e , t h e U n i v e r s i t y of Geo rg i a was a s k e d f o r a s s i s t a n c e . 
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s t a t i s t i c a l d i s t r i b u t i o n . 

3 . The c a l l i n g p o p u l a t i o n i s i n f i n i t e . 

4 . A l l queues have t h e c a p a c i t y of c o n t a i n i n g an i n f i n i t e 

number of m e s s a g e s . 

5 . The a r r i v a l o f messages i s i n d e p e n d e n t o f t i m e . 

6 . A l l t e l e t y p e w r i t e r s y s t e m s a r e f u l l - d u p l e x . 

With t h e s e a s s u m p t i o n s made, t h e c o n s t r u c t i o n of a compute r 

s i m u l a t i o n and t h e s u b s e q u e n t e v a l u a t i o n of t h e d a t a becomes f e a s i b l e . 

The o b j e c t i v e of t h i s r e s e a r c h i s t o d e t e r m i n e r a n g e s f o r t h e v a l u e s 

of t h e v a r i o u s i n p u t p a r a m e t e r s which c a u s e t h e model t o behave i n an 

u n d e s i r a b l e manner . Once t h e s e v a l u e s a r e known, t h e model can be 

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

A f u l l - d u p l e x t e l e t y p e w r i t e r s y s t e m i s one t h a t i s c a p a b l e of 
t r a n s m i t t i n g o r r e c e i v i n g messages s i m u l t a n e o u s l y . 
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CHAPTER I I 

LITERATURE 

Army Communicat ions 

The h i s t o r y of communica t ions i n t h e U n i t e d S t a t e s Army i s l o n g 

and n o t of p a r t i c u l a r i m p o r t a n c e t o t h i s t h e s i s . The deve lopment of 

t h e c o n c e p t of p r e s e n t - d a y s y s t e m s i s of i m p o r t a n c e , howeve r , b e c a u s e 

i t was a d i r e c t r e s u l t of changes i n t h e c o n d u c t of w a r f a r e . 

Today t h e commander must d i r e c t amph ib ious l a n d i n g , 
c o o r d i n a t e a i r - d e l i v e r y of men and s u p p l i e s , c o n t r o l c l o s e 
a i r s u p p o r t , c a l l i n a r t i l l e r y f i r e s , o r o r d e r t h e f i n a l 
a s s a u l t on h i s u n i t ' s o b j e c t i v e , t o name a few modern 
r e q u i r e m e n t s f o r r a p i d and f a r - r e a c h i n g communica t i on . 

As l a t e a s World War I o n l y l i m i t e d use was made of 
e l e c t r i c a l communica t ions p i o n e e r e d d u r i n g t h e C i v i l War. 
However, t h e t e c h n i c a l improvements i n e l e c t r o n i c equ ipmen t 
and communica t ions t h a t o c c u r r e d be tween t h e World Wars 
g r e a t l y a c c e l e r a t e d t h e u se of s i g n a l communica t ions i n t h e 
Army, a n d , i n f a c t , made p o s s i b l e t h e c o n t r o l and c o o r d i n a ­
t i o n of t h e m a s s i v e combined a s s a u l t s on H i t l e r ' s E u r o p e , 
f o r e x a m p l e . But t h e r e i s s t i l l a need f o r improved communi­
c a t i o n s e q u i p m e n t . 

The b u r s t of t h e f i r s t a t o m i c bomb o v e r H i rosh ima i n 1945 
f o r e t o l d t h e need f o r b e t t e r communica t ion equ ipmen t i n t h e 
Army. As t h e y e a r s p a s s e d and t e c h n i q u e s were d e v e l o p e d t o 
f i t t h e r e q u i r e m e n t s of t h e t a c t i c a l a t o m i c weapons i n t h e 
Army, i t became e v i d e n t t h a t s m a l l e r , l i g h t e r , more r u g g e d , 
and more p o w e r f u l means of communica t ion were needed t o meet 
t h e n e e d s of t o d a y ' s a t o m i c - c a p a b l e f o r c e s . The d i s p e r s a l of 
manpower and m a t e r i e l , c o u p l e d w i t h i n c r e a s e d m o b i l i t y and f i r e ­
power , demand more and b e t t e r means of c o m m u n i c a t i o n s . 
( 1 8 , p . 6) 

As e a r l y a s World War I I . . . i t was found t h a t t h e s i g n a l 
t r o o p s o r g a n i c t o a F i e l d Army were n o t s u f f i c i e n t t o p r o v i d e 
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t h e a d m i n i s t r a t i v e communica t ions n e c e s s a r y f o r s e r v i c e 
s u p p o r t e l e m e n t s ^ . . . . To p r o v i d e t h i s , a d d i t i o n a l com­
m u n i c a t i o n teams were o b t a i n e d from t h e communica t ion zone*"*'* 
and from T h e a t r e , " " " o r g a n i z e d l o o s e l y i n t o a S i g n a l S e r v i c e 
B a t t a l i o n , and t h e n d i s p a t c h e d t o t h e many p o i n t s where 
s i g n a l s u p p o r t was r e q u i r e d . ( 3 9 , p . 6) 

T o g e t h e r w i t h advanced equipment and t h e o r g a n i z a t i o n of s i g n a l 

u n i t s i n t o t eams which were d e p l o y e d t h r o u g h o u t t h e army a r e a , a new 

c o n c e p t i n m i l i t a r y communica t ions was b o r n , t h e Army Area Communica­

t i o n Sys tem. 

The s y s t e m d i d n o t a c h i e v e i t s c u r r e n t c o n f i g u r a t i o n ( F i g u r e 1 ) , 

howeve r , u n t i l t h e end of t h e Korean War when i t was r e a l i z e d t h a t an 

even g r e a t e r demand f o r communica t ion was i n e v i d e n c e t h a n e v e r b e f o r e . 

As a r e s u l t , t h e Area Communicat ion System was expanded t o i n c l u d e n o t 

o n l y s u p p o r t u n i t s b u t a l s o combat u n i t s . 

The s y s t e m e x t e n d s from t h e r e a r of t h e f i e l d army a r e a 
t h r o u g h t h e combat zone and c o n n e c t s i n t o t h e d i v i s i o n 
commun ica t i ons s y s t e m . T h u s , t h e f i e l d army communica t ion 
sys t em w i l l t r a n s c e n d command b o u n d a r i e s . The army s i g n a l 
c e n t e r s a r e n o t a s s o c i a t e d w i t h any p a r t i c u l a r u n i t of 
command p o s t , b u t r a t h e r , p r o v i d e s u p p o r t t o a l l t r o o p s 
l o c a t e d i n t h e a r e a . They a r e p o s i t i o n e d i n t h e army a r e a 
a s r e q u i r e d by l o c a l g e o g r a p h y , g round l i n e s of c o m m u n i c a t i o n , 
and t r o o p p o p u l a t i o n d e n s i t y . ( 2 3 , p . 25) 

The i m p o r t a n c e t h a t t h e Army a t t a c h e s t o t h e Area Communicat ion 

System i s e v i d e n c e d by a p a r a g r a p h from t h e S t a f f O f f i c e r s F i e l d Manual , 

one of t h e most w i d e l y u s e d r e f e r e n c e s i n t h e Army: 

"Those u n i t s u n d e r t h e Army Commander t h a t a r e n o t d i r e c t l y c o n ­
f r o n t e d w i t h t h e enemy. 

""The a r e a d i r e c t l y t o t h e r e a r of t h e combat z o n e . 

The h e a d q u a r t e r s i n command of one o r more F i e l d A r m i e s . 
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A r e l i a b l e and v e r s a t i l e communica t ion s y s t e m i s manda to ry 
t o t h e accompl i shmen t of a commander ' s m i s s i o n . With such a 
communica t ion sys t em he i s a b l e t o u se p r o p e r l y h i s s t a f f 
a g e n c i e s and c o n t r o l h i s combat and s u p p o r t i n g f o r c e s . The 
r e l i a b i l i t y of t h e modern b a t t l e f i e l d communica t ion sys t em i s 
enhanced by t h e u se of t h e a r e a communica t ion s y s t e m . . . . 
Once a v e r s a t i l e and r e l i a b l e a r e a communica t ion s y s t e m i s i n 
o p e r a t i o n , t h e m a n i f o l d b e n e f i t s t o a commander and h i s s t a f f 
come i n t o f u l l p l a y . They u se a l l a v a i l a b l e and a p p r o p r i a t e 
communica t ion means t o c o o r d i n a t e and c o n t r o l t h e a c t i o n s of 
t h e command i n c l u d i n g d i r e c t v o i c e c o n t a c t , w r i t t e n communi­
c a t i o n s , r a d i o , t e l e p h o n e , t e l e t y p e w r i t e r , and t e l e v i s i o n . 
( 2 0 , p . 76) 

The b a s i c component of t h e Area Communicat ion System i s t h e 

S i g n a l Combat Area Company which h a s t h e m i s s i o n : "To i n s t a l l , o p e r a t e , 

and m a i n t a i n one a r e a s i g n a l c e n t e r of t h e army a r e a s i g n a l s y s t e m . " 

( 1 7 , p . 1 8 . ) The p e r s o n n e l and equ ipmen t a u t h o r i z a t i o n s a r e found i n 

TOE 11-87E d a t e d 27 A p r i l 1 9 6 1 . Th i s document a l s o c o n t a i n s t h e 

o r g a n i z a t i o n of t h e u n i t ( F i g u r e 2) on which much of t h e d i s c u s s i o n 

i n C h a p t e r I was b a s e d . 

The o p e r a t i o n of t h e S i g n a l Combat Area Company i s gove rned by 

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

e s t a b l i s h p r o c e d u r e s f o r t h e o p e r a t i o n o f t h e message c e n t e r . FM 2 4 - 1 7 , Tactical Communications Center Operations3 d a t e d 14 September 1 9 6 1 , 

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

t h a n t h e one u n d e r c o n s i d e r a t i o n , however : 

T h i s manual i s a g u i d e f o r p e r s o n n e l c o n c e r n e d w i t h t h e 
o p e r a t i o n of t a c t i c a l , communica t ions c e n t e r s a t a l l l e v e l s 
of command. . . . Th i s manua l p r e s e n t s g e n e r a l p r a c t i c e s and 
methods f o r p l a n n i n g , o r g a n i z i n g , and o p e r a t i n g t a c t i c a l 
communica t ions c e n t e r s and message c e n t e r s . ( 2 2 , p . 4) 

In a d d i t i o n , t h i s manual r e f e r e n c e s o t h e r p r o c e d u r e s and i n s t r u c ­

t i o n s which a r e more s p e c i f i c i n n a t u r e and p e r t a i n o n l y t o a p a r t i c u l a r 
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message c e n t e r , company or command. These a r e l i s t e d b e l o w : 

1 . S t a n d i n g O p e r a t i n g P r o c e d u r e s . An SOP i s a s e t of 
i n s t r u c t i o n s c o v e r i n g t h o s e f e a t u r e s of o p e r a t i o n s t h a t l e n d 
t h e m s e l v e s t o a d e f i n i t e s t a n d a r d i z e d p r o c e d u r e . . . . Each 
message c e n t e r has i t s own SOP t o p r e s c r i b e t h e d e t a i l s of 
e v e r y o p e r a t i o n t h a t t a k e s p l a c e i n c o n n e c t i o n w i t h t h e r e c e i p t , 
t r a n s m i s s i o n , and d e l i v e r y of m e s s a g e s . 

2 . S t a n d i n g S i g n a l I n s t r u c t i o n s . The SSI c o n t a i n s communi­
c a t i o n s , o p e r a t i n g p r o c e d u r e s and g e n e r a l i n s t r u c t i o n s and 
d i r e c t i v e s t h a t a r e r e l a t i v e l y pe rmanen t i n n a t u r e . . . . The 
message c e n t e r must have a c o m p l e t e copy of t h e SSI f o r r e a d y 
r e f e r e n c e . 

3 . S i g n a l O p e r a t i n g I n s t r u c t i o n s . The SOI i s an o r d e r o r 
s e r i e s of i n s t r u c t i o n s i s s u e d f o r t e c h n i c a l c o n t r o l and c o o r d i ­
n a t i o n of a l l s i g n a l communica t ion a g e n c i e s t h r o u g h o u t t h e 
command. I t c o n t a i n s o p e r a t i o n a l d a t a and i n s t r u c t i o n s t h a t 
a r e s u b j e c t t o p e r i o d i c o r f r e q u e n t c h a n g e . . . . The message 
c e n t e r must have a copy of t h e c u r r e n t SOI. ( 2 2 , p . 9) 

These t h r e e s e t s of i n s t r u c t i o n s a r e n o r m a l l y a l l t h a t a r e 

r e q u i r e d f o r t h e p r o p e r a d m i n i s t r a t i o n of t h e message c e n t e r . There 

a r e o t h e r s of a more g e n e r a l n a t u r e , b u t t h e y a r e n o t r e q u i r e d f o r 

d a y - t o - d a y o p e r a t i o n . 

The p r e p a r a t i o n of t h e m e s s a g e , t h e r e s p o n s i b i l i t y of t h e 

o r i g i n a t o r , i s p r e s c r i b e d i n AR 1 0 5 - 3 1 , Message Pre-pavation3 d a t e d 

19 August 1965 . Th i s Army R e g u l a t i o n s p e c i f i e s i n d e t a i l t h e manner 

i n which DD Form 1 7 3 , J o i n t Messageform ( F i g u r e 3 ) , i s t o be f i l l e d 

o u t and e m p h a s i z e s t h e i m p o r t a n c e of a s s i g n i n g t h e c o r r e c t p r e c e d e n c e 

and c l a s s i f i c a t i o n . 

The a s s i g n m e n t of p r e c e d e n c e t o a message i s t h e r e s p o n s i ­
b i l i t y of t h e o r i g i n a t o r , b a s e d on a d e t e r m i n a t i o n of t h e 
u r g e n c y of t h e s u b j e c t m a t t e r and t h e t ime f a c t o r s i n v o l v e d . 
P r e c e d e n c e c a t e g o r i e s a r e u s e d t o i n d i c a t e t h e r e l a t i v e o r d e r 
i n which one message i s p r o c e s s e d i n r e s p e c t t o a l l o t h e r 
m e s s a g e s . A message w i l l n o t be a s s i g n e d a p r e c e d e n c e h i g h e r 
t h a n n e c e s s a r y t o i n s u r e t h a t i t r e a c h e s a l l a d d r e s s e e s i n t i m e 
f o r accompl i shmen t of t h e a c t i o n i n t e n d e d . . . . 
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P r e c e d e n c e c a t e g o r i e s i n d i c a t e t o - -

1 . The o r i g i n a t o r - - t h e r e q u i r e d speed of d e l i v e r y t o t h e 
a d d r e s s e e . 

2 . Communicat ions and s t a f f message c o n t r o l p e r s o n n e l - -
t h e r e l a t i v e o r d e r of p r o c e s s i n g and d e l i v e r y . 

3 . The a d d r e s s e e — t h e r e l a t i v e o r d e r i n which he s h o u l d 
n o t e t h e m e s s a g e ; however , p r e c e d e n c e s have no d i r e c t e f f e c t 
on t h e t i m e t h a t a r e p l y must be s e n t . 

A p p r o p r i a t e u se of t h e v a r i o u s p r e c e d e n c e c a t e g o r i e s i s 
d e t e r m i n e d by c a r e f u l c o n s i d e r a t i o n of t h e f o l l o w i n g : 

1 . FLASH. The p r e c e d e n c e r e s e r v e d f o r i n i t i a l enemy c o n t a c t 
messages o r o p e r a t i o n a l combat messages of e x t r e m e u r g e n c y . 
B r e v i t y i s m a n d a t o r y . 

2 . IMMEDIATE. The p r e c e d e n c e r e s e r v e d f o r messages r e l a t i n g 
t o s i t u a t i o n s which g r a v e l y a f f e c t t h e s e c u r i t y o f n a t i o n a l / 
a l l i e d f o r c e s or p o p u l a c e , and which r e q u i r e immedia te d e l i v e r y 
t o t h e a d d r e s s e e ( s ) . 

3 . PRIORITY. The p r e c e d e n c e r e s e r v e d f o r messages which 
r e q u i r e e x p e d i t i o u s a c t i o n by t h e a d d r e s s e e ( s ) a n d / o r f u r n i s h 
e s s e n t i a l i n f o r m a t i o n f o r t h e c o n d u c t of o p e r a t i o n s i n p r o g r e s s 
when ROUTINE w i l l n o t s u f f i c e . 

4 . ROUTINE. The p r e c e d e n c e t o be used f o r a l l t y p e s of 
messages which j u s t i f y t r a n s m i s s i o n by r a p i d means u n l e s s of 
s u f f i c i e n t u r g e n c y t o r e q u i r e a h i g h e r p r e c e d e n c e . 

The o r i g i n a t o r i s r e s p o n s i b l e f o r d e t e r m i n i n g t h e p r o p e r 
s e c u r i t y c l a s s i f i c a t i o n f o r each message i n a c c o r d a n c e w i t h 
AR 3 8 0 - 5 . C l a s s i f i c a t i o n s h o u l d be b a s e d upon t h e c o n t e n t s 
of t h e message t e x t and n o t n e c e s s a r i l y w i t h r e g a r d t o t h e 
r e l a t i o n s h i p of t h e t e x t t o o t h e r c l a s s i f i e d m a t e r i a l . For 
e x a m p l e , a r e p l y t o a c l a s s i f i e d message need n o t be c l a s s i f i e d 
p r o v i d e d t h e t e x t of t h e r e p l y i t s e l f i s u n c l a s s i f i e d . Over -
c l a s s i f i c a t i o n imposes u n n e c e s s a r y b u r d e n s on a d m i n i s t r a t i v e 
and communica t ions e l e m e n t s by r e q u i r i n g a d d i t i o n a l p r o t e c t i v e 
h a n d l i n g , w h i l e u n d e r c l a s s i f i c a t i o n may r i s k d i s c l o s u r e of 
s e c u r i t y i n f o r m a t i o n . , The o r i g i n a t o r m u s t , t h e r e f o r e , s e l e c t 
t h e l o w e s t c l a s s i f i c a t i o n which i s c o n s i s t e n t w i t h t h e s e c u r i t y 
p r o t e c t i o n r e q u i r e d . ( 1 9 , p . 4 - 2 ) 

The Area Communicat ion System i s n o t t h e o n l y t a c t i c a l communica­

t i o n f a c i l i t y w i t h i n t h e F i e l d Army. Each C o r p s , D i v i s i o n , B r i g a d e , 

e t c . , have t h e i r own i n t e r n a l s y s t e m s f o r command and c o n t r o l . The 
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a r e a sys t em augments t h e s e o t h e r s y s t e m s by j o i n i n g them t o a c o m p o s i t e 

ne twork t h a t i s e x t r e m e l y r e l i a b l e and f l e x i b l e . In a d d i t i o n , t h e a r e a 

sys t em p r o v i d e s a means of i n t e g r a t i n g s e p a r a t e u n i t s i n t o t h e Army 

scheme of o p e r a t i o n s . Each Communicat ion C e n t e r can t h e r e f o r e have a s 

i t s " c u s t o m e r s " two t y p e s of u n i t s : combat (Armor, I n f a n t r y , A r t i l l e r y ) , 

o r combat s u p p o r t ( O r d n a n c e , M e d i c a l , Q u a r t e r m a s t e r , e t c . ) . 

S i m u l a t i o n 

The t e rm s i m u l a t i o n h a s had many meanings i n t h e p a s t . Each 

s c i e n t i s t who h a s had some i n f l u e n c e on i t s deve lopment h a s a p p l i e d 

h i s own d e f i n i t i o n , and t h e r e s u l t i s a c l a s s of v a g u e , o f t e n c o n ­

f l i c t i n g , i d e a s a b o u t j u s t what s i m u l a t i o n i s and what i t e n c o m p a s s e s . 

C. W. Churchman g i v e s t w o , somewhat p h i l o s o p h i c a l , d e f i n i t i o n s by 

s a y i n g t h a t : 

The t e r m s i m u l a t i o n p o s e s two q u i t e f a m i l i a r p h i l o s o p h i c a l 
p r o b l e m s . F i r s t , i t b e a r s a r e s e m b l a n c e t o such t e r m s a s 
" e x i s t e n c e , " " m a t t e r , " and "mind" i n t h a t i t i s n o t o n l y 
d i f f i c u l t t o say what t h i n g s b e l o n g t o i t , b u t i t i s a l s o 
d i f f i c u l t t o s a y what t h i n g s do n o t b e l o n g t o i t . E v e r y t h i n g 
t h e r e i s can be though of a s a s i m u l a t i o n of s o m e t h i n g . Second , 
t h e t e r m s i m u l a t i o n r a i s e s t h e o l d f a m i l i a r q u e s t i o n of t h e 
meaning of r e a l i t y b e c a u s e " t o s i m u l a t e " seems t o mean " t o 
r e p r e s e n t t h e r e a l by a m o d e l . " ( 8 , p . 12) 

And t h e n a more p r e c i s e d e f i n i t i o n : 

x s i m u l a t e s y i s t r u e i f and o n l y i f ( a ) x and y a r e f o r m a l 
s y s t e m s , ( b ) y i s t a k e n t o be t h e r e a l s y s t e m , ( c ) x i s t a k e n 
t o be an a p p r o x i m a t i o n t o t h e r e a l s y s t e m , and ( d ) t h e r u l e s 
of v a l i d i t y i n x a r e n o n - e r r o r - f r e e . ( 8 , p . 12) 

The i d e a of model b u i l d i n g i s a m p l i f i e d by D m i t r i s N. C h o r a f a s : 

Those u n i t s n o t a s s i g n e d t o a C o r p s , D i v i s i o n , e t c . 
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S i m u l a t i o n i n v o l v e s t h e c o n s t r u c t i o n of a work ing m a t h e m a t i c a l 
o r p h y s i c a l model p r e s e n t i n g s i m i l a r i t y of p r o p e r t i e s of r e l a ­
t i o n s h i p s w i t h t h e n a t u r a l o r t e c h n o l o g i c a l sys t em u n d e r s t u d y . 
( 7 , p . 9) 

And f u r t h e r by M a r t i n S h u b i k : 

A s i m u l a t i o n of a sys tem o r an o r gan i sm i s t h e o p e r a t i o n of 
a model o r s i m u l a t o r which i s a r e p r e s e n t a t i o n of t h e sys t em 
o r o r g a n i s m . The model i s amenable t o m a n i p u l a t i o n s which would 
be i m p o s s i b l e , t o o e x p e n s i v e o r i m p r a c t i c a l t o p e r f o r m on t h e 
e n t i t y i t p o r t r a y s . The o p e r a t i o n of t h e model can be s t u d i e d 
a n d , from i t , p r o p e r t i e s c o n c e r n i n g t h e b e h a v i o r of t h e a c t u a l 
sys t em o r i t s s u b s y s t e m s can be i n f e r r e d . ( 3 6 , p . 199) 

Though more r e s t r i c t i v e Thomas H. Nay lo r g i v e s a d e f i n i t i o n 

t h a t g i v e s c r e d i t a b i l i t y t o t h e u s e of t h e t e r m i n t h i s t h e s i s : 

S i m u l a t i o n i s a n u m e r i c a l t e c h n i q u e f o r c o n d u c t i n g e x p e r i ­
ments on a d i g i t a l c o m p u t e r , which i n v o l v e s c e r t a i n t y p e s o f 
m a t h e m a t i c a l and l o g i c a l models t h a t d e s c r i b e t h e b e h a v i o r of 
a b u s i n e s s o r economic s y s t e m ( o r some component t h e r e o f ) o v e r 
e x t e n d e d p e r i o d s of r e a l t i m e . ( 3 2 , p . 3) 

One of t h e n u m e r i c a l t e c h n i q u e s t h a t i s u s e d f o r c o n d u c t i n g 

e x p e r i m e n t s w i t h s i m u l a t i o n mode l s i s "Monte C a r l o a n a l y s i s " 

The Monte C a r l o method was p e r h a p s f i r s t c o n c e i v e d by Von 
Neuman and Ulan a s a method f o r i n v e r t i n g t h e p r o c e d u r e c l a s s i ­
c a l l y u s e d i n t h e s o l u t i o n of m a t h e m a t i c a l p r o b l e m s , and 
o b t a i n i n g a p p r o x i m a t e s o l u t i o n s t o t h e s ame 'by s i m u l a t i o n , 
u s i n g a p r o b a b i l i s t i c model and random s a m p l i n g . ( 3 3 , p . 106) 

Monte C a r l o s a m p l i n g i s a method of p r o v i d i n g s t o c h a s t i c i n p u t s t o t h e 

m o d e l . The v a l u e s a r e g e n e r a t e d by a r e l a t i o n 

X = F (RN) ( 1 ) 

where F i s t h e d i s t r i b u t i o n f u n c t i o n of X. A s e r i e s of random numbers 

which a r e d i s t r i b u t e d u n i f o r m l y be tween z e r o and one (0 < RN < 1) w i t h 

E(RN) = 0 . 5 , V(RN) = 1/12 s e r v e a s i n p u t t o ( 1 ) . These numbers can be 
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o b t a i n e d from a t a b l e o r t h e y can be g e n e r a t e d by a compute r u s i n g any 

number of m e t h o d s . I f a d i g i t a l compute r i s u s e d , t h e numbers a r e 

u s u a l l y c a l l e d pseudo- random numbers and t h e y behave i n a manner 

s i m i l a r t o random numbers i n t h a t t h e y a r e a p p r o x i m a t e l y u n i f o r m l y 

d i s t r i b u t e d and h o p e f u l l y i n d e p e n d e n t w i t h a mean of 0 . 5 and a v a r i a n c e 

of 1 /12 . The c l o s e n e s s of t h e a p p r o x i m a t i o n w i l l depend on t h e p a r ­

t i c u l a r method t h e programmer u s e s . The c o n g r u e n t i a l - m u l t i p l i c a t i v e 

method o r p o w e r - r e s i d u e method i s p r o b a b l y u t i l i z e d more t h a n any 

o t h e r . 

The r e s u l t s o b t a i n e d from t h e a p p l i c a t i o n of t h e Monte C a r l o 
s i m u l a t i o n a r e a p p r o x i m a t i o n s w i t h t h e a c c u r a c y i n v e r s e l y p r o ­
p o r t i o n a l t o t h e s q u a r e r o o t of t h e number of s i m u l a t i o n r e p l i ­
c a t i o n s employed . . . . ( 3 3 , p . 107) 

Hence , t h e number of samples t a k e n w i l l be a f a c t o r i n a c h i e v i n g 

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

The p r a c t i t i o n e r must d e c i d e w h e t h e r i t i s a d v i s a b l e t o u s e 
an e l e c t r o n i c compute r i n any p a r t i c u l a r s i t u a t i o n , and t h e r e 

. no doub t w i l l be some c a s e s where t h e u s e of hand c o m p u t a t i o n s 
and a s t a t i s t i c a l c l e r k w i l l e v i d e n t l y be c h e a p e r t h a n t h e 
deve lopmen t of a compute r p rog ram. ( 3 3 , p . , 107) 

For t h i s r e s e a r c h a compute r was a v a i l a b l e , a n d , s i n c e t h e compu­

t a t i o n t i m e by hand a p p e a r e d t o be e x c e s s i v e , i t was d e c i d e d t o p rogram 

t h e p rob lem f o r machine s o l u t i o n . The programming t i m e , even w i t h a 

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

s o l v e even a v e r y s m a l l p o r t i o n of t h e e x p e r i m e n t s p l a n n e d i f t h e y were 

done by h a n d . 

The s e l e c t i o n of a compute r l a n g u a g e f o r programming t h e s i m u l a ­

t i o n was d e p e n d e n t on t h e c a p a b i l i t i e s of a v a i l a b l e h a r d w a r e . S e v e r a l 

s p e c i a l p u r p o s e computer l a n g u a g e s have been d e v e l o p e d which make 
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s i m u l a t i o n programming e a s i e r and more c o m p r e h e n s i v e . Two of t h e most 

n o t a b l e of t h e s e a r e : SIMSCRIPT, a p r o d u c t of t h e Rand C o r p o r a t i o n , 

and G e n e r a l Purpose Systems S i m u l a t o r (GPSS I I I ) , d e v e l o p e d by IBM 

C o r p o r a t i o n . A number of o t h e r l a n g u a g e s have been w r i t t e n b u t t h e y 

a r e p r i m a r i l y f o r p a r t i c u l a r t y p e s of p rob l ems and do n o t have t h e 

g e n e r a l a p p l i c a b i l i t y of SIMSCRIPT and GPSS I I I . 

GPSS and SIMSCRIPT f a c i l i t a t e t h e p r e p a r a t i o n of s i m u l a t i o n 
p rog rams i n two ways : 

1 . They p r o v i d e a c o n v e n i e n t s e t of c o n c e p t s f o r t r a n s l a ­
t i n g t h e model from an o r d i n a r y word d e s c r i p t i o n t o a more 
r i g o r o u s and c o m p l e t e d e s c r i p t i o n from which i t i s e a s i e r t o 
w r i t e a computer p r o g r a m . T h i s s e t of c o n c e p t s i s t e rmed t h e 
"wor ld v i ew" of t h e l a n g u a g e . 

2 . They p r o v i d e a l a n g u a g e which i s p a r t i c u l a r l y s u i t e d 
f o r t r a n s f o r m i n g t h e above d e s c r i p t i o n of t h e model i n t o a 
compute r p r o g r a m . 

Both l a n g u a g e s a r e p r e d i c a t e d on t h e a s s u m p t i o n t h a t compute r 
t i m e i s i n e x p e n s i v e r e l a t i v e t o t h e c o s t of a p rogrammer . As 
s u c h , t h e y s u b s t a n t i a l l y r e d u c e t h e programming e f f o r t r e q u i r e d 
by s h i f t i n g much o f t h e t r a n s l a t i n g t a s k t o t h e c o m p u t e r . 
• (14 , p . 3) 

Both l a n g u a g e s o f f e r t h e a d v a n t a g e of s h o r t e r programming t i m e s 

when compared t o a g e n e r a l p u r p o s e l a n g u a g e such a s F o r t r a n o r A l g o l . 

A l though SIMSCRIPT was w r i t t e n f o r IBM m a c h i n e s , t h e s y s t e m s t a p e i s 

n o t a p a r t of t h e program p a c k a g e s which accompany IBM c o m p u t e r s . 

GPSS I I I , on t h e o t h e r h a n d , i s a v a i l a b l e t o o r g a n i z a t i o n s who own o r 

r e n t IBM mach ines a s a s e r v i c e of t h e C o r p o r a t i o n . For t h i s r e a s o n , 

GPSS I I I was chosen f o r t h e l a n g u a g e i n which t o model t h e s y s t e m . 

The GPSS I I I programmer r e q u i r e s o n l y two r e f e r e n c e m a n u a l s : 

1 . G e n e r a l Pu rpose System S i m u l a t o r I I I , I n t r o d u c t i o n : 

The p u r p o s e of t h i s manual i s t o p r o v i d e an i n t r o d u c t i o n t o 
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t h e u se of G e n e r a l Pu rpose Systems S i m u l a t o r I I I . I t i s 
w r i t t e n f o r t h o s e i n d i v i d u a l s who have n o t had p r e v i o u s 
s i m u l a t i o n e x p e r i e n c e . ( 2 5 , p . i i ) 

2 . G e n e r a l Pu rpose System S i m u l a t o r I I I , U s e r ' s Manual : 

T h i s manual g i v e s a d e t a i l e d e x p l a n a t i o n of t h e o p e r a t i o n 
of s i m u l a t i o n models w r i t t e n w i t h t h e G e n e r a l Pu rpose Systems 
S i m u l a t o r I I I . . . . 

I t i s assumed t h a t t h e r e a d e r i s t h o r o u g h l y f a m i l i a r w i t h 
G e n e r a l Pu rpose Systems S i m u l a t o r I I I - - I n t r o d u c t i o n . T h i s 
manual and t h e " I n t r o d u c t i o n " complement each o t h e r . The 
i n t r o d u c t i o n e n a b l e s t h e new u s e r of GPSS I I I t o d e v e l o p a 
b r o a d r a n g e of m o d e l s . I n e v i t a b l y , howeve r , t h e GPSS I I I 
u s e r w i l l e n c o u n t e r complex models which r e q u i r e a more 
d e t a i l e d u n d e r s t a n d i n g of t h e GPSS I I I p r o g r a m . Th i s manual 
s h o u l d r e s o l v e t h e numerous a n d , o f t e n t i m e s , f a s c i n a t i n g 
s u b l e t i e s which a r i s e i n GPSS I I I s i m u l a t i o n m o d e l s . ( 2 6 , p . 1) 

The d e t a i l s of how GPSS I I I was u s e d i n t h e model b u i l d i n g 

p r o c e s s w i l l be c o v e r e d i n t h e f o l l o w i n g c h a p t e r . The programming 

t i m e was c o n s i d e r a b l y l e s s t h a n i t would have been i f a g e n e r a l 

p u r p o s e l a n g u a g e such a s F o r t r a n o r A l g o l were u s e d . 

Army Communicat ions and S i m u l a t i o n 

I f we speak of communica t ions i n g e n e r a l and c o n s i d e r s i m u l a t i o n 

a s r e p r e s e n t i n g t h e r e a l by a m o d e l , t h e l i t e r a t u r e i s a b u n d a n t . S i n c e 

1 9 0 5 , when Mr. A. K. E r l a n g , an e n g i n e e r w i t h t h e Copenhagen t e l e p h o n e 

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

e f f e c t s of f l u c t u a t i o n s of incoming c a l l s on a s w i t c h b o a r d ( 3 1 , p . 2 ) , 

t o t h e p r e s e n t day u s e s of o p e r a t i o n r e s e a r c h t e c h n i q u e s on c o m p l i c a t e d 

communica t ion sys t ems and n e t w o r k s , t h e u s e s of s i m u l a t i o n have been 

many and v a r i e d . R e c e n t l y , h o w e v e r , t h e t e r m s i m u l a t i o n h a s come t o 

mean a " t e c h n i q u e f o r c o n d u c t i n g e x p e r i m e n t s on a d i g i t a l c o m p u t e r " 

( 3 2 , p . 3 ) . The m a j o r i t y of t h e work i n m o d e l i n g communica t ion p rob lems 
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h a s u s e d t h e t e rm i n t h i s s e n s e ( 1 , 3 , 4 , 6 , 9 , 1 1 , 1 6 , 2 7 , 2 9 , 3 4 , 3 5 , 

3 7 ) . Other , m o d e l i n g t e c h n i q u e s have been used t o a l i m i t e d e x t e n t ; 

n o t a b l e a r e l i n e a r and dynamic programming and gaming and q u e u e i n g 

t e c h n i q u e s ( 5 , 1 0 , 1 2 , 1 3 , 1 5 , 3 0 , 3 8 , 4 1 ) . G e n e r a l l y , s i m u l a t i o n i s 

c h o s e n o v e r o t h e r t e c h n i q u e s b e c a u s e of i t s a p p l i c a b i l i t y t o model a 

s y s t e m , i n i t s e n t i r e t y , i n a t i m e - v a r i a n t e n v i r o n m e n t . 

The u s e of s i m u l a t i o n i n t h e s t u d y of 'Army communica t i ons 

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

t u r e a v a i l a b l e on t h e s u b j e c t . T h i s does n o t imply t h a t no work h a s 

been done i n t h i s a r e a , o n l y t h a t t h e r e s u l t s have n o t been made 

a v a i l a b l e f o r p u b l i c u s e . In an a t t e m p t t o d e t e r m i n e t h e e x t e n t of 

r e s e a r c h i n t h i s a r e a t h r e e s t u d i e s were r e q u e s t e d from t h e o r i g i n a t i n g 

agency ( 5 , 1 1 , 42) and i n each c a s e t h e r e q u e s t was d e n i e d . 

The S i g n a l Corps c o n d u c t e d a s t u d y i n May, 1 9 6 3 , t o d e t e r m i n e 

t h e e f f e c t s of communica t ions on a t a c t i c a l s i t u a t i o n , and t h e e f f e c t s 

of t h e t a c t i c a l s i t u a t i o n on v a r i o u s communica t ion s y s t e m s . 

The S i g n a l Corps Ground Combat S i m u l a t o r i s a f u l l y com­
p u t e r i z e d , dynamic , two s i d e d , f r e e r u n n i n g model of ground 
combat be tween two f o r c e s up t o d i v i s i o n i n s i z e . I t i s a 
r e s e a r c h t o o l wh ich : 1 . p e r m i t s t h e d e t a i l e d o b s e r v a t i o n 
of communica t i ons e v e n t s i n a combat e n v i r o n m e n t , and 2 . 
p r o v i d e s a means of m e a s u r i n g , i n t e r m s of combat o u t c o m e s , 
t h e r e l a t i v e m e r i t of compe t ing communica t ions s y s t e m s 
c o n c e p t s . T a c t i c a l a c t i o n s of two d i v i s i o n s i n c o n f l i c t a r e 
d e t e r m i n e d by i n p u t d a t a which s p e c i f y t h e TOE, o r g a n i z a t i o n 
f o r c o m b a t , SOP, t a c t i c a l and o t h e r d o c t r i n e , m i s s i o n , t e r r a i n , 
e n v i r o n m e n t , and t h e s i g n a l s y s t e m . Any of t h e s e may be 
changed a t w i l l t o s t u d y t h e a b i l i t y of t h e communica t ion 
s y s t e m u n d e r a n a l y s i s t o s u p p o r t a wide r a n g e of t a c t i c a l 
a c t i o n . ( 6 ) 

The s i g n i f i c a n c e of t h i s s t u d y i s t h e r e a l i z a t i o n by t h e S i g n a l 

Corps of t h e a b i l i t y o f s i m u l a t i o n t o r e p l a c e c o s t l y f i e l d e x e r c i s e s 
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or combat a s a method of e v a l u a t i n g communica t ions s y s t e m s . H e r e t o f o r e , 

a l l b u t minor changes i n p r o c e d u r e s and s y s t e m s have been t h e r e s u l t of 

e x p e r i e n c e s o r t r i a l s i n f i e l d maneuvers o r combat s i t u a t i o n s . 



31 

CHAPTER I I I 

PROCEDURE 

I n t r o d u c t i o n 

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

i n t o two s e p a r a t e p h a s e s . The f i r s t p h a s e i s t h e t r a n s l a t i o n of t h e 

r e a l wor ld sys t em i n t o a r e p r e s e n t a t i v e model w i t h t h e s u b s e q u e n t 

v a l i d a t i o n o f t h a t model t o d e t e r m i n e how n e a r l y i t s i m u l a t e s t h e r e a l 

s y s t e m . The second phase i n v o l v e s e x p e r i m e n t a t i o n w i t h t h e b a s i c model 

t o t e s t i t s r e a c t i o n t o d i f f e r e n t e n v i r o n m e n t s ; and l i k e t h e f i r s t 

t h e r e w i l l be g e n e r a t i o n of d a t a and s t a t i s t i c s n e c e s s a r y f o r e v a l u a ­

t i o n . 

C o n s t r u c t i o n and V a l i d a t i o n of t h e Model: Phase I 

The t r a n s l a t i o n o f t h e s y s t e m d e s c r i b e d i n C h a p t e r I and 

d e p i c t e d i n F i g u r e 4 i n t o a g e n e r a l p u r p o s e compute r model employ ing 

GPSS I I I i s a s t r a i g h t f o r w a r d p r o c e d u r e , and t h i s was a c c o m p l i s h e d 

i n two s t e p s : 

The Flow Diagram 

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

w i t h i n t h e message c e n t e r i s c l e a r l y d e f i n e d by a p p r o p r i a t e Army 

R e g u l a t i o n s . The number and t y p e of w a i t i n g l i n e s and s e r v i c e f a c i l i -

The e n v i r o n m e n t p r o v i d e s t h e i n p u t t o t h e s y s t e m . In Phase 
I I t h e v a l u e s of t h e p a r a m e t e r s which make up t h e i n p u t w i l l be v a r i e d . 
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t i e s a r e g i v e n i n a Tab le of O r g a n i z a t i o n and Equipment ( 2 1 ) , and t h e 

p rocedure t o be used i n p r o c e s s i n g t h e v a r i o u s t y p e s of messages i s 

d e s c r i b e d i n d e t a i l i n FM 27-17 ( 2 2 ) . The c o n s t r u c t i o n of a GPSS I I I 

f low d i a g r a m i s t h e n a m a t t e r of m a t c h i n g t h e components and r o u t i n g 

p r o c e d u r e s of t h e message c e n t e r w i t h an a p p r o p r i a t e symbol t o r e p r e ­

s e n t t h a t a c t i v i t y o r p r o c e d u r e . The f low c h a r t d e v e l o p e d f o r t h i s 

sys t em i s c o n t a i n e d i n F i g u r e 5 . Each e n t i t y w i t h i n t h e d i ag ram i s 
A A 

d e n o t e d by a b l o c k number ( b e n e a t h t h e symbol) and a b r i e f e x p l a n a ­

t i o n of t h e b l o c k ' s m i s s i o n i n t h e mode l . 

A l t h o u g h most of t h e symbols a r e s e l f - e x p l a n a t o r y , a b r i e f 

d i s c u s s i o n of t h e i r f u n c t i o n i n t h e model i s w a r r a n t e d . The f i r s t 

b l o c k , e n t i t l e d GENERATE, c r e a t e s messages t o be p r o c e s s e d by t h e 

message c e n t e r . In t h e f i r s t p h a s e of t h e s t u d y t h e a s s u m p t i o n was 

made t h a t t h e i n t e r a r r i v a l t i m e s have an e x p o n e n t i a l d i s t r i b u t i o n . 

The d i s t r i b u t i o n f u n c t i o n of t h e e x p o n e n t i a l d i s t r i b u t i o n i s FN1 i n 

t h e GENERATE b l o c k . FN1 i s a r e f e r e n c e t o FUNCTION 1 , a d e f i n i t i v e 

e n t r y , which i s a s e t of 24 o r d e r e d p a i r s ( F ( t ) , t ) of number s . Each 

p a i r of t h e s e numbers d e n o t e s a p o i n t on t h e c u r v e of t h e e x p o n e n t i a l 

d i s t r i b u t i o n f u n c t i o n ( s e e F i g u r e 6 ) , 

F i g u r e 5 begins^ on page 33 and ends on page 4 1 . 
A A 

A b l o c k i s d e f i n e d a s a s e p a r a t e e n t i t y i n t h e GPSS I I I 
p r o g r a m . 

D e s c r i b e s o r d e f i n e s an a c t i v i t y o r a c t i o n w i t h i n t h e 
p r o g r a m . D e f i n i t i v e e n t r i e s a r e n o t a s s i g n e d b l o c k numbers and a r e 
n o t c o n s i d e r e d a p a r t of t h e o p e r a t i o n a l s e c t i o n of t h e p rog ram. O the r 
d e f i n i t i v e e n t r i e s , which w i l l be men t ioned l a t e r i n t h i s c h a p t e r a r e 
TABLE and VARIABLE s t a t e m e n t s . 



C r e a t e incoming messages w i t h 
i n t e r a r r i v a l t i m e s d i s t r i b u t e d 
by FUNCTION 1 and a mean of 
6 min . 

QUEUE 

2 

SEIZE 

3 

0 

DEP. <\RT 

4 

ADV; 
1 . 

\NCE 
F N 1 

Wait u n t i l SERVICE 1 
( S u p e r v i s o r Check) i s f r e e 

Take p o s s e s s i o n of SERVICE 1 , 

Leave QUEUE 1 . 

SERVICE 1 . S e r v i c e t i m e s 
d i s t r i b u t e d by FUNCTION 1 
w i t h a mean of 1 min . 

Ass ign p r e c e d e n c e s t o 
p a r a m e t e r 3 , d i s t r i b u t e d 
a c c o r d i n g t o FUNCTION 2 . 

Give p r e c e d e n c e s p r i o r i t y 
s t a t u s a c c o r d i n g t o P a r a m e t e r 3 

Leave SERVICE 1 . 

F i g u r e 5 . GPSS I I I Flow Diagram 
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QUEUE 

9 

PREEMPT 

10 

DEPART 
1 

11 

ADVANCE 
FN3, FN1 

IA 

12 

Wait u n t i l SERVICE 2 
(Message C e n t e r C l e r k ) i s f r e e 

I n t e r r u p t l o w e r p r e c e d e n c e 
messages i n SERVICE 2 
a c c o r d i n g t o p r i o r i t y s t a t u s . 

Leave QUEUE 2 . 

SERVICE 2 . S e r v i c e t i m e s 
d i s t r i b u t e d by FUNCTION 1 
w i t h a mean d e s i g n a t e d by FUNCTION 3 

P3.,K4 ASGNC 
I f P r i o r i t y s t a t u s i s l e s s 
t h a n 4 , send t o ASGNC; i f n o t 
send t o n e x t b l o c k . 

13 

1 , FN7 

ASSIGN 

14 

A s s i g n s e c u r i t y c l a s s i f i c a t i o n , 
t o messages w i t h P r i o r i t y 4 , 
a c c o r d i n g t o FUNCTION 7 . 

Send messages w i t h P r i o r i t y 4 
t o ASGND. 

F i g u r e 5 . GPSS I I I Flow Diagram ( C o n t i n u e d ) 
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1 , FN 5 

Q ASSIGN ) ASGNC 

16 

A s s i g n S e c u r i t y c l a s s i f i c a t i o n , 
t o messages w i t h p r i o r i t y 1 , 2 , 
and 3 , a c c o r d i n g t o FUNCTION 5 . 

| 2 , FN6 I 
Q ASSIGN^") ASGND 

17 

Ass ign d e s t i n a t i o n t o p a r a m e t e r 
2 a c c o r d i n g t o FUNCTION 6 . 

RETURN 

18 

W Leave SERVICE 2 . 

I f message i s c l a s s i f i e d , send t o 
CLAS; i f n o t , send t o n e x t b l o c k . 

I f QUEUE 4 l e s s t h a n QUEUE 3 , 
send message t o OTHER; i f n o t , 
s end t o n e x t b l o c k . 

Wait u n t i l SERVICE 3 ( u n c l a s s i f i e d 
t a p e c u t t e r ) i s f r e e . 

21 

PREEMPT A I n t e r r u p t lower p r e c e d e n c e 
messages i n SERVICE 3 acco rd ing 
t o p r i o r i t y s t a t u s . 

F i g u r e 5 . GPSS I I I Flow Diagram ( C o n t i n u e d ) 
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DEPART 3 
23 

ADVANCE 
FN4, FN1 

24 

RETURN 

25 

Leave QUEUE 3. 

SERVICE 3 . S e r v i c e t i m e s 
d i s t r i b u t e d by FUNCTION 1 w i t h 
a mean d e s c r i b e d by FUNCTION 4, 

Leave SERVICE 3 . 

Send t o t r a n s m i t t i n g p o i n t 
d e s i g n a t e d by P a r a m e t e r 2 . 

QUEUE 3 
27 

PREEMPT A 
28 

DEPART 

Wait u n t i l SERVICE 4 ( u n c l a s s i ­
f i e d t a p e c u t t e r ) i s f r e e . 

I n t e r r u p t l o w e r p r e c e d e n c e messages 
i n SERVICE 4 a c c o r d i n g t o p r i o r i t y 
s t a t u s . 

Leave QUEUE 4 

6 0 F i g u r e 5 . GPSS I I I Flow Diagram ( C o n t i n u e d ) 
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ADVANCE 
FN 4 , FN1 

30 

RETURN V 
31 

QUEUE 

33 
0 

PREEMPT 

SERVICE 4 . S e r v i c e t i m e s 
d i s t r i b u t e d by FUNCTION 1 w i t h 
a mean d e s c r i b e d by FUNCTION 4, 

Leave SERVICE 4 . 

Send t o t r a n s m i t t i n g p o i n t 
d e s i g n a t e d by P a r a m e t e r 2 . 

Wait u n t i l SERVICE 5 ( c l a s s i f i e d 
t a p e c u t t e r ) i s f r e e . 

I n t e r r u p t l ower p r e c e d e n c e messages 
i n SERVICE 5 a c c o r d i n g t o p r i o r i t y 
s t a t u s . 

34 

DEPART Leave QUEUE 5 . 
1 

35 

SERVICE 5 . S e r v i c e t i m e s d i s t r i b u t e d 
ADVANCE by FUNCTION 1 w i t h a mean of 20 min . 
2 0 , FN1 

by FUNCTION 

F i g u r e 5 . GPSS I I I Flow Diagram ( C o n t i n u e d ) 
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NOTE: 

Leave SERVICE 5 . 

Send t o t r a n s m i t t i n g p o i n t 
d e s i g n a t e d by P a r a m e t e r 2 . 

The f o l l o w i n g i s a t r a n s m i t t i n g 
p o i n t . There a r e t h r e e i n t h e 
m o d e l , each i d e n t i c a l t o t h e one 
d e s c r i b e d be low. 

QUEUE 3 
39 

PREEMPT A 
40 

DEPART 3 

Wait u n t i l SERVICE 6 ( t r a n s m i t t i n g 
p o i n t ) i s f r e e . 

I n t e r r u p t l o w e r p r e c e d e n c e messages 
i n SERVICE 6 a c c o r d i n g t o p r i o r i t y 
s t a t u s . 

Leave QUEUE 5 . 
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ADVANCE 
6,FN1 

SERVICE 6 . S e r v i c e t i m e s 
d i s t r i b u t e d by FUNCTION 1 
w i t h a mean of 6 min. 

42 

Leave SERVICE 6. 

Send t o T a b u l a t e S e c t i o n t o 
c a l c u l a t e t r a n s i t t i m e s . 

NOTE: The f o l l o w i n g i s t h e t a b u l a t i o n 
s e c t i o n of t h e m o d e l . I t s p u r p o s e 
i s t o c a l c u l a t e t h e t r a n s i t t i m e s 
f o r t h e v a r i o u s t y p e s of messages 
t h a t have been p r o c e s s e d . The s e c ­
t i o n shown i s f o r P r i o r i t y 4 m e s s a g e s . 
The re a r e s i m i l a r s e c t i o n s f o r t h e 
r e m a i n i n g p r i o r i t i e s . 

10 

TAB1 

P 3 , K4 

TEST 

FLASH I f p r i o r i t y s t a t u s i s e q u a l t o 4 , 
send t o FLASH; i f n o t , send t o 
n e x t b l o c k . 

57 

11 
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I f p r i o r i t y s t a t u s i s e q u a l t o 
3 , send t o IMMED; i f n o t , send 
t o n e x t b l o c k . 

PRIOR ' I f p r i o r i t y s t a t u s i s e q u a l t o 
— — — 2 , send t o PRIOR; i f n o t , send 

t o n e x t b l o c k . 

I f p r i o r i t y s t a t u s i s e q u a l t o 
1 , send t o ROUTE; i f n o t , send 
t o n e x t b l o c k . 

I f t h i s p r i o r i t y 4 message i s 
c l a s s i f i e d , send t o TABCF; i f 
n o t , send t o n e x t b l o c k . 

61 

TABULATE 
1 

62 
2b 

C a l c u l a t e t r a n s i t t i m e s f o r 
P r i o r i t y 4 , u n c l a s s i f i e d messages 

Send t o TABF t o d e t e r m i n e t h e 
t r a n s i t t i m e s f o r t h e t o t a l 
p r i o r i t y 4 m e s s a g e s . 
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12 

TABCF 

TABULATE 
1 

TABULATE 
1 

CM 

64 

TABF 

TABULATE 
1 

TABULATE 
1 

3 S 
65 

TABT 

TABULATE 
1 

84 

C a l c u l a t e t r a n s i t t i m e s f o r 
p r i o r i t y 4 c l a s s i f i e d messages 

C a l c u l a t e t r a n s i t t i m e s f o r 
a l l p r i o r i t y 4 m e s s a g e s . 

Send t o TABT t o d e t e r m i n e t r a n s i t 
t i m e s f o r a l l m e s s a g e s . 

C a l c u l a t e t r a n s i t t i m e s 
f o r a l l m e s s a g e s . 

R e l e a s e t h e message from t h e sys t em, 

F i g u r e 5 . GPSS I I I Flow Diagram ( C o n c l u d e d ) 
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F ( t ) = 1-e 

where t h e random v a r i a b l e i s t i m e and F ( t ) i s t h e p r o b a b i l i t y t h a t t h i s 

t i m e i s l e s s t h a n o r e q u a l t o some s p e c i f i e d v a l u e of t i m e , t . In c a l -
A 

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

TION 1 s e l e c t s a random number f o r F ( t ) where 0 < F ( t ) < 1 , and t h e n 

i n t e r p o l a t e s l i n e a r l y be tween a d j a c e n t p o i n t s t o a r r i v e a t a v a l u e f o r 

t . T h i s v a l u e of t i s t h e n m u l t i p l i e d by t h e mean s p e c i f i e d i n t h e 

GENERATE b l o c k , which i s i n t h i s c a s e s i x m i n u t e s , t o g i v e t h e t i m e 

be tween t h e p r e c e d i n g t r a n s a c t i o n and t h e one j u s t c r e a t e d . 

Each s e r v i c e f a c i l i t y i n t h e model i s c h a r a c t e r i z e d by a s e t 

of common b l o c k s which a r e u sed t o s i m u l a t e t h e w a i t i n g l i n e , t h e 

dependence on p r e c e d e n c e , and t h e d e l a y c a u s e d by p r o c e s s i n g . A 

t y p i c a l example i s S e r v i c e 4 , b l o c k 27 t h r o u g h 3 1 . As t r a n s a c t i o n s a r e 

r e l e a s e d from S e r v i c e 2 t h e y e n t e r QUEUE 4 t o be h e l d o r p r o c e s s e d , 

d e p e n d i n g on t h e s t a t u s of t h e q u e u e . T r a n s a c t i o n s a r e a r r a n g e d by 

p r e c e d e n c e w i t h i n t h e b l o c k so t h a t when t h e s e r v i c e f a c i l i t y i s f r e e , 

t h o s e w i t h h i g h e r p r e c e d e n c e a r e p r o c e s s e d f i r s t . The PREEMPT b l o c k 

p r o v i d e s a means of i n t e r r u p t i n g t h e s e r v i c e of a t r a n s a c t i o n when t h e 

p r e c e d e n c e of a message i n t h e w a i t i n g l i n e i s h i g h e r t h a n t h a t of t h e 

message b e i n g s e r v i c e d . The DEPART b l o c k m e r e l y r e d u c e s t h e number of 

t r a n s a c t i o n s i n t h e queue by o n e . The ADVANCE b l o c k i s t h e s e r v i c e 

f a c i l i t y , and i t d e l a y s t r a n s a c t i o n s f o r a p e r i o d of t ime d e p e n d e n t on 

FN4 (FUNCTION 4) and FN1 (FUNCTION 1 ) . FUNCTION 4 i s p l o t t e d i n F i g u r e 

A t r a n s a c t i o n i n t h i s model i s d e f i n e d a s a m e s s a g e . 
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8. I t d e t e r m i n e s t h e mean v a l u e of s e r v i c e t i m e s which a r e a f u n c t i o n 

of t h e l e n g t h of QUEUE 4 . As i n t h e GENERATE b l o c k , t h e s e r v i c e t i m e s 

a r e t h e p r o d u c t of t h e mean and some t i m e , t , d e t e r m i n e d by t h e i n v e r s e 

of F ( t ) , FUNCTION 1 . The mean s e r v i c e t i m e s f o r t h e v a r i o u s f a c i l i t i e s 

a r e i n Tab le 1 . The RETURN b l o c k a c t s as a s i g n a l t o n o t i f y t h e o t h e r 

b l o c k s t h a t s e r v i c e i s c o m p l e t e d and t h a t t h e ADVANCE b l o c k i s v a c a n t . 

T a b l e 1 . F a c i l i t y S e r v i c e Times 

Mean 
F a c i l i t y A c t i o n S e r v i c e Time 

S e r v i c e 1 I n s p e c t i o n by S u p e r v i s o r 1 Min. 
E n t e r i n Message C e n t e r Log 2 - 3 Min. 

3 Cut U n c l a s s i f i e d T e l e t y p e Tape 4 - 8 Min. 
4 Cut U n c l a s s i f i e d T e l e t y p e Tape 4 - 8 Min. 
5 Cut C l a s s i f i e d T e l e t y p e Tape 20 Min. 
6 T r a n s m i t 6 Min. 
7 T r a n s m i t 6 Min. 
8 T r a n s m i t 6 Min. 

These f i v e b l o c k s a r e common t o a l l s e r v i c e f a c i l i t i e s where 

p r e c e d e n c e s d e t e r m i n e t h e o r d e r of s e r v i c e . The f i r s t g roup of b l o c k s 

i n t h e f low d i a g r a m , t h o s e which p e r t a i n t o S e r v i c e 1 , i s t h e o n l y 

e x c e p t i o n i n t h e p r o g r a m . Here t r a n s a c t i o n s a r e p r o c e s s e d on a f i r s t -

come - f i r s t - s e r v e d b a s i s . , 

There a r e o t h e r b l o c k s w i t h i n t h e program which p r o v i d e i n f o r m a ­

t i o n and d i r e c t i o n f o r t h e f low of t r a n s a c t i o n s . One which i s of 

i n t e r e s t i s t h e ASSIGN b l o c k . There a r e f o u r i n t h e p r o g r a m . The f i r s t , 

b l o c k 6 i n F i g u r e 5 , a s s i g n s t h e p r e c e d e n c e of each m e s s a g e , i n a random 
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m a n n e r , t o P a r a m e t e r 3 i n a c c o r d a n c e w i t h FUNCTION 2 ( F i g u r e 9 ) . The 

s e c o n d , b l o c k 1 4 , a s s i g n s t h e c l a s s i f i c a t i o n ( t o t h o s e messages w i t h 

a p r i o r i t y s t a t u s of 4) t o P a r a m e t e r 1 i n a c c o r d a n c e w i t h FUNCTION 7 

( F i g u r e 1 0 ) . The t h i r d , b l o c k 1 6 , a s s i g n s t h e c l a s s i f i c a t i o n ( t o 

t h o s e messages w i t h a p r i o r i t y s t a t u s l e s s t h a n 4) t o P a r a m e t e r 1 i n 

a c c o r d a n c e w i t h FUNCTION 5 ( F i g u r e 1 1 ) . The f o u r t h , b l o c k 1 7 , a s s i g n s 

t h e d e s t i n a t i o n t o each message i n a c c o r d a n c e w i t h FUNCTION 6 ( F i g u r e 

1 2 ) . These p a r a m e t e r s a r e t h e n r e f e r e n c e d a t an a p p r o p r i a t e p l a c e i n 

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

For e x a m p l e , t h e f o u r t h ASSIGN b l o c k w i l l p l a c e i n P a r a m e t e r 2 t h e 

number 3 9 , 4 5 , o r 5 1 . These a r e t h e b l o c k numbers r e l a t i n g t o t h e 

t h r e e t r a n s m i t t i n g f a c i l i t i e s which s i m u l a t e t h e t r a n s m i s s i o n of 

messages t o one of t h e t h r e e l o c a t i o n s . When t h e t r a n s a c t i o n s r e a c h 

t h e p o i n t i n t h e program where P a r a m e t e r 2 i s r e f e r e n c e d , t h e y a r e s e n t 

t o t h e b l o c k number which h a s been a s s i g n e d t o t h a t p a r a m e t e r . 

No a d d i t i o n a l programming i s r e q u i r e d t o d e t e r m i n e t h e v a r i o u s 

s t a t i s t i c a l d a t a a s s o c i a t e d w i t h queues and f a c i l i t i e s . The GPSS I I I 

s y s t e m package c o m p u t e s : t h e p e r c e n t a g e u t i l i z a t i o n , t h e t o t a l number 

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

a t r a n s a c t i o n f o r each f a c i l i t y ; and t h e maximum c o n t e n t s , t h e a v e r a g e 

c o n t e n t s , t o t a l number of z e r o e n t r i e s , p e r c e n t a g e of z e r o s ( p e r c e n t a g e 

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

t r a n s a c t i o n s which had t o w a i t f o r each queue a r e a l s o p r o v i d e d . 

In t h i s p r o b l e m , a d d i t i o n a l i n f o r m a t i o n ' i s r e q u i r e d c o n c e r n i n g 

t h e t ime messages spend i n t h e s y s t e m , i . e . , t r a n s i t i o n o r t r a n s i t t i m e s . 
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.4 .5 .6 
RANDOM NUMBER 

F i g u r e 9 . FUNCTION 2 - - A s s i g n P r e c e d e n c e 

RANDOM NUMBER 

F i g u r e 1 0 . FUNCTION 7 - - A s s i g n C l a s s i f i c a t i o n t o F l a s h Measures 
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For t h i s , a TABULATE b l o c k d e s i g n a t i n g a s p e c i f i c TABLE i s u s e d . The 

model i s d e s i g n e d t o compute t h e t r a n s i t i o n t i m e s f o r : each of t h e 

e i g h t t y p e s of messages which a r e g e n e r a t e d , i . e . , F l a s h ( c l a s s i f i e d 

and u n c l a s s i f i e d ) , e t c . ; t h e t o t a l t r a n s i t i o n t i m e s f o r each p r e c e d e n c e ; 

and t h e t o t a l t r a n s i t i o n t i m e s f o r a l l m e s s a g e s . 

The r e m a i n i n g b l o c k s i n t h e f low c h a r t a r e s e l f - e x p l a n a t o r y o r 

a r e s i m i l a r t o t h o s e men t ioned above and w i l l n o t be d i s c u s s e d . The 

t r a n s f e r of t h e f low c h a r t t o a form a c c e p t a b l e t o a d i g i t a l compu te r 

i s t h e second s t e p i n t h e c o n s t r u c t i o n of t h e mode l . 

The Computer Program 

The d e t a i l s f o r t h e c o m p i l a t i o n of t h e compute r program w i l l n o t 

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

and i s c o v e r e d t h o r o u g h l y i n ( 2 5 ) . Appendix A c o n t a i n s a p r i n t o u t of 

t h e c o m p l e t e d p rog ram. The c o n t r o l c a r d s r e q u i r e d a t t h e b e g i n n i n g and 

end of t h e p rogram a r e g i v e n i n ( 2 5 , p . 95) f o r b o t h t h e IBM 7040 and 

7094 . The 7094 was u s e d i n t h i s r e s e a r c h b e c a u s e of a v a i l a b i l i t y and 

b e c a u s e r u n n i n g t i m e i s t h r e e t o f o u r t i m e s lower t h a n t h a t of t h e 
A 

7 0 4 0 . " 

Upon c o m p l e t i o n of t h e m o d e l , c e r t a i n a s s u m p t i o n s must be made 

a b o u t i t s r e l a t i o n w i t h t h e r e a l wor ld s y s t e m . That i s , t h e m a t h e ­

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

r e p r e s e n t t h e a c t i o n of t h e e n v i r o n m e n t on t h e sys t em and t h e s u b s e q u e n t 

r e a c t i o n of t h e sys tem t o t h e e n v i r o n m e n t must be d e t e r m i n e d . In t h i s 

An e s t i m a t e g i v e n by Mr. S t e v e L a n e , an IBM Systems e n g i n e e r . 
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f i r s t p h a s e , p a r t i c u l a r f u n c t i o n s and p a r t i c u l a r p a r a m e t e r v a l u e s were 

s e l e c t e d t o , a p p r o x i m a t e a c t u a l e v e n t s . A l though e m p i r i c a l d a t a a r e 

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

f o r e i m p o s s i b l e . A n o t h e r p o i n t t o be made h e r e i s t h a t t h e p a r a m e t e r s 

and d i s t r i b u t i o n s would v a r y be tween message c e n t e r s i n t h e communica­

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

a l l f u n c t i o n s of t h e p a r t i c u l a r t a c t i c a l a n d ' l o g i s t i c a l u n i t s t h e 

Communicat ion C e n t e r i s s u p p o r t i n g . The p r o b a b i l i t y t h a t two o r more 

Communicat ion C e n t e r s a r e s u p p o r t i n g e x a c t l y t h e same t y p e of u n i t s 

would be r e l a t i v e l y s m a l l when c o n s i d e r i n g t h e many d i f f e r e n t o r g a n i ­

z a t i o n s w i t h i n t h e Army a r e a . 

The p r i m a r y o b j e c t i v e of t h i s f i r s t p h a s e i s t h e c o n s t r u c t i o n 

of a b a s i c model which w i l l l a t e r be used i n a d e t a i l e d s t u d y of t h e 

message c e n t e r ' s b e h a v i o r u n d e r c h a n g i n g c o n d i t i o n s . The v a l u e of t h e 

p a r a m e t e r s and t h e forms of t h e d i s t r i b u t i o n s a r e u n i m p o r t a n t a t t h i s 

p o i n t ; howeve r , i n Phase I I ( e x p e r i m e n t a t i o n ) t h e y w i l l be a l t e r e d t o 

p r o v i d e a more g e n e r a l a n a l y s i s . 

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

mode l . In t h i s d i s c u s s i o n s p e c i f i c r e s u l t s of t h e i n i t i a l compute r 

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

t h e a c c e p t a b i l i t y of t h e model f o r f u r t h e r e x p e r i m e n t a t i o n . These 

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

o n l y i n t h a t t h e y use t h e same b a s i c model f o r t h e g e n e r a t i o n of d a t a . 

The i n i t i a l computer r u n ( t h e p rogram of t h e b a s i c model and 

t h e r e s u l t i n g d a t a ) i s c o n t a i n e d i n Appendix A. To e l i m i n a t e t r a n s i e n t 
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e f f e c t s , 200 t r a n s a c t i o n s were p r o c e s s e d t h r o u g h t h e model t o r e a c h 

s t e a d y - s t a t e , c o n d i t i o n s . Then a l l queue e n t r y c o u n t s and f a c i l i t y 

c o u n t s were r e s e t t o t h e c u r r e n t v a l u e and a l l a c c u m u l a t e d s t a ­

t i s t i c s were r e s e t t o z e r o . One t h o u s a n d t r a n s a c t i o n s were t h e n 

p r o c e s s e d t o y i e l d t h e r e s u l t s f o r t h e t e s t of t h e mode l . Of p a r t i c u l a r 

s i g n i f i c a n c e a r e t h e t r a n s i t t i m e s f o r v a r i o u s t y p e s of messages ( s e e 

F i g u r e 1 3 ) . I t i s e v i d e n t t h a t t h e lower t h e ' p r e c e d e n c e t h e l o n g e r 

t h e message r e m a i n s in t h e s y s t e m . Th i s i s e x p e c t e d s i n c e t h e model 

i s d e s i g n e d t o p r o c e s s h i g h e r p r e c e d e n c e messages p r i o r t o t h o s e w i t h 

a l o w e r p r e c e d e n c e . F u r t h e r i n s p e c t i o n shows t h a t c l a s s i f i e d messages 

r e m a i n i n t h e sys t em l o n g e r t h a n u n c l a s s i f i e d m e s s a g e s . The main 

r e a s o n f o r t h i s i s t h e f a c t t h a t t h e t a s k of e n c r y p t i n g a message i s 

an added s t e p i n p r o c e s s i n g and i t r e q u i r e s c o n s i d e r a b l y more t i m e ; 

a s a r e s u l t , t h e w a i t i n g t i m e i n t h e queue (Queue 5) i s h i g h compared 

t o t h e o t h e r q u e u e s . 

In t h i s t e s t t h e mean p r o c e s s i n g t ime f o r each t y p e of message 

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

p e r s o n n e l . Tab le 2 i n d i c a t e s t h e t i m e r e q u i r e d f o r p a r t i c u l a r t y p e s 

of m e s s a g e s t o be p r o c e s s e d , i . e . , t h e t i m e e l a p s e d from r e c e i p t a t 

t h e o r i g i n a t i n g message c e n t e r t o d e l i v e r y t o t h e a d d r e s s e e . The t i m e 

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

a t 75 p e r c e n t of t h e s e v a l u e s and i s l i s t e d i n Tab le 3 . 

A c u m u l a t i v e c o u n t of t r a n s a c t i o n s . 
A A 

A c u m u l a t i v e coun t o f t r a n s a c t i o n s e n t e r i n g t h e f a c i l i t i e s . 
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130-

1 1 r 
1 2 3 

PRECEDENCE NUMBER 

F i g u r e 1 3 . Mean T r a n s i t Times i n Minu te s f o r each P r e c e d e n c e 
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Tab le 2 . Maximum Mean P r o c e s s i n g Times 

PRECEDENCE 
PRECEDENCE 

NUMBER 
SPEED OF 
SERVICE 

FLASH 
IMMEDIATE 
PRIORITY 
ROUTINE 

As f a s t a s p o s s i b l e 
30 Minu tes t o one h o u r 
1 - 5 Hours 
3 - 8 Hours 

Tab le 3 . Maximum Mean T r a n s i t Times 

PRECEDENCE 
PRECEDENCE 

NUMBER 
SPEED OF 
SERVICE * 

FLASH 
IMMEDIATE 
PRIORITY 

ROUTINE 

As f a s t a s humanly p o s s i . 
Not more t h a n 45 m i n u t e s 
Not more t h a n 3 h o u r s and 

45 m i n u t e s 
Not more t h a n 6 h o u r s 

T a b l e 13 i n Appendix A shows t h e t r a n s i t t i m e s f o r t h e t o t a l of 

1 ,000 m e s s a g e s . Of p a r t i c u l a r i n t e r e s t i s t h e r e l a t i v e l y h i g h s t a n d a r d 

d e v i a t i o n . As w i l l be s een i n l a t e r e x p e r i m e n t s , t h i s i s t h e c a s e where 

a l a r g e p o r t i o n of t h e messages have a low p r e c e d e n c e (50 p e r c e n t 

R o u t i n e i n t h i s m o d e l ) . Morse e x p l a i n s t h i s f o r a t w o - p r i o r i t y s y s t e m 

( 3 1 , p p . 1 2 8 - 1 3 3 ) a s b e i n g t h e r e s u l t of i n c r e a s e d d e l a y t i m e s f o r t h e 

n o n - p r i o r i t y t r a n s a c t i o n s ' . T h i s o c c u r r e n c e i s more e v i d e n t when 

" T h i s t a b l e was e x t r a c t e d , i n p a r t , from ( 2 4 , p . 4 4 9 ) . 

The maximum a c c e p t a b l e mean s e r v i c e t i m e f o r t h e p r o c e s s i n g 
of messages w i t h i n t h e o r i g i n a t i n g message c e n t e r . 
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c o n s i d e r i n g t h e c o e f f i c i e n t of v a r i a t i o n ( s t a n d a r d d e v i a t i o n T mean) 

f o r t h e t r a n s i t t i m e s of each p r e c e d e n c e ( F i g u r e 1 4 ) . Th i s i n d i c a t e s 

t h a t even though t h e mean i n c r e a s e s f o r t h e l ower p r e c e d e n c e s , t h e 

s t a n d a r d d e v i a t i o n i n c r e a s e s a t a f a s t e r r a t e . 

Phase I of t h e p r o c e d u r e i s t h u s d e s c r i b e d . The model was c o n ­

s t r u c t e d and t e s t e d , and i t p e r f o r m e d i n a manner a c c e p t a b l e a s an 

a p p r o x i m a t i o n t o a r e a l wor ld s y s t e m o p e r a t i n g u n d e r s i m i l a r c o n d i t i o n s . 

Th i s v a l i d a t i o n i s s u b j e c t i v e , and i t i s l a r g e l y b a s e d on t h e e x p e r i e n c e 

of t h e r e s e a r c h e r . 

E x p e r i m e n t a t i o n : Phase I I 

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

a r e r e s t a t e d i n t e r m s of what t h e Army S i g n a l O f f i c e r must know a b o u t 

t h e sys t em and t h e e n v i r o n m e n t p r i o r t o c o m m i t t i n g a Communicat ion 

C e n t e r t o an a r e a of r e s p o n s i b i l i t y . I d e a l l y , t h i s i n f o r m a t i o n i s : 

1 . The e x p e c t e d t i m e be tween a r r i v a l s f o r messages e n t e r i n g 

t h e message c e n t e r a l o n g w i t h an e s t i m a t e of an. a p p r o x i m a t e p r o b a b i l i t y 

d i s t r i b u t i o n . 

2 . The p e r c e n t a g e of messages t h a t a r e c l a s s i f i e d . 

3 . The p r e c e d e n c e mix . 

4 . The o r g a n i z a t i o n of t h e message c e n t e r , i . e . , t h e p e r s o n n e l 
A 

and equipment a v a i l a b l e t o t h e Message C e n t e r O f f i c e r . 

A 

T h i s i n f o r m a t i o n i s u s u a l l y a v a i l a b l e i n t h e a p p r o p r i a t e TOE; 
however , t h e r e a r e o t h e r documents t h e S i g n a l O f f i c e r must c o n s u l t . 
In t h i s c a s e , a v e r y i m p o r t a n t r e p o r t i s an equ ipment s t a t u s r e p o r t 
which l i s t s a l l a u t h o r i z e d e q u i p m e n t , a n d , i n a d d i t i o n , s e r v i c e a b l e 
and u n s e r v i c e a b l e equ ipmen t f o r p a r t i c u l a r u n i t s . T h e r e f o r e , even 
though a message c e n t e r i s a u t h o r i z e d c e r t a i n i t e m s , t h e y may n o t a l l 
be a v a i l a b l e . 
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F i g u r e 1 4 . The C o e f f i c i e n t of V a r i a t i o n of t h e 
T r a n s i t Times f o r each P r e c e d e n c e 



56 

5 . An e s t i m a t e of t h e a b i l i t y of t h e message c e n t e r t o p r o c e s s 

t h e i n p u t w i t h i n t h e c r i t e r i a e s t a b l i s h e d i n Tab le 3 . 

P a r a g r a p h 5 above i s a s u c c i n c t s t a t e m e n t of t h e o b j e c t i v e of 

t h e t h e s i s . By u s i n g t h e model c o n s t r u c t e d i n Phase I and v a r y i n g 

t h e i n p u t ( d e t e r m i n e d by 1 , 2 , and 3 a b o v e ) t h e a b i l i t y of a p a r t i c u l a r 

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

t i o n s ) can be approximated . -

To i n s u r e a t h o r o u g h u n d e r s t a n d i n g of t h e r e l a t i o n s h i p s which 

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

assume i n t h e e n s u i n g e x p e r i m e n t s , c o n s i d e r t h e f o l l o w i n g : 

1 . D i s t r i b u t i o n of i n t e r a r r i v a l t i m e s : The a s s u m p t i o n h a s been 

made t h a t t h e i n t e r a r r i v a l t i m e s a r e i n d e p e n d e n t random v a r i a b l e s 

d e s c r i b e d by some p r o b a b i l i t y d i s t r i b u t i o n . For t h i s r e s e a r c h t h e 

Gamma d e n s i t y f u n c t i o n 

f ( t ) = ( A t ) r _ 1 e " X t f o r t > 0 

and f ( t ) = 0 f o r t < 0 , 

was chosen t o a p p r o x i m a t e t h e i n t e r a r r i v a l t i m e s . T h i s i s a t w o -

p a r a m e t e r f a m i l y of c u r v e s where r i s t h e shape p a r a m e t e r and A i s t h e 

r r 
s c a l e p a r a m e t e r . The mean i s E ( t ) = -p a n ( ^ f n e v a r i a n c e i s V ( t ) = -^y 

The t e r m effectively o r effectvve i s u s e d t h r o u g h o u t t h i s t h e s i s 
t o d e s c r i b e t h e a b i l i t y of t h e s y s t e m t o p r o c e s s m e s s a g e s . The sys t em 
i s c o n s i d e r e d t o be o p e r a t i n g e f f e c t i v e l y i f t h e mean p r o c e s s i n g t i m e s 
a r e w i t h i n t h e c r i t e r i a s p e c i f i e d i n Tab le 3, and i s c o n s i d e r e d t o be 
o p e r a t i n g i n e f f e c t i v e l y i f t h e mean p r o c e s s i n g t i m e s exceed t h e s e 
c r i t e r i a . 
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( 2 , p . 8 4 ) . When r = 1 , t h e gamma d i s t r i b u t i o n becomes t h e e x p o n e n t i a l 

d i s t r i b u t i o n . When r i s a p o s i t i v e i n t e g e r , t h e Gamma i s i d e n t i c a l t o 

t h e E r l a n g d i s t r i b u t i o n ( 3 2 , p . 8 8 ) . Th i s i s an i m p o r t a n t c o n c e p t 

s i n c e t h e d i s t r i b u t i o n f u n c t i o n of t h e Gamma does n o t e x i s t i n c l o s e d 

form. T h e r e f o r e , t o g e n e r a t e Gamma random v a r i a t e s , g e n e r a t e E r l a n g 

v a r i a b l e s by summing r i n d e p e n d e n t e x p o n e n t i a l v a r i a t e s , t ^ , t , t , 

each w i t h t h e same e x p e c t e d v a l u e , 1/A. The 1 Gamma v a r i a t e can t h e n be 

e x p r e s s e d a s , 

r 
t = 1/A t. + 1/A t + + 1/A t = 1/A t 1 2 r . L r i = l 

where each t . i s randomly s e l e c t e d from t h e e x p o n e n t i a l d i s t r i b u t i o n 
1 - t . 

f u n c t i o n , F ( t . ) = 1 - e . F ( t . ) i s a s s i g n e d a random number RN, l l to 

0 < RN < 1 and each t . i s c a l c u l a t e d from t . = £ n . [ l - R N ] , t h e i n v e r s e 
i l 

f u n c t i o n . 

The g e n e r a t i o n of t h e s e v a r i a t e s i n GPSS I I I t u r n s o u t t o be 

a r e l a t i v e l y s i m p l e p r o c e s s . S p e c i f y i n g two e x p o n e n t i a l d i s t r i b u t i o n 

f u n c t i o n s a s F ( t ) and F ^ ( t ) and m u l t i p l y i n g each v a l u e i n t h e s e f u n c -
3 * 

t i o n s by a m u l t i p l e of 1 0 , say 10 , so t h a t a l l v a l u e s a r e i n t e g e r s 

we d e v e l o p two a s s o c i a t e d f u n c t i o n s ( c a l l them G ^ ( t ) and G ^ t ) ) . N e x t , 

d e f i n e a v a r i a b l e (V^) a s = G ^ ( t ) + G ^ ( t ) ( f o r t h e c a s e where 

r = 2 ) . 

A l l a r i t h m e t i c a l o p e r a t i o n s i n v a r i a b l e s t a t e m e n t s i n GPSS I I I 
t r u n c a t e numbers t o t h e n e a r e s t i n t e g e r p r i o r t o p e r f o r m i n g t h e d e s i g ­
n a t e d o p e r a t i o n ( 2 5 , p . 5 6 ) . T h e r e f o r e , t o m a i n t a i n an a c c e p t a b l e 
a c c u r a c y , t h e s e numbers a r e changed t o i n t e g e r s . 
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U s i n g a s t h e i n p u t t o a n o t h e r f u n c t i o n , say H ( t ) , where 

H ( t ) = v 1000 , we have a l i n e a r t r a n s f o r m a t i o n back t o d e c i m a l 

v a l u e s . H ( t ) i s t h e n used a s i n p u t t o t h e GENERATE b l o c k i n t h e c r e a ­

t i o n of i n t e r a r r i v a l t i m e s f o r messages e n t e r i n g t h e s y s t e m . The 

s e q u e n c e of o p e r a t i o n s i n t h e GPSS I I I l a n g u a g e i s : 

1 FUNCTION RN1, C48 G ( t ) = i n t e g e r v a l u e s of F ( t ) 

2 FUNCTION RN1, C48 G ( t ) = i n t e g e r v a l u e s of F ( t ) 

1 VARIABLE FN1 + FN2 G ( t ) + G 2 ( t ) 

3 FUNCTION V I , C36 H ( t ) = V * 1000 

GENERATE 1/A, FN3 1/A = E ( t ) * r 

I f i t i s d e s i r e d t o i n c r e a s e r , t o say 5 , t h e n a d d i t i o n a l v a r i ­

a b l e s t a t e m e n t s can be d e f i n e d a s : 

1 VARIABLE FN1 + FN2 + V2 

2 VARIABLE FN1 + FN2 + V3 

3 VARIABLE FN1 

The a l t e r a t i o n of r p r o d u c e s a change i n t h e s h a p e of t h e Gamma 

d i s t r i b u t i o n so t h a t by c h a n g i n g e i t h e r E ( t ) o r V ( t ) , o r b o t h , and 

c a l c u l a t i n g 

^ _ ( E ( t ) ) 2 

v ( t ) 
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a wide v a r i e t y of d i s t r i b u t i o n s can be s i m u l a t e d ( 2 , p . 7 2 ) . 

2 . P e r c e n t a g e of messages which a r e c l a s s i f i e d : By v a r y i n g 

t h e p e r c e n t a g e of messages which a r e c l a s s i f i e d , o n l y t h r e e f a c i l i t i e s 

i n t h e message c e n t e r a r e a f f e c t e d . These a r e f a c i l i t i e s 3 and 4 

which c u t t e l e t y p e t a p e s f o r u n c l a s s i f i e d m e s s a g e s , and f a c i l i t y 5 

which c u t s t e l e t y p e t a p e s f o r c l a s s i f i e d m e s s a g e s . However, a s w i l l 

be s een i n t h e f o l l o w i n g c h a p t e r , t h e s y s t e m ' i s e x t r e m e l y s e n s i t i v e 

t o changes i n t h i s p a r a m e t e r . 

3 . The p r e c e d e n c e mix : Morse s t a t e s ( 3 1 , p . 132) 

. . . i m p o s i t i o n o f p r i o r i t i e s i n c r e a s e s t h e mean number 
of n o n - p r i o r i t y u n i t s p r e s e n t and makes t h e i r a v e r a g e w a i t 
i n l i n e l o n g e r , whe reas i t u s u a l l y s h o r t e n s t h e queue and 
d e l a y of t h e p r i o r i t y i t e m . I f t h e o v e r r i d i n g r e q u i r e m e n t 
i s t o r e d u c e d e l a y f o r one p a r t i c u l a r c l a s s of u n i t , t h e n 
t h i s c l a s s s h o u l d b e g i v e n p r i o r i t y . 

Th i s i s t h e Army's r e a s o n f o r a s s i g n i n g p r e c e d e n c e s t o m e s s a g e s ; t h a t 

i s , t o s h o r t e n d e l a y t i m e s f o r c e r t a i n t y p e s of m e s s a g e s . T h i s t h e s i s 

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

i n c r e a s e d d e l a y t i m e s of t h e low p r e c e d e n c e messages and t h e e f f e c t 

t h e y have on t h e o p e r a t i o n of t h e s y s t e m . 

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

i n f i n i t e ; t h e r e f o r e , o n l y a few were chosen t o p r o v i d e a r e p r e s e n t a t i o n 

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

r e p r e s e n t t h e p a r a m e t e r s i n d i c a t e d : 

1 . E ( t ) = mean v a l u e of t h e t i m e be tween a r r i v a l of messages t o 

t h e message c e n t e r . 

2 . r = s h a p e p a r a m e t e r f o r t h e Gamma D i s t r i b u t i o n . 

3 . A = s c a l e p a r a m e t e r o f t h e Gamma D i s t r i b u t i o n . 
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4 . C = r a t i o of c l a s s i f i e d m e s s a g e s . 

5 . P = a p a r t i c u l a r p r e c e d e n c e mix and P = ( F , I , P , R) 

where F , I , P , and R a r e t h e r a t i o s of F l a s h , I m m e d i a t e , P r i o r i t y and 

R o u t i n e m e s s a g e s , r e s p e c t i v e l y , and F + I + P + R = 1 . 0 . 

Exper imen t 1 

The f i r s t e x p e r i m e n t c o n d u c t e d was made t o t e s t t h e e f f e c t s of 

v a r y i n g r and C on t h e t r a n s i t t i m e s of messages w i t h s p e c i f i c p r e c e ­

d e n c e s . The s h a p e p a r a m e t e r , r , was g i v e n f i v e d i f f e r e n t v a l u e s ( 1 , 

2 , 4 , 5 , 10 ) , and C t h r e e v a l u e s ( 0 . 2 , 0 . 3 , 0 . 4 ) . P was v a r i e d o v e r a 

w i d e r r a n g e and t h e v a l u e s a r e l i s t e d i n Tab le 8 , Appendix E. 

For e a s e i n i d e n t i f y i n g t h e many compute r r u n s i n v o l v e d , l e t a 

p a r t i c u l a r r u n be d e s i g n a t e d by " t e s t ( i , j ) Model n " where i i s t h e 

t h t h i v a l u e of r , j i s t h e j v a l u e of C and n i s t h e model number 

l i s t e d i n T a b l e 8 . A p a r t i c u l a r r u n c o u l d be d e n o t e d by T e s t 43 Model 

1 0 , where r = 5 , C = 0 . 4 , and P = ( 0 . 2 5 , 0 , 0 . 7 5 , 0 ) . 

Expe r imen t 2 

Expe r imen t 2 was d e s i g n e d t o t e s t t h e e f f e c t s of v a r y i n g P on 

t h e t r a n s i t t i m e s of m e s s a g e s . Here r was h e l d c o n s t a n t ( r = 1 ) , C was 

g i v e n t h e same v a l u e s a s i n t h e p r e c e d i n g e x p e r i m e n t and P was g i v e n t h e 

v a l u e s l i s t e d i n T a b l e 9 , Appendix E. 

Exper imen t 3 

To t e s t t h e n u l l h y p o t h e s i s t h a t t h e r e a r e no e f f e c t s from v a r y ­

i n g C and P , Expe r imen t 3 was d e s i g n e d t o a n a l y z e t h e v a r i a n c e of t h e 

t r a n s i t t i m e s f o r t h e d i f f e r e n t t y p e s of m e s s a g e s . The e x p e r i m e n t i s 

shown i n F i g u r e 1 5 . I t i s a r andomized b l o c k d e s i g n where t h e Model t o 

be t e s t e d i s 
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X. n = u + PM. + P . + C, + CM. + PMP. . + PMC, + PMCM., + PC ., + i ] k l m 1 j k 1 i ] i k i l j k 

PCM., + CCM, , + P M P C , + PMPCM.., + PMCCM.. , + PCCM., , + 
j l k l 13k 1 3 I l k l ] k l 

PMPCCM. .. n + e . , l j k l l j k l m 

where PM^ i s t h e p a r t i c u l a r p r e c e d e n c e mix i n which an o b s e r v a t i o n f a l l s 

and CM^ i s t h e c l a s s i f i c a t i o n mix . For i n s t a n c e , t h e mean t r a n s i t t i m e 

f o r a g roup of o b s e r v a t i o n s , where t h e messages i n t h e g roup were 

s e l e c t e d from a p o p u l a t i o n i n which t h e p e r c e n t a g e of F l a s h messages 

was be tween z e r o and 24 p e r c e n t , and from which 60 p e r c e n t were u n ­

c l a s s i f i e d , would go i n t o c e l l i = l , j = l , k = l , l = l , o r t h e c e l l 

i n t h e u p p e r l e f t c o r n e r of F i g u r e 1 5 . S i n c e t h e o b s e r v a t i o n s were mean 

t i m e s , t h e d i s t r i b u t i o n of t h e v a l u e s i n each c e l l i s no rma l by t h e 

C e n t r a l L i m i t t heo rem ( 4 3 , p . 1 5 5 ) . For t h i s e x p e r i m e n t f o u r r e p l i c a ­

t i o n s were made f o r each c e l l w i t h each r e p l i c a t i o n g i v i n g t h e a v e r a g e 

v a l u e from a p a r t i c u l a r compute r r u n . 

E x p e r i m e n t 4 

E x p e r i m e n t 4 was d e s i g n e d a s an a t t e m p t t o c o n s t r u c t a p r e d i c t i v e 

model f o r t h e t i m e s t h e v a r i o u s messages spend i n t h e s y s t e m . Two 

t y p e s of p r o b a b i l i t y d i s t r i b u t i o n s , l o g n o r m a l , and W e i b u l l were s e l e c t e d 

t o f i t t h e d i s t r i b u t i o n o f t h e o b s e r v e d d a t a . The p u r p o s e of t h i s was 

t o e s t a b l i s h some c o r r e s p o n d e n c e be tween t h e i n p u t and t h e o u t p u t . 

Tab le 1 0 , Appendix E , c o n t a i n s t h e v a l u e s of t h e p a r a m e t e r s t h a t were 

u s e d . 
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E x p e r i m e n t 5 

The l a s t e x p e r i m e n t was c o n d u c t e d t o d e t e r m i n e t h e e f f e c t s of 

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

which a d d i t i o n a l f a c i l i t i e s would be r e q u i r e d t o p r o c e s s t h e a d d i t i o n a l 

messages i n t h e s y s t e m . The f o l l o w i n g p a r a m e t e r s and t h e i r v a l u e s were 

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

1 . r = 2 

2 . P = ( 0 . 0 5 , 0 . 1 0 , 0 . 3 5 , 0 . 5 0 ) 

The mean i n t e r a r r i v a l t i m e E ( t ) = r /A was g i v e n t h e f o l l o w i n g v a l u e s : 

360 , 3 0 0 , 2 4 0 , 1 8 0 , 120 and 60 s e c o n d s . The p e r c e n t a g e of c l a s s i f i e d 

messages was 3 0 , 6 0 , and 90 p e r c e n t . The number of f a c i l i t i e s f o r 

p r o c e s s i n g c l a s s i f i e d messages was i n c r e a s e d i n each t e s t by one u n t i l 

a maximum of f o u r was r e a c h e d . Because of t h e p h y s i c a l l i m i t a t i o n s of 

t h e equ ipment i n v o l v e d , no more t h a n f o u r c l a s s i f i e d f a c i l i t i e s can be 

employed ( 2 4 , p . 3 3 1 ) . For c a s e s where more f a c i l i t i e s a r e r e q u i r e d , 

a n o t h e r c o m p l e t e Communicat ion C e n t e r o r a d i f f e r e n t t y p e of u n i t would 

have t o be c o m m i t t e d . 

A v a r i a t i o n of Exper imen t 5 was used t o d e t e r m i n e t h e e f f e c t 

of c h a n g i n g an u n c l a s s i f i e d f a c i l i t y t o a c l a s s i f i e d one when t h e mean 

p r o c e s s i n g t i m e f o r c l a s s i f i e d messages r e a c h e d a c e r t a i n p o i n t (180 

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

p roved i n t e r e s t i n g a s w i l l be s e e n i n C h a p t e r IV. 

In Phase I I a t o t a l of 535 models were p r o c e s s e d t h r o u g h t h e IBM 

7094 s y s t e m , a number c o n s i d e r e d s u f f i c i e n t l y l a r g e t o make v a l i d c o n ­

c l u s i o n s c o n c e r n i n g t h e o p e r a t i o n of t h e s y s t e m . 
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CHAPTER IV 

RESULTS 

The o b j e c t i v e i s t o d e t e r m i n e t h e p o i n t a t which t h e b a s i c 

modeled sys t em becomes u n a c c e p t a b l e g i v e n c e r t a i n o p e r a t i n g c o n d i t i o n s . 

As s t a t e d e a r l i e r , t h i s i s t h e p o i n t where t h e mean t r a n s i t t i m e of a 

p a r t i c u l a r t y p e of message ( F l a s h , I m m e d i a t e , e t c . ) e x c e e d s t h e c r i ­

t e r i a e s t a b l i s h e d i n Tab le 3 . 

Expe r imen t 1 

The r e s u l t s of Expe r imen t 1 , v a r i a t i o n of r , C and P a r e c o n ­

t a i n e d i n T a b l e s 11 t h r o u g h 25 i n Appendix E. These t a b l e s l i s t t h e 

mean t r a n s i t t i m e s by p r e c e d e n c e f o r each v a l u e of r and C u s e d . The 

v a l u e s of t h e p a r a m e t e r s u s e d i n t h i s e x p e r i m e n t a r e t h o s e l i s t e d i n 

T a b l e 8. 

The mean v a l u e s of t h e mean t r a n s i t t i m e s f o r each p r e c e d e n c e 

and each t e s t and t r i a l a r e c o n t a i n e d i n Tab le 2 6 , Appendix E. A 

g r a p h i c a l r e p r e s e n t a t i o n of t h e s e v a l u e s i s d e p i c t e d i n F i g u r e s 16 

t h r o u g h 2 0 . Here i t i s o b v i o u s t h a t t h e r e a s o n f o r c o n g e s t i o n i n each 

t e s t ( each v a l u e of r ) i s c a u s e d by i n c r e a s i n g C; and f u r t h e r , t h e 

p r e c e d e n c e which i s a f f e c t e d i s R o u t i n e ( p r e c e d e n c e Number 1 ) . F i g u r e 

21 i s a g r aph of t h e means of each p r e c e d e n c e o v e r t h e t h r e e t r i a l s 

( v a l u e s of C ) . These v a l u e s a r e c o n t a i n e d i n ' T a b l e 2 7 , Appendix E. 

The e f f e c t s c a u s e d by v a r y i n g r can be s e e n . A l though t h e r e i s some 
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v a r i a n c e be tween each r , t h e major d i f f e r e n c e i s be tween p r e c e d e n c e s , 

p a r t i c u l a r l y be tween P r i o r i t y and R o u t i n e . T h e r e f o r e , when c o n g e s t i o n 

does o c c u r , i t i s g e n e r a l l y c a u s e d by an i n c r e a s e i n t r a n s i t t i m e s f o r 

P r i o r i t y and R o u t i n e m e s s a g e s . Morse ( 3 1 , p . 126) shows , f o r t h e c a s e 

of two p r i o r i t i e s , t h a t t h e r e a s o n f o r t h i s i s i n c r e a s e d d e l a y t i m e s 

f o r t h e n o n - p r i o r i t y i t e m . S ince i t h a s been d e t e r m i n e d t h a t i n c r e a s i n g 

t h e p e r c e n t a g e of c l a s s i f i e d messages i n t h e s y s t e m i n c r e a s e s t h e 

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

d e l a y must be caused by t h e c l a s s i f i e d message f a c i l i t y . In t h e m o d e l , 

t h i s i s S e r v i c e 5 . I f t h e mean w a i t i n g t i m e i s computed f o r each t e s t 

and t r i a l f o r messages e n t e r i n g Queue 5 (Tab l e 2 8 , Appendix E) and t h e n 

g raphed ( F i g u r e 2 2 ) , t h e o r i g i n of t h e d e l a y i s e v i d e n t . In compar ing 

t h e mean w a i t i n g t i m e s i n t h e u n c l a s s i f i e d f a c i l i t i e s ( S e r v i c e 3 and 4) 

w i t h t h a t of S e r v i c e 5 f o r t h e c a s e where C = 0 . 4 , t h e d i f f e r e n c e i s 

even more o b v i o u s ( F i g u r e 2 3 ) . 

Expe r imen t 2 

Expe r imen t 2 d e s c r i b e d i n C h a p t e r I I I was u s e d t o g e n e r a t e d a t a 

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

s p e c i f i e d i n T a b l e 3 . The mean t r a n s i t t i m e s f o r each p r e c e d e n c e i n 

each model were examined and t h o s e t h a t were n o t l e s s t h a n t h e maximum 

a l l o w a b l e a r e t a b u l a t e d and d i s c u s s e d a s f o l l o w s : 

1 . T a b l e 2 9 , Appendix E , c o n t a i n s t h e p r o c e s s t i m e s t h a t were 

u n a c c e p t a b l e when C = 0 . 2 . In each c a s e i t was t h e c o n c e n t r a t i o n of 

F l a s h messages t h a t c a u s e d t h e a d d i t i o n a l d e l a y . The sys t em was n o t 

s a t u r a t e d ; i n f a c t , t h e u t i l i z a t i o n of any one f a c i l i t y d i d n o t exceed 
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F i g u r e 2 2 . Mean W a i t i n g Time i n Queue 5 
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81 p e r c e n t i n a l l t h r e e m o d e l s . 

2 . When C was i n c r e a s e d t o 0 . 3 , a t o t a l of 21 models were found 

t o be u n a c c e p t a b l e . Tab le 3 0 , Appendix E, l i s t s t h e s e models and t h e 

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

t h e f i r s t s even models i n t h e t a b l e were c a u s e d by 100 p e r c e n t u t i l i ­

z a t i o n of S e r v i c e 5 ( c l a s s i f i e d t a p e f a c i l i t y ) . In each model i t was 

t h e t r a n s i t t i m e s of t h e R o u t i n e ( t h e l o w e s t 1 p r e c e d e n c e ) messages t h a t 

were u n a c c e p t a b l e , and i n each c a s e t h e c a u s e can be t r a c e d t o t h e 

s a t u r a t i o n of S e r v i c e 5 . Morse shows ( 3 1 , p . 125) t h a t f o r a t w o -

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

t h e u t i l i z a t i o n of t h e f a c i l i t y a p p r o a c h e s u n i t y , b u t i s i n f i n i t e f o r 

t h e n o n - p r i o r i t y u n i t . I t a p p e a r s , t h e n , t h a t t h e e x c e s s d e l a y t i m e s 

f o r t h e low p r i o r i t y u n i t s i s caused by one o r more of t h e f a c i l i t i e s 

b e i n g s a t u r a t e d . T h i s i s n o t t h e o n l y r e a s o n , however . Model 66 i n 

T a b l e 3 0 , Appendix E, shows t h a t t h e mean t r a n s i t t i m e f o r R o u t i n e 

messages i s 686 m i n u t e s , b u t t h e maximum u t i l i z a t i o n of any one f a c i l i t y 

i s o n l y 96 p e r c e n t ( S e r v i c e 5 ) . Th i s model h a s a low p e r c e n t a g e of 

R o u t i n e m e s s a g e s , and Tab le 9 , Appendix E , i n d i c a t e s t h a t t h e r e a r e 

s e v e r a l o t h e r s . The r e a s o n t h e o t h e r s a r e a c c e p t a b l e and Model 66 i s 

n o t l i e s i n a d e f i c i e n c y i n t h e b a s i c mode l . For e x a m p l e , c o n s i d e r 

Model 29 where P = ( 0 , 0 . 2 , 0 . 7 5 , 0 . 0 5 ) and C = 0 . 3 . T h e o r e t i c a l l y , 

50 R o u t i n e messages s h o u l d have been g e n e r a t e d and of t h e s e 15 s h o u l d 

have been c l a s s i f i e d and p r o c e s s e d t h r o u g h S e r v i c e 5 . The compute r r u n 

shows t h a t 30 were p r o c e s s e d and none o f t h e s e were c l a s s i f i e d . Th i s 

i n d i c a t e s t h a t a l l c l a s s i f i e d R o u t i n e messages were d e t a i n e d a t S e r v i c e 
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5 and were u n a b l e t o o b t a i n t h e f a c i l i t y b e c a u s e h i g h e r p r e c e d e n c e 

messages were b e i n g p r o c e s s e d . The u t i l i z a t i o n of S e r v i c e 5 was 

9 9 . 9 p e r c e n t , and t h e a v e r a g e c o n t e n t s of t h e queue p r e c e d i n g i t was 

3 5 . T h e r e f o r e , i t i s l i k e l y t h a t t h e r e was n e v e r an i n s t a n c e when a 

R o u t i n e message c o u l d e n t e r t h e f a c i l i t y . The o n l y i n f e r e n c e t h a t w i l l 

be drawn from t h i s o b s e r v a t i o n i s t o r e j e c t t h e s e compute r r u n s s i n c e 

t h e r e i s e v i d e n c e t h a t t h e sample t a k e n i s n o t s t r u c t u r e d t o be r e p r e ­

s e n t a t i v e of t h e p o p u l a t i o n . The r e m a i n i n g mode l s i n Tab le 30 were 

n o t a c c e p t a b l e b e c a u s e of e x c e s s i v e d e l a y t i m e s i n t h e F l a s h and 

Immedia te p r e c e d e n c e s . As m e n t i o n e d a b o v e , t h i s was n o t c a u s e d by 

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

e x p e r i e n c e d by t h e c o n c e n t r a t i o n of each of t h e h i g h e r p r e c e d e n c e s . 

3 . Tab le 3 1 , Appendix E, l i s t s t h o s e models w i t h t r a n s i t t i m e s 

i n e x c e s s of t h e c r i t e r i o n when C was i n c r e a s e d t o 0 . 4 . A l l b u t a v e r y 

few of t h e models were u n a c c e p t a b l e a t t h i s l e v e l . Those t h a t d i d n o t 

meet t h e s p e c i f i c a t i o n s f e l l i n t o two c a t e g o r i e s : 

a . The e x p e r i m e n t was r e j e c t e d b e c a u s e , a s shown a b o v e , t h e 

sample was n o t r e p r e s e n t a t i v e . 

b . The p r e c e d e n c e s were e v e n l y d i s t r i b u t e d , i . e . , t h e v a l u e s of 

F , I , P , R were a p p r o x i m a t e l y e q u a l . 

Those t h a t d i d n o t meet t h e s p e c i f i c a t i o n s a l s o f e l l i n t o two 

c a t e g o r i e s : 

a . S e r v i c e 5 was s a t u r a t e d , o r a p p r o a c h i n g s a t u r a t i o n , t h e r e b y 

c a u s i n g c o n g e s t i o n and e x c e s s i v e w a i t i n g t i m e s ' i n Queue 5 . 

b . The c o n c e n t r a t i o n of F l a s h and Immedia te messages was h i g h ; 
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h e n c e , t h e i r w a i t i n g t i m e s were i n c r e a s e d a t each f a c i l i t y . 

Expe r imen t 3 

Expe r imen t 3 , t h e a n a l y s i s of v a r i a n c e e x p e r i m e n t m e n t i o n e d i n 

t h e p r e c e d i n g c h a p t e r , was d e s i g n e d t o t e s t t h e s i g n i f i c a n c e of v a r y i n g 

t h e p r e c e d e n c e s and c l a s s i f i c a t i o n s . The r e s u l t s of t h e e x p e r i m e n t 

a r e c o n t a i n e d i n Appendix B. Of p a r t i c u l a r i n t e r e s t h e r e a r e t h e main 

e f f e c t s , t h e p e r c e n t a g e of t h e p r e c e d e n c e s , t h e p r e c e d e n c e s , t h e p e r ­

c e n t a g e of c l a s s i f i c a t i o n and t h e c l a s s i f i c a t i o n . Each main e f f e c t was 

found t o be s i g n i f i c a n t . The i n f e r e n c e can be drawn t h a t by v a r y i n g 

any one of t h e s e i n t h e i n p u t t o t h e s y s t e m some s i g n i f i c a n t e f f e c t 

w i l l be r e a l i z e d i n t h e o u t p u t . I t s h o u l d be n o t e d h e r e t h a t a l t h o u g h 

t h e e f f e c t of PM^ ( p r e c e d e n c e mix) i s s i g n i f i c a n t , i t s e f f e c t i s s m a l l 

compared t o P_., C^, and CM^. 

Expe r imen t 4 

Expe r imen t 4 was c o n d u c t e d t o d e t e r m i n e i f t h e r e i s any c o r ­

r e s p o n d e n c e be tween t h e i n p u t and t h e c u m u l a t i v e p r o b a b i l i t y d i s t r i b u ­

t i o n of t h e t r a n s i t t i m e s of t h e messages t h r o u g h t h e s y s t e m . Two 

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 used t o model t h e t r a n s i t t i m e s . 

Log-normal 

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

When t e s t i n g t h e h y p o t h e s i s t h a t t h e d i s t r i b u t i o n of t h e t r a n s i t t i m e s 

were l o g - n o r m a l , t h e h y p o t h e s i s was r e j e c t e d b e c a u s e t h e c o n f i d e n c e 

l i m i t s ( l e v e l of s i g n i f i c a n c e , 0 . 0 5 ) was e x c e e d e d i n e v e r y c a s e t e s t e d . 

The goodness of f i t t e s t u s e d i n t e s t i n g t h e h y p o t h e s i s was t h e 

Kolmogorov-Smirnov o r " d - t e s t " ( 2 , p . 1 6 8 ) . 
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W e i b u l l 

The r e s u l t s u s i n g t h e W e i b u l l d i s t r i b u t i o n f u n c t i o n , 

F ( t ) = 1 - e - t 6 / a 

where a i s t h e s c a l e p a r a m e t e r , and 3 t h e shape p a r a m e t e r ( 2 , p . 1 6 2 ) , 

were more r e w a r d i n g ( A p p e n d i x C ) . 

To o b t a i n e s t i m a t e s o f a and 3 W e i b u l l p r o b a b i l i t y pape r was 

u s e d . The p r o c e d u r e f o r mak ing t h e s e e s t i m a t e s i s c o n t a i n e d i n ( 2 8 ) . 

S ince t h e o b s e r v e d d a t a were n o t i n t h e f o r m r e q u i r e d f o r t h e use o f 

W e i b u l l p r o b a b i l i t y p a p e r , i t was n e c e s s a r y t o c a l c u l a t e c o r r e c t e d 

p l o t t i n g p o s i t i o n s ( 4 0 ) . I f we l e t : 

t ^ = c o r r e c t e d p l o t t i n g t i m e 

n^ = number o f messages i n t h e t i m e i n t e r v a l 

t . = t i m e o f r e a d o u t l 

' t . , = t i m e o f p r e v i o u s r e a d o u t 
l - l 

t h e n 

n . T . + T . , 
l I l - l 

i n . + 1 

To b e t t e r l i n e a r i z e t h e W e i b u l l p l o t a c o r r e c t i o n f a c t o r , y , was 

computed where y = t ^ . Each t ^ was t h e n a d j u s t e d by s u b t r a c t i n g y 

where t ^ = t ^ - t ^ . The c o r r e c t e d d a t a a r e p l o t t e d a n d , i f t h e 

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

c h a r a c t e r i s t i c s o f t h e l i n e c o n t a i n t h e i n f o r m a t i o n n e c e s s a r y t o 



78 

e s t i m a t e a and 8. I t s i n t e r s e c t i o n w i t h t h e p r i n c i p a l o r d i n a t e i s 

Zn a ( n a t u r a l l o g a r i t h m o f a ) and i t s s l o p e i s 8 . 

To t e s t t h e h y p o t h e s i s t h a t t h e d a t a was d i s t r i b u t e d a c c o r d i n g 

t o t h e W e i b u l l d i s t r i b u t i o n , a compute r p r o g r a m f o r t h e B u r r o u g h s 220 

sys tem was w r i t t e n ( A p p e n d i x D) where a g a i n t h e K o l m o g o r o v - S m i r n o v 

goodness o f f i t t e s t was used w i t h a l e v e l o f s i g n i f i c a n c e o f 0 . 0 5 . 

I n e v e r y case t e s t e d t h e h y p o t h e s i s was n o t r ' e j e c t e d . 

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

a p r e d i c t i v e m o d e l . T h i s was done o n l y t o i n v e s t i g a t e t h e f e a s i b i l i t y 

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

i n t h e i n p u t . The re i s n o t much d i f f e r e n c e be tween t h e v a l u e s o f a and 

6 i n t h e f i r s t e i g h t mode ls where C and r a re c o n s t a n t and P i s v a r i e d ; 

i n f a c t , i n f i v e o f t h o s e mode ls t h e a and 6 v a l u e s a r e i d e n t i c a l . I n 

t h e r e m a i n i n g models b o t h C and r were v a r i e d and P was h e l d c o n s t a n t . 

The change i n a and $ appea rs t o be caused by t h e change i n t h e v a l u e s 

o f C r a t h e r t h a n r . T h i s s u b s t a n t i a t e s t h e r e s u l t s o f t h e f i r s t e x p e r i ­

ment where t h e mean t r a n s i t t i m e s were compared f o r d i f f e r e n t v a l u e s 

o f r and C, and i t was f o u n d t h a t some change r e s u l t e d f o r d i f f e r e n t 

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

v a l u e s o f C. 

E x p e r i m e n t 5 

E x p e r i m e n t 5 was c o n s t r u c t e d t o e l i m i n a t e t h e c o n g e s t i o n a t 

S e r v i c e 5 by i n c r e a s i n g t h e number o f t a p e c u t t i n g f a c i l i t i e s . The 

e x p e r i m e n t was c o n d u c t e d under t h e c o n d i t i o n s n o t e d i n t h e p r e c e d i n g 

c h a p t e r . The r e s u l t s a r e c o n t a i n e d i n T a b l e s 33 t h r o u g h 4 1 i n A p p e n d i x 
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E. When t h e r e a r e two c l a s s i f i e d t a p e f a c i l i t i e s i n t h e s y s t e m and 

when C = 0 . 3 , t h e s y s t e m i s a c c e p t a b l e u n t i l E ( t ) a p p r o a c h e s 120 

s e c o n d s . At t h a t t i m e , n o t o n l y do t h e c l a s s i f i e d t a p e f a c i l i t i e s 

become s a t u r a t e d , b u t a l s o t h e u n c l a s s i f i e d t a p e f a c i l i t i e s (3 and 4 ) . 

When C i s i n c r e a s e d t o 0 . 6 , t h e s y s t e m becomes s a t u r a t e d a t E ( t ) = 

240 s e c o n d s ; and a s C i s f u r t h e r i n c r e a s e d t o 0 . 9 , t h e sy s t em i s 

u n a c c e p t a b l e a t E ( t ) = 3 6 0 - s e c o n d s . The sys t em does n o t r e a c h o p e r a ­

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

f a c i l i t y ( t o t a l of t h r e e ) when C = 0 . 3 . In t h i s c a s e , i t would be 

n e c e s s a r y t o add a n o t h e r u n c l a s s i f i e d u n i t . When C i s i n c r e a s e d t o 

0 . 6 , s a t u r a t i o n i s r e a c h e d a s E ( t ) a p p r o a c h e s 120 s e c o n d s . Th is i s a 

r e d u c t i o n of 2 m i n u t e s i n t h e i n t e r a r r i v a l t i m e s of t h e t w o - f a c i l i t y 

s i t u a t i o n a b o v e . When C = 0 . 9 , t h e sy s t em i s a c c e p t a b l e u n t i l E ( t ) 

a p p r o a c h e s 300 s e c o n d s . With a t o t a l of f o u r c l a s s i f i e d t a p e f a c i l i ­

t i e s , t h e s y s t e m becomes s a t u r a t e d a t : E ( t ) = 120 s econds f o r C = 0 . 3 ; 

E ( t ) s e c o n d s f o r C = 0 . 0 6 ; and E ( t ) = 180 s e c o n d s f o r C = 0 . 9 . 

The c a p a b i l i t y of the system t o e f f e c t i v e l y p r o c e s s messages u n d e r 

t h e above c o n d i t i o n s i s a t t a i n e d t h r o u g h t h e a d d i t i o n of more c l a s s i ­

f i e d t a p e f a c i l i t i e s . Ano the r e x p e r i m e n t was c o n d u c t e d a l o n g t h e s e same 

l i n e s t o d e t e r m i n e t h e e f f e c t of u s i n g a f l o a t i n g f a c i l i t y , i . e . , a 

f a c i l i t y t h a t c o u l d be u s e d f o r b o t h c l a s s i f i e d and u n c l a s s i f i e d message 

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

a r e n o r m a l l y l o c a t e d i n s e p a r a t e a r e a s of t h e Communication C e n t e r , and 

t h e movement of equ ipment back and f o r t h be tween them i s n o t p r a c t i c a l . 

The r e s u l t s of t h e e x p e r i m e n t were i n t e r e s t i n g , however , i n t h a t C was 
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i n c r e a s e d t o 0 . 6 (when E ( t ) = 360 s e c o n d s ) b e f o r e t h e sys tem became 

s a t u r a t e d . Though t h i s i s n o t as good as t h e a d d i t i o n o f a n o t h e r 

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

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

were housed i n t h e same e n c l o s u r e , t h i s wou ld be a d e f i n i t e a d v a n t a g e , 

p a r t i c u l a r l y where equ ipmen t s h o r t a g e s e x i s t . 

The p l a c e m e n t o f u n c l a s s i f i e d and c l a s s i f i e d f a c i l i t i e s i n t h e 
same a r e a i s n o t d e s i r a b l e due t o t h e i n c r e a s e d p r o b a b i l i t y o f p r o c e s ­
s i n g a c l a s s i f i e d message t h r o u g h t h e u n c l a s s i f i e d u n i t . 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

I n t r o d u c t i o n 

I n t h e p r e c e d i n g c h a p t e r s , each e x p e r i m e n t was d e s i g n e d t o t e s t 

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

t r a n s i t t i m e s o f t h e v a r i o u s t y p e s o f messages. 

I n E x p e r i m e n t 1 , i t was f o u n d t h a t as t h e p e r c e n t a g e o f c l a s s i ­

f i e d messages (C) app roached 4 0 , t h e s y s t e m became s a t u r a t e d due t o t h e 

i n c r e a s e d w a i t i n g t i m e f o r c l a s s i f i e d R o u t i n e messages a t S e r v i c e 5 . 

I t was a l s o f o u n d t h a t by v a r y i n g t h e shape p a r a m e t e r ( r ) o f t h e d i s t r i ­

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

t r a n s i t t i m e s were n o t a f f e c t e d t o t h e e x t e n t t h e y were when C was 

v a r i e d . 

E x p e r i m e n t 2 showed t h a t as t h e p e r c e n t a g e o f F l a s h and Immed ia te 

messages was i n c r e a s e d , t h e sys tem became s a t u r a t e d due t o i n c r e a s e d 

w a i t i n g t i m e s caused by t h e h i g h c o n c e n t r a t i o n o f t h e s e messages i n t h e 

s y s t e m . I t was a l s o f o u n d t h a t as C was i n c r e a s e d f r o m 0 .2 t o 0 .3 t h e 

c o m b i n a t i o n o f F + I > 0 .70 caused t h e sys tem t o be s a t u r a t e d because 

o f e x c e s s i v e d e l a y t i m e s f o r F l a s h and Immed ia te messages . When C = 0 .2 

o n l y F l a s h messages were a f f e c t e d and t h e n o n l y when F > 0 . 8 0 . When 

C was i n c r e a s e d t o 0 . 4 , a l m o s t a l l mode ls i n t h e e x p e r i m e n t were f o u n d 

t o be u n a c c e p t a b l e . The o n l y e x c e p t i o n was where F , I , P, and R were 

e v e n l y d i s t r i b u t e d . I t was a l s o n o t e d t h a t g e n e r a l l y t h e r e a s o n f o r 
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e x c e s s i v e d e l a y t i m e s f o r P r i o r i t y and R o u t i n e messages was caused by 

t h e s a t u r a t i o n o f S e r v i c e 5 (100 p e r c e n t u t i l i z a t i o n ) , whereas i t was 

due t o t h e h i g h d e n s i t y o f F l a s h and Immed ia te messages when t h e s e 

two p recedences were t h e cause f o r n o n - a c c e p t a b i l i t y . 

E x p e r i m e n t 3 showed t h a t t h e e f f e c t o f v a r y i n g p recedence m i x o r 

c l a s s i f i c a t i o n m i x i s s i g n i f i c a n t a t a s i g n i f i c a n c e l e v e l o f 5 p e r c e n t . 

Though E x p e r i m e n t 4 p r o v i d e d no c o n c l u s i v e e v i d e n c e on t h e 

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

s u b s t a n t i a t e p r e v i o u s e x p e r i m e n t s by show ing t h a t t h e p a r a m e t e r s o f t h e 

d i s t r i b u t i o n s were d i f f e r e n t when C was v a r i e d . 

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

i t was f o u n d i n E x p e r i m e n t 5 t h a t f o r a p a r t i c u l a r v a l u e o f r and P, 

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

d e v e l o p e d due t o an i n c r e a s e o f messages i n t h e s y s t e m . 

W i t h t h e s e o b s e r v a t i o n s , c e r t a i n c o n c l u s i o n s can be made r e g a r d ­

i n g t h e a s s i g n m e n t o f p e r s o n n e l and equ ipmen t t o a p a r t i c u l a r d e t a i l . 

C o n c l u s i o n s 

1 . The s t a n d a r d a u t h o r i z a t i o n o f p e r s o n n e l and equ ipmen t ( t h e 

b a s i c m o d e l ) can e f f e c t i v e l y p r o c e s s messages i f t h e v a l u e o f t h e 

p a r a m e t e r s a r e w i t h i n t h e r a n g e s s p e c i f i e d i n T a b l e 4 . 

2 . W i t h t h e a d d i t i o n o f one c l a s s i f i e d t a p e c u t t i n g f a c i l i t y , 

t h e sys tem can e f f e c t i v e l y p r o c e s s messages i f t h e p a r a m e t e r s a r e 

w i t h i n t h e v a l u e s s p e c i f i e d i n T a b l e 5 . 

3 . W i t h t h e a d d i t i o n o f two c l a s s i f i e d t a p e c u t t i n g f a c i l i t i e s , 

t h e sys tem can e f f e c t i v e l y p r o c e s s messages i f t h e p a r a m e t e r s a r e w i t h i n 
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T a b l e 4 . L i m i t a t i o n s on P a r a m e t e r s f o r t h e B a s i c Model 

E ( t ) r C F I Pr R 

>360 >1 <0 .2 <0 .8 NR* NR NR 

>360 >1 < 0 . 3 F+I<0 .65 Pr+R<0.85 

>360 >1 <0 .4 0 . 2 5 ± 0 . 1 0 0 . 2 5 ± 0 . 1 0 0 . 2 5 ± 0 . 1 0 0 . 2 5 ± 0 . 1 0 

No r e s t r i c t i o n . 

Tab le 5 . L i m i t a t i o n s on P a r a m e t e r s w i t h t h e A d d i t i o n 
of One C l a s s i f i e d Tape C u t t i n g F a c i l i t y 

E ( t ) r C 

300 < E ( t ) < 360 > 1 < 0 .60 
180 < E ( t ) < 360 > 1 < 0 .30 

> 360 > l < 0 .90 
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t h e v a l u e s s p e c i f i e d i n Table 6 . 

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

t h e sys t em can e f f e c t i v e l y p r o c e s s messages i f t h e p a r a m e t e r s a r e w i t h i n 

t h e v a l u e s s p e c i f i e d i n Tab le 7 . 

With t h e s e t a b l e s t h e Army S i g n a l O f f i c e r can make d e f i n i t e 

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

u n d e r g i v e n c o n d i t i o n s . 

Recommendat ions 

I f p o r t i o n s of t h i s t o p i c a r e c o n s i d e r e d f o r f u r t h e r s t u d y , t h e 

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

e n c o u n t e r e d i n t h i s t h e s i s : 

1 . When employing GPSS I I I , u s e t h e s m a l l e s t t i m e u n i t s ( w i t h i n 

l i m i t s ) a v a i l a b l e f o r t h e random v a r i a b l e u n d e r c o n s i d e r a t i o n . In t h i s 

t h e s i s , i n a c t u a l i t y , e x p e r i m e n t 2 was c o n d u c t e d p r i o r t o E x p e r i m e n t 1 , 

and m i n u t e s were u s e d for t h e t ime u n i t s of t h e random v a r i a b l e t i m e . 

A f t e r E x p e r i m e n t 2 was c o m p l e t e d , i t was found t h a t t h e GENERATE b l o c k 

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

down. The t ime be tween a r r i v a l s i s t h e n lower t h a n i t s h o u l d be by a 

maximum of 0 .999 m i n u t e s . Th i s o b v i o u s l y r e d u c e s t h e a c c u r a c y of t h e 

e x p e r i m e n t p a r t i c u l a r l y when E ( t ) i s r e l a t i v e l y s m a l l ( l e s s t h a n t e n 

m i n u t e s ) . In Expe r imen t 1 , and a l l e x p e r i m e n t s c o n d u c t e d a f t e r E x p e r i ­

ment 2 , s e c o n d s were u sed and t h i s e f f e c t was l a r g e l y e l i m i n a t e d . 

2 . The e r r o r p r o d u c e d by t h e f a i l u r e t o p r o c e s s low p r e c e d e n c e 

messages a s t h e sys t em a p p r o a c h e s s a t u r a t i o n was compensa ted f o r i n t h i s 

s t u d y by d i s r e g a r d i n g t h e d a t a c o m p l e t e l y . F u r t h e r i n v e s t i g a t i o n o f 
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Tab le 6 . L i m i t a t i o n s on P a r a m e t e r s w i t h t h e A d d i t i o n 
of Two C l a s s i f i e d Tape C u t t i n g F a c i l i t i e s 

E ( t ) 

180 < E ( t ) < 360 > 1 < 0 . 3 
180 < E ( t ) < 360 > 1 < 0 .60 

> 360 > 1 < 0 .90 

T a b l e 7 . L i m i t a t i o n s on P a r a m e t e r s w i t h t h e A d d i t i o n 
of Three C l a s s i f i e d Tape C u t t i n g F a c i l i t i e s 

E ( t ) 

180 < E ( t ) < 360 > 1 < 0 .30 
180 < E ( t ) < 360 > 1 < 0 .60 
240 < E ( t ) < 360 > 1 < 0 .90 
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t h i s p rob lem i s recommended. 

3 . Where computer t i m e i s c r i t i c a l , GPSS I I I i s l i m i t e d i n 

a p p l i c a t i o n . The t o t a l compute r t i m e r e q u i r e d on t h e IBM 70 94 f o r 

t h e c o m p l e t i o n of Exper imen t 1 , f o r e x a m p l e , was a p p r o x i m a t e l y 450 

m i n u t e s o r 7 . 5 h o u r s . Th is i s r u n n i n g t i m e . I t does n o t i n c l u d e 

s e t - u p o r i n p u t - o u t p u t t i m e . 

The a s s u m p t i o n was made i n c o n d u c t i n g ' t h i s r e s e a r c h t h a t a l l 

t e l e t y p e w r i t e r sy s t ems were f u l l - d u p l e x , i . e . , c an t r a n s m i t and r e c e i v e 

messages s i m u l t a n e o u s l y . Though t h i s a s s u m p t i o n would n o t a p p r e c i a b l y 

a f f e c t t h e o p e r a t i o n of a message c e n t e r a s s m a l l a s t h e one s t u d i e d 

h e r e , i t would have a d e c i d e d e f f e c t on a l a r g e r message c e n t e r where a 

t e l e t y p e w r i t e r s w i t c h i n g c e n t r a l i s employed . I f such a s t u d y were 

u n d e r t a k e n , t h e i n p u t t o t h e c e n t r a l c o u l d be d e t e r m i n e d from t h e o u t p u t 

of t h e model u sed i n t h i s r e s e a r c h by t a b u l a t i n g t h e t ime be tween 

t e r m i n a t i o n of messages r a t h e r t h a n t r a n s i t t i m e s . 

A t e l e t y p e w r i t e r s w i t c h i n g c e n t r a l i s a s w i t c h b o a r d used f o r 
r o u t i n e t e l e t y p e t r a f f i c . A l l c i r c u i t s e n t e r i n g t h e c e n t r a l must be 
h a l f - d u p l e x , i . e . , t r a n s m i t o r r e c e i v e , b u t n o t s i m u l t a n e o u s l y . 
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APPENDIX 



88 

APPENDIX A 

GPSS I I I PROGRAM 

AND INITIAL COMPUTER RUN 
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GPSS, I I I ASSEMBLY INPUT ~ PAGE 1 

BLOCK 
NUMBER •LOC NAME A,B,C,0 ,E COMMENTS 

* SIMULATE 
* BEGINNING OF MODEL 10 

1 FUNCTION RN1.C24 EXPONENTIAL DISTRIBUTION FCR ARRIVALS 
G 0 . 1 .104 .2 .222 .3 .355 .4 .509 .5 .69 
.6 .915 .7 1 .2 .75 1.38 .8 1.6 .84 1.83 .88 2 . 1 2 
.<! 2.3 . ? 2 2.52 .94 2.81 .95 2.99 .96 3.2 .97 
.SO 3.9 .99 4.6 .995 

5.3 .998 t.2 .999 7 .9997 8 

2 FUNCTION RN1,D4 DISTRIBUTION FOR PRECEDENCES 
.C5 4 . 1 5 3 .5 

2 1.0 1 

3 FUNCTION C2.D2 PEAN TIME FOP SERVICE 2 
? 3 1000 2 

4 FUNCTION C3.D5 PEAN TIME FCR SERVICE 3 
8 8 9 7 10 6 1 1 5 1000 4 

5 FUNCTION 
.8 1 1 .0 RN1,D2 

2 
MESSAGE CLASSIFICATION 

6 FUNCTION RNl,03 pESSAGE DESTINATION 
.4 39 .7 45 1 51 

7 FUNCTION RNl,D2 PESSAGE CLASSIFICATICN FCR FLASH 
.S5 1 1.0 2 

1 GENERATE _ 6.FN1 CREATE INC OPING MESSAGES 
2 QUEUE 1 , 1 

i 
JOIN CUEIE I TO AWAIT SERVICE 

3 SEI ZE 
1 , 1 
i GET SERVICE 1 

4 DEPART l . i DEPART FROM CUEUE 1 
S ADVANCE 1 ,FN1 SERVICE 1 
6 ASSIGN 3.FN2 

ASSIGN PRECECENCES TO PARAMETER 1 

7 
8 

PRIORITY 
RELEASE 

P3 
1 

ASSIGN PRECECENCES 
RELEASE SERVICE 1 

9 QUEUE 2 , 1 JOIN QUEUE 2 TO AwAlT SERVICE 
10 PREEMPT 2 INTERRUPT LCV>ER PRIORITY MESSAGES 
1 1 DEPART 2, 1 DEPART FROM CLEUE 2 
12 ADVANCE FN3.FN1 SERVICE 2 
13 TEST GE P3.K4,ASGNC SEND FLASH TC CLASSIFICATION ASSIGNMENT 
14 ASSIGN 1 ,FN7 ASSIGN CLASSIFICATION TO FLASH 
15 TRANSFER ,ASGND SEND FLASH TC DESTINATION ASSIGNPENT 
16 ASGNC ASSIGN 1.FN5 ASSIGN CLASSIFICATION TO OTHERS 
17 ASGnO ASSIGN 2.FN6 ASSIGN DESTINATION 
18 RETURN 2 LEAVE SERVICE 2 
19 TEST NE Pl,K2,CLAS SEPARATE BY TESTIFICATION 
20 TEST GE C4.Q3,OTHER SEND TO C4 IF Q3 GREATER THAN Q4 
21 QUEUE 3 JOIN QUELF 3 
22 PREEMPT 3 INTERRUPT LCWER PRIORITY MESSAGES 
23 DEPART 3, 1 DEPART FROM CLEUE 3 
24 ADVANCE FN4.FNI SERVICE 3 
25 RETURN 3 LEAVE SERVICE 3 
26 TRANSFER , *2 SEND TO XMIT1ING POINT PER PARAMETER 2 
27 CTHER QUEUE 4 JOTN QUEUE" 3 TcT AWAIT SERVICE 
28 PREEMPT 4 INTERRUPT LCV>ER PRIORITY MESSAGES 
29 DEPART 4 ,1 ' ' " CEPAR T FROP CUEUE 4 
30 ADVANCE FN4,FN1 SERVICE 4 
31 RETURN 4 LEAVE SERVICE 4 
32 TRANSFER , *2 SEND TO XMITTING PCINT PER PARAMETER 2 
33 CLAS QUELS 5 JOIN CUEUE 5 TO AWAIT SERVICE 
34 PREEMPT 5 INTERRUPT L CW ER PRIORITY MESSAGES 
35 DEPART 5, 1 DEPART FROM CUEUE 5 

36 ADVANCE 20,FN I SERVICE 5 
37 RETURN 5 LEAVE SERVICE 5 
38 TRANSFER , * 2 SEND TO XMITTING PCINT PER PARAMETER 2 
39 QUEUE 6 ,1 JOIN QUEUE 6 
40 PREEMPT 6 INTERRUPT LCVER PRIORITY MESSAGES 
41 DEPART 6, 1 DEPART FROM CUEUE 6 
42 ADVANCE 6.FN1 SERVICE 6 
43 RETURN 6 LEAVE SERVICE 6 
44 TRANSFER ,TA81 SEND TO TABULATE 
45 QUEUE 7, I JOIN QUEUE 7 TO AWAIT SERVICE 
46 PREEMPT 7 INTERRUPT LCWER PRIORITY MESSAGES 
47 DEPART 7 , 1 CEPART FROP CUEUE 7 
48 ADVANCE 6.FN1 SERVICE 7 
49 RETURN 7 LEAVE SERVICE 7 
50 TRANSFER , TABl SEND TO TABULATE 
51 QUEUE 8 JOIN QUELE 8 TO AWAIT SERVICE 
52 PREEMPT B INTERRUPT LCVTER PRIORITY MESSAGES 
53 DEPART 8 CEPART FROM CLEUE 8 
54 ADVANCE 6.FN1 SERVICE 6 
55 RETURN 8 LEAVE SERVICE 8 
56 TRANSFER , T AB 1 SEND TO TABULATE 
57 TA61 TEST NE P3.K4,FLASH SEPARATE FLASH MESSAGES 
58 TEST NE ' P3.K3, IMPED SEPARATE IMMEDIATE MESSAGES 
59 TEST NE P3,K2,PRICR SEPARATE PRICRITY MESSAGES 
60 TEST NE P3.K1 .ROUTE SEPARATE ROUTINE MESSAGES 
61 FLASH TEST NE PI,K2,TABCF SEPARATE FLASH CLASSIFIED 
62 TABULATE 1 TABULATE UNCLASSIFIED FLASH 
63 TRANSFER , TABF SEND TO TABULATE TOTAL FLASH 
64 TABCF TABULATE 2 TABULATE CLASSIFIED FLASH 
65 TAHF TABULATE 3 TABULATE TOTAL FLASH 
66 TRANSFER , T AB T SEND TO TABULATE TCJAL 
67 IMMED TEST NE PI,K2.TABCI SEPARATE IMMEDIATE CLASSIFIED 
68 TABULATE 4 TABULATE UNCLASSIFIED IMMEDIATE 
69 TRANSFER , TABI SEND TO TABULATE TOTAL IMMEDIATE 
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7 0 
7 1 

T ABC I 
TAB I 

TABLLATE 
TABLLATE 

5 
6 

TABULATE C L A S S I F I E O IMMEDIATE 
TABULATE TOT < L IMMEDIATE 

72 
73 PRI CR 

TRANSFER 
TEST NE 

, TABT 
P 1 . K 2 

SEND TO TABULATE TOTAL 
,TABCP SEPARATE P R I C R I T Y C L A S S I F I E D 

7 4 
7 5 

TABLLATE 
TRANSFER 

? 
, T ABP 

TABULATE U N C L A S S I F I E D F-RTORITY 
SEND TO TABULATE TOTAL P R I O R I T Y 

76 
77 

T ABC P 
TABP 

TABULATE 
TABULATE 

B 
9 

TABULATE C L A S S I F I E D P R I O R I T Y 
TABULATE TOTAL P R I O R I T Y 

78 
79 ROUTE 

TRANSFER 
TEST NE 

,TABT 
P I ,K2 

SEND TO TABULATE TOTAL 
,TABCR SEPARATE ROUTINE C L A S S I F I E D 

8 0 
8 1 

TABULATE 
TRANSFER 

1 0 
, TABR 

TABULATE U N C L A S S I F I E D ROUTINE 
SEND TO TABULATE TOTAL ROUTINE 

82 
8J 

TABCR 
TABR 

TABULATE 
TABULATFC 

1 1 
1 2 

TABULATE C L A S S I F I E O ROUTINE 
TABULATE TOTAL ROUTINE 

84 
85 

TABT TABULATE 
TERMINATE 

1 3 
1 

TABULATE TOTAL 
REMOVE MESSAGE FROM SYSTEM 

1 
2 

TABLE 
TABLE 

ML 
ML 

, 0 , 5 , 3 0 2 
, 0 , 5 , 3 C 2 

3 
4 

TABLE 
TABLE 

ML 
ML 

0 , 
0 , 

5 , 3 0 2 
5 , 3 0 2 

5 
6 

TABLE 
TABLE 

ML 
ML 

0 , 
0 , 

5 , 3 0 2 
5 , 3 0 2 

7 
8 

TABLE 
TABLE 

ML 
ML 

0 , 
0 , 

5 , 3 0 2 
5 , 3 0 2 

9 
1 0 

TABLE 
TABLE 

ML 
ML, 

0 , 
0 , 

5 , 3 0 2 
5 , 3 0 2 

1 1 
1 2 

TABLE 
TABLE 

ML 
ML 

0 , 
0 , 

5 , 3 0 2 
5 . 3 C 2 

1 3 TABLE 
START 

M 1 , 0 , 
2 0 0 

5 , 3 0 2 
TRANSIENT RUN 

RESET 
START 1 0 0 0 PRODLCTICN RUN 

CLOCK TIME 5 4 9 0 6 6 9 1 

BLOCK COUNTS BLOCK TRANS,TOTAL BLOCK TRANS,TOTAL BLOCK TRANS,TOTAL BLOCK TRANS TOTAL ELCCK TRANS, TOTAL 
1 
6 

0 , 
0 , 

1 0 0 9 
1 0 0 9 

2 
7 

0 , 1 0 0 9 3 0 , 1 0 0 9 4 
0 , 1009 8 0 , 1 0 0 9 9 

0 , 
0 , 

1CC9 
1 0 0 9 

5 
1C 

0 , 
0 , 

T 0 7 J T 
1 0 0 9 

1 1 
1 6 

0 , 
0 , 

1 0 0 9 
9 5 5 

1 2 
1 7 

0 , 1 0 0 9 1 3 0 , 1 0 1 0 1 4 
0 , 1 0 1 C 1 8 0 , 1 0 1 0 1 9 

0 , 
0 

5 5 
1 0 1 0 

1 5 
20 

0 , 
0 , 

5B 
8 1 C 

2 1 
26 

4 , 
0 , 

5 2 1 
5 1 8 

27 
2 7 

0 , 5 I E 2 3 0 , 5 1 8 2 4 
4 , 2 8 9 28 0 , 2 8 5 29 

1 , 
0 , 

5 1 8 
2 8 5 

25 
3C 

X , 
L. 

~ 5TB" 
2 8 5 

31 
3 6 

0 , 
1 , 

28 4 
1 9 9 

3 ? " 
37 

0 , 2 8 4 3 7 2 , 2 0 0 34 
0 , 199 38 0 , 1 9 9 39 

0 , 
1 , 

199 
3 8 5 

3 5 
4C 

0 , 
0 , 

1 9 9 
3 8 4 

4 1 
4 6 

0 , 
0 , 

3 8 4 
2 9 5 

"42 
4 7 

U, 3 8 4 43 U , 3 8 4 44 
C, 2 9 5 4 8 0 , 2 9 5 49 

0 , 
0 , 

JB4 
2 9 5 

45 
50 

C, 
C. 

2 9 5 
2 9 5 

51 
56 

CT 
0 , 3 2 1 

5 2 
5 7 

0 , 3 2 2 5 3 0 , 3 T T 54 
0 , 100C 58 0 , 9 4 7 5 9 

1 , 
C , 

3 2 2 
8 5 0 

55 
6 0 

07 
0 , 

7 7 T 
5 1 7 

6 1 
6 6 

0 , 
0 , 

5 3 
5 3 

6 2 
6 7 

0 , 5 2 6 3 0 , 52 6 4 
C, 9 7 6 8 0 , 80 6 9 

0 , 
0 , 

1 
EC 

65 
7C 

0 , 
0 , 

53" 
1 7 

71 
76 

0 , 
0 , 

9 7 
7 0 

"72 
7 7 

0 , 9 7 73 0 , 3 3 3 7 4 
0 , 333 78 0 , 333 79 

0 , 
0 , 

2 6 3 
5 1 7 

l"t 
8 0 

0 , 
O, 

2 6 3 
4 0 7 

81 0 , 4 0 7 8 2 0 , 11C 8 3 0 , 5 1 7 8 4 0 , 10CC 8 5 C. LOORR 

F A C I L I T Y 
NUMBER 

AVERAGE 
U T I L I Z A T I O N 

NUMBER 
E N T R I E S 

AVERAGE S E I Z I N G PREMPTING 
T I M T / T R A N S TRANS. NO. TRANS. NO. 

1 
2 

. 1 0 1 8 

. 4 5 7 0 
1 0 0 9 
1 0 1 0 

. 5 5 C C 
2 . 4 8 C C 

3 
4 

. 7 1 6 8 
• 3 7 1 C 

5 1 9 
2 8 5 

7 . 5 8 C 1 7 
7 . 1 5 C 1 1 

5 
6 

. 7 0 5 8 
. 3 8 7 6 

2 0 0 
3 8 4 

1 9 . 3 8 C 1 2 
5 . 5 4 C 0 

7 
8 

. 2 9 5 4 

. 3 2 9 3 
2 9 5 
3 2 2 

5 . 5 0 C 0 
5 . 6 1 C 8 

QUEUE MAXIMUM AVERAGE TOTAL ZERO PERCENT AVERAGE (AVERAGE TABLE CURRENT 
NUMBER CONTENTS CONTENTS ENTRIES E N T R I E S ZEROS T I M E / T R A N S T I M E / T R A N S NUMBER CONTENTS 

1 3 . 0 4 1C09 9 0 5 8 9 . 7 . 1 9 1 . 8 6 0 0 
2 1 0 . 4 9 1 0 0 9 5 6 3 5 5 . 8 2 . 6 4 5 . 9 8 0 0 
3 6 . 6 6 5 2 2 2 2 3 4 2 . 7 6 . 9 3 1 2 . 1 C C 4 
4 6 . 2 B 2 8 9 148 5 1 . 2 5 . 3 4 1 0 . 9 4 0 4 
5 1 4 2 . 0 5 2 0 1 5 4 2 6 . 9 5 6 . 1 0 7 6 . 7 1 C 2 
6 6 . 2 2 3 8 5 2 36 6 1 . 3 3 . 1 2 8 . 0 7 0 1 
7 5 . I B 2 9 5 2 0 8 7 0 . 5 3 . 2 6 1 1 . 0 7 C 0 
8 8 . 2 9 3 2 2 2C8 6 4 . 6 5 . 0 1 1 4 . 1 5 C 0 

SAVERAGE T I ME/TRANS = AVERAGE T I M E / T R A N S EXCLUDING ZERO T R I E S 

TABLE NUMBER 1 

E N T R I E S I N TABLE MEAN ARGUMENT STANCARD D E V I A T I O N SUK CF ARGUMENTS 
52 2 2 . 9 2 3 1 1 5 4 7 1 1 9 2 . 0 0 0 NON-HE IGH- TED 

UPPER OBSERVED PER CENT CUMLLATIVE CUMULATIVE MULTIPLE D E V I A T I O N 
L I M I T FRECUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FR CF MEAN 

0 1 1 . 9 2 1 . 9 9 8 . 1 .COC - 1 . 9 8 5 
5 1 1 . 9 2 3 . 8 9 6 . 2 . 2 1 8 - 1 . 5 5 2 

1 0 3 5 . 7 7 9 . 6 9 0 . 4 . 4 3 6 - 1 . 1 1 9 
1 5 9 1 7 . 3 1 2 6 . 9 7 3 . 1 . 6 5 4 - . 6 8 6 
2 0 1 0 1 9 . 2 3 4 6 . 2 

53.fi 
. 8 7 2 - . 2 5 3 

2 5 1 0 1 9 . 2 3 6 5 . 4 3 4 . 6 1 . 0 9 1 . 1 8 0 
3 0 5 9 . 6 2 7 5 . 0 2 5 . 0 1 . 3 0 5 . 6 1 3 
35 8 1 5 . 3 8 9 C . 4 9 . 6 1 . 5 2 7 1 . 0 4 6 
4 0 1 1 . 9 2 9 2 . 3 7 . 7 1 . 7 4 5 1 . 4 7 9 
4 5 1 1 . 9 2 9 4 . 2 5 . 8 1 . 9 6 3 1 . 9 1 2 
5 0 1 1 . 9 2 9 6 . 2 3 . 8 2 . 1 8 1 2 . 3 4 5 
5 5 1 1 . 9 2 9 E . 1 1 . 9 2 . 3 9 9 2 . 7 7 8 
6 0 1 1 . 9 2 1 0 0 . 0 . 0 2 . 6 1 7 3 . 2 1 1 

R E M A I N I N G FREQUENCIES ARE ALL ZERO 

http://53.fi
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TA.ILE NUMBER £ 

E N T R I E S IN TABLE MEAN ARGUMENT STANCARD DEVIATION SUM OF ARGUMENTS 
1 4 3 . 0 0 0 . C E O 4 3 . 0 0 0 NCN—WE IGF TED 

UPPER CBSERVEO PER CENT CUMLLATIVE CUMULATIVE MULTIPLE D E V I A T I O N 
l i m i R FRECUENCY (IF TOTAL PERCENTAGE REMAINDER OF MEAN FRCM MEAN 

0 0 . 0 0 . 0 1 0 C . 0 .OOC - .COO 
5' 0 . 0 0 . 0 1 0 0 . 0 . 1 1 6 - . C O O 

1 0 0 . 0 0 . 0 1 0 0 . 0 . 2 3 3 - . 0 0 0 
1 5 0 . 0 0 . 0 1 0 0 . 0 . 3 4 9 - . 0 0 0 
2 0 0 . 0 0 . 0 1 0 0 . 0 . 4 6 5 - . 0 0 0 
2 5 0 . 0 0 . 0 1 0 0 . 0 . 5 8 1 - . 0 0 0 
3 0 0 . 0 0 . 0 1 0 0 . 0 . 6 9 6 - . 0 0 0 
3 5 0 . 0 0 . 0 1 0 0 . 0 . 8 1 4 - . 0 0 0 
4 0 0 . 0 0 . 0 1 0 0 . 0 . 9 3 C - . 0 0 0 
4 5 1 I O O . B O 1 0 C . 0 . 0 1 . C 4 7 . 0 0 0 

REMAINING FREQUENCIES ARE ALL , LERO 

TABLE NUMBER 3 

ENTRIES IN TABLE 
5 3 

MEAN ARGUMENT 
23. 302 

STANCARD DEVIATION 
11.76 3 

SUM OF ARGUMENTS 
1235.000 NON-WEIGHT EC 

UPPER CBSERVED PER CENT CUMLLATIVE CUMULATIVE MULTIPLE DEVIATION 
LIMIT 

0 
FRECUENCY 

I 
OF TOTAL 

1.89 
PERCENTAGE 

1.9 
REMAINDER 

98. 1 
OF MEAN 

.OOC 
FROM MEAN 

-1 .981 
5 

10 
1 
3 

1.89 
5.66 

3.8 
9.4 

96.2 
90.6 

.215 

.425 
-1.556 
-1.131 

15 
20 

9 
10 

16.98 
18.87 

26.4 
45.3 

73.6 
54.7 

.644 

.858 
-.706 
-.281 

2 5 
30 

10 
5 

18.87 
9.43 

64.2 
73.6 

35.8 
26.4 

1.073 
I .287 

.144 

.569 
35 
4 0 

8 
1 

15.09 
1.89 

88.7 
9 C . 6 

11.3 
9.4 

1.502 
1.71 7 

.994 
1.420 

4 5 
50 

2 
1 

3.77 
1.89 

9 4 .3 
96.2 

5.7 
3.8 

1.931 
2.146 

1.845 
.̂270 

55 
6 0 

1 
1 

1 .89 
1.89 

98.1 
100.0 

1.9 
.0 

2.36C 
2.575 

2.695 
3.120 

REMAINING FREQUENCIES ARE ALL . LERC 

_ 

TABLE NUMBER 4 -

ENTRIfeS IN TABLE 
dO 

MEAN ARGUMENT 
28.500 

STANCARD DEVIATION 
15.949 

SUM CF ARGUMENTS 
2280.000 NCN-taEIGFTEC 

UPPER OBSERVED PER CFNT CUMLLATIVE CUMULATIVE MULTIPLE DEVIATION 
LIMI T 

0 
FRECUENCY 

0 
OF TOTAL 

.00 
PERCENTAGE 

.0 
REMAINDER 

100.0 
OF MEAN 

• OOC 
FROM MEAN 

-1.787 
5 

10 
1 
3 

1.25 
3.75 

1.2 
5 . 0 

98.8 
95.0 

.175 

.351 
-1.473 
-1.160 

1 5 
2 0 

12 
15 

15.00 
18.75 

20.0 
38.7 

80.0 
61.3 

.526 

.702 
-.846 
-.533 

25 
30 

8 
10 

10.00 
12.50 

48.7 
61.2 

51.3 
38.8 

.877 
1.053 

-.219 
.094 

35 
40 

9 
4 

11.25 
5.00 

72.5 
77.5 

27.5 
22.5 

1.228 
1.404 

.408 

.721 
45 
50 

8 
5 

10.00 
6.25 

87.5 
93.7 

" 12.5 
6.3 

1.57? 
1.754 

1.035 
1.348 

55 
6 0 

1 
0 

1.25 
. 0 0 

- - - - 5̂.0" 
9 5 . 0 

" 5.0 
5 . 0 

1.93C 
2 . 105 

1.662 
1.975 

6 5 
70 

1 
0 

1.25 
.00 

96.2 
96.2 

3.8 
3.8 

2.281 
2.456 

2.289 
2.602 

7 5 
8 0 

0 
2 

.00 
2 . 5 0 

96.2 
9e.7 

3.a 
1.3 

2.632 
2.807 

2.915 
3.229 

8 5 
REMAINING FREQUENCIES 

1 
ARE ALL ZERO 

1.25 1OC.0 .0 2.982 3.542 

TABLt NUMBER 5 

ENTRIES IN TABLE 
17 

MEAN ARGUMENT 
47.941 

STANCARD DEVIATION 
23. 1C 7 

SUM CF ARGUMENTS 
815.000 NCN-WE IGF TED 

UPPER CBSERVEO PER CENT CUMLLATIVE CUMULATIVE MULTIPLE DEVIATION 
LIMI T 

0 
FRECUENCY 

0 
OF TOTAL 

.00 
PERCENTAGE 1 

.0 
REMAINDER 

100.0 
OF MEAN 

.OOC 
FROM MEAN 

-2.075 
5 

1 0 
0 
1 

.00 
5.88 

.0 
5 . 9 

100.0 
94. 1 

. 104 

.205 
- 1.858 
-1.642 

15 
20 

0 
1 

.00 
5 . 8 8 

5.9 
11.8 

94.1 
88.2 

.313 

.417 
- 1.426 
-1.209 

2 5 
30 

1 
0 

5.88 
.00 

17.6 
17.6 

82.4 
82.4 

.521 

.626 
-.993 
-.776 

35 
40 

2 
1 

11 . 76 
5.88 

25.4 
35.3 

70.6 
64.7 

.73C 

.834 
-.560 
-.344 

45 
50 

2 
1 

1 1 . u 
5.88 

47.1 
52.9 

52.9 
47.1 

.93? 
1.043 

-.127 
.089 

5 5 
60 

2 
3 

11.76 
17.65 

64.7 
82.4 

35.3 
17.6 

1.147 
1.252 

.305 

.522 
65 
70 

0 
1 

.00 
5.88 

82.4 
B8.2 

17.6 
11.8 

1.356 
1.46C 

.738 

.955 
75 
80 

0 
0 

.00 

.00 
86.2 
88.2 

11.8 
11.8* 

1.564 
1.669 

1.171 
1.387 

8 5 
9 0 

1 
0 

5.88 
.00 

94.1 
94.1 

5.9 
5.9 

1.773 
1.877 

1.604 
1.820 

9 5 
100 

0 
I 

.00 
5.88 

94.1 
1OC.0 

5.9 
.0 

1.982 
2.086 

2.037 
2.253 

REMAINING FREQUENCIES ARE ALL ZERO 
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TABLE NlJMBtR 6 

EN f RI c-S IN TABLE MEAN ARGUMENT STANDARD DEVIATICN SUM CF ARGUMENTS 
4 7 3 1 . 9 0 7 1 8 . e C 2 3 0 9 5 . 0 0 0 NCN-hE IGHTED 

UPPER Cn^ERVED PER CENT CUMLL A TIVE CUMULATIVE MULTIPLE DEVIATIGN^ 
LIMIT FRECUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FRCM MEAN 

CI 0__ . 0 0 . 0 1 0 0 . 0 .COC _ - 1 . 6 9 7 
5 1 1 . 0 3 1 . 0 9 9 . 0 . 1 5 7 - 1 . 4 3 1 

1 0 4 4 . 1 2 5 . 2 9 4 . 8 . 3 1 3 - 1 . 1 6 5 
1 5 1 ? 1 2 . 3 7 1 7 . 5 8 2 . 5 . 4 7 C - . 8 9 9 
2 J _ 16 1 6 . 4 9 3 4 . 0 6 6 . 0 . 62 7 - . 6 3 3 
? 5 9 9 . 2 8 4 3 . 3 5 f t . 7 . 7 8 4 - . 3 6 7 
3 0 1 0 1 0 . 3 1 5 3 . 6 4 6 . 4 _-A'*C

 I_?.iPJ 
3 5 11 1 1 . 3 4 6 4 . 9 3 5 . 1 " 1 . C 9 7 . 1 6 4 
4 0 5 5 . 1 5 7 C . I 2 9 . 9 1 . 2 5 4 . 4 3 0 
4~3 175 l o T T I - " "8(5.4 I T 4 T C 75975 
5 0 - 6 6 . 1 9 8 6 . 6 1 3 . 4 1 . 5 6 7 ^ 9 6 2 
5 5 3 3 . 0 9 8 9 . 7 1 0 . 3 1 . 7 2 4 1 . 2 2 8 
6 0 3 3 . 0 9 9 2 . 8 7 . 2 1 . 8 8 C 1 . 4 9 4 
6 5 1 1 . 0 3 9 3 . 8 6 . 2 2 . 0 3 7 177615 
7C 1 1 . 0 3 9_4. 8 5 ^ 2 . 1 9 4 2 . 0 2 6 
7"5 : 0 . 0 0 " - 9 4 . 8 5 T 2 2 . 3 5 1 2 . 2 9 2 
8 0 2 2 . 0 6 9 6 . 9 3 . 1 _ l ' 5 0 7 2 . 5 5 8 

" 8 5 2 2 . 0 6 9 9 . 0 1 . 0 2 . 6 6 4 " 2 . 8 2 4 
9 0 0 . 0 0 9 S . 0 1_.0 2 . 8 2 J I'^L 
9 b 0 . 0 0 9 S . 0 1 . 0 2 . 9 7 7 " 3 . 3 5 6 

1 0 0 1 1 . 0 3 1 0 C . 0 . 0 3 . 1 3 4 3 . 6 2 2 
REMAINING FREQUENCIES ARE ALL ZERO 

TARLE NUMBER 7 

ENTRIES IN TABLE MEAN ARGUMENT STANDARD DEVIATION SUM CF ARGUMENTS 
2 6 3 2 6 . 9 7 3 1 7 . C E 2 7 0 9 4 .OCO NCN-WFIGF TED 

UPPER OBSERVED PER CFNT CUMLLATIVF CUMULATIVE MULTIPLE DEVIATICN 
LIMIT FRECUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FRCM MEAN 

0 1 . 3 8 . 4 9 9 . 6 .OOC - 1 . 5 8 2 
5 7 2 . 6 6 3 . 0 9 7 . 0 . 1 8 5 - 1 . 2 8 9 

1 0 2 5 9 . 5 1 1 2 . 5 8 7 . 5 . 3 7 1 - . 9 9 5 
1 5 4 1 1 5 . 5 9 2 8 . 1 7 1 . 9 . 5 5 6 - . 7 0 2 
2 0 4 6 1 7 . 4 9 4 5 . 6 5 4 . 4 . 7 4 1 - . 4 0 9 
2 5 2 6 9 . 8 9 5 5 . 5 4 4 . 5 . 9 2 7 - . 1 1 6 
3 0 2 0 7 . 6 0 6 3 . 1 3 6 . 9 1 . 1 1 2 . 1 7 7 
3 5 3 0 1 1 . 4 1 7 4 . 5 2 5 . 5 1 . 2 9 S . 4 7 1 
4 0 1 6 6 . 0 8 8 0 . 6 1 9 . 4 1 . 4 8 3 . 7 6 4 
4 5 17 6 . 4 6 8 7 . 1 1 2 . 9 1 . 6 6 E 1 . 0 5 7 
5 0 11 4 . 1 8 9 1 . 3 8 . 7 1 . 8 5 4 1 . 3 5 0 
5 5 6 2 . 2 8 9 3 . 5 6 . 5 2 . 0 3 5 1 . 6 4 4 
6 0 7 2 . 6 6 9 6 . 2 3 . 8 2 . 2 2 4 1 . 9 3 7 
6 b 2 . 76 9 7 . 0 3 . 0 2 . 4 1 C 2 . 2 3 0 
7 0 4 1 . 5 2 9 8 . 5 1 . 5 2 . 5 9 5 2 . 5 2 3 
7a 1 . 3 8 9 8 . 9 1 . 1 2 . 7 8 1 2 . 8 1 7 
8 0 1 . 3 8 9 S . 2 . 8 2 . 9 6 t 3 . 1 1 0 
8 5 0 . 0 0 9 9 . 2 . 8 3 . 1 5 1 3 . 4 0 3 
9 0 0 . 0 0 9 S . 2 . 8 3 . 3 3 7 3 . 6 9 6 
9 b 0 . 0 0 9 9 . 2 . 8 3 . 5 2 2 3 . 9 8 9 

1 0 0 0 . 0 0 9 9 . 2 . 8 3 . 7 0 7 4 . 2 8 3 
1 0 b 1 . 3 8 9 9 . 6 . 4 3 . 8 9 3 4 . 5 7 6 
1 1 0 0 . 0 0 9 9 . 6 . 4 4 . 0 7 8 4 . 8 6 9 
l i b 1 . 38 1 0 0 . 0 . 0 4 . 2 6 3 5 . 1 6 2 

REMAINING FREQUENCIES ARE ALL ZERO 
"TABLE NUMBER 8 

ENTRIES IN TABLE MEAN ARGUMENT " STANDARD DEVIATICN " SUM CF ARGUMENTS 

10 5 6 . 1 8 6 3 5 . 9 5 0 ; 3 9 3 3 . O C O NON-hE IGF TED 

UPPER OBSERVED PER CENT CUMLL AT IVE CUMULATIVE MULTIPLE DEVIATICN 
LIMIT FRECUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FRCP MEAN 

0 0 . 0 0 . 0 1 0 0 . 0 • OOC - 1 . 5 6 3 
5 2 2 . 8 6 2 . 9 9 7 . 1 . c s < ; - 1 . 4 2 4 

10 1 1 . 4 3 4 . 3 9 5 . 7 . i 7 e - 1 . 2 8 5 
1 5 3 4 . 2 9 8 . 6 9 1 . 4 . 2 6 7 - 1 . 1 4 6 
2 0 2 2 . 8 6 U . 4 8 8 . 6 . 3 5 t - 1 . 0 0 7 
2 b 4 5 . 7 1 1 7 . 1 8 2 . 9 . 4 4 5 - . 8 6 7 
3 0 6 8 . 5 7 2 5 . 7 7 4 . 3 . 5 3 4 - . 7 2 8 
3 5 6 8 . 5 7 3 4 . 3 6 5 . 7 . 6 2 3 - . 5 8 9 
4 0 5 7 . 1 4 4 1 . 4 5 8 . 6 . 7 1 2 - . 4 5 0 
4 5 5 7 . 1 4 4 8 . 6 5 1 . 4 . 8 6 1 - . 3 1 1 
5 0 3 4 . 2 9 5 2 . 9 4 7 . 1 . 8 9 C - . 1 7 2 
5 5 5 7 . 1 4 6 C . 0 4 0 . 0 - . 0 3 3 
6 0 3 4 . 2 9 6 4 . 3 3 5 . 7 1 . 0 6 E . 1 0 6 
6 b 4 5 . 7 1 7 C . 0 " 3 C . 0 1 . 1 5 7 . 2 4 5 " 
7 0 2 2 . 8 6 7 2 . 9 2 7 . 1 1 . 2 4 6 . 3 8 4 
7 5 3 4 . 2 9 7 7 . 1 2 2 . 9 1 . 3 3 5 . 5 2 3 
8 0 2 2 . 8 6 8 C . 0 2 0 . 0 1 . 4 2 4 . 6 6 2 
8 5 1 1 . 4 3 81 . 4 1 8 . 6 1 . 5 1 3 . 8 0 2 
9 0 1 1 . 4 3 8 2 . 9 1 7 . 1 1 . 6 0 2 . 9 4 1 
9 5 1 1 . 4 3 8 4 . 3 1 5 . 7 1 . 6 9 1 1 . 0 8 0 

1 0 0 0 . 0 0 8 4 . 3 1 5 . 7 1 . 7 8 C 1 . 2 1 9 
1 0 5 0 . 0 0 8 4 . 3 1 5 . 7 1 . 8 6 5 1 . 3 5 8 
1 1 0 2 2 . B 6 S 7 . 1 1 2 . 9 1 . 9 5 e 1 . 4 9 7 
1 1 5 2 2 . 8 6 9 C . ( T 1 0 . p 2 . 0 4 7 1 . 6 3 6 
1 2 0 2 2 . 8 6 9 2 . 9 7 . 1 2 . 1 3 6 1 . 7 7 5 
1 2 5 I 1 . 4 3 9 4 . 3 5 . 7 2 . 2 2 5 1 . 9 1 4 
1 3 0 0 . 0 0 9 4 . 3 5 . 7 2 . 3 1 4 2 . 0 5 3 
1 3 5 2 2 . 8 6 9 7 . 1 2 . 9 2 . 4 0 3 2 . 1 9 2 
1 4 0 1 1 . 4 3 9 8 . 6 1 . 4 2 . 4 9 2 2 . 3 3 1 
1 4 5 0 . 0 0 9 8 . 6 1 . 4 2 . 5 8 1 2 . 4 7 0 
1 5 0 0 . 0 0 9 8 . 6 1 . 4 2 . 6 7 C 2 . 6 1 0 
1 5 b I 1 . 4 3 101370 . 0 2 . 7 5 9 2 . 7 4 9 

REMAINING FREQUENCIES ARE ALL ZERO 
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TABLE NUMBER 9 

ENTRIi-S IN TABLE MEAN ARGUMENT STANCARD DEVIATION SUM CF ARGUMENTS 

3 ii 
3 3 . 1 1 4 2 5 . 3 C 2 1 1 0 2 7 . 0 0 0 NCN-hEIGHTED 

UPPER OBSERVED PER CENT CUMLLATIVE CUMULATIVE MULTIPLE DEVIATION 
LIMI T FRECUENCY • F TOTAL PERCENTAGE REMAINDER OF MEAN FRCM MEAN 

0 1 . 3 0 . 3 9 9 . 7 .OOC - 1 . 3 0 9 
b 9 2 . 7 0 3 . 0 9 7 . 0 . 1 5 1 - 1 . 1 1 1 

1 0 2 6 7 . 8 1 1 C . 8 8 9 . 2 . 3 0 2 - . 9 1 4 
1 5 4 4 1 3 . 2 1 2 4 . 0 7 6 . 0 . 4 5 3 - . 7 1 6 
2 0 4 8 1 4 . 4 1 3 e . 4 6 1 . 6 . 6 0 4 - . 5 1 8 
2 5 JO 9 . 0 1 4 7 . 4 5 2 . 6 . 7 5 5 - . 3 2 1 
3 0 2 6 7 . 8 1 5 5 . 3 4 4 . 7 . 9 0 6 - . 1 2 3 
3 5 3 6 1 0 . 8 1 6 6 . 1 3 3 . 9 1 . 0 5 7 . 0 7 5 
4 0 2 1 6 . 31 7 2 . 4 2 7 . 6 1 . 2 0 6 . 2 72 
4 5 2 2 6 . 6 1 " 7 9 . 0 2 1 . 0 1 . 3 5 5 . 4 7 0 
5 0 14 4 . 2 0 8 3 . 2 1 6 . B 1 . 5 1 C . 6 6 7 
5 5 11 3 . 3 0 8 6 . 5 1 3 . 5 1 . 6 6 1 . 8 6 5 
6 0 10 3 . 0 0 8 9 . 5 1 0 . 5 1 . 8 1 2 1 . 0 6 3 
6 5 6 1 . 8 0 9 1 . 3 8 . 7 1 . 9 6 3 1 . 2 6 0 
7 0 6 1 . 8 0 9 3 . 1 6 . 9 2 . 1 1 4 1 . 4 5 8 
7 5 4 1 . 2 0 9 4 . 3 5 . 7 2 . 2 6 5 1 . 6 5 5 
8 0 3 . 9 0 9 5 . 2 4 . 8 2 . 4 1 6 1 . 8 5 3 
8 5 1 . 3 0 9 5 . 5 t 4 . 5 2 . 5 6 7 2 . 0 5 1 
9 0 1 . . 3 0 9 5 . 8 4 . 2 2 . 7 1 6 2 . 2 4 8 
9 5 1 . 3 0 9 6 . 1 3 . 9 2 . 8 6 5 2 . 4 4 6 

1 0 0 0 . 0 0 9 6 . 1 3 . 9 3 . 0 2 C 2 . 6 4 4 
1 0 5 1 . 3 0 9 6 . 4 3 . 6 3 . 1 7 1 2 . 8 4 1 
1 1 0 2 . 6 0 9 7 . 0 3 . 0 3 . 3 2 2 3 . 0 3 9 

l ib 3 . 9 0 9 7 . 9 2 . 1 3 . 4 7 3 3 . 2 3 6 
1 2 0 2 . 6 0 9 8 . 5 1 . 5 3 . 6 2 4 3 . 4 3 4 
1 2 6 1 . 3 0 9 8 . 8 1 . 7 3 . 7 7 5 3 . 6 3 2 
1 3 0 0 . 0 0 9e .8 1 . 2 3 . 9 2 6 3 . 8 2 9 
1 3 5 2 . 6 0 9 9 . 4 . 6 4 . C 7 7 4 . 0 2 7 
1 4 0 1 . 3 0 9 9 . 7 . 3 4 . 2 2 8 4 . 2 2 4 
1 4 5 0 . 0 0 9 9 . 7 . 3 4 . 3 7 5 4 . 4 2 2 
1 5 0 0 . 0 0 9 5 . 7 . 3 4 . 5 3 C 4 . 6 2 0 
1 5 5 1 . 3 0 1 0 C . 0 . 0 4 . 6 8 1 4 . 8 1 7 

REMAINING FREQUENCIES ARE ALL ZERO 

TABLE NUMBER IO -

E N T R I f S IN TABLE MEAN ARGUMENT STANCARD DEVIATION SUM CF ARGUMENTS 
4 0 7 3 0 . 9 0 9 1 9 . 8 6 8 1 2 5 8 0 . 0 0 0 NON-WEIGHTED 

UPPER 08SERVED PER CENT CUMLLATIVE CUMULATIVE MULTIPLE DEVIATION 
LIMIT FRECUENCY OF TOTAL PERCENTAGE REMAINDER CF MEAN FRCM MEAN 

0 0 . 0 0 . 0 1 0 0 . 0 • OOC - 1 . 5 5 4 
5 2 1 5 . 1 6 5 . 2 9 4 . 8 . 1 6 2 - 1 . 3 0 3 

1 0 17 4 . 1 8 5 . 3 9 0 . 7 . 3 2 4 - 1 . 0 5 1 
1 5 4 1 1 0 . 0 7 1 9 . 4 8 0 . 6 . 4 8 5 -".flOO 
2 0 6 4 1 5 . 7 2 3 5 . 1 6 4 . 9 . 6 4 7 - . 5 4 9 
2 5 5 7 1 4 . 0 0 4 9 . 1 5 C . 9 . 6 0 5 - . 2 9 7 
3 0 4 6 1 1 . 3 0 6 C . 4 3 9 . 6 . 9 7 1 - . 0 4 6 
3 5 2 9 7 . 1 3 6 7 . 6 3 2 . 4 1 . 1 3 2 . 2 0 6 
4 0 3 0 7 . 37 7 4 . 9 2 5 . 1 1 . 2 9 4 . 4 5 7 
4 b 29 7 . 1 3 "82 .T 1 7 . 9 1 . 4 5 6 . 7 0 9 " 
5 0 1 3 3 . 1 9 8 5 . 3 1 4 . 7 1 . 6 1 6 . 9 6 0 
5 5 12 2 . 9 5 8 8 . 2 1 1 . 8 1 .779 " 1 . 2 1 1 
6 0 8 1 . 9 7 9 0 . 2 9 . 8 1 . 9 4 1 1 . 4 6 3 
6 5 9 2 . 2 1 9 2 . 4 7 . 6 77T03 1 . 7 1 4 
7 0 11 2 . 7 0 9 5 . 1 4 . 9 2 . 2 6 5 1 . 9 6 6 

7b" 5 1 . 2 3 9 6 . 3 3 . 7 2 . 4 2 6 2 .217 
8 0 6 1 . 4 7 9 7 . 8 2 . 2 2 . 5 8 6 2 . 4 6 8 
8 5 3 . 7 4 9 8 . 5 1 . 5 2.720 
9 0 2 . 4 9 9 5 . 0 1 . 0 2 . 9 1 2 2 . 9 7 1 
9 5 1 . 2 5 ^ 9 9 . 3 77 3 . 0 7 4 "" 3 . 223 

1 0 0 0 . 0 0 9 9 . 3 . 7 3 . 2 3 5 3 . 4 7 4 
1 0 5 1 .25 9 9 . 5 . 5 3 . 3 9 7 " 3.725" 
1 1 0 0 . 0 0 9 9 . 5 . 5 3 . 5 5 9 3 . 9 7 7 
1 1 5 1 . 2 5 9 9 . 8 3 . 7 2 1 4 . 2 2 8 
1 2 0 0 . 0 0 9 9 . 8 . 2 3 . 8 8 2 4 . 4 8 0 
1 2 5 0 . 0 0 " 9 9 . 8 . 2 4 . 0 4 4 4 . 7 3 1 
1 3 0 0 . 0 0 9 9 . 8 . 2 4 . 2 0 6 4 . 9 8 2 
1 3 5 0 .00 9 9 . 8 . 2 4 . 3 6 6 5.2T4 
1 4 0 1 . 2 5 1 0 0 . 0 . 0 4 . 5 2 5 5 . 4 8 5 

REMAINING FREQUENCIES ARE ALL ZERC 



94 

TABLE NUMBER 11 

ENTRIES IN TABLE MEAN ARGUMENT STANCARD DEVIATICN SUM CF ARGUMENTS 
1 10 120 645 S9.7C5 13271.000 NON-KEIGFTEO 

UPPER OBSERVED PER CENT CUMLLATIVE CUMULATIVE MULTIPLE DEVIATION 
LIMIT FRECUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FRCM MEAN 

0 0 .00 .0 100.0 • COC -1.210 
5 2 1.82 1.8 98.2 • C41 -1.160 

10 1 .91 2.7 97.3 .083 -1.110 
Is 3 2.73 5.5 94.5 .124 -1.060 
20 7 6.36 11.8 88.2 .166 -1.009 
2b 4 3.64 15.5 84.5 .207 - .959 
30 5 4.55 2C.0 80.0 .24 9 - .909 
35 4 3.64 23.6 76.4 .29C - .859 
40 0 .00 23.6 76.4 .332 - .809 
45 3 2.73 26.4 73.6 .37 3 - .759 
50 3 2.73 29.1 70.9 .414 - .709 
55 3 2.73 31.8 68.2 .456 - .658 
60 5 4. 55 36.4 63.6 .497 - .608 
6b 4 3.64 4C.0 60.0 .539 - .558 
70 3 2.73 42.7 57.3 .58C - .508 
75 9 8.18 5C.9 49. 1 .622 - .458 
SO 2 1 .82 52.7 47.3 .663 - .408 
85 1 .91 53.6 46.4 .705 - .358 
90 1 .91 54.5 45.5 .74 6 - .307 
95 2 1.82 56.4 43.6 .787 - .257 

100 0 .00 56.4 43.6 .829 - .207 
10b 0 .00 56.4 43.6 • 87C -.157 
110 2 1.82 58.2 ' 41.8 .912 - .107 
115 2 1.8 2 6C.0 40.0 .953 - .057 
120 1 .91 60.9 39.1 .995 - .006 
125 2 1.82 62.7 37.3 1.036 .044 
130 0 .00 62.7 37.3 1.07e .094 
135 1 .91 63.6 36.4 1.119 . 144 
140 1 .91 64.5 35.5 1.16C .194 
14b 3 2.73 67.3 32.7 1.202 .244 
150 1 .91 68.2 31.8 1.243 .294 
15b 1 .91 69.1 30.9 1.285 .345 
160 1 .91 70.0 30.0 1.326 .395 
165 2 1.82 71.8 28.2 1.366 .445 
170 1 .91 72.7 27.3 1.409 .49 5 
175 0 .00 72.7 27.3 1.451 .545 
180 1 .91 73.6 26.4 1.492 .595 
18b 1 .91 74.5 25.5 1.533 .645 
190 0 .00 74.5 25.5 1.575 .696 
195 0 .00 74.5 25.5 1.616 .746 
200 0 .00 74.5 25.5 1.656 .796 
205 1 .91 75.5 24.5 1.699 .846 
210 1 .91 76.4 23.6 1.741 .896 
215 0 .00 76.4 23.6 1.782 .946 
220 0 .00 76.4 23.6 1.824 .996 
22b 0 .00 76.4 23.6 1.865 1.047 1 

230 0 .00 76.4 23.6 1.906 1.097 
235 4 3.64 80.0 20.0 1.946 1.147 
240 1 .91 80.9 19.1 1.989 1.197 
24 b 2 1.82 " 82.7 17.3 2.031 1.247 
250 3 2.73 85.5 14.5 2.072 1.297 
255 3 2.73 88.2 11.8 2.114 1.348 
260 0 .00 ee.2 11.8 2. 155 1.398 
265 0 .00 88.2 11.8 2. 197 1.448 
270 0 .00 88.2 11.8 2.238 1.498 
275 2 1.82 90.0 10.0 2.27S "17548 

280 3 2.73 "92 .TT 7.3 2.321 1.598 
285 2 1.82 94.5 5.5 2.362 1.648 
290 0 .00 94.5 5. 5 2.404 1.699 
295 1 .91 95.5 4.5 2.44 5 1.749 
300 

i 
1 .82 97.3 2.7 2.487 1.799 

30 5 0 .00 97.3 2.7 2.526 1.849 
310 0 .00 97.3 2.7 2.57C 1.899 
31b 0 .00 97.3 2.7 2.611 1.949 
320 0 .00 97.3 2.7 2.652 1.999 
32b 0 .00 97.3 2.7 2.694 2.050 
330 0 .00 97.3 2.7 2.735 2.100 
335 1 .91 98.2 1.8 2.777 2.150 
340 0 .00 98.2 1.8 2.816 2.200 
345 0 .00 98.2 1.8 2.86C 2.2 50 
350 0 .00 98.2 1.8 2.901 2.300 
35b 0 .00 96.2 1.8 2.943 2 .350 
360 0 .00 98.2 1.8 2.984 2.401 
36 5 0 .00 98.2 1.8 3.025 2.451 
370 0 .00 98.2 1.8 3.067 " 2.501 
375 0 .00 96.2 1.8 3.106 2.551 
380 0 , .00 98.2 1.8 3.15C 2.601 
38 b 0 .00 98.2 1.8 3.191 2.651 
390 0 .00 98.2 1.8 3.233 2.702 
395 1 .91 99.1 .9 3.274 2.752 
400 0 .00 99.1 .9 3.315 2.802 
40 5 0 .00 99.1 .9 3.357 2.852 
410 0 .00 99.1 .9 3.398 2.902 
415 0 .00 99.1 .9 3.44C 2.952 
420 0 .00 99.1 .9 3.481 3.002 
425 0 .00 99.1 " .9 2.523 3.053 
430 1 .91 100.0 .0 3.564 3.103 

REMAINING FREQUENCIES ARE ALL ZERC 
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TABLE NUMBER 12 

IN TABLE MEAN ARGUMENT STANCARD DEVIATION SUM CF ARGUMENTS 
5 1 7 5 0 . 0 0 2 6 1 . 3 4 0 2 5 8 5 1 . 0 0 0 NCN-HE IGF TED 

UPPE* OBSERVED PER CENT CUMLLAT IVE CUMULATIVE MULTIPLE DEVIATION 
LIMIT FRECUENCY OF TOTAL PERCENTAGE REMAINDER CF MEAN FROf MEAN 

0 0 . 0 0 . 0 1 0 0 . 0 .COC - . 8 1 5 
5 2 3 4 . 4 5 4 . 4 9 5 . 6 . I O C - . 7 3 4 

1 0 18 3 . 4 8 7 . 9 9 2 . 1 . 2 0 C - . 6 5 2 
1 5 4 4 8 . 5 1 1 6 . 4 8 3 . 6 • 30C - . 5 7 1 

to 
71 1 3 . 7 3 3 C . 2 6 9 . 8 • 40C - . 4 8 9 

2 5 6 1 1 1 . 8 0 4 2 . 0 5 8 . 0 . 5 0 C - . 4 0 8 
3 0 5 1 9 . 8 6 5 1 . 8 4 8 . 2 • 60C - . 3 2 6 
3 5 3 3 6 . 3 8 5 8 . 2 4 1 . 8 . 7 0 C - . 2 4 5 
4 0 3 0 5 . 8 0 6 4 . 0 3 6 . 0 . 80C - . 1 6 3 
4 5 3 2 6 . 19 7 C . 2 2 9 . 8 . 9 0 C - . 0 8 2 
5 0 1 6 3 . 0 9 7 3 . 3 2 6 . 7 l .OOC - . 0 0 0 
5 5 1 5 2 . 9 0 7 6 . 2 2 3 . 8 1 . 1 0 C . 0 8 1 
6 0 1 3 2 . 5 1 7 8 . 7 2 1 . 3 1 . 2 0 C . 1 6 3 
6 5 1 3 2 . 5 1 8 1 . 2 1 8 . 8 1 . 3 0 C . 2 4 5 
7 0 1 4 2 . 7 1 8 3 . 9 1 6 . 1 1 . 4 0 C . 3 2 6 
7 5 14 2 . 7 1 8 6 . 7 1 3 . 3 1 . 5 0 C . 4 0 8 
8 0 8 1 . 5 5 8 8 . 2 1 1 . 8 1 . 6 0 C . 4 8 9 
8 5 4 . 7 7 8 9 : 0 1 1 . 0 1 . 7 0 C . 5 7 1 
9 0 3 . 5 8 8 5 . 6 ' 1 0 . 4 1 . 8 0 C . 6 5 2 
9 5 3 . 5 8 9 0 . 1 9 . 9 1 . 9 0 C . 7 3 4 

1 0 0 0 . 0 0 9 0 . 1 9 . 9 2.OOC . 8 1 5 
1 0 5 1 . 19 9 C . 3 9 . 7 2. IOC . 8 9 7 
1 1 0 2 . 39 9 C . 7 9 . 3 2 . 2 0 C . 9 7 8 
11 5 3 . 5 8 9 1 . 3 8 . 7 2 . 3 0 C 1 . 0 6 0 
1 2 0 1 . 1 9 9 1 . 5 8 . 5 2 . 4 0 C 1 . 1 4 1 
1 2 5 2 . 3 9 9 1 . 9 8 . 1 2 . 5 0 C 1 . 2 2 3 
1 3 0 0 . 0 0 9 1 . 9 8 . 1 2 . 6 0 C 1 . 3 0 4 
1 3 5 1 . 19 9 2 . 1 7 . 9 2 . 7 0 C 1 . 3 8 6 
1 4 0 2 . 3 9 9 2 . 5 7 . 5 2 . 8 0 C 1 . 4 6 7 
1 4 5 3 . 5 8 9 3 . 0 7 . 0 2 . 9 0 C 1 . 5 4 9 
1 5 0 1 . 19 9 3 . 2 6 . 8 3.OOC 1 . 6 3 0 
1 5 5 1 . 1 9 9 3 . 4 6 . 6 3 . I O C 1 . 7 1 2 
1 6 0 1 . 1 9 9 3 . 6 6 . 4 3 . 2 0 C 1 . 7 9 3 
1 6 5 2 . 3 9 9 4 . 0 6 . 0 3.30C 1 . 8 7 5 
1 7 0 1 . 1 9 9 4 . 2 5 . 8 3 . 4 0 C 1 . 9 56 
1 7 5 0 . 0 0 9 4 . 2 5 . 8 3 . 5 0 C 2 . 0 3 8 
1 8 0 1 . 1 9 9 4 . 4 5 . 6 3 . 6 0 C 2 . 1 1 9 
1 8 5 1 . 1 9 9 4 . 6 5 . 4 3 . 7 0 C 2 . 2 0 1 
1 9 0 0 . 0 0 9 4 . 6 5 . 4 3 . 8 0 C 2 . 2 8 2 
1 9 5 0 . 0 0 9 4 . 6 5 . 4 3 . 9 0 C 2 . 3 6 4 
2 0 0 0 . 0 0 9 4 . 6 5 . 4 4 .COC 2 . 4 4 5 
2 0 5 1 . 19 9 4 . 8 5 . 2 4 . IOC 2 . 5 2 7 
2 1 0 1 . 1 9 9 5 . 0 5 . 0 4 . 2 0 C 2 . 6 0 8 
2 1 5 0 . 0 0 9 5 . 0 5 . 0 4 . 3 0 C 2 . 6 9 0 
2 2 0 0 . 0 0 9 5 . 0 5 . 0 4 . 4 0 C 2 . 7 7 1 
225 0 . 0 0 9 5 . 0 5 . 0 4.50C 2.853 
2 3 0 0 . 0 0 9 5 . 0 5 . 0 4 . 6 0 C 2 . 9 3 4 
2 3 5 4 . 7 7 9 5 . 7 4 . 3 4 . 7 0 C 3 . 0 1 6 
2 4 0 1 . 1 9 9 5 . 9 4 . 1 4 . 8 0 C 3 . 0 9 7 
2 4 5 2 . 3 9 9 6 . 3 3 . 7 4 . 9 0 C 3 . 1 7 9 
2 5 0 3 . 5 8 9 6 . 9 3 . 1 5.COC 3 . 2 6 0 
2 5 5 3 . 5 8 9 7 . 5 2 . 5 5 . I O C 3 . 3 4 2 
2 6 0 0 . 0 0 9 7 . 5 2 . 5 5 . 2 0 C 3 . 4 2 4 
2 6 5 0 . 0 0 9 7 . 5 2 . 5 5 . 3 0 C 3.5o5 
2 7 0 0 . 0 0 9 7 . 5 2 . 5 5 . 4 0 C 3 . 5 8 7 
2 7 5 2 . 3 9 9 7 . 9 2.1 5 . S 0 C 3 . 6 6 8 

2 8 0 3 . 5 8 9 8 . 5 1 . 5 5 . 6 0 C 3 . 7 5 0 
2 8 5 2 . 3 9 9 8 . 8 1 . 2 5 . 7 0 C 3 . 8 3 1 
2 9 0 0 . 0 0 9 8 . 8 1 . 2 5 . 8 0 C 3 . 9 1 3 
2 9 5 1 . 1 9 9 5 . 0 1 . 0 5 . 9 0 C 3 . 9 9 4 
3 0 0 2 . 3 9 9 9 . 4 . 6 6 . 0 6 C 4 . 0 7 6 
3 0 5 0 . 0 0 9 9 . 4 . 6 6 . IOC 4 . 1 5 7 
3 1 0 0 . 0 0 9 9 . 4 . 6 6 . 2 0 C 4 . 2 3 9 
3 1 5 0 . 0 0 9 9 . 4 . 6 6 . 3 0 C 4 . 3 2 0 
3 2 0 0 . 0 0 9 5 . 4 . 6 6 . 4 0 C 4 . 4 0 2 
32 5 0 . 0 0 9 9 . 4 . 6 6 . 5 0 C 4 . 4 8 3 
3 3 0 0 . 0 0 9 9 . 4 . 6 6 . 6 0 C 4 . 5 6 5 
3 3 5 1 . 1 9 9 5 . 6 . 4 6 . 7 0 C 4 . 6 4 6 
3 4 0 0 . 0 0 9 5 . 6 . 4 6 . 8 0 C 4 . 7 2 8 
3 4 5 0 . 0 0 9 9 . 6 . 4 6 . 9 0 C 4 . 8 0 9 
3 5 0 0 . 0 0 9 9 . 6 . 4 7.OOC 4 . 8 9 1 
3 5 5 0 . 0 0 9 9 . 6 . 4 7 . IOC 4 . 9 7 2 
3 6 0 0 • . 0 0 9 9 . 6 . 4 7.20C 5 . 0 5 4 
3 6 5 0 . 0 0 9 9 . 6 . 4 7 . 3 0 C 5 . 1 3 5 
370 0 . 0 0 9 9 . 6 . 4 7 . 4 0 0 5.217 
3 7 5 0 . 0 0 9 9 . 6 . 4 7 . 5 0 C 5 . 2 9 8 
3 8 0 0 .oO 9 9 . 6 . 4 7 . 6 0 C 5 . 3 8 0 
3 8 5 0 . 0 0 9 9 . 6 . 4 7 . 7 0 C 5 . 4 6 1 
390 0 .00 9 9 . 6 .4 7 . 8 0 C 5 . 5 4 3 
3 9 5 1 . 1 9 9 5 . 8 . 2 7 . 9 0 C 5 . 6 2 4 
4 0 0 0 . 0 0 9 5 . 8 . . 2 8 . OOC 5 . 7 0 6 
4 0 5 0 . 0 0 9 9 . 8 . 2 8 . IOC 5 . 7 8 7 
4 1 0 0 . 0 0 9 9 . 8 . 2 8 . 2 0 C 5 . 8 6 9 
4 1 5 0 . 0 0 9 5 . 8 . 2 8 . 3 0 C 5 . 9 5 0 
4 2 0 0 .00 99.8 .2 S.40C 6.032 
4 2 5 0 . 0 0 9 9 . 8 . 2 8 . 5 0 C 6 . 1 1 3 
4 3 0 1 . 1 9 1 0 0 . 0 . 0 8 . 6 0 C 6 . 1 9 5 

REMAINING FREQUENCIES ARE ALL ZERO 
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TABLE NUMBER 13 

ENTRIES IN TABLE MEAN ARGUMENT STANCARD DEVIATICN SUM CF ARGUMENTS 
1000 41.20 8 47.798 41208.000 NON-hEIGFTED 

UPPER CBSERVEO PER CENT CUMLLAT IVE CUMULATIVE MULTIPLE DEVIATION 
LIMIT FRECUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN 

0 2 .20 .2 99.8 • OOC -.862 
5 34 3.40 3.6 96.4 . 121 -.758 

10 51 5.10 8.7 91.3 .24* -.653 
15 109 10.90 19.6 80.4 .364 -.548 
20 - 145 14.50 34.1 65.9 .485 -.444 
25 110 11.00 45.1 54.9 .607 -.339 
30 92 9.20 54.3 45.7 .726 -.234 
35 88 8.80 63.1 36.9 .849 -.130 
40 57 5.70 66.8 31.2 .971 -.025 
45 66 6.60 75.4 24.6 1.092 .079 
50 37 3.70 79.1 20.9 1.213 .184 
5b 30 3.00 82.1 17.9 1.335 .289 
60 27 2.70 84.8 15.2 1.456 .393 
65 20 2.00 86.8 13.2 1.577 .498 
70 21 2.10 88.9 11.1 1.699 .602 
75 18 1.80 90.7 9.3 1.820 .707 
80 13 1.30 92.0 8.0 1.941 .812 
85 7 .70 92.7 7.3 2.063 .916 
90 4 .40 93.1 '6.9 2. 184 1.021 
95 4 .40 93.5 6.5 2.305 1.125 
100 1 .10 93.6 6.4 2.427 1.230 
105 2 .20 93.8 6.2 2.548 1.335 
110 4 .40 94.2 5.8 2.669 1.439 
lib 6 .60 94.8 5.2 2.791 1.544 
120 3 .30 95.1 4.9 2.912 1.648 
125 3 .30 95.4 4.6 3.033 1.753 
130 0 .00 95.4 4.6 3.155 1.858 
135 3 .30 95.7 4.3 3.276 1.962 
140 3 .30 96.0 4.0 3.397 2.067 
145 3 .30 96.3 3.7 3.519 2.171 
150 1 .10 96.4 3.6 3.64C 2.276 
155 2 .20 96.6 3.4 3.761 2.381 
160 1 .10 96.7 3.3 3.883 2.485 
165 2 .20 96.9 3.1 4.C04 2.590 
170 1 .10 97.0 3.0 4.125 2.695 
175 0 .00 97.0 3.0 4.247 2.799 
180 1 .10 97.1 2.9 4.366 2.904 
18b 1 .10 97.2 2.8 4.489 3.008 
190 0 .00 97.2 2.8 4.611 3.113 
195 0 .00 97.2 2.8 4.732 3.218 
200 0 .00 97.2 2.8 4.853 3.322 
205 1 .10 97.3 2.7 4.975 3.427 
210 1 .10 97.4 2.6 5.096 3.531 
215 0 .00 97.4 2.6 5.217 3.636 
220 0 .00 97.4 2.6 5.339 3.741 
22 5 0 .00 97.4 2.6 5.46C 3.845 
230 0 .00 97.4 2.6 5.581 3.950 
235 4 .40 97.8 2.2 5.703 4.054 
24 0 1 .10 97.9 2. 1 5.824 4.159 
245 2 .20 98.1 1.9 5.945 4.264 
250 3 .30 98.4 1.6 6.06 7 4.368 
255 3 .30 98.7 1.3 6.188 4.473 
260 0 .00 98.7 1.3 6.309 4.577 
26 5 0 .00 98.7 1.3 •' 6.431 4.682 
270 0 .00 98.7 1.3 6.552 4.787 
275 2 .20 98 .9 1.1 6.673 4.891 

280 3 .30 99.2 .8 6.795 4.996 
2B5 2 .20 99.4 .6 6.916 5. 100 
290 0 .00 99.4 .6 7.037 5.205 
295 1 .10 99.5 .5 7.159 5.310 
300 2 .20 99.7 .3 7.28C 5.414 
30 5 0 .00 99. 7 .3 7.401 5.519 
310 0 .00 99.7 .3 7.523 5.624 
315 0 .00 99.7 .3 7.644 5.728 
320 0 .00 99.7 .3 7.765 5.633 
325 0 .00 99.7 .3 7.887 5.937 
330 0 .00 99.7 .3 6.008 6.042 
335 1 .10 99.8 .2 6.129 6.147 
340 0 .00 99.8 .2 8.251 6.251 
34 5 0 .00 99.8 .2 8.372 6.356 
350 0 .00 99.8 .2 8.493 6.460 
35 5 0 .00 99.8 .2 8.615 6.565 
360 0 .00 99.8 .2 8.736 6.670 
365 0 .00 99.8 .2 8.858 6.774 
370 0 .00 99.8 .2 6.97S 6.879 
375 0 .00 99.8 .2 9.IOC 6.983 
380 0 .00 94.6 .2 9.222 7.088 
38 5 0 .00 99.8 .2 9.343 7.193 
390 6 .00 99.6 .2 9.464 7.297 
395 1 .10 9S.9 .1 9.586 7.402 
400 0 .00 99.9 -.1 9.707 7.506 
405 0 .00 99.9 .1 5.826 7.611 
410 0 .00 99.9 .1 S.95C 7.716 
415 0 .00 99.9 .1 10.071 7.820 
420 0 .00 99.9 .1 IC. 192 7.92b 
425 0 .00 99.9 .1 10.314 8.030 
4315 I 7lO~ l l S O ~ 75" 10.435 8.134 

REMAINING FREQUENCIES ARE ALL ZERO 
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o.i* 0.3 0.2 

Unci Clas Unc i Clas U n c i Clas 

23.0 1*2.5 23.8 76.0 23.8 U1.5 
21.6 39.8 22.8 38.0 21.1* 38.7 

O.Ol - 0.21* 25.3 1*1*. 7 23.5 69.0 23.5 1*9.3 
22.1 . 58.3 23.9 ' 1*5.8 26.0 U6.3 
25.2 52.1 27.0 51.2 28.3 60.1 
26.5 5U.5 25.1 to.2 25.6 1*3.1 

EC 0.25 - 0.U9 26.7 5P.6 27.1* 37.9 2U.9 1*0.0 
CO 
< 3 -< 

21*.8 5U.6 26 .1 1*6.9 21*. 2 1*1.9 

25.8 53.9 23.3 1*3.3 25.7 1*2.1 
Pm 28.6 62.5 28.8 50.0 26.8 36.5 

0.50 - 0.7U 2i*.7 39.8 21*.9 38.1* 25.3 Ul*.5 
29 .1 39.8 29.1* 1*3.1* 27.1 1*6.5 

29.5 57.9 29.0 37.2 31.0 38.3 
29.2 U3.3 26.8 53.U 29.7 1*0.5 

0.75 - l p o 30.1 1*3.1 29.0 1*9.6 31.7 1*3.3 0.75 - l p o 
31.2 1*7.1 29.7 1*2.3 31.1* 1*1.3 

22.6 51.5 2l*.8 55.1* 22.7 60.1* 
20.Lt 55.9 2U.9 1*9.3 23.3 1*6.8 

0.01 - 0.2U 23.7 5U.3 23.2 U7.1 2l*.8 36.2 
21.8 55.6 26.8 55.6 27.3 U2.6 

W 2 9 . 8 7U.3 30. 1* 63.7 32.1* 5U.2 
H 22.9 60 .0 2i*.6 6l*.9 25.2 53.2 
< 0.25 - 0.1*9 2i*.2 69.U 2U.6 58.1 26 .1 52.1 
(—1 
Q 

0.25 
28.3 85.1* 28.3 67.5 28.8 57.2 

W 25.7 125.1* 28.0 135.5 29.3 66.2 
30.3 157.0 30.5 88.5 35.0 68.6 

o.5o - 0.7U 27.8 137.1 27.6 9h.9 28 .1 1*6.5 o.5o 
28.8 51*6.5 30.7 116.8 30.8 78.1 
31.6 326.0 3U.6 253.0 3U.9 88.0 
28.3 lOUi.O 27.3 1 2 9 . 6 2 9 . 1 83.8 

0.75 - 1,00 26.7 1053.9 2 8 . 1 ' 171.3 32.2 71.0 
27.1 353.8 28 .1 165.U 28.7 59.1* 

http://20.Lt
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0 . 4 0 

CO
 0 . 2 

Unci Clas U n c i Clas Unci Clas 

26.2 189. 1* 29.1* 117.6 33.6 55.3 
21*.0 72.8 23.6 . 88.0 27.0 1*8.6 

0.01 - 0.2l* 21.8 ' 78.0 21*.9 51*.6 16.2 20.1 
27.8 112.8 25.8 66.0 2U.9 56.1 

>-< 22.1 6)4.6 25.6 6U.5 21*. 0 59.7 
26.0 81.0 27.0 69.2 27.0 56.2 

1—1 0.25 - 0.1*9 26.9 72.1 27.0 63.6 26.2 66.2 
25.0 105.3 26.1 70.3 26.8 57.0 

O 

l - l 25.9 787.6 27.7 1*08.8 31.9 106.5 
26.6 1225.8 25.5 1*1*2.5 31.3 79.5 

PH o.5o - 0.7U 28.3 525.6 29.3 121.5 30.2 63.9 PH 

27.0 37U.3 29.O 98.U 26.6 50.6 
26. 1* 1201.0 29.6 285.0 28.9 51*. 1 
26.8 1121*. 0 28.2 11*3.3 26.0 50.0 

0.75 - 1.00 25.8 1395.9 27.0 281*. 5 30.8 78,7 
28.9 1568.8 26.1 38U.3 27.9 71*.8 

38.3 758.6 UU.8 17U.1* 35.2 53.7 
31.9 701.1 1*0.8 223.1 1*1.7 61.5 

0.01 - 0.21* 30.3 131*2.9 36.0 711.0 32.1 53.5 
28.8 2U0.7 39.9 55.7 36.2 56.3 
32.6 936.6 31.9 553-8 31*.7 151.1 

w 29.2 261.1* 30.9 82.9 31*.7 6 6 . 3 
•25 0.25 - 0.U9 28.3 2003.6 32.0 1*16.9 30.6 21*1.9 
l - l 2i*.9 1681*. 1 31.1 5214.7 28.3 60.1 

27.9 3130.7 30.9 21*7.5 31*.2 11U.1* 
O 27.7 761.2 33.5 723.1 30.1* 66.1* 

0.50 - 0.71* 27.9 1361*.8 29.8 890.5 31.9 86.3 
27.7 651.1* 27.1* 265.2 28.li 69.2 

27.5 1211.2 31.8 236.2 31.5 198.8 
28.7 783.2 31.6 3U5.9 31.7 65.6 

0.75 - 1.00 23.8 1751.2 25.1* 369.5 28.8 87.2 
26.3 1665.0 29.8 U39.6 28.0 70.6 

http://28.li
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ANOVA 

Source d . f Sum of S q u a r e s Mean Square EMS F 

PM. 
1 

3 8 8 6 , 5 9 7 . 7 8 2 9 5 , 5 3 2 . 5 9 9 .38 A 
2 . 6 5 " 

P . 
D 

3 3 , 6 8 6 , 9 8 9 . 9 5 1 , 2 2 8 , 9 9 6 . 6 5 3 9 . 0 1 2 . 6 5 " 

c k 1 4 , 9 1 1 , 0 0 5 . 6 3 4 , 9 1 1 , 0 0 5 . 6 3 1 5 5 . 9 0 A 
3 . 8 9 " 

CMĵ  2 3 , 5 6 1 , 5 8 5 . 8 7 1 , 7 8 0 , 7 9 2 . 9 4 56 .53 A 
3 . 0 4 " 

PMP. . 
13 

9 7 1 8 , 7 9 9 . 5 6 7 9 , 8 6 6 . 6 2 2 . 5 4 A 
1 . 9 3 " 

A 

PMC, l k 
3 8 5 9 , 8 5 8 . 2 9 2 8 6 , 6 1 9 . 4 3 9 .10 2 . 6 5 " 

PMCM.. i i 
6 1 , 0 0 9 , 0 1 4 . 8 7 1 6 8 , 1 6 9 . 1 5 5 .34 

A 
2 . 1 4 " 

P C , 
3 ^ 

3 3 , 5 5 1 , 4 9 9 . 4 7 1 , 1 8 3 , 8 3 3 . 1 6 3 7 . 5 8 

A 
2 . 6 5 " 

PCM., 6 2 , 9 5 5 , 0 6 6 . 4 0 4 9 2 , 5 1 1 . 0 7 1 5 . 6 3 A 
2 . 1 4 " 

CCM k l 2 3 , 6 2 3 , 3 4 3 . 9 8 1 , 8 1 1 , 6 7 1 . 9 9 5 7 . 5 1 A 
3 . 0 4 " 

PMPC. 
13k 

9 7 3 8 , 7 0 4 . 0 5 8 2 , 0 7 8 . 2 3 2 . 6 1 A 
1 . 9 3 " 

PMPCM. 
i D l 

18 7 5 7 , 1 3 2 . 5 3 4 2 , 0 6 2 . 9 2 . 1.34 1.62 

A PMCCM., , l k l 
6 1 , 0 0 6 , 5 8 8 . 4 1 1 6 7 , 7 6 4 . 7 4 5 .33 2 . 1 4 " 

PCCM., . Dkl 
6 2 , 9 8 9 , 8 9 0 . 1 8 4 9 8 , 3 1 5 . 0 3 15 .82 A 

2 . 1 4 " 

PMPCCM. ., . 
i D k l 

18 7 5 7 , 8 5 9 . 5 9 4 2 , 1 0 3 . 3 1 1.34 1.62 

e m c i . k l 
D 

228 9 , 0 7 2 , 5 6 5 . 6 9 3 1 , 5 0 1 . 9 6 

T o t a l 383 4 1 , 0 8 6 , 5 0 2 . 2 5 

E f f e c t i s s i g n i f i c a n t a t a 5 p e r c e n t l e v e l of s i g n i f i c a n c e . 
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W n i l M iMSDHS-f 

P l o t 2 . (See Tab le 32) 
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P l o t 3 . (See Tab le 32) 
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•n J in C o 
O ^ M CM P l o t 4 . (See Tab le 32) 





P l o t 6 . (See Tab le 32) 
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o o 

P l o t 7 . (See Tab le 32) 
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P l o t 9 . (See T a b l e 32) 
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P l o t 1 0 . (See T a b l e 321 
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P l o t 1 1 . ( S e e , T a b l e 32) 
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l n l n | i M - mem r.iv u) 

P l o t 1 2 . (See T a b l e 32) 
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P l o t 1 3 . (See Tab le 32) 
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P l o t 1 4 . (See Tab le 32) 
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P l o t 1 5 . (See T a b l e 32) 
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1 6 . (See Tab le 32) 
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2 COMMENT R O B E R T L L O N G S H O R E I E 7 0 0 G O O D N E S S OF F I T T E S T $ 
2 R E A L ( T . Y . F O . F . Z . A . B . D . D I F ) $ 
2 I N T E G E R (I.S.K»N»X.L.SUMN»J»M ) $ 
2 A R R A Y ( X ( 1 5 0 ) » N ( 1 5 0 ) * T ( 1 5 0 ) . Y U 5 0 ) , Z ( 1 5 0 ) , F ( 1 5 0 ) . D I F ( 1 5 0 ) . 
2 A ( 8 ) . B ( 8 ) ) _ 1 
2 I N P U T I N 1 ( L » M . ( F 0 R J = (1»1»M)iiAT J ) »B ( J ) ) ) » 
2 ( F O R I = < 1 . 1 , L > $ < X < I > » N ( I ) ) ) ) S 
? O U T P U T 0 U T 1 ( X ( I ) . N ( I ) , T ( I ) . F O . F ( I ) , D I F ( I ) ) $ 
2 O U T P U T 0 U T 2 ( S U M N ) $ 
2 O U T P U T 0 U T 3 1 J . A ( J ) , J . B ( J ) ) $ 
2 F O R M A T F M T 1 ( B 5 • * Q 6 S E R V E D T I M E NUMBER 0 5 5 E R V E D * , B 3 , 
2 " * A T I J U S T E D " T T M T F ( T ) O B S F R V F O F I T ) C A|_CUL A T F D * , R 3 , 
2 * A B S D I F F E R E N C E * * W 6 ) J 
2 F O R M A T F M T 2 ( B 7 » 1 6 . B 1 3 . U . B 8 . X 1 1 . 4 . B 9 . X 5 . 3 . B 1 3 . X 6 . 4 , B 1 1 , X 6 . 4 . 
2 WO) S 
2 FORMAT F M T 3 ( B 3 2 . * A L P H A * , I 2 » * = * . X 8 . h » B 5 • * B E T A * • I 2 • * = * , X 8 . 4 . 
2 W 6 ) J » I 
2 FORMAT F M T 4 ( B 5 »*"' X C E E D S C O N F I D E N C E L I M I T S » R E J E C T H Y P O T H E S I S * . 
2 WO) $ 
2 FORMAT F M T 5 ( B 5 . * T O T A L O B S E R V A T I O N S = * . U . W 6 ) $ 
2 F O R M A T F M T 6 ( W l ) $ 
2 R E A D ( J S I N l ) $ 
2 W R I T E ( J J F M T 1 ) _ _ $ 
2 F 0 = 0 " . 0 " ' " " " $ 
2 S U M N = 0 $ 
2 J = l $ 
2 S = l J 
2 FOR I = ( 1 . 1 . L > $ 
2 B E G I N _ 
2 S U M N = ( ( S U M N ) + ( N ( I ) ) ) " " " " ' " " $ ' 
2 E N D S 
2 D = ( ( 1 . 3 6 ) / ( S O R T ( F L O A T ( S U M N ) ) ) ) $ 
2 W R I T E ( S S O U T 3 * F M T 3 ) $ 
2 FOR I = ( l t l . L ) $ 
2 B E G I N _ _ 
2 K. = ( I ) - ( 1 ) ' " " ~" 
2 I F K EOL 0 $ 
2 B E G I N 
2 X ( K ) = 0 3> 
2 ' E N D $ 
2 Y ( I ) = ( ( ( ( ( F L O A T ( N ( I ) ) ) . I F L O A T ( X ( I ) ) ) ) - K F L O A T ( X ( K ) ) ) ) / 
2 I ( F L O A T IN I I ) ) ) + ( i . 0 ) ) ) / ( 6 0 . 0 ) ) i 
2 T ( I ) = ( ( Y ( I ) ) - ( Y ( S ) ) ) 3 
2 FO = F O + ( ( F L O A T ( N ( I ) ) ) / ( F L O A T I S U M N ) ) ) ' S 
2 L 1 . . Z ( I ) = ( ( ( ( T ( I ) ) / ( 1 0 . C ) ) * ( B ( J ) ) ) / ( A ( J ) ) ) S 
2 F ( I ) = ( ( 1 . 0 ) - ( E X P ( - ( Z ( I ) ) ) ) ) S 
2 D I F ( I ) = ( A B S | ( F I I ) ) - ( F O n ) _ $ 
2 I F D I F ( I ) G TR D " " " " " $ 
2 B E G I N 
2 J = ( ( J ) + U ) ) $ 
2 I F J GTR M $ 
2 B E G I N 
2 W R I T E ( S J F M T 4 ) S 
2 WRI TE ( $$FMT"6 ) "' i" 
2 R E A D ( $ $ I N 1 ) $ 
2 F N D • t 
2 W R I T E ( S S 0 U T 3 » F M T 3 ) $ 
2 GO TO L l S 
2 E N D S 
2 W R I T E ( S S 0 U T 1 > F M T 2 ) ' ~ " ~ " • t" 
2 " E"ND ' " $ 
2 W R I T E ( $ $ 0 U T 2 »FMT 5 ) • 5 
2 W R I T E ( S S F M T 6 ) 5 
2 R E A D ( S S I N 1 ) 5 
2 F I N I S H ^ 
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T a b l e 8 . P r e c e d e n c e Mix f o r E x p e r i m e n t 1 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 0 .50 0 .50 

CM 0 0 0 .25 0 .75 

CO 0 0 0 .75 0 .25 
4 0 0 .25 0 . 2 5 0 .50 
5 0 0 .50 0 . 2 5 0 . 2 5 
6 0 0 .25 0 .50 0 .25 
7 0.25- 0 .25 0 . 2 5 0 .25 
8 0 .25 0 0 .25 0 .50 
9 0 .25 0 0 .50 0 .25 

10 0 .25 0 0 .75 0 
11 0 .50 0 .25 0 .25 0 
12 0 .50 0 .50 0 0 
13 0 .75 0 .25 0 0 
14 1.00 0 0 0 
15 0 0 0 1.00 

Tab le 9 . P r e c e d e n c e Mix f o r Expe r imen t 2 

Model F l a s h Immedia te P r i o r i t y Routine 

1 0 0 . 0 5 0 .40 0 .55 

CM 0 0 .10 0 .40 ' 0 .50 
3 0 0 .10 0 .35 0 .55 
4 0 0 . 1 5 0 .40 0 .45 
5 0 0 .15 0 .35 0 .50 
6 0 0 . 1 5 0 .30 0 .55 
7 0 0 0 . 2 5 0 . 7 5 

CO
 

0 0 0 .35 0 .65 
9 0 0 0 . 4 5 0 . 5 5 

10 0 0 .10 0 .25 0 .65 
11 0 0 .10 0 .45 0 .45 
12 0 ' 0 .20 0 . 2 5 0 . 5 5 
13 0 0 .20 0 . 3 5 0 .45 
14 0 0 .20 0 .45 0 .35 
15 0 0 0 . 1 5 0 .85 
16 0 0 0 .55 . 0 .45 
17 0 0 .10 0 . 1 5 0 . 7 5 
18 0 0 .10 0 .55 0 .35 
19 0 0 .20 0 .15 0 .65 
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Tab le 9 . P r e c e d e n c e Mix f o r E x p e r i m e n t 2 
( C o n t i n u e d ) 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

20 0 0 .20 0 . 5 5 0 .25 
21 0 0 .30 0 .15 0 .55 
22 0 0 .30 0 .15 0 . 4 5 
23 0 0 0 .65 0 .35 
24 0 0 .10 0 .65 0 . 2 5 
25 0 0 .20 0 .65 0 . 1 5 
26 0 0 .30 0.6 k5 0 . 0 5 
27 0 0 0 . 7 5 0 . 2 5 
28 0 0 .10 0 .75 0 .15 
29 0 0 .20 0 .75 0 . 0 5 
30 0 0 0 . 8 5 0 . 1 5 
31 0 0 .10 0 .85 0 .05 
32 0 0 0 . 9 5 0 . 0 5 
33 0 . 0 5 0 .05 0 .40 0 .50 
34 0 . 0 5 0 .05 0 .40 0 .50 
35 0 . 0 5 0 . 0 5 0 . 3 5 0 .55 
36 0 .05 0 .10 0 .35 0 .50 
37 0 . 0 5 0 .10 0 .40 0 . 4 5 
38 0 . 0 5 0 .15 0 .30 0 .50 
39 0 .05 0 .15 0 .35 0 .45 
40 0 .10 0 . 0 5 0 .30 0 .55 
41 0 .10 0 .05 0 .35 0 .50 
42 0 .10 0 . 0 5 0 .40 0 .45 
43 0 .10 0 .10 0 .30 0 .50 
44 0 .10 0 .10 0 .35 0 .45 
45 0 .10 0 . 1 5 0 .30 0 .45 
46 0 .10 0 0 .25 0 . 6 5 
47 0 .10 0 0 . 3 5 0 . 5 5 
48 0 .10 0 0 .45 0 . 4 5 
49 0 .10 0 .10 0 .25 0 .55 
50 0 .10 0 .10 0 . 3 5 0 . 4 5 
51 0 .10 0 .10 0 .45 0 .35 
52 0 .10 0 .20 0 .25 0 . 4 5 
53 0 .10 0 .20 0 . 3 5 0 . 3 5 
54 0 . 1 0 0 .20 0 . 4 5 0 .25 
55 0 .10 0 0 .15 0 . 7 5 
56 0 .10 0 0 .55 0 . 3 5 
57 0 .10 0 .10 0 . 1 5 0 . 6 5 
58 0 . 1 0 0 .10 0 . 5 5 0 . 2 5 
59 0 .10 0 .20 0 .15 0 . 5 5 
60 0 .10 0 .20 0.55* 0 . 1 5 
61 0 .10 0 .30 0 .15 0 . 4 5 
62 0 .10 0 .30 0 .55 0 . 0 5 
63 0 .10 0 0 .65 0 .25 
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T a b l e 9 . P r e c e d e n c e Mix f o r E x p e r i m e n t 2 
( C o n t i n u e d ) 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

64 0 . 1 0 0 .10 0 . 6 5 0 .15 
65 0 .10 0 .20 0 . 6 5 0 . 0 5 
66 0 .10 0 .10 0 .75 0 .05 
67 0 . 1 0 0 .90 0 0 
68 0 .10 0 .80 0 .10 0 
69 0 .20 0 0 .15 0 . 6 5 
70 0 . 2 0 . 0 0 . 5 5 0 . 2 5 
71 0 .20 0 .10 0 .15 0 .55 
72 0 .20 0 .10 0 .55 0 .15 
73 0 .20 0 .20 0 . 1 5 0 . 4 5 
74 0 .20 0 .20 0 .55 0 .05 
75 0 .20 0 .30 0 . 1 5 0 . 3 5 
76 0 .20 0 .30 0 .50 0 
77 0 .20 0 0 .65 0 .15 
78 0 .20 0 .10 0 .65 0 .05 
79 0 .20 0 .80 0 0 
80 0 .30 0 .40 0 0 .30 
81 0 .30 0 .40 0 .20 0 .10 
82 0 .30 0 .40 0 .10 0 .20 
83 0 .30 0 . 5 0 0 0 .20 
84 0 .30 0 .50 0 .10 0 .10 
85 0 .30 0 .60 0 0 .10 
86 0 .30 0 .70 0 0 
87 0 .40 0 .40 0 0 .20 
88 0 .40 0 .40 0 .10 0 .10 
89 0 .40 0 .50 0 0 .10 
90 0 .40 0 .60 0 0 
91 0 .50 0 .40 0 .10 0 
92 0 .50 0 .50 0 0 
93 0 .50 0 .10 0 .10 0 .30 
94 0 .50 0 .30 0 .10 0 .10 
95 0 .60 0 .40 0 0 
96 0 .60 0 .10 0 .10 0 .20 
97 0 .60 0 .20 0 .10 0 .10 
98 0 .70 0 .30 0 0 
99 0 .70 0 . 1 0 0 . 1 0 0 .10 

100 0 .70 0 .20 0 0 .10 
101 0 .80 0 .20 0 0 
102 0 .80 0 .10 0 0 .10 
103 0 .90 0 .10 0 0 
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T a b l e 1 0 . P a r a m e t e r s f o r Expe r imen t 4 

P l o t A P r e c e d e n c e Mix 
Number r C F I P R 

1 1 0 . 2 .05 .05 .35 .55 
2 1 0 . 2 .10 .10 .35 .45 

CO
 

1 0 . 2 .10 .10 .45 .35 
4 1 0 . 2 .10 .20 .45 .25 
5 1 0 .2 .10 .10 .15 .65 

CO
 1 0 .2 .10 .20 .55 .15 

7 1 0 . 2 .20 .30 .50 0 

CD
 

1 0 .2 .10 .20 .65 .05 

CD
 

1 0 . 2 .25 .25 .25 .25 
10 1 0 . 4 .25 .25 .25 .25 
11 2 0 . 3 .25 .25 .25 .25 
12 4 0 . 2 .25 .25 .25 .25 
13 4 0 . 3 .25 .25 .25 .25 
14 5 0 . 4 .25 .25 .25 .25 
15 10 0 . 2 .25 .25 .25 .25 
16 10 0 . 4 .25 .25 .25- .25 

R e f e r e n c e t h e p l o t of t h e o b s e r v e d 
d a t a (Appendix C ) . 
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Tab le 1 1 . Mean T r a n s i t Times i n Seconds f o r T e s t 11 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 1885 2404 
2 0 0 1730 2240 

CO 0 0 2407 2950 
4 0 2000 2057 2481 
5 0 2055 2363 2630 
6 0 1855 2310 2631 
7 1780 2017 2239 2797 
8 1681 ' 0 1862 2391 
9 1618 0 2168 2839 

10 1793 0 0 2685 
11 1790 2223 2621 0 
12 1620 2303 0 0 
13 1877* 2598 0 0 
14 0 0 0 2268 
15 2012* 0 0 0 

T a b l e 1 2 . Mean T r a n s i t Times i n Seconds f o r T e s t 12 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 2502 18710 
2 0 0 2195 9680 
3 0 0 3930 24853* 
4 0 2218 2951 14126 
5 0 2518 4485 17562 
6 0 2466 4406 11875 
7 1704 2292 2860 6762 
8 1503 0 2077 3837 
9 1644 0 2670 4886 

10 1707 0 0 5880 
11 1689 2405 3981 0 
12 1808* 3007* 0 0 
13 1763 2329 0 0 
14 0 0 0 6849 
15 2012* 0 0 0 

Exceeds c r i t e r i a s p e c i f i e d i n Tab le 3 . 
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Tab le 1 3 . Mean T r a n s i t Times i n Seconds f o r T e s t 13 

Model F l a s h Immediate P r i o r i t y R o u t i n e 

1 0 0 3782 50472* 
2 0 0 2357 23936* 
3 0 0 7294 15154 
4 0 2440 3272 30306* 
5 0 2906* 14867* 8396 
6 0 2301 7443 44793* 
7 1577 2538 3771 11739 
8 1637 0 2587 9642 
9 1542 0 3791 22141* 

10 1635 0 0 8852 
11 1773 2920* 4352 0 
12 1836- 9773* 0 0 
13 1848* 3491* 0 0 
14 0 0 0 23740* 
15 2012* 0 0 0 

1 4 . Mean T r a n s i t Times i s Seconds f o r T e s t 

Model F l a s h Immediate P r i o r i t y R o u t i n e 

1 0 0 2114 2821 
2 0 0 1816 2249 

CO
 0 0 2093 2829 

4 0 1927 2158 2649 
5 0 1970 2499 2703 
6 0 1835 2085 2892 
7 1584 1995 1742 2305 

03
 1620 0 2015 2517 

9 1558 0 1826 2124 
10 1720 0 0 2134 
11 1669 1670 2033 0 
12 1735 2317 0 0 
13 1670 2216 0 0 
14 0 0 0 2101 
15 1958* 0 0 0 

Exceeds c r i t e r i a s p e c i f i e d i n 
Tab le 3 . 
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Tab le 1 5 . Mean T r a n s i t Times i n Seconds f o r T e s t 22 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 2450 10507 
2 0 0 2107 14306 
3 0 0 2405 7671 
4 0 2013 2297 6269 
5 0 2304 4213 6685 
6 0 1960 3624 13212 
7 1662 2440 2876 4329 
8 1798 0 2019 4462 
9 1627 0 2208 4578 

10 1654 0 0 4779 
11 1743 2307 3165 0 
12 1626 2182 0 0 
13 1739 2491 0 0 
14 0 0 0 13143 
15 1958* 0 0 0 

Tab le 1 6 . Mean T r a n s i t Times i n Seconds f o r T e s t 23 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 2726 20397 CM 0 0 2437 32469* 
3 0 0 4644 22651* 
4 0 2623 5893 ' 39407* 
5 0 3244* 6644 31126* 
6 0 2505 6040 50026* 
7 1659 2645 5655 43172* 

CO
 1538 0 2289 8883 

9 1650 0 2905 10787 
10 1704 0 0 9988 
11 1670 2231 3012 0 
12 1616 4222* 0 0 
13 1714 2400 0 0 
14 0 ' 0 0 27319* 
15 1958* 0 0 0 

Exceeds c r i t e r i a s p e c i f i e d i n 
T a b l e 3 . 
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Tab le 1 7 . Mean T r a n s i t Times i n Seconds f o r T e s t 31 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 2108 2734 
2 0 0 1945 2336 

CO
 

0 0 1964 2368 
4 0 1826 2006 2862 
5 0 1821 2024 2365 

CD 0 1787 1901 1980 
7 1589 1906 2300 3440 
8 1568 0 1788 2167 

CD
 

1657 0 2053 3473 
10 1636 0 0 2274 
11 1618 2023 2352 0 
12 1583 1995 0 0 
13 1642 1581 0 0 
14 0 0 0 1977 
15 1709 0 0 0 

T a b l e 1 8 . Mean T r a n s i t Times i n Seconds f o r T e s t 32 

Model F l a s h Immediate P r i o r i t y R o u t i n e 

1 0 0 2331 4001 

CM 0 0 2103 9927 
3 0 0 2949 3 5058* 
4 0 2558 2942 13928 
5 0 2179 3638 8985 
6 0 2151 4566 18905 
7 1689 2206 2430 3154 
8 1666 0 2070 4300 
9 1623 0 2399 3688 

10 1443 0 0 3937 
11 1716 2255 2412 0 
12 1591 2919* 0 0 
13 1625 2144 0 0 
14 0 • 0 0 3580 
15 1709 0 0 0 

Exceeds c r i t e r i a s p e c i f i e d i n 
T a b l e 1 3 . 



Tab le 1 9 . Mean T r a n s i t Times i n Seconds f o r T e s t 33 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

i—
1 0 0 2755 47182* 

2 0 0 2459 53372* 
3 0 0 10415 0 
4 0 2445 3954 51794* 
5 0 3072* 22486* 4728 
6 0 2424 13025 9241 
7 1524 2852* 6479 38262* 

CO 1493 0 237o 14993 
9 1674 0 3732 29073* 

10 1590 0 0 23362* 
11 1581 2297 3454 0 
12 1512 3004* 0 0 
13 1731 2587 0 0 
14 0 0 0 23700* 
15 1709 0 0 0 

Tab le 2 0 . Mean T r a n s i t Times i n Seconds f o r T e s t 41 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 1857 2269 

CM 0 0 1670 2012 
3 0 0 1883 2822 
4 0 1917 2216 ' 2466 
5 0 1837 2084 2773 

0 1842 2268 3452 
7 1622 2000 2540 2698 
8 1678 0 1704 2082 
9 1612 0 1787 2498 

10 1551 0 0 2016 
11 1669 1759 1999 0 
12 1619 1883 0 0 
13 1662 2227 0 0 
14 0 ' 0 0 1845 
15 1749 0 0 0 

Exceeds c r i t e r i a s p e c i f i e d i n 
Tab le 3 . 
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Tab le 2 1 . Mean T r a n s i t Times i n Seconds f o r T e s t 42 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 2192 16418 
2 0 0 2278 14452 

CO
 

0 0 2636 14594 
4 0 2323 2651 16260 
5 0 2512 4434 42970* 
6 0 1996 3264 26524* 
7 1500 1767 1858 3085 

CO
 1552 0 2080 3560 

9 1553 0 1998 3558 
10 1709 0 0 7412 
11 1606 2056 2386 0 
12 1600 2397 0 0 
13 1638 3138* 0 0 
14 0 0 0 10083 
15 1749 0 0 0 

2 2 . Mean T r a n s i t Times i n Seconds f o r T e s t 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 2482 19983 
2 0 0 1939 25172* 
3 0 0 12668 0 
4 0 2373 3365 • 38504* 
5 0 2733* 7693 46387* 
6 0 2370 15643* 0 
7 1640 2263 3140 10015 
8 1698 0 2391 10038 
9 1644 0 2395 7681 

10 1615 0 0 16045 
11 1676 2582 3685 0 
12 1547 3973* 0 0 
13 1593 2629 0 0 
14 0 • 0 0 22321* 
15 1749 0 0 0 

Exceeds c r i t e r i a s p e c i f i e d i n 
Tab le 3 . 



Tab le 2 3 . Mean T r a n s i t Times i n Seconds f o r T e s t 51 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 1776 2191 
2 0 0 1550 2005 

CO
 

0 0 1752 2099 
4 0 1751 2033 2328 
5 0 1921 2562 3950 

CD
 

0 1874 2173 2729 
7 1560 1763 1905 2024 
8 1542 0 1801 1969 

CD
 1539 0 1846 2017 

10 1590 0 0 1939 
11 1597 1958 2204 0 
12 1623 1976 0 0 
13 1641 2378 0 0 
14 0 0 0 2765 
15 1765 0 0 0 

Tab le 2 4 . Mean T r a n s i t Times i n Seconds f o r T e s t 52 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 2270 5240 
2 0 0 2044 13361 
3 0 0 2647 17507 
4 0 1944 2295 . 6212 
5 0 2558 6015 14606 
6 0 2074 3265 7806 
7 1690 2047 2432 3032 

00
 1607 0 2395 4715 

9 1635 0 2105 3769 
10 1462 0 0 3144 
11 1578 1985 2219 0 
12 1550 2142 0 0 
13 1612 2066 0 0 
14 0 . 0 0 7561 
15 1765 0 0 0 
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T a b l e 2 5 . Mean T r a n s i t Times i n Seconds f o r T e s t 53 

Model F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 0 2849 44932* 
2 0 0 2277 26932* 

CO 0 0 3667 50262* 
4 0 2427 4260 47125* 
5 0 3463* 34853* 0 
6 0 2215 5872 20667 
7 1514 2423 5169 19432 
8 1514- 0 2324 14694 
9 1584 0 3047 14021 

10 1574 0 0 4194 
11 1550 2161 2893 0 
12 1614 3280* 0 0 
13 1593 2145 0 0 
14 0 0 0 19579 
15 1765 0 0 0 

Tab le 2 6 . Mean Va lue s of t h e Mean T r a n s i t Times 
f o r e ach T e s t and T r i a l i n E x p e r i m e n t 1 

r C F l a s h Immedia te P r i o r i t y R o u t i n e 

1 0 . 2 1771 2150 2164 2574 
1 0 . 3 1729 2462 3206 11365 
1 0 . 4 1733 3767 5352 22652 
2 0 .2 1689 1990 2038 2484 
2 0 . 3 1726 2242 2736 8176 
2 0 . 4 1689 2839 4225 26930 
4 0 . 2 1625 1848 2044 2543 
4 0 . 3 1633 2345 2784 9951 
4 0 . 4 1602 2672 7114 29571 
5 0 .2 1645 1923 2001 2448 
5 0 . 3 1613 2313 2578 14447 
5 0 . 4 1645 2703 5540 21794 

10 0 .2 1607 1946 1960 2365 
10 0 . 3 1612 2117 2769 7905 
10 0 . 4 1589 2588 6721 26184 

Exceeds c r i t e r i a s p e c i f i e d i n 
Tab le 3 . 
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Tab le 2 7 . Mean Va lues of t h e Mean T r a n s i t Times 
f o r each T e s t i n Exper imen t 1 

r F l a s h Immedia te P r i o r i t y R o u t i n e 

1 1744 2793 3574 12197 
2 1701 2357 3000 12863 
4 1620 . 2288 3981 14022 
5 1634 2313 3373 12896 

10 1603 2214 3817 12151 

T a b l e 2 8 . Mean W a i t i n g Times i n 
Queue 5 i n Expe r imen t 1 

r C Mean W a i t i n g Time 

1 0 .2 1548 
1 0 . 3 12106 
1 0 . 4 38610 
2 0 . 2 1581 
2 0 . 3 9008 
2 0 . 4 33183 
4 0 . 2 1840 
4 0 . 3 11853 
4 0 . 4 48427 
5 0 . 2 1415 
5 0 . 3 13548 
5 0 . 4 33936 

10 0 .2 1539 
10 0 .3 8724 
10 0 . 4 34037 



134 

Tab le 2 9 . E x c e s s i v e T r a n s i t Times i n Minu tes i n E x p e r i m e n t 2 
when C = 0 .2 

Mean P e r c e n t a g e 
Model PRECEDENCE MIX T r a n s i t U t i l i z a t i o n 
Number P r e c e d e n c e F I P R Time of F a c . 5 

101 F l a s h .80 .20 0 0 3 0 . 3 0 31 .0 
102 F l a s h .80 .10 0 .10 3 2 . 4 3 3 4 . 7 
103 F l a s h .90 .10 0 0 3 2 . 1 1 3 0 . 4 

T a b l e 3 0 . E x c e s s i v e T r a n s i t Times i n Minu tes i n Exper imen t 2 
when C = 0 . 3 

Mean P e r c e n t a g e 
Model PRECEDENCE MIX T r a n s i t U t i l i z a t i o n 
Number P r e c e d e n c e F I P R Time of F a c . 5 

CO R o u t i n e • 0 .10 .35 .55 4 8 7 . 7 1 100 
4 R o u t i n e 0 .15 .40 .45 4 1 9 . 7 3 100 
5 R o u t i n e 0 .15 .35 .50 4 9 9 . 0 8 100 
6 R o u t i n e 0 .15 .30 .55 416 .00 100 

12 R o u t i n e 0 .20 .25 .55 3 6 5 . 2 5 100 
23 R o u t i n e 0 0 .65 .35 4 5 7 . 8 8 100 
37 R o u t i n e .05 .10 .40 .45 3 8 9 . 9 4 100 
66 R o u t i n e .10 .10 .75 .05 686 .07 9 6 . 2 
68 Immedia te .10 .80 .10 0 58 .49 9 7 . 1 
79 Immedia te .20 .80 0 0 7 3 . 9 4 8 7 . 6 
82 Immedia te .30 .40 .10 .20 4 8 . 1 9 7 5 . 5 
83 Immedia te .30 .50 0 .20 6 1 . 9 6 9 8 . 7 
85 Immedia te .30 .60 0 .10 4 8 . 6 6 9 0 . 2 
86 Immedia te .30 .70 0 0 5 7 . 7 3 7 6 . 0 
90 Immedia te .40 .60 0 0 6 2 . 6 4 7 4 . 7 
91 Immedia te .50 .40 .10 0 5 0 . 2 8 7 0 . 2 
92 Immedia te . 50 ' .50 0 0 4 8 . 0 5 6 8 . 2 
95 Immedia te .60 .40 0 0 4 7 . 8 0 6 8 . 8 
98 Immedia te .70 .30 0 0 4 8 . 0 8 4 8 . 6 

101 Immedia te .80 .20 0 0 5 3 . 1 4 4 8 . 6 
103 F l a s h .90 .10 0 0 . 3 0 . 3 2 3 2 . 2 
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T a b l e 3 1 . E x c e s s i v e T r a n s i t Times i n Minu tes i n Expe r imen t 2 
when C = 0 . 4 

Mean P e r c e n t a g e 
Model PRECEDENCE MIX T r a n s i t U t i l i z a t i o n 
Number P r e c e d e n c e F I P R Time of F a c . 5 

1 R o u t i n e 0 .05 .40 .55 463 .66 100 
2 R o u t i n e 0 .10 .40 .50 6 0 3 . 3 9 100 
3 R o u t i n e 0 .10 .35 .55 5 8 0 . 7 1 100 
4 R o u t i n e 0 • .15 .40 .45 ' 720 .76 100 
5 R o u t i n e 0 .15 .35 .50 6 0 4 . 2 1 100 
6 R o u t i n e 0 .15 .30 .55 7 2 6 . 6 1 100 
7 R o u t i n e 0 0 .25 .75 528 .86 100 
8 R o u t i n e 0 0 .35 .65 589 .07 100 
9 R o u t i n e 0 0 .45 .55 6 9 4 . 5 5 100 

10 R o u t i n e 0 .10 .25 .65 644 .79 100 
11 R o u t i n e 0 .10 .45 .45 4 4 6 . 5 1 100 
12 R o u t i n e 0 .20 .25 .55 3 9 0 . 5 1 100 
13 R o u t i n e 0 .20 .35 .45 582 .69 100 
14 R o u t i n e 0 .20 .45 .35 532 .35 100 
15 R o u t i n e 0 0 .15 .85 6 6 1 . 7 3 100 
17 R o u t i n e 0 0 .15 .75 4 0 1 . 8 2 100 
19 R o u t i n e ' 0 .20 .15 .65 566 .09 100 
20 P r i o r i t y 0 .20 .55 .25 4 5 1 . 5 9 100 
21 R o u t i n e 0 .30 .15 .55 514 .17 100 
22 P r i o r i t y 0 .30 .55 .15 304 .04 100 
23 • R o u t i n e 0 0 .65 .35 663 .57 100 
24 P r i o r i t y 0 .10 .65 .25 278 .02 100 
25 P r i o r i t y 0 .20 .65 .15 317 .99 100 
26 P r i o r i t y 0 .30 .65 .05 360 .49 100 
28 P r i o r i t y 0 .10 .75 .15 526 .76 100 
29 P r i o r i t y 0 .20 .75 .15 5 1 8 . 1 3 100 
30 P r i o r i t y 0 0 .85 .15 4 2 1 . 9 5 100 
31 P r i o r i t y 0 .10 .85 .05 4 5 2 . 8 6 100 
32 P r i o r i t y 0 0 .95 .05 5 1 1 . 7 1 100 
33 R o u t i n e .05 .05 .40 .50 588 .05 100 
34 R o u t i n e .05 .05 .35 .55 437 .52 100 
36 R o u t i n e .05 .10 .35 .50 6 4 6 . 2 8 100 
37 R o u t i n e .05 . .10 .40 .45 545 .35 100 
38 R o u t i n e .05 .15 .30 .50 5 1 7 . 8 1 100 
39 R o u t i n e .05 .15 .35 .45 696 .16 100 
40 R o u t i n e .10 .05 .30 .55 506 .12 100 
41 R o u t i n e .10 .05 .35 .50 809 .16 100 
42 R o u t i n e .10 .05 .40 .45 * 514 .02 100 
43 R o u t i n e .10 .10 .30 .50 601 .46 100 
45 R o u t i n e .10 .15 .30 .45 5 3 3 . 6 1 99 
47 R o u t i n e .10 0 .45 .45 785 .35 100 
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T a b l e 3 1 . E x c e s s i v e T r a n s i t Times i n Minu tes i n E x p e r i m e n t 2 
when C = 0 . 4 ( C o n t i n u e d ) 

. Mean P e r c e n t a g e 
Model PRECEDENCE MIX T r a n s i t U t i l i z a t i o n 
Number P r e c e d e n c e F I P R Time of F a c . 5 

48 R o u t i n e .10 0 .45 .45 797 .03 100 
49 R o u t i n e .10 .10 .25 .55 659 .95 100 
53 R o u t i n e .10 .20 .35 .35 552 .84 100 
56 R o u t i n e .10 0 .55 .35 > 5 9 0 . 7 3 100 
57 R o u t i n e .10 .10 .15 .65 4 1 6 . 8 5 100 
59 R o u t i n e .10 .20 .15 .55 6 6 8 . 1 5 100 
60 P r i o r i t y .10 .20 .55 .15 486 .70 100 
61 R o u t i n e .10 .30 .15 .45 5 2 7 . 5 4 100 
62 P r i o r i t y .10 .30 .55 .05 4 5 8 . 9 3 100 
65 P r i o r i t y .10 .20 .65 .05 4 4 4 . 6 9 100 
66 P r i o r i t y .10 .10 .75 .05 4 6 4 . 0 3 100 
67 Immediate .10 .90 0 0 5 4 4 . 6 3 100 
68 Immedia te .10 .80 .10 0 3 7 7 . 2 8 100 
70 R o u t i n e .20 0 .55 .25 663 .82 100 
72 R o u t i n e .20 .10 .55 .15 4 2 5 . 0 5 100 
76 P r i o r i t y .20 .30 .50 0 308 .19 100 
78 P r i o r i t y .20 .10 .65 .05 225 .29 100 
79 Immedia te .20 .80 0 0 4 1 3 . 3 9 100 
80 Immedia te .30 .40 0 .30 5 2 . 3 7 100 
81 Immedia te .30 .40 .20 .10 52 .60 9 3 . 4 
82 Immedia te .30 .40 .10 .20 4 9 . 8 2 100 
83 Immedia te .30 .50 0 .20 6 8 . 5 0 100 
84 Immedia te .30 .50 .10 .10 6 6 . 7 8 100 
85 Immedia te .30 .60 0 .10 7 1 . 6 8 100 
86 Immedia te .30 .70 0 0 240 .59 100 
87 Immedia te .40 .40 0 .20 4 6 . 2 8 8 8 . 0 
88 Immedia te .40 .40 .10 .10 4 7 . 2 3 7 9 . 7 
89 R o u t i n e .40 .50 0 .10 75 .17 100 
90 Immedia te .40 .60 0 0 2 3 5 . 2 6 100 
91 Immedia te .50 .40 .10 0 4 9 . 8 7 8 1 . 3 
92 Immedia te .50 .50 0 0 8 8 . 4 8 9 4 . 3 
94 Immedia te .50 .30 .10 .10 5 8 . 0 4 8 9 . 9 
95 Immedia te .60 .40 0 0 56 .17 6 9 . 6 
97 Immedia te .60' .20 .10 .10 4 5 . 2 9 7 1 . 1 
98 Immedia te .70 .30 0 0 7 1 . 3 0 6 4 . 1 

101 Immedia te .80 .20 0 0 4 7 . 9 7 4 3 . 7 
102 F l a s h .80 .10 0 .10 3 0 . 8 2 4 6 . 3 
103 F l a s h .90 .10 0 0 . 3 1 . 9 5 3 2 . 6 
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Table 3 2 . Values of W e i b u l l D i s t r i b u t i o n 
P a r a m e t e r s i n Expe r imen t 4 

P l o t 
Number* Y S i Range 

4 . 5 2 3 1 . 3 7 0 < t < 4 5 

1 4 . 8 3 2 . 1 4 0 . 8 0 
k 4 5 < t < 0 0 

4 . 0 5 5 1 . 3 8 0 < t < 2 5 

2 4 . 8 3 2 . 7 1 . 1 5 2 5 < t 2 < oo 

CO
 4 . 8 5 4 . 5 2 3 1 . 3 7 0 < t < oo 

4 . 5 2 3 1 . 3 7 0 < t < 5 0 

4 4 . 7 8 2 . 1 4 0 . 8 0 5 0 < t < oo 

4 . 0 5 5 1 . 3 8 

0 < t1 < 3 0 

2 . 7 1 9 1 . 0 0 3 0 < t < 7 5 

5 4 . 8 1 1 . 2 8 4 0 . 6 0 7 5 < t < oo 

o 

4 . 5 2 3 1 . 3 7 0 < t x < 4 0 

CD
 4 . 7 5 2 . 1 4 0 . 8 0 

4 0 < X < <» 4 . 5 2 3 1 . 3 7 0 < t < 6 5 

7 4 . 8 3 2 . 1 4 0 . 8 0 6 5 < t < 0 0 

4 . 5 2 3 1 . 3 7 0 < t < 60 

CO
 4 . 6 8 2 . 1 4 0 . 8 0 

6 0 < t < 00 
3 . 6 7 1 . 3 0 

0 < t < 4 2 

9 8 . 1 3 1 . 8 2 3 0 . 8 0 4 2 < t < «> 

4 . 4 8 2 1 . 3 0 • 0 < t 1 < 3 3 

2 . 7 1 9 0 . 8 0 3 3 < t < 1 1 6 

1 0 8 . 1 0 2 . 2 2 5 0 . 6 0 1 1 6 < t < °° 



Tab le 32. V a lue s of W e i b u l l D i s t r i b u t i o n 
P a r a m e t e r s i n Exper imen t 4 

( C o n t i n u e d ) 

P l o t 
Number* Y h h Range 

3 .005 1 .10 0 < t < 50 
11 8.13 ' 1 .283 0 .60 50 < t_2 < °° 

12 8.13 2 .72 1 .20 0 < t < °° 

13 8.14 3 .005 1 .10 0 < t < oo 
4 .005 1 .15 0 < t < 16 
2 .72 0 .95 16 < t < 58 

14 8.13 1 .221 0 .42 58 < t < oo 
15 8.14 2 .72 1 .20 0 < t < oo 

4 .055 1 .15 
0 < i1 < 41 2 .72 0 .95 41 < t < 164 

16 8.14 1 .221 0 .42 164 < t < oo 

R e f e r e n c e s t h e p l o t from which a . and 3 . 
r i i 

were e s t i m a t e d i n Appendix C. 
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Tab le 3 3 . Two C l a s s i f i e d Tape F a c i l i t i e s (5 and 9) i n E x p e r i m e n t 5 
when C = 0 . 3 

Queue 
o r E ( t ) = 240 s e c E ( t ) = 180 s e c E ( t ) = 120 s e c 

F a c i l i t y F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g 
Number U t i l i z a t i o n Time U t i l i z a t i o n Time U t i l i z a t i o n Time 

1 . 2 3 2 1 

00 .2939 15 .4710 39 

CM
 .7472 474 .8425 758 .9970 3435 

CO
 .7915 585 . . 8 6 7 1 1122 1.000 3917 

4 .5267 546 . 7 2 1 1 1128 1.000 3178 
5 . 8 2 9 1 1721 .8863 7681 1.000 22066 
6 .5645 467 .6813 634 1 .000 6817 
7 .4747 395 .4529 332 .7754 ' 1312 

CO
 

.4529 353 .5612 557 .8558 1570 
9 .6223 1410 .7802 9633 1.000 21986 

Tab le 34 . Two C l a s s i f i e d Tape F a c i l i t i e s (5 and 9) i n Expe r imen t 5 
when C = 0 .6 

Queue 
o r E ( t ) - 360 s e c E ( t ) = 300 s e c E ( t ) = 240 s e c 

Fac i l i t y F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g 
Number U t i l i z a t i o n Time U t i l i z a t i o n Time U t i l i z a t i o n Time 

1 . 1 6 0 1 4 .1700 4 .2303 10 

CM
 .4970 130 . 5 2 0 1 162 .6855 369 

CO .4580 163 . 4 7 6 1 214 .5939 318 
4 .0533 36 . 1431 145 .1889 215 
5 .9390 3919 .9649 12035 1.000 43170 
6 .3330 220 .3609 214 .4479 362 
7 .3005 206 .2997 191 .3589 162 

CO
 

. 3191 222 .3265 157 . 4101 258 
9 .8472 3913 .9447 13343 1.000 41010 
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Tab le 3 5 . Two C l a s s i f i e d Tape F a c i l i t i e s 
(5 and 9) i n E x p e r i m e n t 5 

when C = 0 .9 

Queue o r E ( t ) = 360 s e c 
F a c i l i t y F a c i l i t y W a i t i n g 

Number U t i l i z a t i o n Time 

1 .1569 6 
2 .4728 121 

00
 . 1 6 6 1 67 

4 .0024 0 
5 1.000 67104 
6 .3215 135 
7 .2164 111 oo . 2285 103 
9 1.000 64746 

T a b l e 3 6 . Three C l a s s i f i e d Tape F a c i l i t i e s ( 5 , 9 and 10) 
i n Expe r imen t 5 when C = 0 . 3 

Queue 
or E ( t ) = 240 s e c E ( t ) = 180 s e c E ( t ) = 120 s e c 

Fac i l i ty F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g 
Number U t i l i z a t i o n Time U t i l i z a t i o n Time U t i l i z a t i o n Time 

1 .2134 9 . 3231 16 .4593 5 
2 .7033 458 . 9 1 3 1 934 .9870 1783 

CO
 

.7848 607 .9318 2331 1.000 3554 
4 .5587 543 .8620 2197 . 9 9 5 1 2831 
5 .7313 902 .8829 1608 .9786 4209 
6 .5174 468 .7288 792 1.000 14471 
7 .3987 227 .5028 330 .8223 1665 

00 . 4 4 2 1 322 .5369 424 .9203 2777 
9 .4505 574 .6788 1098 .9350 3163 

10 .0468 235 .3522 786 .7402 2431 
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T a b l e 37 . Three C l a s s i f i e d Tape F a c i l i t i e s ( 5 , 9 and 10) 
i n Expe r imen t 5 when C = 0 .6 

Queue 
o r E ( t ) = 240 s e c E ( t ) = 180 s e c E ( t ) = 120 s e c * 

F a c i l i t y F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g 
Number U t i l i z a t i o n Time U t i l i z a t i o n Time U t i l i z a t i o n Time 

1 .2429 11 .3370 17 
2 .7046 298 .8879 815 1.000 

CO
 

.5943 269 .7126 407 1.000 
4 .2409 235 .3944 286 
5 .9960 6572 .9719 15285 1.000 
6 .6150 644 .7304 1299 1.000 
7 .3857 268 .5249 533 
8 .4119 349 .5322 374 
9 .9628 4097 .9736 16839 1.000 

10 .9077 3929 . 9381 14965 1.000 

Tab le 3 8 . Three C l a s s i f i e d Tape F a c i l i t i e s ( 5 , 9 and 10) 
i n Expe r imen t 5 when C = 0 . 9 

Queue 
o r E ( t ) = 360 s e c E ( t ) = 300 s e c 

F a c i l i t y F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g 
Number U t i l i z a t i o n Time U t i l i z a t i o n Time 

1 .1460 5 .1880 6 
2 .4593 128 .5509 158 

CO
 .1999 128 .1923 44 

4 .0053 0 . 0081 0 
5 .9046 2460 1.000 35033 
6 .3222 202 .3676 196 
7 .2692 118 .3233 153 

CO
 .2933 145 .3283 172 

9 .8152 1782 1.000 35647 
10 .5754 1747 1.000 34636 

At t h i s p o i n t t h e s y s t e m becomes* so s a t u r a t e d t h a t GPSS 
I I I E r r o r C o n d i t i o n Number 68A i s r e c e i v e d . T h i s i s an i n d i c a ­
t i o n t h a t s t o r a g e c a p a c i t y h a s been e x c e e d e d . S t a t i s t i c s a r e 
p r i n t e d b u t t h e y a r e n o t s i g n i f i c a n t . 
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Tab le 3 9 . Four C l a s s i f i e d Tape F a c i l i t i e s ( 5 , 9 , 
10 and 11) i n Exper imen t 5 when 

C = 0 .3 

Queue 
o r E ( t ) = 240 s e c E ( t ) = 180 s e c E ( t ) = 120 s e c * 

F a c i l i t y F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g 
Number U t i l i z a t i o n Time U t i l i z a t i o n Time U t i l i z a t i o n Time 

.2134 

CD
 .2973 13 

2 .7033 458 .8482 602 

CO
 .7848 607 • .9164 1674 

4 .5587 543 . 8 1 2 1 1602 
5 .7313 902 .8627 1685 
6 .5174 468 .7512 896 
7 .3987 227 .5595 585 

CO
 . 4421 322 .5167 338 

9 .4505 574 .6320 862 
10 .0468 235 .3278 607 
11 0 0 .0615 1122 

T a b l e 4 0 . Four C l a s s i f i e d Tape F a c i l i t i e s ( 5 , 9 , 
10 and 11) i n Expe r imen t 5 when 

C = 0 .6 

Queue 
o r E ( t ) = 240 s e c E ( t ) = 180 s e c E ( t ) = 120 s e c * 

F a c i l i t y F a c i l i t y Waiting F a c i l i t y W a i t i n g . F a c i l i t y W a i t i n g 
Number U t i l i z a t i o n Time U t i l i z a t i o n Time U t i l i z a t i o n Time 

1 . 2 1 8 1 

CO .3283 22 
2 .7057 501 .8689 760 

CO
 

. 6 2 1 1 284 .6829 337 
4 .1817 111 .3486 304 
5 .9242 2378 .9838 4732 
6 . 5541 609 .8012 989 
7 .4060 334 .5558 476 
8 .3964 227 . . 5721 478 
9 .8499 1468 .9773 3628 

10 .5832 1322 .9513 3215 
11 .2748 1585 .8348 2634 

"See F o o t n o t e Tab le 3 7 . 
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Tab le 4 1 . Four C l a s s i f i e d Tape F a c i l i t i e s 
( 5 , 9 , 10 and 11) i n Expe r imen t 5 

when C = 0 .9 

Queue 
o r E ( t ) = 300 s e c E ( t ) 240 s ec E ( t ) = 180 s e c 

F a c i l i t y F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g F a c i l i t y W a i t i n g 
Number U t i l i z a t i o n Time U t i l i z a t i o n Time U t i l i z a t i o n Time 

1 .1892 6 .2343 9 .3219 21 
2 .5939 287 .7106 459 .8827 737 
3 .1977 82 .2398 90 .3732 146 
4 .0025 0 .0048 0 .0134 0 
5 . 9 3 7 1 4083 .9802 12287 1.000 45313 

CO
 .4536 427 .5324 511 .6516 546 

7 .3692 234 .3874 216 . 4571 357 

CO
 .3487 245 .4307 244 .4689 285 

9 .9052 3295 .9979 12902 1.000 46101 
10 .8075 2165 .9423 11910 1.000 40864 
11 .6033 1932 .8797 12434 1.000 46782 
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