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CHAPTER I 

INTRODUCTION 

There i s a l a r g e number of companies con f i ned w i t h i n the broad 

term " e l e c t r o n i c s i n d u s t r y . " The model p resen ted i n t h i s s tudy i s con

cerned w i th a company s p e c i a l i z i n g i n the manufacture of e l e c t r o n i c 

equipment. S i n c e t h i s model employs p r o p r i e t a r y f i n a n c i a l i n f o r m a t i o n , 

the a c t u a l name of the company w i l l not be d i s c l o s e d . 

The company under c o n s i d e r a t i o n has s i x product l i n e s . Each p r o 

duct l i n e i s s u b j e c t to f l u c t u a t i o n s which a re determined by the na ture 

o f i t s p a r t i c u l a r demand. However, i n each of the product l i n e s a 

t y p i c a l r e l a t i o n s h i p between p roduc t i on r a t e and i n v e n t o r y i s as shown 

i n F i g u r e 1 . 

F i g u r e 1 . P r o d u c t i o n - I n v e n t o r y R e l a t i o n s h i p 
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I t i s s i g n i f i c a n t tha t i n v e n t o r y peaks occur a f t e r the p roduc t ion 

r a t e peaks and be fo re the p roduc t i on r a t e minimum. T h i s means that p a r t 

of the customer demand i s be ing f i l l e d from i n v e n t o r y . T h e r e f o r e , the 

p roduc t i on r a t e a t the t ime marked A i s lower than the r a t e of s a l e s , 

whereas the p roduc t ion r a t e a t B i s h i ghe r than the r a t e of s a l e s . P r o 

d u c t i o n r a t e i s , t h e r e f o r e , v a r y i n g more w i d e l y than sa les „ T h i s c a u s e -

a n d - e f f e c t r e l a t i o n s h i p between s a l e s , p roduc t i on r a t e , and i n v e n t o r y has 

conv inced c e r t a i n members of management t h a t s i m i l a r f l u c t u a t i o n s e x i s t 

among other s i g n i f i c a n t v a r i a b l e s , and tha t u l t i m a t e l y the f i n a n c i a l 

success o f the company depends upon the proper c o n t r o l o f these i n t e r 

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

O b j e c t i v e s 

The purpose of t h i s s tudy i s to develop a s i m u l a t i o n model f o r 

a n a l y z i n g the e f f e c t s of some s e l e c t e d v a r i a b l e s on the company's ove r 

a l l per formance. The s i m u l a t i o n model w i l l be developed by means o f 

the i n d u s t r i a l dynamics techn ique o r i g i n a t e d by P r o f e s s o r J„ W. F o r r e s t e r 

7 

and h i s a s s o c i a t e s a t the Massachuset ts I n s t i t u t e o f T e c h n o l o g y ' . The 

s e l e c t e d v a r i a b l e s a r e : ( l ) the exogenous inpu t to the model rep resen ted 

by r e q u i s i t i o n r e c e i v i n g r a t e , and (2) s t r u c t u r a l model parameters such 

as raw m a t e r i a l p r i c e , p r o d u c t i v i t y of l a b o r , and wage r a t e . The com

p a n y ' s performance i s measured i n terms of accounts p a y a b l e , accounts 

r e c e i v a b l e , a c t u a l i n v e n t o r y , back log t o t a l , cash b a l a n c e , p r o f i t before 

t a x e s , and raw m a t e r i a l s i n v e n t o r y . 

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

The g e n e r a l model to be developed i s to p o r t r a y the t i m e - v a r y i n g 
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b e h a v i o r o f t h e company o v e r a f i f t y - t w o week p e r i o d . The mode l c o n s i d e r s 

o n l y e i g h t s e c t o r s w i t h i n t h e company w h i c h a r e as f o l l o w s % ( l ) cus tomer 

s a l e s o r d e r i n g , (2) o r d e r f i l l i n g , (3) i n v e n t o r y o r d e r i n g , (k) m a n u f a c t u r 

i n g , (5) l a b o r , (6) m a t e r i a l o r d e r i n g , (7) c a s h f l o w , and (8) p r o f i t . 

I t i s assumed i n t h e mode l t h a t cus tomer o r d e r i n g i s i n d e p e n d e n t 

o f t h e a c t i o n s t a k e n b y t h e company i n m e e t i n g t h e c u s t o m e r ' s d e l i v e r y 

r e q u i r e m e n t s . T h i s a s s u m p t i o n can be made because t h e company 's d e l i v e r y 

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

e l e c t r o n i c s i n d u s t r y . I f d e l i v e r y d a t e s s h o u l d become e x c e s s i v e a t a 

l a t e r d a t e t h e n p r o v i s i o n s w o u l d have t o be made i n t h e mode l t o r e f l e c t 

t h e c h a n g e s . These o r d e r i n g p a t t e r n s may be d e t e r m i n e d f r o m p a s t h i s t o r y 

and p r o j e c t e d by f o r e c a s t i n g methods t o g i v e us an I n p u t w h i c h a c t i v a t e s 

t h e m o d e l . 

P r i o r Resea rch 

The f i e l d o f m a t h e m a t i c a l e c o n o m i c s , commonly c a l l e d e c o n o m e t r i c s , 

has a r i c h h i s t o r y o f a t t e m p t s t o a n a l y z e economic, sys tems o r components 

o f an economic s y s t e m . R„ G. D. A l l e n ' s " * " t e x t , M a t h e m a t i c a l E c o n o m i c s , 

summar izes p a s t a t t e m p t s t o a n a l y z e economic sys tems u s i n g c l a s s i c a l 

8 5 
m a t h e m a t i c s . Mode ls d e v e l o p e d by e c o n o m i s t s such as H a r r o d , Domar , 

17 9 19 12 P h i l l i p s , H i c k s , Samuelson , and K a l e c k i r e p r e s e n t a t t e m p t s t o 

d e s c r i b e dynamic economic b e h a v i o r u s i n g a l i m i t e d number o f v a r i a b l e s . 

A r e v i e w o f t h e s e m o d e l s , howeve r , r e v e a l s s e r i o u s p r a c t i c a l 

l i m i t a t i o n s o f c l a s s i c a l m a t h e m a t i c a l methods f o r the. a n a l y s i s o f l a r g e -

s c a l e dynamic s y s t e m s . When compared w i t h t h e computer s i m u l a t i o n 

a p p r o a c h t o mode l b u i l d i n g , c l a s s i c a l m a t h e m a t i c a l methods have t h e 



f o l l o w i n g l i m i t a t i o n s : ( l ) t h e n u m b e r o f v a r i a b l e s m u s t b e r e l a t i v e l y -

s m a l l , (2) t h e e f f e c t s o f d e l a y s b e t w e e n v a r i a b l e s a r e n o t c o n s i d e r e d , 

a n d (3) t h e r e l a t i o n s h i p s b e t w e e n v a r i a b l e s a r e a s s u m e d t o b e c o n t i n u o u s 

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

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

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

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

f u n c t i o n s . 

T h e r e h a v e b e e n m a n y r e c e n t a t t e m p t s t o a n a l y z e l a r g e - s c a l e d y n a m i c 

e c o n o m i c s y s t e m s u s i n g c o m p u t e r s i m u l a t i o n . T h e e c o n o m e t r i c m o d e l o f t h e 
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U n i t e d S t a t e s e c o n o m y d e v e l o p e d b y D u e s e r i b e r r y , F r o m n , K l e i n , a n d K u h 

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

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

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

1+ 
m o d e l s a r e t h e s h o e , l e a t h e r , a n d h i d e i n d u s t r i e s s t u d y o f C o h e n , t h e 

2 
l u m b e r i n d u s t r y s t u d y o f B a l d e r s t o n a n d H o g g a t t , t h e n u c l e a r f u e l 

m a n u f a c t u r i n g i n d u s t r y s t u d y o f H u r f o r d " ^ " , a n d t h e c o p p e r a n d a l u m i n u m 

20 

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

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

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

p o n e n t s o f t h e e c o n o m i c s y s t e m . T h e s i m u l a t i o n m o d e l o f O r c u t t , G r e e n -

1 5 

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

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

3 

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

T o n g e ^ , H o g g a t t ^ , W o r d ^ , K i n s l e y ^ , a n d P a c k e r " ^ 2 a n d a r e r e p r e s e n t a 

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

Ana log compu te r s have b e e n u s e d i n t h e p a s t f o r s i m u l a t i n g b o t h 

economic and e n g i n e e r i n g m o d e l s . Because t h e f low d i a g r a m of an a n a l o g 

model c o n t a i n s e l e m e n t s wh ich r e p r e s e n t t e r m s i n t h e c l a s s i c a l m a t h e m a t i 

c a l m o d e l , t h e a n a l o g model f low d i ag ram a s s i s t s i n v i s u a l i z a t i o n of t h e 

b e h a v i o r of t h e p h y s i c a l s y s t e m . However, o t h e r c h a r a c t e r i s t i c s of a n a 

l o g c o m p u t e r s , such a s s c a l i n g p r o b l e m s , model s i z e l i m i t a t i o n s , and 

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

l a r g e - s c a l e s y s t e m a n a l y s i s . 

I n 1 9 6 l , F o r r e s t e r p r e s e n t e d a s i m u l a t i o n method which he had 

d e v e l o p e d and named " I n d u s t r i a l D y n a m i c s . " T h i s s i m u l a t i o n method con

s i d e r s any o r a l l of s i x b a s i c f l o w s , namely : i n f o r m a t i o n , l a b o r , e q u i p 

men t , o r d e r s , m a t e r i a l s , and money. The s i m u l a t i o n c o m p u t a t i o n i s i n 

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

t h r e e main t y p e s : l e v e l , r a t e , and a u x i l i a r y . The l e v e l e q u a t i o n s 

a l g e b r a i c a l l y sum i n f l o w s and o u t f l o w s a t p o i n t s of i n t e r e s t i n t h e s i x 

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

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

r e p r e s e n t a t i o n s of t h e d e c i s i o n p r o c e s s e s employed i n t h e r e a l - w o r l d 

s y s t e m . The a u x i l i a r y e q u a t i o n s s e r v e a s i n p u t s t o t h e r a t e e q u a t i o n s , 

and t h e r e f o r e , a f f e c t t h e f low r a t e s . 
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I n 1963, Pugh w r o t e a manual e n t i t l e d DYNAMO U s e r ' s Manual which 

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

f o r programming i n d u s t r i a l dynamics m o d e l s . Pugh s t a t e s t h a t DYNAMO 

c o n s i s t s of a p p r o x i m a t e l y 1 0 , 0 0 0 i n s t r u c t i o n s w r i t t e n i n machine l a n g u 

age and t h a t i t s deve lopment r e q u i r e d s i x m a n - y e a r s of e f f o r t . He a l s o 
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s t a t e s t h a t DYNAMO can h a n d l e models c o n t a i n i n g a s many a s 1 ,^00 e q u a 

t i o n s , wh ich p r o v i d e s an i n d i c a t i o n of t h e model s i z e c a p a b i l i t y . 

P r o c e d u r e 

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

i s c o n c e r n e d w i t h t h e r e a l i z a t i o n of o b j e c t i v e s s t a t e d e a r l i e r „ C h a p t e r 

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

deve lopment of some lk-0 model e q u a t i o n s „ C h a p t e r IV p r e s e n t s t h e d i s 

c u s s i o n of s i m u l a t i o n r e s u l t s . C h a p t e r V c o n t a i n s c o n c l u s i o n s and 

r ecommenda t ions f o r f u r t h e r r e s e a r c h . 
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CHAPTER I I 

PRELIMINARY MODEL FORMULATION 

Model D e s c r i p t i o n 

I n i n d u s t r i a l d y n a m i c s , a l a r g e number of v a r i a b l e s may b e c o n 

s i d e r e d f o r i n c l u s i o n i n a mode l . These v a r i a b l e s a r e d i v i d e d i n t o two 

p a r t s i ( l ) a s e t of "endogenous" v a r i a b l e s which a r e c o n c e r n e d w i t h 

t h e s t r u c t u r e of t h e mode l , and ( 2 ) a s e t of " e x o g e n o u s " v a r i a b l e s 

which d e s c r i b e e n v i r o n m e n t a l c o n d i t i o n s a f f e c t i n g t h e model„ 

Any i n d u s t r i a l dynamics mode l , however complex , c o n s i s t s of t h r e e 

p a r t s • 

1 . I n p u t , wh ich i s r e p r e s e n t e d by a s e t o f exogenous v a r i a b l e s . 

2 . The s t r u c t u r e of t h e s i m u l a t e d s y s t e m which i s r e p r e s e n t e d 

b y a s e t of endogenous v a r i a b l e s , 

3 o Ou tpu t wh ich c o n s i s t s of a t ime d e p e n d e n t p r i n t o u t and p l o t 

of t h e v a l u e s of s e l e c t e d endogenous a n d / o r exogenous v a r i a b l e s „ 

F i g u r e 2 shows g r a p h i c a l l y t h e r e l a t i o n s h i p s b e t w e e n t h e t h r e e 

p a r t s of an i n d u s t r i a l dynamics mode l . I n p u t i s r e p r e s e n t e d by an e x o 

genous v a r i a b l e "X"; t h e s t r u c t u r e o f t h e s i m u l a t e d sys t em i s r e p r e s e n t e d 

by t h e endogenous v a r i a b l e s "A", " B " , " C " , and " D H ; and t h e o u t p u t i s 

r e p r e s e n t e d by t h e s e l e c t e d v a r i a b l e s "A" and " D " . 

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

of t h e s y s t e m t o be s i m u l a t e d . Th i s scope may l a t e r b e e n l a r g e d o r r e 

d u c e d , b u t an i n i t i a l d e t e r m i n a t i o n of t h e g e n e r a l o u t l i n e of t h e bound-
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B O U N D A R Y O F A S Y S T E M 

U N D E R S T U D Y 

P R I N T - O U T 

F i g u r e 2 . I n d u s t r i a l D y n a m i c s M o d e l C o n c e p t 

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

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

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

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

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

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

T h e s e c o n d c o n s i d e r a t i o n i s t h e e s t a b l i s h m e n t o f o n e o r m o r e 

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

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

e x e r t s n e g l i g i b l e I n f l u e n c e i s c u s t o m e r o r d e r i n g . C u s t o m e r o r d e r i n g 

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

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

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

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

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

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



D e l t a T i m e 

P R E S E N T T I M E 

V. 
D T = D T T I M E 

( J K ) (KL) 

F i g u r e 3 . D Y N A M O T i m e C o n c e p t 

D e l t a T i m e m a y b e e s t a b l i s h e d a s l a r g e o r a s s m a l l a s d e s i r e d , 

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

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

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

i t d o e s . I n t h i s s t u d y D T i s t a k e n a s o n e - f o u r t h o f a w e e k ( a p p r o x i 

m a t e l y 1 . 2 5 d a y s ) . D e l t a T i m e m a y b e r e a d i l y c h a n g e d e v e n a f t e r c o m p l e 

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

o f t h e p r e g r a m . 

L e v e l E q u a t i o n s 

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

b y " l e v e l " e q u a t i o n s . L e v e l s m a y b e c o n s i d e r e d a s t a n k s o r b o x e s w h i c h 

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

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

d y n a m i c s t h i s i n c r e m e n t a l t i m e i s k n o w n a s " D e l t a T i m e " ( D T ) . T i m e 

l a g g i n g o n e p e r i o d i n t h e p a s t i s r e p r e s e n t e d b y t h e l e t t e r , " J " ; p r e 

s e n t t i m e i s k n o w n a s " K " , a n d t i m e o n e i n c r e m e n t i n t o t h e f u t u r e i s 

t i m e " L " a s s h o w n i n F i g u r e 3 « 
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hold an amount of the resources, and they are represented on the flow diagram by a rectangle such as shown in Figure h. 
PIPELINE IN 

MAPRO I L 
20N 

Figure k. DYNAMO Level Symbol 
The present level (K) is always equal to the level one time period ago (j) plus or minus the rate of the particular resource flowing into or out of the level during the intervening time (JX) . This statement forms the basis for all level equations. Each type of resource has its own distinct symbol shoving its flow into and out of a particular level. For example, Professor Forrester distinguishes five types of flows other than information flow, namely: materials, orders, money, personnel, and capital equipment. The symbols which are used in the construction of industrial dynamics models are shown below. 

Information 
Material Orders - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 Money -$-$-$-$-$-$-$-$-$-$-$ Personnel 
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C a p i t a l E q u i p m e n t , 

T o o l s , f a c t o r i e s M M ^ ^ ^ ^ ^ ^ — M M M ^ M 

P R S I N \ W 

^ ^ - ^ - P I P E L I N E O U T 

F i g u r e 5 . D Y N A M O R a t e S y m b o l 

T h e r a t e f o r t h e f u t u r e t i m e i n t e r v a l ( K L ) i s a l w a y s d e p e n d e n t 

u p o n t h e s t a t e o f t h e l e v e l s a t t h e p r e s e n t t i m e ( K ) a n d t h e r a t e o f 

f l o w s d u r i n g t h e i n c r e m e n t a l t i m e j u s t p a s t ( J K ) . 

A u x i l i a r y E q u a t i o n s 

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

j u s t o n e f l o w o r o n e l e v e l : r a t h e r t h e s t a t e s o f s e v e r a l f l o w s a n d 

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

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

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

R a t e E q u a t i o n s 

T h e f l o w o f a r e s o u r c e i n t o o r o u t o f a l e v e l i s k n o w n a s a " r a t e . " 

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

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

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

F i g u r e 5 • 

P I P E L I N E I N - - ^ 
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A u x i l i a r y e q u a t i o n s a r e r e p r e s e n t e d b y c i r c l e s . T h e f l o w o f i n f o r m a t i o n 

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

b r o k e n a r r o w s , a s s h o w n i n F i g u r e 6 . A u x i l i a r y v a r i a b l e s a r e a l w a y s 

P I P E L I N E I N ^ 

N 

P I P E L I N E O U T 

F i g u r e 6 . D Y N A M O A u x i l i a r y S y m b o l 

c o m p u t e d a t t h e p r e s e n t t i m e ( K ) f r o m t h e l a t e s t i n f o r m a t i o n a v a i l a b l e , 

i . e . , t i m e K f r o m l e v e l s , t i m e J K f r o m r a t e s , a n d t i m e K f r o m o t h e r 

a u x i l i a r i e s . A n a u x i l i a r y s y m b o l m u s t a l w a y s h a v e i n f o r m a t i o n f l o w i n 

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

w h e r e i n f o r m a t i o n m a y o n l y f l o w o u t ) . 

I n i t i a l C o n d i t i o n s 

A s i n t h e c a s e o f d i f f e r e n t i a l a n d d i f f e r e n c e e q u a t i o n s , i n i t i a l 

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

a n d r a t e e q u a t i o n r e q u i r e s a n I n i t i a l c o n d i t i o n . A s a u x i l i a r y v a l u e s 

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

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

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

C o n s t a n t s 

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

t h e s y s t e m . F o r e x a m p l e , D e l t a T i m e i s a p a r a m e t e r o f t h e s y s t e m a n d i s 

e x p r e s s e d a s : 

D T = 0 . 2 5 

E q u a t i o n F o r m a t 

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

l 8 

f o r m a t s a v a i l a b l e f o r u s e a r e l i s t e d i n t h e D y n a m o U s e r ' s M a n u a l , p a g e 

5 2 . A d e q u a t e f o r m a t s e x i s t t o e x p r e s s m o s t a l g e b r a i c a l e q u a t i o n s w i t h 

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

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

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

l e t t e r r e p r e s e n t i n g t h e t y p e o f e q u a t i o n , e . g . , L f o r l e v e l , R f o r r a t e , 

A f o r a u x i l i a r y , N f o r i n i t i a l c o n d i t i o n , a n d C f o r c o n s t a n t . 
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CHAPTER I I I 

THE MODEL 

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

A f o r m a l m a t h e m a t i c a l mode l w i l l now be d e v e l o p e d t h a t d e s c r i b e s 

i n d e t a i l t h e r e l a t i o n s h i p s shown i n F i g u r e 7. T h i s w i l l be done i n 

e i g h t s e c t i o n s , n a m e l y ; ( l ) Order F i l l i n g , (2) I n v e n t o r y O r d e r i n g , (3) 

M a n u f a c t u r i n g , (1+) M a t e r i a l O r d e r i n g , (5) L a b o r , (6) Customer O r d e r i n g , 

(7) Cash F l o w , and (8) P r o f i t . 

S p e c i a l c o n d i t i o n s and a s s u m p t i o n s , i f a n y , w i l l be d i s c u s s e d i n 

d e t a i l w i t h i n t h e i r r e s p e c t i v e s e c t i o n s „ The mode l w i l l i n v o l v e abou t 

s e v e n t y a c t i v e v a r i a b l e s p l u s some t h i r t y i n i t i a l - c o n d i t i o n e q u a t i o n s . 

A p p r o x i m a t e l y t w e n t y - e i g h t c o n s t a n t s a re needed t o d e f i n e t h e t o t a l 

s y s t e m . 

Each s e c t i o n w i l l have an a s s o c i a t e d f l o w c h a r t on w h i c h a re shown 

t h e more i m p o r t a n t v a r i a b l e s and t h e i r i n t e r r e l a t i o n s h i p s w i t h one ano

t h e r . C o n v e n t i o n a l Dynamo n o t a t i o n i s used on each o f t h e f l o w c h a r t s . 

Order F i l l i n g 

The f i r s t e q u a t i o n s t o be d e v e l o p e d w i l l be conce rned w i t h t h e 

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

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

a re shown i n F i g u r e 8. I n v e n t o r y o f f i n i s h e d goods and c r i t e r i a f o r 

d e t e r m i n i n g w h e t h e r o r n o t an i n c o m i n g o r d e r can be f i l l e d f r o m i n v e n t o r y 

a re i n c l u d e d i n t h i s s e c t i o n o f t h e m o d e l . 
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F i g u r e 7 . A F l o w D i a g r a m o f M a j o r S e c t i o n s o f t h e M a t h e m a t i c a l M o d e l 
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E q u a t i o n ( l ) g i v e s t h e l e v e l of incoming r e q u i s i t i o n s i n c l e r i c a l 

p r o c e s s i n g w i t h i n t h e company REQCP, i n t o wh ich f low incoming o r d e r s 

REQRR, and o u t of wh ich f low o r d e r s t o be f i l l e d from i n v e n t o r y REQFI 

and o r d e r s t o be m a n u f a c t u r e d t o cus tomer s p e c i f i c a t i o n REQMO. 

52L REQCP.K=REQCP.J+(DT)(RE01^ o JK-RE0JI„JK-REG^C.JK+0 o 0) (1 ) 

12N REQCP=(REQRR)(DELCP) (2) 

E q u a t i o n ( l ) i s t h e s t a n d a r d form of l e v e l e q u a t i o n w i t h one I n 

f low r a t e and two o u t f l o w r a t e s . I t g e n e r a t e s t h e number of u n p r o c e s s e d 

o r d e r s w i t h i n t h e company. R e q u i s i t i o n s from c u s t o m e r s REQRR f low i n 

and r e q u i s i t i o n s t o b e f i l l e d from i n v e n t o r y REQFI and t o be m a n u f a c t u r e d 

t o o r d e r REQMO flow o u t . 

I n i t i a l l y , REQCP i s g i v e n as e q u a l t o t h e incoming f low of o r d e r s 

REQRR m u l t i p l i e d by an a v e r a g e c l e r i c a l p r o c e s s i n g d e l a y DELCP. T h i s r e 

l a t i o n s h i p i s shown i n e q u a t i o n ( 2 ) . 

U n f i l l e d o r d e r s t o s h i p from i n v e n t o r y SHORD a r e d e f i n e d by t h e 

l e v e l e q u a t i o n ( 3 ) . 

1L SHORD.K=SHORD.J+(DT)(REQFI.JK-SHFIN.JK) (3) 

12N SHORD=(REQFI) (DELSH) (U) 

I n e q u a t i o n (k) t h e i n i t i a l s t e a d y - s t a t e l e v e l of s h i p p i n g o r d e r s 

SHORD e q u a l s t h e s t e a d y - s t a t e f low of o r d e r s w h i c h can be f i l l e d from 

i n v e n t o r y m u l t i p l i e d by t h e a v e r a g e d e l a y i n making s h i p m e n t s DELSH. 

R a t e of o r d e r s s h i p p e d from i n v e n t o r y SHFIN i s r e p r e s e n t e d i n 

e q u a t i o n (5) a s a f i x e d f r a c t i o n of t h e b a c k l o g SHORD. 
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20R S H F I N . K L = S H O R D . K / D E L S H (5) 

6N S H F I N = R E Q F I (6) 

C D E L S H = 1 week (7) 

E q u a t i o n (6) g i v e s t h e i n i t i a l v a l u e of t h e r a t e o f o r d e r s s h i p p e d 

from i n v e n t o r y S H F I N , w h i c h , i n t h e s t e a d y - s t a t e must e q u a l t h e r a t e of 

o r d e r s t o be f i l l e d from i n v e n t o r y R E Q E I . 

I n v e n t o r y of f i n i s h e d p r o d u c t s i s g i v e n by t h e l e v e l e q u a t i o n ( 8 ) . 

I L A C T I N . K = A C T I N . J + ( D T ) ( M A N R I . J K - S H F I N . J K ) (8) 

6 N A C T I N = 6 0 5 (9) 

I n t h i s model i n v e n t o r y of f i n i s h e d p r o d u c t s ACTTN i s t a k e n a s 

605 e q u i v a l e n t p r o d u c t u n i t s . Th i s f i g u r e r e p r e s e n t s 80 p e r c e n t of t h e 

t o t a l i n v e n t o r y a s shown on t h e company ' s b a l a n c e s h e e t . 

R e q u i s i t i o n r a t e of o r d e r s f i l l e d from i n v e n t o r y R E Q E I I s r e p r e 

s e n t e d by e q u a t i o n (10) . 

M+R R E Q E I 0 K L = ( F R F I N . K ) ( R E Q C P . K ) / D E L C P (10) 

12N R E Q J I = ( N F F I N ) ( R E Q R R ) ( l l ) 

To o b t a i n t h e r a t e of o r d e r s t h a t can be f i l l e d from i n v e n t o r y 

R E Q E I , t h e t o t a l l e v e l of o r d e r s R E Q C P i s m u l t i p l i e d by t h e f r a c t i o n 

t h a t can be s h i p p e d from i n v e n t o r y F R F I N and d i v i d e d by t h e d e l a y i n 

c l e r i c a l p r o c e s s i n g D E L C P . The i n i t i a l v a l u e of t h e r a t e R E Q E I , a s 

g i v e n i n e q u a t i o n ( l l ) , i s t h e n o r m a l f r a c t i o n t h a t can be s h i p p e d from 
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i n v e n t o r y N F F I N m u l t i p l i e d b y t h e i n i t i a l s t e a d y - s t a t e f l o w r a t e R E Q R R . 

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

w e e k . 

C D E L C P = 1 w e e k (12) 

T h e r a t e o f o r d e r s s e n t t o t h e m a n u f a c t u r i n g d e p a r t m e n t R E Q M O i s 

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

hhR R E Q M O . K L = ( S U B S T „ K ) ( R E Q C P . K ) / D E L C P (.13) 

7 A S U B S T . K = 1 - F R F I N 0 K ( l ^ ) 

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

f r a c t i o n o f o r d e r s t h a t c a n b e f i l l e d f r o m i n v e n t o r y F R F I N . T h i s i s 

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

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

s m a l l e r t h e i n v e n t o r y t h e m o r e i n a d e q u a t e F R F I N w i l l b e . A s t h e i n v e n 

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

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

F i g u r e 9 s h o w s t h e k i n d o f c u r v i l i n e a r r e l a t i o n s h i p t h a t i s p r o 

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

v e n t o r y F R F I N a n d t h e v a r i a b l e l e v e l o f i n v e n t o r y r e p r e s e n t e d b y t h e 

r a t i o A C T I N / N E C I N . S e v e r a l c o n s i d e r a t i o n s f o r m t h e b a s i s f o r t h i s c u r v e . 

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

c a r r i e d i n f i n i s h e d i n v e n t o r y . T h e r e f o r e , t h e r e i s a n u p p e r f r a c t i o n 

M A X F I b e y o n d w h i c h t h e f r a c t i o n o f o r d e r s t o b e f i l l e d f r o m i n v e n t o r y 

c a n n o t r i s e . A n o t h e r s i g n i f i c a n t c h a r a c t e r i s t i c o f t h e c u r v e w i l l b e t h e 
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f r a c t i o n of o r d e r s t h a t c a n n o r m a l l y be f i l l e d from i n v e n t o r y NFFIN 

when i n v e n t o r y i s a t some p a r t i c u l a r l e v e l . The f r a c t i o n NFFIN w i l l 

a lways be l e s s t h a n t h e maximum f r a c t i o n MAXFI. O t h e r w i s e , : ' nven to ry 

would b e u n n e c e s s a r i l y h i g h . 

1.0 

0 

M A X F I 

1 
1 
1 

1 

1 

1 
1 
1 

1 

1 

N F F I N 

1 

^ 1 

1 
1 

l 
0 

A C T I N . K 

N E C I N * 

F i g u r e 9 . R e q u i s i t i o n s F i l l e d from I n v e n t o r y 

F i g u r e 9 i m p l i e s t h a t a s t o t a l a g g r e g a t e i n v e n t o r y r i s e s , t h e 

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

p r e s e n t s t h e i t e m s t h a t migh t c o n c e i v a b l y b e found i n i n v e n t o r y . As i n 

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

t h e n more and more r a p i d l y as z e r o i n v e n t o r y I s a p p r o a c h e d and no r e q u i s i 

t i o n s can be f i l l e d from i n v e n t o r y . The sys t em i s s e t up so t h a t t h o s e 

r e q u i s i t i o n s t h a t canno t be f i l l e d from i n v e n t o r y w i l l be s e n t t o t h e 

f a c t o r y t o b e made t o cus tomer o r d e r . 

The r e l a t i o n s h i p , as shown i n F i g u r e 9 ? g i v i n g t h e s p l i t f r a c t i o n 

FRFIN when i n v e n t o r y i s known, c o u l d be p r o v i d e d i n e i t h e r of two ways 

i n t h e mode l . A t a b l e of v a l u e s f o r FRFIN c o u l d be s t o r e d f o r s e v e r a l 
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l e v e l s of i n v e n t o r y and t h e n i n t e r m e d i a t e v a l u e s c o u l d be found by i n t e r 

p o l a t i o n . A l t e r n a t i v e l y a m a t h e m a t i c a l r e l a t i o n s h i p which has t h e form 

of t h e c u r v e i n F i g u r e 9 c o u l d be u s e d . T h i s l a t t e r p r o c e d u r e w i l l be 

f o l l o w e d whereby t h e s p l i t f r a c t i o n i s d e t e r m i n e d by e q u a t i o n s ( 1 5 ) 

t h r o u g h ( l 8 ) . 

12A FRFIN.K=(MAXFI)(ROUND.K) (15) 

7A ROUND. K=1-¥H0LE. K (l6) 

28A WHOLE. K=( l ) EXP (-HALVE .K) (17) 

khA HALVE.K=(Cl)(ACTTN.K)/NECIN ( 1 8 ) 

An e x p o n e n t i a l f u n c t i o n of t h i s k i n d has one d e g r e e of f reedom 

r e p r e s e n t e d by t h e c o n s t a n t C I . The c o n s t a n t CI s h o u l d be chosen so t h a t 

t h e c u r v e w i l l go t h r o u g h t h e v a l u e NFFIN i n F i g u r e 9 when i n v e n t o r y e q u a l s 

t h e v a l u e of NECIN. 

2 9 N C 1 = ( 1 ) L 0 G N ( R E M 0 V . K ) ( 1 9 ) 

kQA REMOV.K=MAXFl/(MAXFI-NFFIN) ( 2 0 ) 

E q u a t i o n s ( 1 9 ) and ( 2 0 ) a r e i n i t i a l c o n d i t i o n s e q u a t i o n s t h a t d e 

f i n e a c o n s t a n t wh ich w i l l c a u s e t h e c u r v e of F i g u r e 9 t o p a s s t h r o u g h 

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

must have a v a l u e l e s s t h a n MAXFI. 

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

f r a c t i o n of o r d e r s t h a t might c o n c e i v a b l y be f i l l e d from I n v e n t o r y MAXFI 

I s t a k e n a s 0 . 6 . 
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C MAXFI=0.6 (21) 

From p a s t i n v e n t o r y p r a c t i c e s and e s t i m a t e s of t h e r e q u i r e m e n t s 

f o r a d e q u a t e s e r v i c e f o r c u s t o m e r s NFFIN i s t a k e n a s 0 .5 . 

F i g u r e 9 has b e e n e s t a b l i s h e d on t h e a s s u m p t i o n t h a t i n s t e a d y -

s t a t e s y s t e m c o n d i t i o n we e x p e c t t o o p e r a t e t h e ACTIN e q u a l t o NECIN, 

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

t h e d e f i n i t i o n of NFFIN. A c c o r d i n g l y , NECIN i s a c o n s t a n t whose v a l u e 

s h o u l d be t h a t of t h e i n i t i a l s t e a d y - s t a t e i n v e n t o r y ACTIN. 

6N NECIN=ACTIN (23) 

E q u a t i o n (23) c o m p l e t e s t h e p a r t of t h e model which r e l a t e s i n 

coming o r d e r s t o s h i p m e n t s f i l l e d from i n v e n t o r y and t o s h i p m e n t s manu

f a c t u r e d t o cus tomer o r d e r . 

I n v e n t o r y O r d e r i n g 

The i n v e n t o r y o r d e r i n g s e c t i o n i s shown i n F i g u r e 10. E x a m i n a t i o n 

of r e c o r d s and d i s c u s s i o n w i t h e x e c u t i v e s c o n c e r n e d w i t h o r d e r i n g showed 

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

was t h e a v e r a g e r a t e a t which i n v e n t o r y was b e i n g d e p l e t e d by s h i p m e n t 

t o c u s t o m e r s . The second was t h e a d j u s t m e n t t o b r i n g a c t u a l i n v e n t o r y 

t o i t s d e s i r e d l e v e l . The t h i r d was a r e c o g n i t i o n of t h e o r d e r s f o r 

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

i n g i n v e n t o r y o r d e r s . 

C NFFIN=0.5 (22) 

E q u a t i o n (2^) combines t h e p e r t i n e n t f a c t o r s f o r o r d e r s t o be 
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F i g u r e 1 0 . A Flow Diagram of t h e I n v e n t o r y O r d e r i n g S e c t i o n 



2k 
p r o d u c e d f o r i n v e n t o r y ORMT-N. 

25A ORMTN.K=ASHIN.K+(l/lMDj)(DESIN.K-ACTIN.K+ONECI.K-OACTI.K 

+0.0+0.0) 

(2k) The f i r s t t e rm i n t h e e q u a t i o n i s t h e a v e r a g e s h i p p i n g r a t e from 

i n v e n t o r y ASHTN. Use of t h e s h o r t t e rm a v e r a g e i s more p r o p e r and more 

r e a l i s t i c . The t e r m s w i t h i n p a r e n t h e s e s on t h e r i g h t - h a n d s i d e of e q u a 

t i o n (2k) g i v e t h e d i f f e r e n c e b e t w e e n d e s i r e d and a c t u a l i n v e n t o r y p l u s 

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

a t t h e f a c t o r y . T h i s i n v e n t o r y d i s c r e p a n c y i s a d j u s t e d by o r d e r i n g a 

f r a c t i o n of t h e d i s c r e p a n c y p e r week. The f r a c t i o n i s g i v e n by t h e a d 

j u s t m e n t t i m e c o n s t a n t INADJ 0 The n u m e r i c a l v a l u e of INADJ w i l l d e t e r 

mine t h e r a p i d i t y w i t h which i n v e n t o r y a d j u s t m e n t s a r e made, and I s h e r e 

t a k e n a s s i x w e e k s . 

C INADJ=6 weeks (25) 

E q u a t i o n (2k) i s an a u x i l i a r y r a t h e r t h a n a r a t e e q u a t i o n b e c a u s e 

i t i s t e n t a t i v e . I t s p u r p o s e i s t o p r e v e n t a n e g a t i v e f l ow of o r d e r s t o 

t h e f a c t o r y . Some c i r c u m s t a n c e s a r i s e where e x c e s s i n v e n t o r y w i l l l e a d 

e q u a t i o n (2k) t o g e n e r a t e a n e g a t i v e o r d e r r a t e . T h i s c o n d i t i o n would 

o c c u r a t a t i m e when t h e r e a r e no o r d e r s i n t h e f a c t o r y b a c k l o g t o c a n 

c e l , and i s , t h e r e f o r e i m p o s s i b l e . The a c t u a l r a t e i s g i v e n by e q u a t i o n 

( 2 6 ) . 

56R ORAM!.KL=CLIP(ORMIN.K,0,ORMIN„K,0) (26) 
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A f i r s t - o r d e r e x p o n e n t i a l a v e r a g i n g e q u a t i o n w i l l be u s e d t o c o n 

v e r t t h e s h i p m e n t r a t e from i n v e n t o r y i n t o t h e a v e r a g e sh ipmen t r a t e t h a t 

was u s e d i n e q u a t i o n ( 2 ^ ) . 

3L ASHIN 0 K=ASHIN.J+(DT)(TASHl)(SRTIN, JK-ASHIN 0 J) (27) 

6N ASHIN=REQFI (28) 

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

r e c e n t s h i p m e n t s from i n v e n t o r y . A s h o r t a v e r a g i n g t i m e i s t h e r e f o r e 

a p p r o p r i a t e , such a s two w e e k s . 

C TASHI=2 weeks (29) 

D e s i r e d i n v e n t o r y DESIN w i l l be t a k e n a s t h e c o n s t a n t CINRA m u l t i 

p l i e d by t h e r e q u i s i t i o n smooth ing r a t e REQSR. 

12A DESIN.K=(CINRA)(REQSR. K) (30) 

The c o n s t a n t CINRA i s h e r e t a k e n a s e q u a l t o f o u r weeks of s a l e s . 

C CINRA=^ weeks (3 l ) 

E q u a t i o n (30) r e q u i r e s an a v e r a g e l e v e l of s a l e s REQSR, T h i s i s 

o b t a i n e d i n t h e f o l l o w i n g way. 

3L R E Q S R 0 K=REQSR , , J+(DT) ( 1 / R E Q S T ) ( R E Q R R . J K - R E Q S R 0 j ) (32) 

6N REQSR=REQRR (33) 

A v e r a g i n g of t h e i n c o m i n g - o r d e r r a t e was n e c e s s a r y b e c a u s e week-

by-week o r d e r f low f l u c t u a t e s w i d e l y . Most of such f low r a t e s must b e 
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a v e r a g e d b e f o r e m a k i n g m a n a g e m e n t d e c i s i o n s . T h i s a v e r a g i n g m a y b e a 

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

o f t h e f l o w o f a v a i l a b l e i n f o r m a t i o n . E q u a t i o n (32) s h o w s t h a t e a c h w e e k 

a f r a c t i o n R E Q S T o f t h e d i f f e r e n c e b e t w e e n t h e c u r r e n t a n d a v e i g e s a l e s 

i s u s e d t o c o r r e c t t h e l e v e l o f a v e r a g e s a l e s . I n t h e s t e a d y - s t a t e , 

a v e r a g e s a l e s R E Q S R . w i l l e q u a l t h e i n c o m i n g s a l e s r a t e R E Q R R a s g i v e n 

i n e q u a t i o n (33)• 

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

C R E Q S T = 1 3 w e e k s (3^) 

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

t h e f a c t o r y O N E C I w o u l d b e t h e a v e r a g e i n v e n t o r y s h i p p i n g r a t e A S H I N 

m u l t i p l i e d b y t h e m a n u f a c t u r i n g d e l a y f o r i n v e n t o r y i n t h e f a c t o r y V D E L M . 

12A OWECI.K=(ASHEN.K)(VDELM.K) (35) 

T h e a c t u a l o r d e r s i n p r o c e s s i n t h e f a c t o r y f o r i n v e n t o r y C A C T I 

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

B L G I N a n d t h e o r d e r s i n t h e p r o c e s s o f m a n u f a c t u r e O I P I N . 

7 A O A C T I . K = B L G I N . K + O I P I N . K (36) 

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

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

M a n u f a c t u r i n g 

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

g o o d s t h a t g o t o i n v e n t o r y a n d t h e o t h e r f o r g o o d s m a n u f a c t u r e d t o c u s t o -
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mer o r d e r . I n a c t u a l p r a c t i c e t h e s e a r e i n t e r m i x e d i n t h e same p r o d u c t i o n 

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

n e c e s s a r y v a r i a b l e s r e p r e s e n t i n g each of t h e two f l o w s . C o n s e q u e n t l y , 

F i g u r e 11 shows two b a c k l o g s of o r d e r s and two p r o d u c t i o n d e l a y s „ S i n c e 

i n t h e p r o c e s s b e i n g r e p r e s e n t e d t h e i n v e n t o r y o r d e r s and t h e c u s t o m e r 

b a c k l o g o r d e r s were i n t e r m i x e d , t h e r e w i l l b e no p r i o r i t y g i v e n t o 

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

E q u a t i o n (37) g i v e s t h e b a c k l o g of o r d e r s t o be m a n u f a c t u r e d f o r 

i n v e n t o r y . 

I L BI^IW.K=BLGIN o J+(DT)(0RAMI o JX-BKJP^ o JX) (37) 

6N BLGIN=U80 (38) 

I n e q u a t i o n (38) t h e i n i t i a l v a l u e f o r t h e b a c k l o g of o r d e r s f o r 

i n v e n t o r y i s g i v e n a s hdO e q u i v a l e n t p r o d u c t u n i t s . T h i s i s 60 p e r c e n t 

of t h e t o t a l b a c k l o g o f t h e company. 

The b a c k l o g of work i n p r o g r e s s f o r goods b e i n g m a n u f a c t u r e d t o 

cus tomer o r d e r i s g i v e n by e q u a t i o n ( 3 9 ) • 

IL CUBLG.K=CUBLG.J+(DT)(REQMO.JK-PCORD.JK) (39) 

6N CUBLG=320 (1+0) 

We now a l l o c a t e m a n u f a c t u r i n g manpower t o each of t h e o r d e r f l o w s . 

I n no rma l o p e r a t i o n t h e two b a c k l o g s a r e i n t e r m i x e d which i m p l i e s t h a t 

manpower i s t o b e a l l o c a t e d i n p r o p o r t i o n t o each of t h e b a c k l o g s . How

e v e r , t h e r e may be t i m e s when t h e a v a i l a b l e l a b o r can p r o d u c e more i t e m s 

t h a n a r e i n t h e b a c k l o g s d u r i n g a p e r i o d i n which t h e work f o r c e i s 
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b e i n g r e d u c e d . A t such t i m e s t h e b a c k l o g s s h o u l d n o t become n e g a t i v e , 

i n s t e a d t h e excess l a b o r s h o u l d be d e v o t e d t o mak ing i n v e n t o r y . E q u a t i o n s 

(hi) t h r o u g h (1+7) r e f e r t o t h e a l l o c a t i o n o f m a n u f a c t u r i n g manpower. 

E q u a t i o n (hi) makes a v a i l a b l e t h e t o t a l b a c k l o g o f o r d e r s . 

7A B L G T L . K = B L G L N . K + C U B L G . K (hi) 

B o t h b a c k l o g s must n o t d rop be low a l e n g t h e q u i v a l e n t t o some 

minimum p r o d u c t i o n s c h e d u l i n g t i m e . T h i s minimum d e l a y i n t h e b a c k l o g s 

d e f i n e s t h e maximum p r o d u c t i o n r a t e , w h i c h i n t u r n t e l l s us t he maximum 

manpower t h a t can be e f f e c t i v e l y a s s i g n e d t o b a c k l o g r e d u c t i o n . Excess 

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

1+2A M M B L G . K = B L G T L . K / ( M D E L B ) ( C P R O L ) (1+2) 

I n e q u a t i o n (1+2) t h e t o t a l b a c k l o g BLGTL i s d i v i d e d b y t h e minimum 

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

maximum r a t e a t w h i c h o r d e r s can e n t e r p r o d u c t i o n . 

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

CPROL t o g i v e t h e maximum wo rk f o r c e t h a t can be a s s i g n e d t o p r o d u c t i o n 

f o r t h e r e d u c t i o n o f b a c k l o g . 

The minimum s c h e d u l i n g t i m e i s t a k e n as one week. 

C MDELB=1 week (1+3) 

P r o d u c t i v i t y I s t a k e n as 107 u n i t s p e r man/week. 

C CPR0L=107 (hk) 

A c o n t r o l e q u a t i o n n e c e s s a r y t o d e t e r m i n e t h e number o f men t o 
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work on b a c k l o g r e d u c t i o n i s g i v e n by e q u a t i o n (1+5). 

5^A MWBJ^.K=CLIP(mPRO.K,MMBJ^.K}MMBLG.K}MAPRO.K) (1+5) 

The number of men t o be u s e d f o r b a c k l o g r e d u c t i o n a r e p r o p o r t i o n a l 

t o t h e b a c k l o g s i z e s . The f r a c t i o n i n e a c h b a c k l o g i s g i v e n by e q u a t i o n s 

(1+6) and (1+7) . 

20A FRLIN.K=BLG-IN.K/BLGTL.K (1+6) 

20A FRLCO.K=CUBLG.K/BLGTL.K (1+7) 

The f r a c t i o n of men a v a i l a b l e f o r work on cus tomer o r d e r s i s g i v e n 

by e q u a t i o n (1+7) . Th i s f r a c t i o n m u l t i p l i e d by l a b o r p r o d u c t i v i t y CPROL 

g i v e s t h e f o l l o w i n g p r o d u c t i o n r a t e on i t ems f o r c u s t o m e r o r d e r s „ 

13R PC0RD.KL=(FRLC0.K) (MWBLG.K) (CPROL) ( 1 + 8 ) 

7N PC0RD=REQRR-REQFI ( 1 + 9 ) 

I n t h e same manner , p r o d u c t i o n r a t e on i n v e n t o r y b a c k l o g o r d e r s 

i s c a l c u l a t e d . I t i s h e r e c o n s i d e r e d as an a u x i l i a r y e q u a t i o n b e c a u s e 

i t w i l l be u s e d i n s e v e r a l o t h e r e q u a t i o n s . 

13A PIN0R.K=(FRLIN.K)(MWBLG)(CPROL) (50) 

6R PINOR. K=BLG-RR. KL ( 5 1 ) 

The a c t u a l i t e m s p r o d u c e d f o r i n v e n t o r y PRSIN w i l l be t h e sum of 

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

t o occupy e x c e s s l a b o r above t h e number who can work i n r e s p o n s e t o b a c k -
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log orders PEINV. The excess workers and the rate at which they can pro
duce will first be calculated using equations (52) and (53 ) ° 

7A MEINP.K=MAPR0.K-MWBLG.K (52) 
12A PEINV.K=(MEINP.K)(CPROL) (53) 

Total production rate for inventory PRSIN is given by the sum of 
the two components already calculated. 
7R PRSIN.KL=PIN0R.K+PEINV.K ( ) 

6N PRSIN=REQFI (55) 

The production process is here approximated in two steps. The 
first is the point at which labor is applied, and therefore controls the 
rate at which the orders in process for inventory OIPIN, equations (56) 
and ( 5 7 ) 3 and the customer orders in process CORIF, equations (6o) and 
( 6 l ) , are stated in production. Secondly, the production start rate 
MANRI, equations (58) and (59) j a n d SRMOR, equations (62) and ( 6 3 ) . are 
followed by their respective production process delays before the fin
ished goods become available. 
IL OIPIN.K=OIPIN.J+(DT)(PRSIN.JK-MANRI.JX) (56) 
12N OIPIN=(DELPR)(REQFI) (57) 
39R MANRIoKL=DELAY3(PRSINoJK5DELPR) (58) 

Production delay for inventory DELPR is here represented as a 
third-order exponential delay of average length six weeks. 
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C D E L - P R = 6 w e e k s (59) 

I L C O R I P . K = C O R I P . J - ( D T ) ( P C O R D . J K - S R M O R . J K ) ( 6 0 ) 

1 8 N C O R I P = ( D P C O R ) ( R E Q R R - R E Q E I ) ( 6 l ) 

3 9 R SRM0R.KL=DELAY3(PC0RD oJK,DPC0R) ( 6 2 ) 

P r o d u c t i o n d e l a y f o r c u s t o m e r o r d e r D P C O R i s h e r e r e p r e s e n t e d a s 

a t h i r d - o r d e r e x p o n e n t i a l d e l a y o f a v e r a g e l e n g t h t w e l v e w e e k s „ 

C DPC0R=12 w e e k s 63) 

T h e r a w - m a t e r i a l l e v e l R M A T S i s p r o d u c e d b y t h e r a w - m a t e r i a l r e -

c e i v i n g r a t e R M A R E a n d t w o d e p l e t i o n r a t e s , n a m e l y : p r o d u c t i o n r a t e 

s t a r t s f o r i n v e n t o r y P R S I N , a n d p r o d u c t i o n r a t e s t a r t s f o r c u s t o m e r 

o r d e r s P C O R D . 

5 2 L R M A T S . K = R M A T S . J + ( D T ) ( R M A R E . J K - P R S I N . J K - P C O R D „ J K + O ) (^k) 

6 N R M A T S = l 4 8 (65) 

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

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

n a m e l y : t h e d e l a y w h i c h a n o r d e r e x p e r i e n c e s w a i t i n g i n t h e b a c k l o g , 

a n d t h e d e l a y i n t h e a c t u a l p r o d u c t i o n . E q u a t i o n (66) g i v e s t h e d e l a y 

e x p e c t e d f o r i n v e n t o r y p r o d u c t i o n V D E L M a s t h e s i z e o f t h e b a c k l o g B L G I N 

d i v i d e d b y t h e r a t e a t w h i c h t h e b a c k l o g i s b e i n g d e p l e t e d P I N O R p l u s 

t h e a c t u a l m a n u f a c t u r i n g d e l a y D E L P R . 

27A V D E L M . K = ( B L G I N . K / P I N O R . K ) + D E L P R ( 6 6 ) 
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L i k e w i s e , t h e d e l a y f o r mar rufac tur ing t o cus tomer o r d e r DMCOR i s 

composed of t h e v a r i a b l e d e l a y t h a t t h e o r d e r e x p e r i e n c e s i n t h e b a c k l o g 

CUBLG/PCORD p i n s t h e c o n s t a n t m a n u f a c t u r i n g d e l a y DPCOR. 

Even t h o u g h p r o d u c t i o n r a t e s a r e p r o p o r t i o n a l t o t h e b a c k l o g s 5 

t h e d e l a y s i n p r o d u c i n g t o i n v e n t o r y DELPR and t o cus tomer o r d e r s DPCOR 

a r e d i f f e r e n t . Th is i s due t o t h e n a t u r e of t h e demand of each of t h e 

p r o d u c t s b e i n g m a n u f a c t u r e d f o r i n v e n t o r y PINOR and t o cus tomer o r d e r 

The r a t e s a t which m a t e r i a l s e n t e r and a r e u s e d w i t h i n t h e company, 

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

t a n t p a r t s of t h e sys t em b e i n g s t u d i e d . S i n c e t h e a v a i l a b i l i t y of m a t e r 

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

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

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

m a t e r i a l o r d e r i n g s e c t i o n i s shown i n F i g u r e 12„ 

The m a t e r i a l - o r d e r i n g e q u a t i o n s a r e d e v e l o p e d i n t h e f o l l o w i n g 

p a r a g r a p h s . The c o n c e p t of raw m a t e r i a l s d e s i r e d a t t h e f a c t o r y DE3RM 

i s d e f i n e d by e q u a t i o n (68) a s t h e p r o d u c t of r e q u i s i t i o n s smooth ing 

r a t e REQSR m u l t i p l i e d by t h e raw m a t e r i a l s u p p l y c o n s t a n t CRMSP. 

27A DPC OR.K=(CUBLG.K/PCORD.JK)+DPC OR (67) 

PCORD. 

M a t e r i a l O r d e r i n g 

12A DESRM.K=(REQSR„K)(CRMSP) (68) 

The raw m a t e r i a l s u p p l y c o n s t a n t i s t a k e n a s f i v e weeks„ 
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C CRMSP=5 weeks ( 6 9 ) 

The r a w - m a t e r i a l p u r c h a s i n g r a t e RMPUR depends upon t h e r a t e of 

u s a g e of m a t e r i a l s i n p r o d u c t i o n PCORD and PRSIN and c o n t a i n s a t e r m 

MABEL f o r a d j u s t i n g t h e i n v e n t o r y s t o c k and t h e raw m a t e r i a l p i p e l i n e 

c o n t e n t . 

8R RMPUR. KL=PC ORD. JK+PRS IN . JK+MABEL. K ( 7 0 ) 

2kh MABEL.K= (1/TRMAD) (DESRM.K-RMATS.K+NRMAV.K-ARMAV.K+0+0) ( 7 1 ) 

6N RMPUR=REQRR ( 7 2 ) 

The t i m e c o n s t a n t TRMAD c o n t r o l s t h e r a t e a t wh ich i n v e n t o r y and 

p i p e l i n e d i s c r e p a n c i e s w i l l be c o r r e c t e d , and i s t a k e n as e i g h t w e e k s . 

C TRMAD=8 weeks ( 7 3 ) 

The n e c e s s a r y r a w - m a t e r i a l o r d e r s and m a t e r i a l i n t r a n s i t i n t h e 

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

b u s i n e s s a c t i v i t y REQSR and t h e l e n g t h of t h e p i p e l i n e DELRM. 

12A NRMAV.K=(REQSR.K) (DELRM) ( 7 * 0 

Here t h e o r d e r s a r e p a s s e d t h r o u g h a t h i r d - o r d e r d e l a y from which 

t h e m a t e r i a l s r e t u r n t o f a c t o r y r a w - m a t e r i a l s t o c k . T h i s r e q u i r e s a 

l e v e l e q u a t i o n , i t s i n i t i a l - v a l u e e q u a t i o n , and t h e d e s i g n a t i o n of i t s 

d e l a y f u n c t i o n : 

IL ARMAV.K=ARMAV.J+(DT)(RMPUR.JK-RMARE.JK) ( 7 5 ) 
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12N ARMAV=(REQRR) (DELRM) (76) 

3 9 R RMARE. KL=DELAY3 (RMPUR. JK,DELRM) (77 ) 

The a v e r a g e d e l a y i n p r o c u r i n g raw m a t e r i a l s DELRM i s t a k e n a s 

t h r e e w e e k s . 

C DELRM=3 weeks (78) 

Labor 

The l a b o r s u p p l y and t h e p o l i c i e s g o v e r n i n g t h e changes i n l a b o r 

f o r c e a r e i m p o r t a n t p a r t s of t h e sys t em u n d e r s t u d y . Of p r i m a r y conce rn 

i s t h e i n t e r a c t i o n be tween t h e v a r y i n g f low of incoming o r d e r s from t h e 

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

t r o l l e d by t h e l a b o r f o r c e and a d j u s t m e n t . 

The l a b o r s e c t i o n shown i n F i g u r e 1 3 c o n s i s t s o f a l a b o r p o o l , a 

h i r i n g d e c i s i o n LHRRA, an i n i t i a l t r a i n i n g p e r i o d LTNTR, t h e l e v e l of 

manpower a v a i l a b l e f o r p r o d u c t i o n LENPR, a d i s m i s s a l d e c i s i o n LADNR, and 

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

t h e p a y r o l l LATER. 

IL LINTR.K=LINTR.J+(DT)(LHRRA.JK-LENPR. JK) ( 7 9 ) 

6N LINTR=0 (80) 

39R LENPR.KL=DELAY3(LHRRA.JK,DLATR) ( 8 l ) 

Under t h e s t e a d y - s t a t e c o n d i t i o n s , when t h e r e a r e no changes i n 

l e v e l s of a c t i v i t y w i t h i n t h e s y s t e m , t h e number of t r a i n e e s w i l l be z e r o 

as g i v e n i n e q u a t i o n ( 80 ) . E q u a t i o n ( 8 l ) s p e c i f i e s t h e r a t e a t wh ich 



F i g u r e 13. A Flow Diagram of t h e Labor S e c t i o n 
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l a b o r e n t e r s p r o d u c t i o n LENPR. The n o n p r o d u c t i v e t r a i n i n g i n t e r v a l i s 

u s e d h e r e b o t h a s t r a i n i n g and a s a method of r e p r e s e n t i n g t h e i n e f f i c i 

e n c i e s a t t e n d a n t on an i n c r e a s i n g p r o d u c t i o n r a t e . 

The t r a i n i n g d e l a y DLATR i s t a k e n a s two w e e k s . 

C DLATR=2 weeks (82) 

The number of a c t i v e p r o d u c t i o n w o r k e r s MAPRO i s g i v e n by t h e 

l e v e l e q u a t i o n (83) . 

IL MAPRO.K=MAPRO.J+(DT)(LENPR.JK-LADNR.JK) (83) 

20N MAPRO=REQRR/CPROL (Qk) 

The i n i t i a l l e v e l of p r o d u c t i o n manpower MAPRO a s g i v e n by e q u a 

t i o n (8U) i s e q u a l t o t h e s t e a d y - s t a t e c o n s t a n t l e v e l of b u s i n e s s a c t i 

v i t y REQRR d i v i d e d by t h e p r o d u c t i v i t y of l a b o r CPROL. 

The l a b o r - t e r m i n a t i o n r a t e LATER i s g i v e n by e q u a t i o n s (85) 

t h r o u g h ( 87 ) . 

I L L L E A V . K = L L E A V . J + ( D T ) ( I A D j N R . J K - L A T E R . J K ) (85) 

6N LLEAV=0 (86) 

3 9R L A T E R . K L = D E L A Y 3 ( L A D N R . J K , D L L E A ) (87) 

E q u a t i o n (85) g i v e s t h e number of p e r s o n s i n t e r m i n a t i o n s t a t u s . 

E q u a t i o n (86) i n d i c a t e s t h a t t h i s number i s z e r o i n s t e a d y - s t a t e p r o 

d u c t i o n c o n d i t i o n s . E q u a t i o n (87) d e f i n e s t h e o u t f l o w r a t e LATER, wh ich 

i s t h e r a t e a t which l a b o r i s l e a v i n g t h e p a y r o l l . The t e r m i n a t i o n d e l a y 
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i s c o n s i d e r e d as a n o n p r o d u c t i v e p e r i o d i n which s a l a r i e s w i l l be p a i d . 

The d e l a y i n l a b o r l e a v i n g DLLEA i s t a k e n a s one week. 

C DLLEA=1 week (88) 

We now t u r n t o t h e d e s i r e d l a b o r f o r c e and t h e h i r i n g and l a y o f f 

r a t e s . F i r s t , t h e r e i s a l a b o r l e v e l t h a t w i l l p r o d u c e a t t h e a v e r a g e 

l e v e l of t h e i n c o m i n g - o r d e r r a t e . 

20A LAVES.K=REQSR.K/CPROL (89) 

E q u a t i o n (89) g i v e s t h e number of w o r k e r s who c o u l d p r o d u c e a t 

t h e incoming a v e r a g e o r d e r r a t e . 

Next i s a c o n s i d e r a t i o n of t h e b a c k l o g c o n d i t i o n s w i t h i n t h e 

company. Back log NBLOG i s e x p r e s s e d as t h e p r o d u c t of r e q u i s i t i o n s 

smoo th ing r a t e REQSR and norma l d e l a y i n b a c k l o g NDBLG. 

12A NBLOG. K= (REQSR. K) (NDBLG) (90) 

The no rma l d e l a y i n b a c k l o g NDBLG i s t a k e n a s t w e l v e w e e k s . 

C NDBLG=12 weeks (91) 

S i n c e t h e a c t u a l b a c k l o g BLGTL w i l l o f t e n be d i f f e r e n t from t h e 

n o r m a l b a c k l o g NBLOG, we must g e n e r a t e t h e amount of l a b o r LBLAD t h a t 

i s n e c e s s a r y t o a d j u s t t h e b a c k l o g t o t h e d e s i r e d l e v e l a t some s p e c i 

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

21A LBLAD.K=(1/DOTTY.K)(BLGTL.K-NBLOG.K) (92) 

12A DOTTY.K=(CPROL)(TBLAD) (93) 
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E q u a t i o n (92) g i v e s t h e man-weeks of work n e c e s s a r y t o c o r r e c t 

t h e b a c k l o g t o i t s no rma l v a l u e . The numera to r must be d i v i d e d by t h e 

p e r i o d of t i m e o v e r which t h e c o r r e c t i o n i s t o be a c c o m p l i s h e d DOTTY to 

g i v e t h e number o f men who a r e t o be employed f o r t h e p u r p o s e of a d j u s t 

ing t h e b a c k l o g . The c o n s t a n t DOTTY i s d e f i n e d a s t h e p r o d u c t of t h e 

c o n s t a n t l a b o r p r o d u c t i v i t y CPROL and t h e t i m e r e q u i r e d f o r b a c k l o g ad 

j u s t m e n t TBLAD. The a d j u s t m e n t t ime p e r i o d TBLAD i s t a k e n a s t w e n t y 

w e e k s . 

C TBLAD=20 weeks (9^) 

I t i s now p o s s i b l e to d e t e r m i n e t h e d e s i r e d l e v e l of l a b o r a t 

t h e f a c t o r y . The d e s i r e d l e v e l of l a b o r DESLA c o n s i s t s of t h r e e p a r t s , 

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

t h e l a b o r n e c e s s a r y t o a d j u s t t h e b a c k l o g l e v e l LBLAD, which may be 

e i t h e r p o s i t i v e o r n e g a t i v e , and a r e d u c t i o n by t h e number of w o r k e r s 

who a r e p r o d u c i n g f o r i n v e n t o r y beyond t h e r a t e c o v e r e d by i n v e n t o r y p r o 

d u c t i o n o r d e r s MEINP. 

8 A DESLA.K=LAVES.K+LBLAD.K-MEINP.K (95) 

The d e s i r e d l a b o r l e v e l DESLA minus t h e a v a i l a b l e l a b o r l e v e l 

LABAV g i v e s t h e e x c e s s or d e f i c i t i n t h e p r e s e n t l e v e l of p r o d u c t i o n man

power LCIND. 

7A LCIND. K=DESLA. K-LABAV. K (96) 

I n e q u a t i o n (96) t h e a v a i l a b l e l a b o r f o r c e LABAV i s r e q u i r e d . The 

a v a i l a b l e l a b o r LABAV c o n s i s t s of men a c t u a l l y p r o d u c i n g MAPRO and l a b o r 
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i n t r a i n i n g LINTR. 

7A LABAV. K = MA PRO. K+LINTR. K (97) 

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

l a y o f f d e c i s i o n has been i n c l u d e d . Managers w i t h i n t h e company f o l l o w 

t h e p r a c t i c e of making no employment change u n t i l t h e l a b o r d i s c r epancy -

h a s r e a c h e d some p e r c e n t a g e of t h e work f o r c e . When employment d i f f e r s 

by more t h a n t h e p e r c e n t a g e o r t h r e s h o l d , h i r i n g o r l a y o f f t a k e s p l a c e 

u n t i l employment a g a i n f a l l s w i t h i n t h e t h r e s h o l d . S i n c e i t may l a t e r -

become d e s i r a b l e t o s t u d y t h e e f f e c t of such an employment -change t h r e s 

h o l d , t h e n e c e s s a r y t e rms w i l l now be i n c o r p o r a t e d . 

E q u a t i o n s (98) t h r o u g h (103) i n d i c a t e t h e t h r e s h o l d and t h e r a t e 

a t which d i s c r e p a n c i e s i n t h e work f o r c e a r e c o r r e c t e d . 

20A LCRAH.K=JERRI.K/TFLCH (98) 

lhA JERRI.K=LCIM).K-(CLCTH)(MAPRO.K) (99) 

E q u a t i o n s (98) and (99) a r e c l o s e l y i n t e r r e l a t e d and i t i s d e s i r 

a b l e t o d i s c u s s e q u a t i o n (99) f i r s t . I n e q u a t i o n (99) t h e t h r e s h o l d f o r 

h i r i n g and l a y o f f i s g i v e n by t h e p e r c e n t a g e CLCTH m u l t i p l i e d by t h e 

p r e s e n t l a b o r f o r c e MAPRO. The d e s i r e d l a b o r change JERRI i s t h e d i f f e r 

ence b e t w e e n t h e l a b o r change i n d i c a t e d LCIND and t h e t h r e s h o l d . I n 

e q u a t i o n (98) t h e l a b o r change r a t e f o r h i r i n g LCRAH i s d e f i n e d as d e 

s i r e d l a b o r change JERRI, d i v i d e d by t h e t i m e c o n s t a n t TFLCH. 

The t i m e c o n s t a n t TFLCH, which r e p r e s e n t s t h e r a p i d i t y i n making 

t h e l a b o r c h a n g e , i s t a k e n as t e n w e e k s . 
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C T F L C H = 1 0 w e e k s ( 1 0 0 ) 

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

n o r m a l v a l u e o f C L C T H w i l l b e t a k e n a s z e r o . 

C C L C T H = 0 ( 1 0 1 ) 

F i g u r e lh s h o w s t h e w a y i n w h i c h t h e h i r i n g a n d l a y o f f r a t e s d e 

p e n d o n t h e l a b o r e x c e s s o r d e f i c i t L C I N D . I f t h e r e i s n o i n a c t i v e 

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

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

F i g u r e lh. H i r i n g a n d L a y o f f R a t e V e r s u s I n d i c a t e d L a b o r C h a n g e 

E q u a t i o n ( 1 0 2 ) e n s u r e s t h a t t h e l a b o r h i r i n g r a t e L H R R A w i l l 

a l w a y s b e p o s i t i v e . 
5 6 R L H R R A . K L = C L I P ( L C R A H . K , 0 , L C R A H . K , 0 ) ( 1 0 2 ) 
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6 N L H R R A = O ( 1 0 3 ) 

The l a y o f f r a t e L C R D I i s e s t a b l i s h e d i n a s i m i l a r way as i n equa

t i o n s ( 9 8 ) t h r o u g h ( 1 0 3 ) w i t h two e x c e p t i o n s . F i r s t , t h e t h r e s h o l d i s 

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

( 9 6 ) . Second , e q u a t i o n ( 1 0 6 ) r e v e r s e s t h e s i g n t o g i v e a p o s i t i o n d i s 

charge r a t e when t h e r e i s t o o l a r g e a w o r k f o r c e . 

20A LCRDI.K=B0BBI .K/TFLCH ( 1 0 * 0 

ikA BOBBI.K=LCIND.K+(CLCTH)(MAPRO.K) ( 1 0 5 ) 

51R L A D N R . K L = C L I P ( 0 , - L C R D I . K , L C R D I . K , 0 ) ( 1 0 6 ) 

6 N L A D N R = O ( 1 0 7 ) 

To f a c i l i t a t e t h e c a l c u l a t i o n o f cash f l o w f o r p a y r o l l s , t h e 

t o t a l number o f men on t h e p a y r o l l i s d e t e r m i n e d i n e q u a t i o n ( 1 0 8 ) . 

8 A MENTT.K=LINTR.K+MAPRO.K+LLEAV.K ( 1 0 8 ) 

Customer O r d e r i n g 

Customer o r d e r i n g w i l l be c o n s i d e r e d as t h e exogenous i n p u t t o 

t h e s y s t e m . I t can be e i t h e r c o n s t a n t o r v a r i a b l e . I n ou r s y s t e m , 

cus tomer o r d e r i n g w i l l be r e p r e s e n t e d by t h e r e q u i s i t i o n r e c e i v i n g r a t e 

REQRR. 

R e q u i s i t i o n s f o l l o w a s e a s o n a l t r e n d t e n d i n g t o have a n n u a l p e r 

c e n t a g e i n c r e a s e s r a n g i n g f r o m t w e n t y t o t h i r t y - f i v e p e r c e n t each y e a r . 

A p l o t o f r e q u i s i t i o n s v e r s u s t i m e appears i n F i g u r e 1 5 . 

R e q u i s i t i o n r e c e i v i n g r a t e REQRR a c t i v a t e s t h e m o d e l . A d e s c r i p t i o n 



kk 

T I M E ( W E E K S ) * -

F i g u r e 15. R e q u i s i t i o n R e c e i v i n g R a t e Ver sus Time 

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

59R REQRR.KL=TABHL(YTAB,COUNT. K, 1 ,52,1) (109) 

C YTAB=55 /53 / l l 8 / l 65 /62 /37 /35 /77 /87 /H9 /80 /75 /35 /69 / l2 l / 77 /56 / 

XI l 67 /67 / l30 / l2 / l i i + / 82 /56 / l5 /99 / 3V3 1 +/82 /82 /52 /52 /2 lU/65 /99 / l25 / 

X2 270/331/56/62/128/60/U3/55/125/130/121/159/83/62/29U/321 (110) 

I n o r d e r t o a c t i v a t e t h e mode l , t h e v a l u e s from F i g u r e 15 had t o 

be r e a d I n t o t h e c o m p u t e r . I n t h i s c o n n e c t i o n , i t was n e c e s s a r y t o p r o 

v i d e a means f o r compar ing a c t u a l t ime w i t h t h e t ime b e i n g summed i n 

t h e Tab le HL. T h i s r e q u i r e m e n t was a c c o m p l i s h e d u s i n g e q u a t i o n ( i l l ) and 

e q u a t i o n (112) . 
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I L C 0 1 M T . K = C 0 U N T . J + ( D T ) ( 1 + 0 ) ( I L L ) 

6 N C 0 U N T = 1 ( 1 1 2 ) 

C A S H F L O W 

C A S H F L O W I S S H O W N I N F I G U R E L 6 . C A S H P O S I T I O N A N D T H E C A S H F L O W 

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

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

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

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

T H E E Q U A T I O N S W H I C H F O L L O W G I V E T H E R A W - M A T E R I A L I N V O I C E R A T E 

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

T U R E F O R RAW M A T E R I A L S R M C E X . 

1 2 R R M I N R . K L = ( R M A R E . J K ) ( C R M P R ) ( 1 . 1 3 ) 

I L A C C T P A K = A C C T P O J + ( D T ) ( R M I N R , , J K - R M C E X . J K ) (ilk) 

6 N A C C T P = $ 5 8 L , 6 3 L ( 1 1 5 ) 

2 0 R R M C E X . K L = A C C T P . K / D A C T P ( L L 6 ) 

E Q U A T I O N ( 1 1 3 ) G I V E S T H E R A W - M A T E R I A L I N V O I C E R A T E R M I N R A S T H E 

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

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

I S T A K E N A S $1+00. 

C C R M P R =$1+00 ( 1 1 7 ) 

E Q U A T I O N ( L L L + ) A C C U M U L A T E S T H E D I F F E R E N C E B E T W E E N I N V O I C E S R E -
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c e i v e d RMINR and i n v o i c e s p a i d RMCEX. E q u a t i o n ( 1 1 5 ) g i v e s i n i t i a l v a l u e 

of a c c o u n t s p a y a b l e ACCTP as $ 5 8 1 , 6 3 1 . E q u a t i o n ( l l 6 ) s p e c i f i e s t h e r a t e 

of payment f o r m a t e r i a l RMCEX as a f r a c t i o n of t h e a c c o u n t s p a y a b l e ACCTP. 

An a v e r a g e i n v o i c e payment i n t e r v a l DACTP h a s b e e n t a k e n as fou r w e e k s . 

C DACTP=I+ weeks ( l l 8 ) 

Cash r e c e i v e d f o r goods d e l i v e r e d w i l l be h a n d l e d i n a s l i g h t l y 

d i f f e r e n t b u t e q u i v a l e n t way. I n v o i c e s f o r f i n i s h e d goods t r a v e r s e a 

t h i r d - o r d e r d e l a y ( a t t h e c u s t o m e r ) b e f o r e b e i n g c o n v e r t e d t o a f low of 

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

18R FGINR.KL=(CFGPR)(SHFIN.JK+SRMOR.JK) ( 1 1 9 ) 

12N FGINR=(REQRR)(CFGPR) ( 1 2 0 ) 

IL ACCTR.K=ACCTR. <J +- (DT)(FGIWR.K-FGCRR.JK) ( 1 2 1 ) 

6N ACCTR=$1>13^,07^ ( 1 2 2 ) 

3 9 R FGCRR.JK=DELAY3(FGINR.JK,DACTR) ( 123 ) 

I n e q u a t i o n ( 1 1 9 ) t h e f i n i s h e d goods i n v o i c e r a t e FGIER i s d e f i n e d 

a s t h e p r o d u c t of s h i p m e n t s from i n v e n t o r y SHFIN p l u s t h e s h i p m e n t s t o 

c u s t o m e r o r d e r SRMOR by t h e p r i c e pe r u n i t of p r o d u c t CFGPR. 

The u n i t p r i c e CFGPR u s e d i n t h i s model i s $ 1 , 0 0 0 . 

C CFGPR=$1,000 (12k) 

E q u a t i o n ( 1 2 0 ) g i v e s t h e i n i t i a l v a l u e of t h e i n v o i c e r a t e FGINR 

as t h e t o t a l s a l e s r a t e REQRR m u l t i p l i e d by t h e u n i t p r i c e CRGPR. Equa-



t i o n (121) g i v e s t h e l e v e l of a c c o u n t r e c e i v a b l e ACCTR. E q u a t i o n (122) 

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

$1,13^,07^-. E q u a t i o n (123) r e p r e s e n t s t h e f i n i s h e d goods c a s h r e c e i p t 

r a t e FGCRR and i s shown a s a t h i r d - o r d e r d e l a y . The ca sh r e c e i p t r a t e 

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

cus tomer t o i n i t i a t e payment , and t h e t ime t o r e c e i v e a check and d e 

p o s i t i t . T h i s t o t a l a l l - i n c l u s i v e d e l a y DACTR i s t a k e n a s s i x w e e k s . 

C DACTR=6 weeks (125) 

E q u a t i o n s (126) and (127) d e s c r i b e t h e l a b o r c a s h e x p e n d i t u r e 

LACEX. 

12R LACEX.KL=(MENTT.K)(CWARA) (126) 

12N LACEX=(MAPRO)(CWARA) (127) 

E q u a t i o n (126) c a l c u l a t e s t h e c o s t of l a b o r LACEX a s t h e t o t a l 

number of employees MENTT m u l t i p l i e d by t h e weekly wage r a t e CWARA. The 

wage r a t e CWARA i s t a k e n as $12U. 

C CWARA=§12k. (128) 
The b a s i s f o r income t a x e s INTAX i s d e v e l o p e d i n e q u a t i o n (129) . 

12R INTAX.KL=(0.5)(PBTRA.K) (129) 

E q u a t i o n (129) g i v e s income t a x e s INTAX a s f i f t y p e r c e n t of t h e 

p r o f i t b e f o r e t a x r a t e PBTRA. 

A l l c a s h f low r a t e s have a l r e a d y b e e n d e f i n e d , so c a s h b a l a n c e 
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CASHB i s g i v e n by t h e l e v e l e q u a t i o n (130) . 

2L CASHB.K=CASHB* J+(DT) (FGCRR.JX-RMCM.JK-IACEX.JX-CCAM-IIWAX.JK 

+0.0) (130) 

6N CASHB=$66,88o (131) 

The c o n s t a n t c a s h e x p e n d i t u r e CCAEX i s t a k e n as $30,000. 

C CCAEX=$30,000 (132) 

E q u a t i o n (131) e s t a b l i s h e s t h e i n i t i a l v a l u e f o r c a s h b a l a n c e 

CASHB as $66,880. The number of weeks of c a s h r e c e i p t s t h a t a r e t o be 

k e p t i n t h e c a s h b a l a n c e CNCAS i s t a k e n as one week. 

C CNCAS=1 week (133) 

P r o f i t 

I n t h i s model a s i m p l e c o m p u t a t i o n of c u r r e n t p r o f i t r a t e w i l l 

be g e n e r a t e d t o be u s e d a s an i n d i c a t o r of s y s t e m p e r f o r m a n c e . The p r o 

f i t s e c t i o n i s shown i n t h e f low d i ag ram of F i g u r e 17. 

S t a n d a r d i n v e n t o r y c o s t i s f i r s t g e n e r a t e d as an i n i t i a l - c o n d i t i o n 

e q u a t i o n b a s e d on c o n s t a n t s a l r e a d y i n c o r p o r a t e d . 

27N S TINC=(CWARA/CPROL)+CRMPR (13^) 

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

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

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



( S H F I N , 2 0 R 

( S R M O R , 3 9 R 

( L A C E X , I 2 R $ > 

( M A N R I , 3 9 R $ ) 

( I N T A X , I 2 R ) 

i>Kl 
1 

N E T P D 

I L 

6 N 

P R I N T 

F i g u r e 17. A Flow Diagram of t h e P r o f i t S e c t i o n 
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8A PBTRA.K=RESTA.K+BLOOD.K-CCAEX (135) 

12A RESTA.K=(SUBST.K)(REPLA.K) (136) 

7A SUBS T.K=SHFIN.JK+SRMOR.JK (137) 

7 A REPLA.K=CFGPR-STINC (138) 

ikA 
BLOOD.K=-LACEX.JK+(BLITZ.K)(BLAME.K) (139) 

7 A BLITZ.K=MANRI.JK+SRMOR.JK 

(iko) 20A BLAME. K=CWARA/CPROL 

(Ihl) I n e q u a t i o n (135) t h e p r o f i t b e f o r e t a x e s PBTRA i s c a l c u l a t e d a s 

t h e d i f f e r e n c e b e t w e e n g r o s s p r o f i t RESTA and t h e t o t a l c o s t of goods 

p r o d u c e d BLOOD and t h e c o n s t a n t c a s h e x p e n d i t u r e CCAEX. Gross p r o f i t 

RESTA i s t h e n d e f i n e d by e q u a t i o n s (136) t h r o u g h (138) and i s t h e sum 

of t h e p r o d u c t i o n f o r i n v e n t o r y SHFIN p l u s t h e p r o d u c t i o n t o cus tomer 

o r d e r SRMOR m u l t i p l i e d by t h e c o s t o f goods s o l d CFGPR l e s s t h e s t a n d a r d 

i n v e n t o r y c o s t s STINC. E q u a t i o n s (139) t h r o u g h ( l l+ l ) p r o v i d e t h e t o t a l 

l a b o r c o s t of goods p r o d u c e d BLOOD. 

Net p r o f i t r a t e NETPR i s t a k e n as h a l f of t h e p r o f i t b e f o r e t a x 

r a t e PBTRA. 

12R NETPR.KL=(0.5)(PBTRA.K) (lk2) 

IL NETPD.K=NETPD.J+(DT)(NETPR.JK+0.0) (1U3) 

6N NETPD=$2575725 (ihk) 



Equation (1^3) i s a l e v e l equation that accumulates net prof i t 

to date NETPD as an indicator of system performance. This l e v e l i s se 

i n i t i a l l y to $257,725 in equation (ikk). 
The preceding equations complete the descript ion of the system 

under study and concludes the discuss ion of the model. 
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CHAPTER IV 
SIMULATION RESULTS 
General Description 

It was stated in Chapter II that any industrial dynamics model, 
however complex, consists of three parts, namely: input, the structure 
of the simulated system, and output. A review of these three parts in 
the final specification of the model seems to be in order. 

The basic input to the model is the requisitions receiving rate 
REQRR as given by equations (110) through (112). Data appearing in the 
table YTAB are based on actual company experience. 

The structure of the model is described in detail in Chapter III. 
In as many instances as possible, the initial values of all variables 
were established on the basis of year-end results as shown on the com
pany's operation statement and balance sheet for the year previous to 
the simulation period. Table 1 indicates the initial values of each 
variable of interest in the model. 

Table 1. Initial Values of Selected Variables in the Model 
Variable 

Accounts Payable ($) Accounts Receivable ($) Actual Inventory (Units) Backlog Total (Units) Cash Balance ($) Profit Before Taxes ($) Raw Material Stock (Units) 

Symbol Initial Value 
ACCTP 581,631 ACCTR 1,134,07*+ ACTIN 605 BLGTL 800 CASHB 66,880 PBTRA 507,525 RMATS ll+8 



5 ^ 

The o u t p u t o f a DYNAMO sys tem s i m u l a t i o n can he i n t h e f o r m o f a 

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

s p e c i f i e d v a r i a b l e s , o r b o t h . A DYNAMO sys tem possesses s u f f i c i e n t 

c a p a c i t y t o p r i n t iho v a r i a b l e s as f r e q u e n t l y as each s i m u l a t i o n i n t e r v a l 

o r t o p l o t 1 0 o r f e w e r v a r i a b l e s as f r e q u e n t l y as each s i m u l a t i o n i n t e r 

v a l . 

I n t h e m o d e l , 2 0 v a r i a b l e s were t a b u l a t e d and p l o t t e d . The v a r i 

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

ACCTR, a c t u a l i n v e n t o r y ACT IN , t o t a l b a c k l o g BLGTL, cash b a l a n c e CASHB, 

p r o f i t b e f o r e t a x e s PBTRA, and raw m a t e r i a l s s t o c k RMATS. However , v a r i 

a b l e s such as i n v e n t o r y b a c k l o g BLGIN, f i n i s h e d goods cash r e c e i p t r a t e 

FGCRR, l a b o r d i s m i s s a l n o t i c e r a t e LADNR, and t o t a l men MENTT, were a l s o 

c o n s i d e r e d . 

B a s i c Mode l R e s u l t s 

A l l o u t p u t f r o m t h e mode l was i n t h e f o r m o f 2 0 v a r i a b l e s p r i n t e d 

o u t on a b i m o n t h l y b a s i s f o r a t o t a l s i m u l a t i o n p e r i o d o f f i f t y - t w o weeks . 

F i g u r e 1 8 i s a r e d u c e d - s c a l e i l l u s t r a t i o n o f t h e f i f t y - t w o weeks o f 

p r i n t e d o u t p u t f o r e x i s t i n g p o l i c i e s o f t h e m o d e l . F i g u r e 1 9 i s a r e 

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

p e r i o d , as p r o d u c e d b y t h e DYNAMO s i m u l a t i o n s y s t e m . 

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

1 8 i n d i c a t e s t h a t a c c o u n t s p a y a b l e ACCTP d e c r e a s e d s t e a d i l y u n t i l t he 

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

i n g t o 3 0 . 2 p e r c e n t o f i t s i n i t i a l v a l u e . A c c o u n t s r e c e i v a b l e ACCTR a l 

t e r n a t e l y i n c r e a s e d and d e c r e a s e d t h r o u g h o u t t h e f i f t y - t w o week s i m u l a t i o n 
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T11« E ACCTP ACCTR 1CTIK 8L G IN 8LGTL CASFE CliflLG FGCRR LACE* LADKR >"\PRO MCNTT NETFC PBTRA RECRR RMAT 5 RMCEX RHPLR 5HCftO STINC C + CC E+C3 E+03 E + CO E + OO E + OO E + 03 E+CC E+C3 E + CC E-03 F + CO E + OO E+03 E+03 E + OO E+CC t + 03 E+CC E+CC E+CC .CCC 581.63 1134.1 605.00 480.0 800.0 66.88 320.C 55.CC0 63.74 .COCO .5140 .514C 257 . 73 2 .936 55 .00 148.CO 145.41 70.68 27.5CC 401.16 2.CCC 381.06 1134.C 605.18 416.0 746.2 -129.25 33C.3 55.CC0 64.97 .COOO . 5161 . 5239 260. 63 3.030 1 18 .00 150. 17 55.77 69.C9 2 8.866 401. 16 4.CCC 269.95 1152.B 580.TO 359 .8 7 4 5 .9 -251.E 5 367 . 2 55. ISO 66.19 ĈCCC . 5239 . 5338 269. 22 18 .9 12 62.00 165. 36 <7.24 76. 22 56.658 401. 16 6.CCC 205.14 1197.7 539.70 395.1 8C5.0 -235.36 4C9.S 59.C14 67.88 .COCO .5342 .5474 286.41 9.025 35.00 191.72 51.25 69.67 34.822 4C1.16 8.CCC 169.25 1188.C 540.50 392.2 " 799.6 -270.16 407.4 64.210 69.41 .COCO . 54 7 3 . 5596 290.42 2 .470 87.00 22 1 . 32 42. 3 1 68.75 28.688 401 . 16 1C.CCC 146.56 1179.9 527.90 345.7 782.9-266.49 437.2 63.969 7C.72 .COCO .5595 .5703 296.34 11.426 80.00 243.88 36.64 72.63 43.632 401.16 1? .CCC 132.64 1 192. 8 499. 02 363 .8 823.9 -401.84 46C.C 4 3 . 1 77 72. 2C .CCCC . 5704 . 5823 308.44 10.358 35.00 263. 37 33.U 7C.t7 38.3 1 7 401. 16 14.CCC 125.15 1187.7 490.90 377.4 834.6 -405.49 457.2 64.397 73.63 .COCO .5823 .5938 315.C5 4.053 121.00 282.84 21.29 65.96 29.8ie 401.16 16.CCC 120.19 1186.C 473.36 366.2 850.1 -406.62 483.9 63.9C5 75.12 •COOO . 5935 . 6058 323.08 1 1 . 243 56.00 298.C5 30.C5 71 .41 39.CCC 401.16 16.CCC 117.31 1193.6 451.23 386.5 902.3 -409.C9 515.7 63.844 76. e5 .COOO .6058 .6197 333.50 14.690 67.00 211.22 29.33 76.SO 46.782 401.16 2C.CCC 116.56 1217.7 414.50 459.4 1016.9 -414.68 558.5 tS.4'4 75.56 .CCCO . 6205 . 6416 149. 24 15 .827 12.00 325. 14 29. 14 76.!9 44.443 401. 16 2?.CCC 1 1 7. 85 12 22 . 7 39 7 . 76 526 . 1 1C98.2 -411. 16 572 . 1 6 6. 653 82.64 .COCO .6421 .6681 36C.76 3.909 82.00 340.59 29.47 76.54 33.T71 4C1.16 24.CCC 1 19. 1 7 12 1 7.4 387. 21 536 .3 1 125 .0 -401. 86 588 . 7 69. 6 13 86. 17 .COCO . 6683 - 695C 370. 66 8 .463 14 .00 352. 15 29. 79 74. 31 29.15C 401.16 26.CCC 120. 06 1 195.4 399. 18 487 .9 1062 . 2 -2 88. 1 3 574 .3 68. 562 ee. 35 .0000 .6940 .7125 375.58 4.674 34.00 258.24 SC.CI 74.72 25.CC9 401.16 28.CCC 1 19. 9 3 1 1 76.5 4 16. 05 420 .6 968 . 5 -278.40 547 . 5 65.448 8̂. C 5 .6777 . 71 1 3 . 7191 380. 20 2 .693 82.00 3 57.44 29.58 72.84 1 9. 757 401. 16 3 C.CCC 1 19.2 8 1 164.e 432 . 91 356.5 892.9 - 2 75.27 536 .4 62. 129 66. 68 3 .4566 . 7136 . 71 66 385. 00 9 .713 52.00 2 52.49 29. 82 74 .E2 29. 664 4C1.16 32.CCC 118.8C 1171.8 442.15 298.0 814.0 -281.26 516.C 6C.557 68.C4 '.3966 .7042 .710C 393.72 8.219 214.00 248.24 29.7C 76.43 29.279 401.16 
TIKE ACCTP ACC.TK ALMIv ELGIN 6LGTL CASFE CLBLG FGCRR LACE* LADNR P A PR C EEMT HETFC PBTRA RECRR PM AT S RMCEX RMPLR SHCRC SmC 
34 .CCC 118.ac 

. 698 1 

1206.7 . 7002 419.23 410.6C 789 .0 22.679 84 3 .5 
99.00 

-296.C4 2 46.9 8 555 .4 29. 7C 61.622 60.65 86.83 4 7. 9 76 1.04 6 7 401.16 
36 .CCC 

120.72 . 69 7 8 1248.9 . 7018 339. 431. .85 , 34 37 1 .9 21.654 960.0 270.00 -409.2 8 352.71 588. 1 
30.ie 

67. 141 68.26 87.C2 49.45C .CCOO 401.16 
38 .CCC 124.24 . 7C44 1319.1 . 7372 307, 464. . 22 .42 563 .5 49.344 1349.2 56.00 -423.16 265.78 78C.8 31.C£ 74.362 1C7.25 91.41 91.541 .CCCC 4C1.16 
4T Tccc 

13 2.63 . 74 1 7 1J95.2 • 814C 225.34 504.62 996 .6 22.687 1875.4 12"? .00 -428.55 295.66 878.8 23. 16 e6.557 56.72 ICC.93 4C.829 .COCC 4C1.16 
4? .CCC 143.25 .9167 1370.6 .9112 216.52 522. 15 1200.8 12.940 2139.4 43.00 -392 .C4 429.62 9 38 .5 35.81 56. 140 97.(7 112.59 26.368 .COCO 401.16 
44 -CCC 

149.79 .7102 1310.6 . 99<,2 24 1. 531 . .17 
. 60 

1135.3 6.709 2076.2 125.00 -243.C5 445.20 941.C 27.45 5 3.76 3 ICO.87 123.28 16.526 .COCO 401. 16 
46 • CCC 153.12 .9919 12 6 3.5 1 .H552 26 9. 541 . . 30 , 50 1027 .5 15.355 2015.9 121.00 -2C8.EC 440. 18 5e8.4 28.28 64.75C 112.65 1 3C.e4 34.453 .CCCC 401.16 
4? -CCC 

157.5? 1.053e 1262.1 1. 1136 279. 559. , 56 , 56 920 .? 21.545 1971.0 83.00 -202.15 *28.34 1C50.7 29.4C 77.669 122. 11 136.e7 4 3.6 24 .CCCC 4C1.16 
;c .CCC 165.95 1. 1025 1275.9 1.1398 29 7. 579. ,67 .65 827 .4 16.531 1888. 1 294.00 -209.28 422.47 1C60 . 7 41.45 76.750 126.51 141.21 35.5C8 .COCO 401.16 52.CCC 1 75. 8 7 1 31 2 . 7 284 . 39 30 1 .8 2026 . 3 -227 . 2 5 1 224 . 6 7E.5E8 1 45. 54 .COCO 1.1385 1.1769 607.03 46.329 321.00 422.41 43.97 155.44 86.577 401.16 

g u r e 18. T a b u l a t e d Output f o r t h e F i f t y -Two Week S i m u l a t i o n P e r i o d 



ACT. IPs 4 , ALL T 4 = H , »C r1K = C C, HL GT L = Fi C«SFH = F CUfiLG=Gi FGCRR=H, LACEXM, L AO K R* J 

- 5 CC T 0 CCT 1CCC 7 15O0T JIHG 

c h . A B . CCEFGIJ 
F C H A B . CCECIJ 

F r F A B . CCECIJ 
F c F A B . CCECIJ 

F c h A B . CCECIJ 
r c H 4 B . CCECIJ 

F c F A B . CCECIJ 
F c h A B . CCECIJ 

F c h » B . CCECIJ 
F c F A P 

. ttttu 
F c h A B . CCECIJ 
F c h A E . CCECIJ 

F c V1 A P . CCECIJ 
F c F- A P . CCEC IJ 

F c h A B . CCECIJ 
F c h A B . CCfCIJ 
F c H A B . CCECIJ 
F c F A B . CCECIJ 

F c F 4 B . CCECIJ 
F c F A B . CCEC IJ 
F c F A B . (EfMJ 
F c h A B . CCECIJ 
F c h A e' . CCECIJ 
F c H A e . CCECIJ 
F c F A B . CCECIJ 
F c h A 6 . CCECIJ 
F c H A B . CCECIJ 
F c F A B .CCECIJ 
F c F A E . CCECIJ 
F c h A B - CCECIJ 
F c H A B . CCECIJ 
F c F A B . CCECIJ 
F c A P . CCECIJ 

F c h A E . CCECIJ 
F c A E . CCECIJ 
F c h A B . CCECIJ 

?C -
F c H A 8 . CCfCIJ 
F c h A B . CCfCIJ 
F c h A B . CCECIJ 
F c h A B . CCECIJ 

F c h A B . CCECIJ 
F c H A B . CCECIJ 
F c H A 6 . CCEGIJ 
F c h A 8 . CCECIJ 
F c ^ A B . CCECIJ 
F c h A B "~ . CCECIJ 

F c h A E . CCEGIJ 
F c h A e . crEC!J 
F c h A B . CCECIJ 
F c h A B . CTEGIJ 
F c h A E . CCECIJ 
F c H A e . CTTCTJ" 
F c h A B . i i t t u 
F c h A B . CCECIJ 

F c H A e . CCECIJ 
F c h A B . CCECIJ 
F c h A 8 . CCECIJ 
F c H A B . CCECIJ 
F c H A e . CCECIJ 

— F c h A e . CCECIJ 
F c h A E . CCECIJ 
F c h A p . CCECIJ 
F c H A 8 . CCECIJ 
F c h A B . CCECIJ 
F c A e . CCECIJ 

F c A B . CCECIJ 
F c A e . CCECIJ 
F c F A e . CCECIJ 

—-*- F c F A E . CCECIJ 
F c h A 8 . CCECIJ 

F c F A E . CCECIJ 
F c F A B . CCECIJ 

-- F c F A E . CCECIJ 
F c H A E . CCECIJ 

F c H A e . CCEGIJ 
— F c h A B . CCEGIJ 

F c H A 

I 
. CCECIJ 

F c H A B . CCECIJ 
F c (- A E . CCECIJ 

" F c H A e . CCECIJ 
F c H A a . CCECIJ 

F c A e . CCEGIJ 
c A e . CCEGIJ 
c A e . CCECIJ 

F 
c A 

i 
. CCECIJ 

f 
c A E . CCECIJ 

, c A E . CCECIJ 
F 

c A E . CCECIJ 
r c A e . CCEGIJ 

c A E . CCEGIJ 

F c A E . CCECIJ 
c A B . CCECIJ 

F c A E . CCEGIJ 
F c A • • E . CCECIJ 

F i g u r e 19. P l o t t e d Output f o r t h e F i f t y -Two Week S i m u l a t i o n P e r i o d 
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KAPRC'K, f £ M I = l t NET F D a K, PETRA-N, REGRR = C». RKATS-P. RMCEX-Q, ftFP~UR«R, SHORD=S, STINOT 

C 2C0T 

K C 
K C 
K C 
K C 

AOOT 6CC T 

M 
M 

¥ 

80CT TSROPCNW 

. KLKCFRST 

. KLKCFRST 

. KLKCFRST 

. KLKCFRST 
KN C 
KK C 
K N Q 
K N £ 

¥ 
¥ 
M 

¥ 

. KLCFRST 

. KLCFRST 

. KLCFRST 

. KLCFRST 
KMC ¥ . KLCFRST 

K N 0 
KN Q 

M 
¥ . 

. kicrP5T 
. KLCFRST 

KN 0 
K 0 

M 
M 

. KLCFRST 

. KLKCFRST 
K Q 
K 0 

M 
¥ . 

. KLKCPRST 

. KLKCFRST 
KN Q 
KN 0 

M 
¥ 

• KLCFRST 
. KLCFRST 

KN Q ¥ • KLCFRST 

K N Q 
K N C 

M 
M 

• KLCFRST 
. KLCFRST 

KN Q 
KN C 
KK C 
KN C 

¥ 

¥ 

F 

. KLCFRST 
. KLCFRST 
. KLCFRST 
. KLCFRST 

K C 
KN C 

F 
C 

. KLKCFRST 

. KLCFRST 
KN C M . KLfFRSt 

KN C 
KN Q 

M 
H 

. KLCFRST 

. KLCFRST 
KN C 
KN C 

M 
M 

. KLCFRST 

. KLCFRST 
KN C 
K N C 
K N C 
K N C 

M 
H 
H 
* 

. KLCFRST 

. KLCFRST 

. KLCFRST 
• KLCFRST 

K N C • KLCFRST 

K N C 
KN C 

M 
H 

. KLCFftSr 

. KLCFRST 
KN C 
KN 0 ¥ 

. KLCFRST 

. KLCFRST 
KK C 
KN C 

¥ 
H 

. KLCFRST 

. KLCFRST 
KN C 
KN C 

H 
M 

. klCFRST 

. KLCFRST 
KN C M . . KLCFRST 

K C 
KN C 

M . 
M . 

. KLKCFRS1 

. KLCFRST 
KN C 
KN C 

M . 
M 

. KLCFRST 

. KLCFRST 
K C 
K C 

M . 
X . 

. KLKCPRS1 

. KLKCFRST 
K C . KLKCPRST 

KN C 
KN C 

M . 
¥ . 

. KLCFRST 

. KLCFRST 

KN C ¥ . . KLCFRST 
KN C 
KN C 

¥ . 
¥ . 

. KLCFRST 
. KLCFRST 

KN C 
K N C 

¥ . 
¥ . 

. KLCFRST 
. KLCFRST 

K N C 
K NC .¥ 

. KLCFRST 

. KLCFRST 
K NC 
K NC 

• H 
. M 

. KLCFRST 

. KLCFRST 

K NC • M . KLCFRST 
K NC 
K NC 

H 
M 

. KLCFRST 

. KLCFRST 
K N 
K CN 

H 
M 

. KLCFRST.NC 

. KLCFRST 
K C N 
K C N 

K 
F 

. KLCFRST 
. KLCFRST 

K CN 
K N 

W 
H 

. KLCFRST 

. KLCFRST.KC 

K N C •1 . KLCFRST 
K N C 
K S Q ft 

K 
. KLCFRST 
. KLCFRST 

K N Q 
KN C 

¥ 
M 

. KLCFRST 

. KLCFRST 
KN <J 
KN C 

M 
H 

. KLCFRST 
. KLCFRST 

KN C 
KN C 

M 
¥ 

. KLCFRST 

. KLCFRST 

K N Q ¥ . KLCFRST 
K N Q 
K K C ¥ 

. KLCFRST 

. KLCFRST 
K N Q 
K N 0 

H 
N 

. KLCFRST 

. KLCFRST 
K N Q 
K N C 

H 
K 

. KLCFRST 

. KLCFRST 
K N Q 
K N 0 

F 
K 

. KLCFRST 

. KLCFRST 

K N C ¥ . . KLCFRST 
K NO 
K N 

¥. 
¥ 

. KLCFRST 

. KLCFRST,NC 
K QN • P . KLCFRST 

F i g u r e 19- ( C o n t i n u e d ) 
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p e r i o d and r e a c h e d i t s peak i n t h e f i f t y - s e c o n d week a t a v a l u e a p p r o x i 

m a t e l y 1.2 t i m e s i t s i n i t i a l v a l u e . A c t u a l i n v e n t o r y ACTIN a l t e r n a t e l y 

i n c r e a s e d and dec reased , r e a c h i n g a f i n a l v a l u e a p p r o x i m a t e l y e q u a l t o kj 

p e r c e n t o f i t s i n i t i a l v a l u e . B a c k l o g BLG-TL e x p e r i e n c e d i n c r e a s e s and 

d e c r e a s e s r e a c h i n g i t s peak i n t h e f i f t y - s e c o n d week a t a v a l u e 2 .5 t i m e s 

i t s i n i t i a l v a l u e . Cash b a l a n c e CASHB a l t e r n a t e l y i n c r e a s e d and d e c r e a s e d 

f r o m t h e f i r s t week, t o t h e f i f t y - s e c o n d week t o a f i n a l v a l u e a p p r o x i m a t e l y 

6 t i m e s l e s s t h a n i t s i n i t i a l v a l u e . P r o f i t b e f o r e t a x e s PBTRA a l t e r 

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

i t s i n i t i a l v a l u e . Raw m a t e r i a l s t o c k RMATS i n c r e a s e d s t e a d i l y w i t h o n l y 

s l i g h t f l u c t u a t i o n s t o a f i n a l v a l u e 3 t i m e s g r e a t e r t h a n i t s i n i t i a l 

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

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

T a b l e 2 . A Compar ison o f A c t u a l and S i m u l a t e d Company V a r i a b l e s 

V a l u e a t End o f 1965 F i s c a l Year 

V a r i a b l e Symbol A c t u a l Va lue S i m u l a t e d Va lue 

A c c o u n t s Payab le ( $ ) ACCTP 960,623 175,870 
A c c o u n t s R e c e i v a b l e ( $ ) ACCTR 1,^09,696 1 ,312 ,700 
A c t u a l I n v e n t o r y ( U n i t s ) ACTIN 996 28k 
B a c k l o g T o t a l ( U n i t s ) BLGTL 1,700 2,026 
Cash Ba lance ( $ ) CASHB 112,1^2 -327,250 
P r o f i t B e f o r e Taxes ( $ ) PBTRA 699,959 697,600 
Raw M a t e r i a l S t o c k ( U n i t s ) RMATS 2^3 k22 

A c t u a l a c c o u n t s p a y a b l e f o r t h e f i f t y - t w o week p e r i o d was $960,623, 

whereas s i m u l a t e d a c c o u n t s p a y a b l e was $175,870. A l t h o u g h t h i s r e p r e 

s e n t s a d i f f e r e n c e o f $78U,753 be tween a c t u a l and s i m u l a t e d r e s u l t s , a 

b r i e f c o n s i d e r a t i o n o f t h e means b y w h i c h t h e a c t u a l a c c o u n t s p a y a b l e was 
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g e n e r a t e d l e a d s t o t h e c o n c l u s i o n t h a t such a d i f f e r e n c e c o u l d r e a s o n a b l y 

have been e x p e c t e d . A c t u a l a c c o u n t s p a y a b l e c o n s i s t e d o f a t l e a s t f i v e 

cash r e q u i r e m e n t s n o t i n c l u d e d i n t h e m o d e l , n a m e l y : $66,000 f o r v a c a t i o n 

and h o l i d a y s , $66,000 f o r p r o f i t s h a r i n g , $6 l ,000 f o r c o m m i s s i o n s , $61+,000 

f o r p a y r o l l t a x e s , and a p p r o x i m a t e l y $500,000 a c c o u n t s p a y a b l e f r o m s u b 

s i d i a r i e s . When t h e s e r e q u i r e m e n t s a r e removed f r o m t h e a c t u a l a c c o u n t s 

p a y a b l e a b a l a n c e o f $203,623 r e m a i n s . S i n c e a c t u a l a c c o u n t s p a y a b l e i s 

now $203,623 and s i m u l a t e d a c c o u n t s p a y a b l e was $175,870, t h e c o r r e s p o n d 

ence be tween a c t u a l and s i m u l a t e d a c c o u n t s p a y a b l e i s c o n s i d e r e d good.. 

A c t u a l a c c o u n t s r e c e i v a b l e f o r t h e f i f t y - t w o week p e r i o d was 

$1,^09,696, whereas s i m u l a t e d a c c o u n t s r e c e i v a b l e was $1 ,312,700. As 

a c t u a l a c c o u n t s r e c e i v a b l e a r e based on o v e r a l l company o p e r a t i o n , and 

i n c l u d e s f a c t o r s o u t s i d e t h e model b o u n d a r i e s , c o r r e s p o n d e n c e be tween 

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

S i n c e t o t a l b a c k l o g , a c t u a l i n v e n t o r y , and raw m a t e r i a l s t o c k a r e 

dependen t upon one a n o t h e r , t h e y w i l l be d i s c u s s e d c o l l e c t i v e l y . A c t u a l 

b a c k l o g f o r t he f i f t y - t w o week p e r i o d was 1,700 u n i t s , whereas s i m u l a t e d 

b a c k l o g was 2,026 u n i t s . A c t u a l i n v e n t o r y f o r t h e same p e r i o d was 996 

u n i t s , whereas s i m u l a t e d a c t u a l i n v e n t o r y was 28U u n i t s . I n a d d i t i o n , 

a c t u a l raw m a t e r i a l s t o c k was 2k3 u n i t s , whereas s i m u l a t e d raw m a t e r i a l 

s t o c k was U22 u n i t s . These v a r i a t i o n s a r e s i g n i f i c a n t i n t h a t t h e y i n 

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

u n c o v e r e d one p r i m a r y r e a s o n f o r t h e ex t reme v a r i a t i o n be tween a c t u a l and 

s i m u l a t e d r e s u l t s , n a m e l y , w i t h i n t h e l a b o r s e c t i o n o f t h e model no p r o 

v i s i o n s were made f o r o v e r t i m e , second s h i f t s , o r a v a r i a b l e wo rk week. 

As seen f r o m t h e s i m u l a t i o n r e s u l t s , b a c k l o g and raw m a t e r i a l s t o c k a r e 



Go-

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

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

r e s u l t i n much c l o s e r ag reemen t b e t w e e n a c t u a l and s i m u l a t e d r e s u l t s . 

A c t u a l c a s h b a l a n c e f o r t h e f i f t y - t w o week p e r i o d was $112,1^2, 

w h e r e a s s i m u l a t e d c a s h b a l a n c e was a minus $327?500. A l t h o u g h t h i s r e p r e 

s e n t s a d i f f e r e n c e of $^3956U2 be tween a c t u a l and s i m u l a t e d r e s u l t s , a 

b r i e f c o n s i d e r a t i o n of t h e means by which t h e v a l u e f o r t h e v a r i a b l e was 

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

p e n d i t u r e s ( e x p e n s e s ) were i n i t i a l l y assumed t o b e $30,000. A r e - e v a l u a t i o n 

i n d i c a t e s t h a t t h e e x p e n s e s were a c t u a l l y c l o s e r t o $21,^00 p e r week. 

Th i s means t h a t an a d d i t i o n a l $^7,200 i n c a s h becomes a v a i l a b l e . Under 

t h i s c o n d i t i o n , a c t u a l c a s h b a l a n c e r e m a i n s a t $112,1+2, w h e r e a s s imu

l a t e d c a s h b a l a n c e becomes $118,700. Because t h e s i m u l a t e d c a s h b a l a n c e 

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

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

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

good . 

A c t u a l p r o f i t b e f o r e t a x e s was $699?959? w h e r e a s s i m u l a t e d p r o f i t 

b e f o r e t a x e s was $697?600. T h e r e f o r e , t h e c o r r e s p o n d e n c e be tween a c t u a l 

and s i m u l a t e d p r o f i t b e f o r e t a x e s i s c o n s i d e r e d good . 

S e n s i t i v i t y A n a l y s i s 

I n an a t t e m p t t o d e t e r m i n e model s e n s i t i v i t y , changes were made 

to s e v e r a l of what were c o n s i d e r e d t o be t h e more i n f l u e n t i a l v a r i a b l e s 

a f f e c t i n g company a c t i v i t i e s . T a b l e s 3? + 5 and 5 i l l u s t r a t e t h e r e 

s p o n s e t o t h e s e c h a n g e s . 



T a b l e 3 . A Compar ison of F i n a l Va lue s f o r S e n s i t i v i t y A n a l y s i s 

ACCTP 
MAPRO 

ACCTR 
MENTT 

ACTIN 
NETPF 

BLGIN 
RBTRA 

BLGTL 
REQRR 

CASHB 
RMATS 

CUBLG 
RMCEX 

FGCRR 
RMPUR 

LACEX 
SHORD 

LADNR 
STINC 

CRMPR=400 175.87 
l . l 4 

1312. 
1. 

.70 
,18 

284.39 
607.03 

801. 
46. 

,80 
,03 

2026.30 
321.00 

-327.25 
422.41 

1224.60 
43.97 

78, 
155. 

.59 

.44 
145.94 

86.58 
00. 

4oi . 
.00 
.16 

CRMPR=262 115.19 l.lh 1312. 
l . 

.70 
,18 

284.39 
867.35 

801.80 
63.56 

2026.30 
321.00 

- 72.61 
422.41 

1224.60 
28.80 

78, 
155, 

.59 
,44 

145.94 
86.58 

00, 
263, 

.00 

.16 

CRMPR=292 128.39 l.lh 1312. 
l . 

• 70 
.18 

284.39 
810.76 

801. 
59. 

,80 
.75 

2026.30 
321,00 

-127.97 
422.41 

1224.60 
32.10 

78, 
155, 

.59 

.44 
145.94 

86.58 
00, 

293. 
.00 
.16 

CRMPR=324 142.45 l.lh 1312. 
1. 

.70 
,18 

284.39 
750.40 

801. 
55. 

,80 
,68 

2026.30 
321.00 

-187.01 
422.41 

1224.60 
35.61 

78, 
155. 

.59 

.44 
145.94 

86.58 
00, 

325, 
.00 
.16 

CRMPR=360 158.28 l.lh 1312. 
1. 

,70 
,18 

284.39 
682.44 

801. 
51. 

,80 
,11 

2026.30 
321.00 

-253.44 
422.41 

1224.60 
39-57 

78, 
155. 

.59 

.44 
145.94 

86.58 
00.00 

361.16 

CRMPR=44o 193.46 l.lh 1312. 
1. 

,70 
,18 

284.39 
531o58 

801. 
4o, 

,80 
• 95 

2026.30 
321.00 

-401.05 
422.41 

1224.60 
48.36 

78, 
155. 

.59 

.44 
145.94 

86.58 
00, 

44l, 
.00 
.16 

CRMPR=484 212.80 l.lh 1312. 
1, 

.70 
,18 

284.39 
448.58 

801. 
35. 

,80 
,36 

2026.30 
321.00 

-482.24 
422.41 

1224.60 
53.20 

78, 
155. 

.59 

.44 
145.94 

86.58 
00, 

485. 
.00 
.16 

CRMPR=532 233.91 
i . i 4 

1312. 
1. 

.70 
,18 

284.39 
358.03 

801. 
29. 

,80 
,26 

2026.30 
321.00 

-570.81 
422.41 

1224.60 
58.48 

78, 
155, 

.59 

.44 
145.94 
86.58 

00, 
533. 

,00 
,16 



T a b l e 4 . A Compar ison of F i n a l Va lues f o r S e n s i t i v i t y A n a l y s i s 

ACCTP ACCTR ACTIN BLGIN BLGTL CASHB CUBLG FGCRR LACEX LADNR 
MAPRO MENTT NETPD PBTRA REQRR RMATS RMCEX RMPUR SHORD STINC 

CPR0L=a07? CWARA=I24 

175.87 1312 .70 284 .39 801.80 2026.30 -327 .25 1224.60 78.59 145.94 0 0 . 0 0 
1 .14 1.18 607.03 4 6 . 0 3 321 .00 422 . 41 43.97 155.44 86.58 401.16 

CPR0L=I22, CWARA=124 

175 .87 1312 .70 284.39 801.80 2026.30 -326.98 1224.60 78.59 128 .00 0 0 . 0 0 
1.00 1.03 607.34 4 6 . 0 5 321.00 422 .4 i 43.97 155.44 86.58 4 o i . 0 2 

CPR0L=I07 ? CWARA=l42 

: , / : .• 1312.70 284.39 801.80 2026.30 -327 . 56 1224.60 78.59 167.12 00.00 
l . i 4 1.18 606.67 4 6 . 0 0 321.00 422.41 43.97 155.44 86.58 401.33 

CPR0L=I22 ? CWARA=l42 

175 .87 1312 .70 284.39 801.80 2026.30 -327.26 1224.60 78.59 146.58 0 0 . 0 0 
1.00 1.03 607.02 4 6 . 0 3 321 .00 422.41 43.97 155.44 86.58 4 o i . l 6 



T a b l e 5 . A Comparison of F i n a l Values f o r D i f f e r e n t I n i t i a l I n p u t s 

ACCTP 
MAPRO 

ACCTR 
MENTT 

ACTIN BLGIN 
NETPD PBTRA 

BLGTL 
REQRR. 

CASHB 
RMATS 

CUBLG FGCRR LACEX LADNR 
RMCEX RMPUR SHORD STINC 

Normal Random System I n p u t 

1 6 9 . 8 + 3 ^ 5 . 3 0 460.50 961 ,60 1879 .00 2o64.4o 9 1 7 . 3 7 9 3 . 5 3 1 5 3 . 6 7 .0000 
1 . 2 0 1 . 2 4 1 6 0 6 . 1 0 30 .58 1 7 9 . 9 1 7 0 2 . 1 0 4 2 . 4 6 1 2 8 . 3 5 6 1 . 2 2 4 o i . i 6 

A c t u a l System I n p u t 

1 7 5 . 8 7 1 3 1 2 . 7 0 284 .39 801 .80 2026 .30 - 3 2 7 . 2 5 1 2 2 4 . 6 0 7 8 . 5 9 1 4 5 . 9 4 00.00 
1 . 1 4 1 . 1 8 607.03 4 6 . 0 3 3 2 1 . 0 0 4 2 2 . 4 1 43 .97 1 5 5 . 4 4 86.58 4 o i . i 6 



6k 
T a b l e 3 i l l u s t r a t e s t h e r e s u l t s of v a r y i n g t h e c o n s t a n t raw m a t e r 

i a l s p r i c e CRMPR. The i n i t i a l v a l u e of CRMPR i s $1+00 and i s v a r i e d by 10 

p e r c e n t t o o b t a i n v a l u e s r a n g i n g from $262 t o $532. Va lues shown w i t h i n 

t h e t a b l e a r e t h e r e s u l t s of e i g h t d i f f e r e n t computer r u n s and r e p r e s e n t 

a f i f t y - t w o week s i m u l a t i o n p e r i o d . 

The model e x p e r i e n c e d no s e n s i t i v i t y t o changes t o t h e c o n s t a n t 

raw m a t e r i a l s p r i c e CRMPR. I f CRMPR was d e c r e a s e d , p r o f i t s i n c r e a s e d 

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

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

p e c t e d t o a change i n t h e c o n s t a n t raw m a t e r i a l s p r i c e , , 

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

v i t y of l a b o r CPROL and t h e c o n s t a n t wage r a t e CWARA. The t a b l e c o n t a i n s 

t h e b a s i c model v a l u e s , v a l u e s where CPROL and CWARA a r e v a r i e d s e p a r 

a t e l y , and v a l u e s when t h e y a r e v a r i e d s i m u l t a n e o u s l y . 

The model a g a i n e x p e r i e n c e d no s e n s i t i v i t y . As shown i n T a b l e h, 

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

v i t y of l a b o r CPROL and t h e c o n s t a n t change r a t e CWARA. 

T a b l e 5 i l l u s t r a t e s t h e r e s u l t s o f v a r y i n g t h e i n p u t t o t h e s y s t e m . 

I n t h i s c a s e , r e q u i s i t i o n r e c e i v i n g r a t e REQRR was changed t o r e f l e c t a 

normal random i n p u t t o t h e model by means of t h e f o l l o w i n g e q u a t i o n „ 

3>hR REQRR. KL= (1 ) NORMRN (130,1+2) (109) 

As shown i n T a b l e 5 5 t h e model e x p e r i e n c e d ex t r eme s e n s i t i v i t y t o 

a change i n t h e form o f i n p u t which a c t i v a t e d i t . R e s u l t s f o r a normal 

random e n t r y o f o r d e r s i n t o t h e model a r e c e r t a i n l y more f a v o r a b l e t o 

t h e company t h a n t h e a c t u a l sy s t em i n p u t . F o r example , w i t h normal r a n -
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dom i n p u t , c a s h b a l a n c e CASHB i s $2,064,400„ On t h e o t h e r h a n d , w i t h 

a c t u a l s y s t e m i n p u t c a s h b a l a n c e CASHB i s a minus $327,250= The b e n e 

f i c i a l e f f e c t of t h e no rma l random i n p u t i s due t o a more g r a d u a l i n f low 

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

t h e o v e r a l l s y s t e m demand. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

C o n c l u s i o n s 

T h i s s t u d y was c o n c e r n e d w i t h an i n d u s t r i a l dynamics model of an 

a c t u a l company s p e c i a l i z i n g I n t h e m a n u f a c t u r e o f e l e c t r o n i c e q u i p m e n t . 

The model d e v e l o p e d c o n s i s t s of a p p r o x i m a t e l y ikk e q u a t i o n s which d e s c r i b e 

t h e b e h a v i o r of e i g h t s e c t i o n s of t h e company a c t i v i t y , name ly : ( l ) Order 

F i l l i n g , (2) I n v e n t o r y O r d e r i n g , (3) M a n u f a c t u r i n g , (k) M a t e r i a l O r d e r i n g , 

(5) L a b o r , (6) Customer O r d e r i n g , (7) Cash F low, and (8) P r o f i t . 

The model i s a g g r e g a t e i n n a t u r e . For example , r e q u i s i t i o n r e 

c e i v i n g r a t e was d e t e r m i n e d by d i v i d i n g t h e t o t a l d o l l a r v a l u e of a l l 

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

u n i t . I t s h o u l d be n o t e d t h a t t h i s a v e r a g e s e l l i n g p r i c e i s b a s e d on 

a p p r o x i m a t e l y one t h o u s a n d d i f f e r e n t p r o d u c t s whose a c t u a l s e l l i n g p r i c e s 

r a n g e d from 20 d o l l a r s t o 50,000 d o l l a r s . I n a d d i t i o n , t h e p r o d u c t i v i t y 

of l a b o r h a s been assumed t o be c o n s t a n t t h r o u g h o u t t h e s i m u l a t i o n p e r 

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

t o t a l d o l l a r v a l u e of s h i p m e n t s f o r t h e y e a r by t h e t o t a l number of em

p l o y e e s a t t h e end of t h e y e a r . I t s h o u l d be n o t e d t h a t i n t h e a g g r e g a 

t i o n p r o c e s s no d i s t i n c t i o n was made be tween p r o d u c t i o n and n o n - p r o d u c t i o n 

e m p l o y e e s . These examples show t h a t w i t h o u t a g g r e g a t i o n t h e model d i s 

c u s s e d i n t h i s s t u d y would r e q u i r e a p r o h i b i t i v e number of e q u a t i o n s . On 

t h e o t h e r h a n d , b e c a u s e of t h e a g g r e g a t i o n , d i s p a r i t i e s be tween a c t u a l 
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and s i m u l a t e d r e s u l t s can be e x p e c t e d . 

Th ree t y p e s of s i m u l a t i o n e x p e r i m e n t s , "whose p u r p o s e -was t o i l l u s 

t r a t e model b e h a v i o r unde r a c t u a l and v a r y i n g c o n d i t i o n s , were c o n d u c t e d . 

The f i r s t s e t of e x p e r i m e n t s was d e s i g n e d t o s i m u l a t e a s c l o s e l y 

a s p o s s i b l e t h e b e h a v i o r of an a c t u a l company. I n t h i s c a s e , some of 

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

a c o n s i d e r a b l e m a r g i n . On t h e o t h e r h a n d , i t was p o s s i b l e t o a c c o u n t f o r 

t h e c a u s e s of d i s p a r i t i e s be tween t h e r e a l w o r l d s i t u a t i o n and i t s s imu

l a t e d mode l . The d i s p a r i t i e s o b s e r v e d were due t o t h e f o l l o w i n g c o n d i 

t i o n s : ( l ) t h e i n p u t t o t h e sys t em r e p r e s e n t e d an a g g r e g a t e v a l u e of s i x 

s e p a r a t e p r o d u c t l i n e s , (2) s i m i l a r l y , i n i t i a l c o n d i t i o n s and c o n s t a n t s 

were b a s e d on t o t a l company o p e r a t i o n , and (3) t h e model s t r u c t u r e was 

l i m i t e d t o some s e l e c t e d s e c t i o n s of t h e company and a number of e q u a l l y 

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

The second s e t of e x p e r i m e n t s was d e s i g n e d t o t e s t t h e s e n s i t i v i t y 

of t h e model s t r u c t u r e t o changes i n s e l e c t e d model v a r i a b l e s such a s 

t h e c o n s t a n t raw m a t e r i a l s p r i c e , t h e c o n s t a n t p r o d u c t i v i t y of l a b o r , and 

t h e c o n s t a n t wage r a t e . The s y s t e m r e s p o n s e t o changes i n t h e s e v a r i a b l e s 

was n e g l i g i b l e . 

The t h i r d s e t of e x p e r i m e n t s was d e s i g n e d t o t e s t t h e r e s p o n s e of 

t h e model t o changes i n t h e r e q u i s i t i o n r e c e i v i n g r a t e which c o n s t i t u t e d 

t h e exogenous v a r i a b l e i n t h e s i m u l a t e d s y s t e m . I n t h i s c a s e , t h e a c t u a l 

o b s e r v e d r e q u i s i t i o n r e c e i v i n g r a t e was r e p l a c e d by an e q u i v a l e n t normal 

random i n p u t . The s i m u l a t i o n r e s u l t s showed t h a t t h e model i s e x t r e m e l y 

s e n s i t i v e t o t h e form of exogenous v a r i a b l e . 

I n g e n e r a l , t h e b e h a v i o r of t h e s i m u l a t e d company model was c o n -
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s i s t e n t -with a c t u a l company e x p e r i e n c e . C o n s i d e r i n g t h e h i g h d e g r e e of 

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

e f f e c t i v e i n p r o v i d i n g a b e t t e r u n d e r s t a n d i n g of t h e complex d i r e c t and 

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

Recommendat ions f o r F u r t h e r R e s e a r c h 

The f o l l o w i n g a r e a s of a d d i t i o n a l r e s e a r c h a r e recommended: 

1. T h i s s t u d y was b a s e d on o n l y e i g h t s e c t i o n s of company a c t i v i t y 0 

I t i s s u g g e s t e d t h a t t h e model be e x t e n d e d t o i n c l u d e such a d d i t i o n a l s e c 

t i o n s as t h e c a p i t a l s t r u c t u r e of t h e company, and p r o v i s i o n s f o r d e p r e 

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

p u t t o t h e model c o u l d be shown i n t h e form of s e p a r a t e i n p u t s f o r e a c h 

p r o d u c t l i n e . 

2 . I n f o r m a t i o n p r e s e n t l y a v a i l a b l e w i t h i n t h e company o n l y p a r t i 

a l l y mee t s r e q u i r e m e n t s of model c o n s t r u c t i o n . For example , t h e c h o i c e 

of v a l u e s f o r d e l a y , c o n s t a n t s , and i n i t i a l c o n d i t i o n s w a s , i n most 

c a s e s , o n l y p a r t i a l l y documented . T h e r e f o r e , i t i s u n r e a s o n a b l e t o e x 

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

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

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

be i d e n t i f i e d . T h e r e f o r e , t h e need e x i s t s f o r r e s e a r c h i n t o i d e n t i f y i n g 

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

i n t e r v a l of d a t a c o l l e c t i o n . 

3. I t i s recommended t h a t e x t e n s i v e submodels be d e v e l o p e d f o r 

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

a g g r e g a t i o n by means o f s e n s i t i v i t y a n a l y s i s . For example , t h e i n i t i a l 
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submodel c o u l d have as many a s one hundred v a r i a b l e s . S u b s e q u e n t s e n s i 

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

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

l a t i o n . 
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APPENDIX A 

A LISTING OF THE SIMUTATED COMPANY MODEL EQUATIONS 

58R 
r 

R0QRR.KL = T A E H L I Y T A P , C C ! J N T . K , 1 » 5 2 , 1 ) 
YTAB* = 5 5 / 5 3 / 1 1 3 / 1 6 5 / 6 2 / 3 7 / 3 5 / 7 7 / 8 7 / 1 1 9 / 8 0 / 7 5 / 3 5 / 6 9 / 1 2 1 / 7 7 / 5 6 / 1 6 7 / 6 

1 1 0 
110 

XI 
X2 

7 / 1 3 0 / 1 2 / 1 1 4 / 8 2 / 5 6 / 1 4 / 9 9 / 3 4 / 3 4 / 8 2 / 8 2 / 5 2 / 5 2 / 2 1 4 / 6 5 / 9 9 / 1 2 5 / 2 7 C / 2 3 1 / 5 
6 / 6 2 / 1 2 3 / 6 0 / 4 3 / 5 5 / 1 2 5 / 1 3 0 / 1 2 1 / 1 5 9 / 8 3 / 6 2 / 2 9 4 / 3 2 1 

11C 
110 

IL 
6N 

C G U M , K = C C U M . J + ( C T ) ( l + 0 ) 
CCUNT=1 

111 
112 

52 L 
12N 

R E G C P . K = R E Q C F . J + ( C T ) (R ECRR . JK-RECF I . JK-R EG NO . J K + C . C ) 
R E G C P = ( R E Q R R ) ( C E L C F ) 

1 
2 

1 L 
12N 

SHORD.K=SHOPC.J+ ( C T ) ( R E Q F I . J K-S hF IN . JK > 
SHORD=(RECFI ) { C E L S F1) 

3 
4 

2CK 
6.N 

S H F I N . K L = S H C R C . K / C E L S F 
SHFIN = RE CFI 

5 
6 

r 
IL 

0ELSH=1 
ACTIN.K = A C T I N . J + ( C T ) ( f v / 8 N R I . J K - S F F I N . J K ) 

7 
8 

6N 
44R 

ACT I N = 6 0 5 
R E Q F I . K L = ( F R F I N . K ) ( R E C C P . K ) / C E L C P 

9 
10 

12N 
C 

REQFI = (NFFIN ) (RECRR) 
0 E L C P = 1 

i f 
12 

44P 
7A 

R E Q f v C . K L = ( S L E S T . K ) ( R E C C P . ' l < ) / C E L C P 
S L R S T . K - 1 - F P F I N . K 

13 
14 

12A 
7 A 

FRF IN .K = { M A > F I ) ( PCUNC.K ) 
RCUNC .K=1-WFCLE .K 

15 
16 

28A 
44 A 

KHOL E.K = ( l ) E X F ( - H A L V E . K ) 
HALVE.K={CI ) (ACT IN .K J / N E C I N 

17 
18 

29N 
4eA 

C l = ( 1 ) LCGN(FEPCV ) 
REPCV.K=NAXFI / ( N A X F I - N F F I N ) 

19 
2C 

C 
r 

V A X F I = 0 . 6 
NFFIN = 3 . 5 

21 
22 

6N 
25A 

NECIN=ACTIM 
C R P I N . K ^ A S H I N . K + f l / I N A C J M C E S I N . K - A C T I N . K + CNECI .K-OAC T I . K - K . C + O .C) 

23 
24 

XI 
r I N A C J = 6 

24 
25 

5 1R 
3L 

C R A M . K L = C L I F ( C R M N . K , C » O R V I N . K , C ) 
A S H I N . K = A S H l N . J + { C T ) ( l / T A S r - I ) ( S r - F I N . J K - A S h I N . J ) 

26 
27 

6N 
C 

ASH IN = RECFI 
TA S h I = 2 

28 
29 

12A 
C 

D E S I N . K = { C I N R A ) ( R E C S R . K ) 
CINRA=4 

3C 

3L 
6N 

R E G S R . K = R E Q S P . J + ( C T ) ( 1 / R E Q S T ) { R E C R R . J K - R E Q S R . J ) 
REQSR=RECRR 

~ 3 2 ~ 
33 

c 
12A 

REQST=13 
C N E C I . K = ( A S h l N . K ) ( V C E L f . K ) 

34 
35 

7A 
IL 

C A C T I . K = B L G I r \ . K + C I F I N . K 
BLG IN .K = B L G I N . J + ( C T ) ( C R A M I . JK-HLGRR . JK ) 

36 
37 

6N 
1 L 

fl LGIN = 4 8 0 
C U B L G . K = C U 8 L G . J + ( C T ) ( R E C V G . J K - P C C R C . J K ) 

38 
39 

6N 
7A 

CUBLG=320 
BLGTL.K=BLGIN.K+CUGLG.K 

40 
41 

42A 
C 

N N B L G . K = B L G T L . K / ( { N C E L e ) ( C P R O L ) ) 
VCELB=1 

4 2 
4 3 

C 
51A 

CPRCL=107 

V*BLG.K = C L I M P A P R C . K t N N BLG . K , t* M BLG . K , M H PRO ,K ) 

44 
4 5 

2CA 
2C A 

FRLI N. K=BLGI N. K/GLGTL.K 
F R L C C . K = C U B L G . K / eLGTL. K 

46 
47 

13R 
7N 

P C O H D . K L = l F P L C C . K ) ( N W B L G . K M C P R O L ) 
PCORD = RECRR-RECF I 

49 
49 
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13A 

PI NCR.K= <FRLIN.K)iNWBLG.K) (CPRCL ) 

5C 
6R BLGRR.KL=PINCP.K 51 
7A MEINP.K=VAPPC.K-NWeLG.K 52 
12A P E I N V . K = ( N E I N F . K ) t C F R C L ) 53 
7R P R S I N . K L = P I N C R . K + P E I N V .K 54 
6f\ P R S I N = R E C F I 55 
IL O I P I N . K = C I P I N . J + ( C T M P R S I N . J K - H A N R I . J K ) 56 
12N O I P I N = < D E L P F ) I R E C F I ) 57 
3SR P A N R I . K L = D E L A Y 3 < P R S I N . J K , D E L PR) 58 
C DEL PR = 6 59 
IL C C R I P . K = C C R I F . J + ( C T ) < P C Q R D . J K - S R ^ Q R . J K ) 60 
18N C C R I P = ( D P C O F ) 1 R E C R P - R E C F I ) 6 1 
39R SRMCR.KL=DELAY31FCCRD.JK,DPC0R) 62 
C DPCCR=L2 63 
52L R N A T S . K = R N A T S . J + ( C T ) ( R f A R E . J K - P R S I N . J K - P C O R D . J K + O . C ) 64 
fcN R P A T S = 1 4 8 65 
27A VDE L r*. K= < B L G I N . K / P I N C R . K ) + C E L P R 66 
27A DNCCR.K=ICUELG.K/PCCRC . J K ) + C P C C R 67 
L 2 A D E S R r * . K = ( R E C S P . K M C R M S F ) 68 
r C R P S F = 5 69 
8R R N P I R . K L = P C C R C . J K + F R S I N . J K + N A B E L . K 7C 
24A ^ A B E L . K = ( l / T R N A D ) ( C E S R P . K - R M A T S . K + N R M A V .K-ARMAV.K+C.C+C.O) 71 
C TRMAD=3 72 
6N RNPLR = RE CRR 73 
12A NRMAV.K={RECSR.K) ( C E L R f ) 74 
IL ARMAV.K=ARMAV.J+(CT)(RfPUR . JK-RMARE.JK ) 75 
12N ARMAV=(RECRF)(CELRK) 76 
39R RPARE.KL = D E L * V 3 i R P F U R . J K , D E L R l * ) 77 
C DELRN=3 78 
IL L I N T R . K = L I N T R . J + ( C T ) ( L H R R A . J K - L E N P R . J K ) 79 
6N LINTR=G.O 80 
3SR 

LENFR. KL = DEL/>Y3 i LHP PA. J K , DLATR ) 

81 
C DLA T R=2 82 
IL H A P R O . K = M P R C . J + ( C T ) < L E N P R . J K - L A C N R . J K ) 83 
2CN rvAPRC = RECRR/ CFRCL 84 
IL LLE A V . K = L L E * V . J + { CT)(LACNR . J K - L A T E R . J K ) 85 
6r\ LLE AV = 0 86 
39R L A T E R . K L = D E L A Y 3 ( L A C N R . J K , C L L E A ) 87 
C DLLEA^l 68 
2CA L A V E S . K = R E Q S P . K / C F P C L 89-
12A N B L C G . K = ( R E C S R . K ) ( N C B L C ) 90 
C NDB LG= 12 91 
21A L B L A D . K = ( 1 / C C T T Y . K ) < BLGTL.K-NBLOG.K) 92 
12A DCTT Y.K= J C P F C L ) { T E L A O 93 
C TBLAD=20 94 
8A D E S L A . K = L A V E S . K + L B L J D . K - M E INP.K 95 
7A L C I N D . K = 0 E S L A . K - L A E A V . K 96 
7A L A B 4 V . K = L I N T R . K + ^ A F P C . K 97 
2CA L C R A H . K = J E R P I . K / T F L C H 98 
14 A J E R R I . K = L C I N C . K + ( - C L C T H ) ( M A P R Q . K ) 99 
C TFLCH=10 ICO 
C C L C T H = 0 . 0 101 
51R L H R R A . K L ^ C L I F 1 L C R A t - . K , 0 , L C R A H . K , 0 ) 102 
6N LHRR A = 0 103 
2CA L C R D I . K = B C B E I . K / T F L C H 104 
14A BCBBI .K=LCIf*C.K+< CLCTH ) (NUPRO.K ) 1C5 
51R L A D N R . K L = C L I F { 0 , - L C R D I . K , L C R C I . K , 0 ) 106 
6f\ LADNR=0 107 

http://LENPR.JK-LACNR.JK
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8A MENTT.K=LINTR.K+MAFRC.K+LLEAV.K ICS 
12R RMINR.KL=(RMAPE.JK ) (CR M PR ) H 3 
IL A C C T P . K = A C C 1 F . J + (CT ) (RMINR.JK-RMCEX . JK ) 1 1 4 
6N A C C T P = 5 8 1 6 3 1 115 
2 CR RMCEX.KL=ACCTF.K/CACTP 116 
C CRMPR=400 117 
C DACTP=4 1 1 8 
18R F G I N R . K L M C F G F F ) (S H F I N . J K + SRMQR . J K ) U S 
12N F G I N R = ( R E C R P ) ( C F G P R ) 120 
IL A C C T R . K = A C C T R . J + ( C T ) ( FGINR . JK-FGCRR . JK ) 12J, 
6N A C C T R = 1 1 3 4 0 7 4 122 
39R FGCRR. KL = DELflV3 ( F G I N R . J K , 0 A C T R ) 123 
C C F G P R = 1 0 0 0 . C C 124 
C DAC TR = 6 1 2 5 
12R LACEX.KL=(MENTT.K)(CWARA) 1 2 6 
12N LAC E X = '( MAPRC) ( CWARfl ) 1 2 7 
C CWARA=124 128 
12R I N T A X . K L = t 0 . 5 ) tPBTR/S.K ) 129 
2L CASH8.K = CASf-6 . J + I C T ) ( FGCRR . JK-RMCEX . JK-LACEX . J K - C C A E X - I NT AX . JK + C . 0 1 3 0 
XI ) 13C 
6N C A S H B = 6 6 8 8 0 131 
C CCAEX=3Q000 1_3_2 
C CNCAS=1 133 
27N 9TINC=(CWARl /CPRCL)+CRMPR 134 
8A PBTRA. K= REST £ .K + ei_CCD.K-CCAEX 135 
12A R E S T A . K = ( R E C I C . K ) ( R E P L A . K ) 136 
7A R E D I D . K=SHFIFs. JK + SRMCR.JK 137 
7A R E P L A . K = C F G F R - S T I N C 136 
14A B L C C D . K = - L A C E X . J K + ( B L I T Z .K )(BLAME.K ) 139 
7A B L I T Z . K = M A N R I . J K + SRMOR.JK 140 
2CA BLAME.K=CWAPA/CPRCL 1 4 1 
12R N E T F F . K L = ( 0 . 5 ) ( F E T P A . K ) 142 
I L N E T F D . K = N E T F C . J + ( C T ) ( N E T P R . JK + 0 . 0 ) 1 4 3 
6N N E T P D = 2 5 7 7 2 5 1 4 * 
PRINT 1 ) A C C T P / 2 ) A C C T R / 3 ) A C T I K / 4 ) B L G I N / 5 ) B L G T L / 6 ) C A S H B / 7 ) C U B L G / 8 ) F G C R R / 9 ) 1 4 6 
XI LAC E X / 1 0 ) LACNP 146 
PLOT ACCTP=A,ACCTR=E,ACTIN=C,BLGIN=»C,BLGTL-E,CASHB=F,CUBLG=G»FGCRR=H,LA 145 
XI CEX= I f LA0NR=J 145 
PLOT MAPRC = K,MENT1=L tNETFC=M,PBTRA=N,REQRR=C,RMATS=PtRMCEX = QtR«PUR=?R » SH 1 4 5 
XI C R D = S , 9 T I N C = T 145 
PRINT DMA P R C / 2 ) ME N T T / 3 ) N ET P C / 4 ) P B T R A / 5 ) R E Q R R / 6 ) R M A T S / 7 ) R M C E X / 8 ) R M P U R / 9 ) 146 
XI SHCIRD/10 ) STINC 146 
SPEC DT=C.25 /LENGTH = 5 2 / P R T P E R = 2 / P L T P E R = i 0 . 5 1 4 7 
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APPENDIX B 

A GLOSSARY OF SYMBOLS USED 

ACCTP a c c o u n t s p a y a b l e 

ACCTR a c c o u n t s r e c e i v a b l e 

ACTIN a c t u a l i n v e n t o r y 

ARMAV a c t u a l raw m a t e r i a l a v a i l a b l e 

ASHIN a v e r a g e s h i p m e n t s from i n v e n t o r y 

BLGIN b a c k l o g f o r i n v e n t o r y 

BLGRR b a c k l o g r e d u c t i o n r a t e 

BLGTL b a c k l o g t o t a l 

CASHB c a s h b a l a n c e 

CCAEX c o n s t a n t c a s h e x p e n d i t u r e 

CFGPR c o n s t a n t f i n i s h e d goods p r i c e 

CI d e f i n e d c o n s t a n t 

CINRA c o e f f i c i e n t f o r i n v e n t o r y r a t i o 

CLCTH c o n s t a n t l a b o r change 

CNCAS c o n s t a n t no rma l c a s h s u p p l y 

CORIP cus tomer o r d e r s i n p r o c e s s 

CPROL c o n s t a n t p r o d u c t i v i t y of l a b o r 

CRMPR c o n s t a n t raw m a t e r i a l p r i c e 

CRMSP c o n s t a n t raw m a t e r i a l s u p p l y 

CUBLG cus tomer b a c k l o g 

CWARA c o n s t a n t wage r a t e 



7k 
DACTP d e l a y i n a c c o u n t s p a y a b l e 

DACTR d e l a y i n a c c o u n t s r e c e i v a b l e 

DEL-CP d e l a y i n c l e r i c a l p r o c e s s i n g 

DELFR d e l a y i n p r o d u c t i o n t o i n v e n t o r y o r d e r 

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

DELSH d e l a y i n s h i p p i n g 

DESIN d e s i r e d i n v e n t o r y 

DESLA d e s i r e d l a b o r 

DESRM d e s i r e d raw m a t e r i a l s 

DLATR d e l a y i n l a b o r t r a i n i n g 

DLLEA d e l a y i n l a b o r l e a v i n g 

DMCOR d e l a y i n m a n u f a c t u r i n g t o cus tomer o r d e r 

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

DT t ime i n t e r v a l be tween s o l u t i o n s 

e b a s e of n a t u r a l l o g a r i t h m 

FGCRR f i n i s h e d goods c a s h r e c e i p t r a t e 

FGIKR f i n i s h e d goods i n v o i c e r a t e 

FRFI.N f r a c t i o n of r e q u i s i t i o n s f i l l e d from i n v e n t o r y 

FRLCO f r a c t i o n of l a b o r on c u s t o m e r o r d e r s 

FRLJN f r a c t i o n of l a b o r on i n v e n t o r y o r d e r s 

INADJ i n v e n t o r y a d j u s t m e n t t i m e 

INTAX income t a x 

LABAV l a b o r t o be a v a i l a b l e 

LACEX l a b o r c a s h e x p e n d i t u r e s 

LADNR l a b o r d i s m i s s a l n o t i c e r a t e 

LATER l a b o r t e r m i n a t i n g 
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LAVES l a b o r f o r a v e r a g e s a l e s 

LBLAD l a b o r f o r b a c k l o g a d j u s t m e n t 

LCIND l a b o r change i n d i c a t e d 

LCRAH l a b o r change r a t e f o r h i r i n g 

LCRDI l a b o r change r a t e f o r d i s c h a r g i n g 

LENPR l a b o r e n t e r i n g p r o d u c t i o n 

LHRRA l a b o r h i r i n g r a t e 

LINTR l a b o r i n t r a i n i n g 

LLEAV l a b o r l e a v i n g 

MANRI m a n u f a c t u r i n g r a t e f o r i n v e n t o r y 

MAPRO men a c t u a l l y p r o d u c i n g 

MAXFI maximum f r a c t i o n f i l l e d from i n v e n t o 

MDELB maximum d e l a y i n b a c k l o g r e d u c t i o n 

MEI.NP men f o r e x c e s s i n v e n t o r y p r o d u c t i o n 

MENTT men t o t a l 

MMBLG- men maximum f o r work on b a c k l o g 

MWBLG men f o r work on b a c k l o g 

NBLOG normal b a c k l o g 

NDBLG normal d e l a y i n b a c k l o g 

NECIN n e c e s s a r y i n v e n t o r y a t f r a c t o r y 

NETPD n e t p r o f i t t o d a t e 

NETPR n e t p r o f i t r a t e 

NFFIN normal f r a c t i o n of r e q u i s i t i o n s f i l l e d from 

i n v e n t o r y 

NRMAV normal amount of raw m a t e r i a l a v a i l a b l e 
CACTI o r d e r s a c t u a l f o r i n v e n t o r y 
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OIPIN o r d e r s i n p r o c e s s f o r i n v e n t o r y 

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

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

ORMIN o r d e r s t o be m a n u f a c t u r e d f o r i n v e n t o r y 

PBTRA p r o f i t b e f o r e t a x r a t e 

PCORD p r o d u c t i o n t o c u s t o m e r o r d e r 

PEINV p r o d u c t i o n e x c e s s f o r i n v e n t o r y 

PINOR p r o d u c t i o n o f i n v e n t o r y o r d e r s 

PRSIN p r o d u c t i o n r a t e s t a r t s f o r i n v e n t o r y 

REQCP r e q u i s i t i o n s i n c l e r i c a l p r o c e s s i n g 

REQEI r e q u i s i t i o n s f i l l e d from i n v e n t o r y 

REQMO r e q u i s i t i o n s m a n u f a c t u r e d t o o r d e r 

REQRR r e q u i s i t i o n s r e c e i v i n g r a t e 

REQSR r e q u i s i t i o n smooth ing r a t e 

REQST r e q u i s i t i o n smooth ing t i m e 

RMARE raw m a t e r i a l r e c e i v e d 

RMATS raw m a t e r i a l s t o c k 

RMCEX raw m a t e r i a l c a s h e x p e n d i t u r e 

RMINR raw m a t e r i a l i n v o i c e r a t e 

R.MPUR raw m a t e r i a l p u r c h a s e d 

SHFIN s h i p m e n t s from I n v e n t o r y 

SHORD s h i p p i n g o r d e r s 

SRMOR sh ipmen t r a t e m a n u f a c t u r e d t o o r d e r 

STINC s t a n d a r d i n v e n t o r y c o s t 

TASHI t i m e t o a d j u s t s h i p m e n t s from i n v e n t o r y 

TBLAD t i m e f o r b a c k l o g a d j u s t m e n t 



t ime fo r l abo r change 

t ime fo r raw m a t e r i a l ad justment 

v a r i a b l e d e l a y i n manufactur ing 
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