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SUMMARY 

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

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

t e m . The c o n t r o l p r o c e d u r e , COPEAK, i s d e s i g n e d t o r e d u c e t h e s e 

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

t i n g c o s t s . 

A t h e o r e t i c a l m u l t i - i t e m i n v e n t o r y sys tem i s examined when i t 

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

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

f o r e a c h i t e m w i t h i n t h e sys tem i n l i e u of an " o p t i m a l r e o r d e r p o i n t " 

a r e examined and t e s t e d t h r o u g h a computer s i m u l a t i o n mode l . R e s u l t s 

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

s y s t e m h a v i n g no c o n t r o l p r o c e d u r e b u t which i n s t e a d u s e s i n d i v i d u a l l y 

d e r i v e d o p t i m a l r e o r d e r p o i n t s f o r e ach i t e m . 

A n a l y s i s of t h e d a t a o b t a i n e d from t h e s i m u l a t i o n i n d i c a t e s t h a t 

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

f l u c t u a t i o n of a g g r e g a t e i n v e n t o r y l e v e l s w i t h o u t impos ing s e v e r e c o s t 

p e n a l t i e s on t h e s y s t e m . 
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CHAPTER I 

INTRODUCTION 

E x t e n s i v e work i n t h e f i e l d of a n a l y z i n g i n v e n t o r y s y s t e m s 

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

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

t i o n s f o r s o l v i n g complex m a t h e m a t i c a l p r o b l e m s r e l a t e d t o how much t o 

o r d e r and when t o o r d e r i n d e t e r m i n i s t i c a s we l l a s s t o c h a s t i c i n v e n ­

t o r y s y s t e m s . S y s t e m s c o n s t r a i n e d by i t e m s such a s warehouse c a p a c i t y , 

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

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

In a m u l t i - i t e m i n v e n t o r y e n v i r o n m e n t , d e r i v i n g an i n d e p e n d e n t l y 

o p t i m a l i n v e n t o r y p o l i c y f o r each i t e m may n o t a lw ays be t h e c o m p l e t e 

answer t o t h e deve lopmen t of an e f f i c i e n t i n v e n t o r y c o n t r o l p r o c e d u r e . 

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

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

a g g r e g a t e on-hand i n v e n t o r y a m o u n t s . Even t h o u g h c o n s t r a i n t s such a s 

wa rehouse c a p a c i t y o r d o l l a r i n v e s t m e n t may be me t , m o n e t a r y l o s s e s a t t r i b ­

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

c o n d i t i o n s . Most m e r c h a n d i z i n g f i r m s r e c e i v e economic d i s c o u n t s by an 

e x p e d i t i o u s payment f o r goods r e c e i v e d . I f one such company i s o p e r a t i n g 

u n d e r a s t r i n g e n t b u d g e t , t h e n d e p e n d i n g on t h e number of d i f f e r e n t s tock 

d e l i v e r i e s t h a t a r r i v e i n any s h o r t span of t i m e , i t may n o t be a b l e t o 

e f f e c t i v e l y t a k e a d v a n t a g e of a l l t h e p r i c e d i s c o u n t s p o s s i b l e a t t h a t 
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t i m e . A l s o , e f f i c i e n t u t i l i z a t i o n of warehouse p e r s o n n e l can be 

a f f e c t e d by t h e f l u c t u a t i o n s of a g g r e g a t e on-hand i n v e n t o r y . When t h e 

i n v e n t o r y l e v e l becomes t o o l a r g e , p l a n t manager s may have t o h i r e p a r t -

t i m e p e r s o n n e l t o accommodate t h e u n t i m e l y s h i p m e n t s and r e n t more w a r e ­

h o u s i n g equipment ( i . e . , f o r k l i f t s , e t c . ) t o a s s i s t i n t h e r e c e i v i n g 

o p e r a t i o n s . C o n v e r s e l y , d u r i n g p e r i o d s when a g g r e g a t e i n v e n t o r y l e v e l s 

a r e a t a minimum, warehouse p e r s o n n e l may i n c u r i d l e t i m e which can l e a d 

t o m o r a l e p r o b l e m s and c r e a t e worker d i s s a t i s f a c t i o n . Ano the r c o n s i d e r a ­

t i o n i s t h e f a c t t h a t d u r i n g t i m e s of e x t r e m e f l u c t u a t i o n s of on-hand 

i n v e n t o r y , t h e t i m e r e q u i r e d and space a v a i l a b l e f o r o f f l o a d i n g may f o r c e 

p l a n t m a n a g e r s t o r e n t a d d i t i o n a l space t o accommodate t h e e x t r a s h i p ­

m e n t s . T h i s l a t t e r c a s e i s e x e m p l i f i e d i n t h e payment of r a i l r o a d 

d e m u r r a g e c o s t s by c o m p a n i e s . For some f i r m s , when r a i l s h i p m e n t s a r e 

r e c e i v e d t h e y can no t be o f f l o a d e d i n one day j t h u s , t h e company i n e f f e c t 

i s u s i n g t h e s i d e c a r s a s a d d i t i o n a l warehouse space and p a y s " r e n t " f o r 

t h i s s e r v i c e . 

I f e v e r y i t e m i n t h e i n v e n t o r y sys tem had a c o m p l e t e l y d e t e r m i n ­

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

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

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

f a c t t h a t e ach i t e m no l o n g e r h a s a f i x e d " c y c l e " of r e o r d e r i n g . Thus , 

a t some p o i n t i n t i m e o r d e r s f o r i t e m s cou ld a r r i v e s i m u l t a n e o u s l y ; 

t h i s of c o u r s e assumes t h a t an i n d e p e n d e n t l y o p t i m a l r e o r d e r p o l i c y i s 

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

t i n g such a m u l t i - i t e m i n v e n t o r y s y s t e m . I n a r e a l i s t i c s y s t e m , i t may 

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

p o l i c y a r e p e r m i t t e d when an a g g r e g a t e i n v e n t o r y p e a k i n g i s a n t i c i p a t e d . 

T h i s d i s c u s s i o n and examples of p o t e n t i a l mone t a ry l o s s e s due t o 

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

c i e s t o r e d u c e e r r a t i c d e v i a t i o n s a b o u t t h e a v e r a g e a g g r e g a t e on-hand 

i n v e n t o r y . 

D e f i n i t i o n of t h e R e s e a r c h Area 

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

encompass ing a new o r d e r i n g a p p r o a c h fo r u s e i n a m u l t i - i t e m i n v e n t o r y 

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

t h e a v e r a g e a g g r e g a t e on-hand i n v e n t o r y l e v e l (AOHI). The e f f e c t i v e n e s s 

of t h i s p r o c e d u r e w i l l be d e t e r m i n e d by any r e s u l t i n g r e d u c t i o n i n f l u c ­

t u a t i o n a s compared w i t h an u n c o n t r o l l e d sys tem u t i l i z i n g i n d e p e n d e n t l y 

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

measu re of a g g r e g a t e i n v e n t o r y d i s p e r s i o n ( f l u c t u a t i o n ) was s e l e c t e d a s 

t h e p e r f o r m a n c e c r i t e r i o n t o gauge t h i s e f f e c t i v e n e s s * 

n 2 

(MD) 2 » £ ( I j - AOHI ) / ( n - 1) 

where I^ i s t h e a g g r e g a t e i n v e n t o r y l e v e l on day j ( i . e . , a t t h e end of 

day j ) , n i s t h e number of d a y s i n t h e p l a n n i n g h o r i z o n , and AOHI i s t h e 

a v e r a g e a g g r e g a t e on-hand i n v e n t o r y o v e r t h e p l a n n i n g h o r i z o n . T h i s 

measure of d i s p e r s i o n i s c a l c u l a t e d i n b o t h t h e c o n t r o l l e d and u n c o n t r o l l e d 

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

f o r e v a l u a t i n g t h e d e r i v e d p r o c e d u r e was s e l e c t e d a s t h e r i s e i n conven -
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t i o n a l o p e r a t i n g c o s t s compared t o s i m i l a r c o s t s r e s u l t i n g from t h e 

u n c o n t r o l l e d s y s t e m . 

R e s e a r c h P r o c e d u r e 

To a c c o m p l i s h t h e o b j e c t i v e of d e v e l o p i n g an e f f e c t i v e c o n t r o l 

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

i t e m i n v e n t o r y sys tem w i t h i n d e p e n d e n t l y d e r i v e d o r d e r i n g p o l i c i e s fo r 

each i t e m was f i r s t c o n d u c t e d . A s i m u l a t i o n mode l , w r i t t e n i n GASP I I , 

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

o p e r a t i n g c o s t s and a v e r a g e AOHI i n f o r m a t i o n f o r such a s y s t e m . Next , 

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

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

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

new p r o c e d u r e . 

S u r v e y of t h e L i t e r a t u r e 

A myr iad of r e s e a r c h p r o j e c t s have been c o n d u c t e d i n t h e f i e l d of 

i n v e n t o r y management . W h i t i n ( l ) and P l o s s a l (2) p r e s e n t b r i e f c h r o n o ­

l o g i e s of t h e e a r l y work pe r fo rmed i n t h i s a r e a . R e s u l t s of any s i g ­

n i f i c a n c e were f i r s t p u b l i s h e d i n 1915 w i t h t h e b a s i c c o n c e p t of t h e 

economic l o t s i z e model p r e s e n t e d i n 1934 by R. H. W i l s o n . From t h e mid 

1930*s t o t h e l a t e 4 0 ' s and e a r l y 5 0 ' s r e s e a r c h e n d e a v o r s i n i n v e n t o r y 

management were s lowed due t o an economic d e p r e s s i o n which saw f i r m s 

abandon ing management t e c h n i q u e s t o " s t a y a l i v e . " Then fo l lowed World 

War I I . S h o r t l y a f t e r t h e end of t h e war , expanded emphas i s was p l a c e d 

on O p e r a t i o n s R e s e a r c h and s c i e n t i f i c management t e c h n i q u e s i n which 

i n v e n t o r y a n a l y s t s began s t u d y i n g m u l t i - i t e m s y s t e m s a s opposed t o 
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s i n g l e - i t e m s y s t e m s . 

Many r e s e a r c h e r s have c o n t r i b u t e d t o a n a l y z i n g t h e m u l t i - i t e m 

i n v e n t o r y s y s t e m . Churchman, Ackoff , and Arnof f (3 ) i n 1957, u s i n g 

t h e Economic Lot S i z e mode l , d i s c u s s e d p r o c e d u r e s fo r o b t a i n i n g o p t i m a l 

r e o r d e r s i z e s . Through t h e u s e of t h e L a g r a n g i a n M u l t i p l i e r t e c h n i q u e 

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

i n v e n t o r y p r o b l e m s . S i n c e Churchman ' s p u b l i c a t i o n , a v a s t number of 

a r t i c l e s have been w r i t t e n on t h i s s u b j e c t , each a d d r e s s i n g a d i f f e r e n t 

f a c e t p e r t i n e n t t o some r e a l wor ld s i t u a t i o n . Evans (4) d e v e l o p e d a 

dynamic programming model i n an e f f o r t t o m i n i m i z e t o t a l o p e r a t i n g 

c o s t s i n an i n v e n t o r y sys tem p e r m i t t i n g l o s t s a l e s . Gordon P . b r i g h t 

(5 ) r e s e a r c h e d o p t i m a l p o l i c i e s fo r a m u l t i - i t e m sys tem w i t h " n e g o ­

t i a b l e " l e a d t i m e s and b a c k o r d e r s p e r m i t t e d . I n h i s r e s e a r c h , he p e r ­

m i t t e d "emergency o r d e r s " h a v i n g l e a d t i m e s d i f f e r e n t from normal o r d e r s . 

H o l t (6 ) p r e s e n t e d t h e r e s u l t s of h i s a n a l y s i s of an Economic Lot S i z e 

model i n an c o n s t r a i n e d e n v i r o n m e n t . He was n o t conce rned w h e t h e r t h e 

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

l i m i t a t i o n s . I n h i s r e s e a r c h H o l t d e v e l o p e d a me thodo logy which used 

q u a d r a t i c a p p r o x i m a t i o n s t o t h e Economic Lot S i z e c o s t f u n c t i o n s t o 

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

i n d i v i d u a l i t e m s when a c o n s t r a i n t had been p l a c e d on t h e a g g r e g a t e 

i n v e n t o r y . 

A n o t h e r m u l t i - i t e m i n v e n t o r y model of i n t e r e s t was p r o p o s e d by 

B a l i n t f y ( 7 ) i n 1964 . I t was c a l l e d t h e "Random J o i n t - O r d e r P o l i c y . " 

Whenever t h e s t o c k of a g i v e n i t e m r e a c h e d i t s r e o r d e r p o i n t , t h e 

i n v e n t o r y l e v e l s of t h e o t h e r r e m a i n i n g i t e m s were checked t o d e t e r m i n e 
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w h e t h e r any of them had a l s o r e a c h e d a p r e - e s t a b l i s h e d " c a n - o r d e r " 

p o i n t . The i t e m s whose s t o c k s were be low t h e i r " c a n - o r d e r " p o i n t s were 

o r d e r e d c o n c u r r e n t l y a l o n g w i t h t h e i t e m whose on-hand l e v e l had r e a c h e d 

i t s r e o r d e r p o i n t . H i s r e s e a r c h i n d e v e l o p i n g " c a n - o r d e r " p o i n t s was 

c e n t e r e d a round comparing c l a s s e s of m u l t i - i t e m i n v e n t o r y p r o b l e m s 

where j o i n t o r d e r of s e v e r a l i t e m s cou ld s a v e a p a r t of t h e o r d e r i n g 

s e t u p c o s t . 

Most of t h e l i t e r a t u r e su rveyed d e a l t w i t h c o n s t r a i n e d i n v e n t o r y 

s y s t e m s , e ach h a v i n g t h e i r own p e c u l i a r i t y . Many of t h e s e s y s t e m s p r o ­

posed s o l u t i o n t e c h n i q u e s i n v o l v i n g t h e u s e of t h e L a g r a n g i a n M u l t i p l i e r s 

o r r e l a t e d c o n c e p t s s i n c e most of them c e n t e r e d around e i t h e r a budge t or 

w a r e h o u s e c a p a c i t y c o n s t r a i n t imposed on t h e AOHI. I n 1958 Baumes ( 8 ) 

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

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

w r o t e 

While some compan ies r e n t a d d i t i o n a l s t o r a g e space t o p r o v i d e 
f o r t h e i r p e a k i n g r e q u i r e m e n t s , most compan ies a r e t r y i n g 
t o s c h e d u l e t h e i r d e l i v e r i e s t o p r o v i d e f o r more f r e q u e n t 
s h i p m e n t s from t h e v e n d o r . . . . These companies p r o t e c t t h e i r 
volume p r i c e by p l a c i n g a f i rm o r d e r f o r a s i x m o n t h ' s o r a 
y e a r ' s s u p p l y and g i v i n g t h e v e n d o r a s h i p p i n g s c h e d u l e . 

A l t h o u g h t h e p rob lem of i n v e n t o r y f l u c t u a t i o n s was men t ioned h e r e , no 

a t t e m p t s were made t o p u r s u e any s o l u t i o n t e c h n i q u e s . 

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

s y s t e m s , i t was found t h a t most of t h e e f f o r t s have been d i r e c t e d a t a 

maximum c o n s t r a i n t on c a p a c i t y . L i t t l e i f a n y t h i n g i s s a i d a b o u t o p e r a ­

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

l e v e l . A s i d e from t h e b r i e f acknowledgement by Baumes, no r e s e a r c h was 
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l o c a t e d which a d d r e s s e d t h e p rob lem of d e v e l o p i n g an e f f e c t i v e a p p r o a c h 

t o r e d u c e i n v e n t o r y f l u c t u a t i o n s i n an m u l t i - i t e m i n v e n t o r y s y s t e m . 
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CHAPTER I I 

DESCRIPTION OF THE CONTROL PROCEDURE, "COPEAK" 

This chapter provides an orientation into the algorithmic control 
procedure developed in this research. In addition, the various parameters 
inherent to this procedure along with rules used in establishing ordering 
pr io r i ty among items are discussed. 

General Description 
This control procedure for reducing peakings of aggregate on-hand 

inventory levels, COPEAK, was designed using properties analogous to both 
the Wilson (Q,r) model and the periodic review (S,s) system. Daily, the 
inventory level of each item is checked to determine which items are 
within a specified time frame away from their reorder level as determined 
by the Wilson reorder point, r. A prediction matrix is computed from 
forecasts of the inventory levels of each item for a fixed planning 
horizon. Various techniques specifically developed for this procedure 
use these forecasts to estimate the aggregate inventory level for the 
expected arr ival data of a particular order. Next, pr ior i ty ordering 
procedures are used to regulate arrivals of orders around this expected 
arr ival date. 

The Inventory Level Prediction Matrix and 
Associated Ordering Procedures 

COPEAK functions around the use of a matrix (reference Figure l ) 
capable of forecasting the daily inventory levels over a fixed planning 
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Days i n t h e P l a n n i n g H o r i z o n 

Row I n f o r m a t i o n ; 
1 2 • • • n-1 n 

Expec t ed d a i l y 
demand 

O r d e r s d u e - i n 

P r o b a b l e d u e - i n 

E s t i m a t e of t h e 
d a i l y AOHI 

F i g u r e 1 . The P r e d i c t i o n M a t r i x . 

h o r i z o n . Row 1 of t h i s m a t r i x c o n t a i n s d a i l y demand i n f o r m a t i o n e x p e c t e d 

t o be imposed on each i t e m i n t h e s y s t e m . T h i s i n f o r m a t i o n i s d e r i v e d 

from r e s u l t s of h i s t o r i c a l demand d a t a . Row 2 c o n t a i n s o u t s t a n d i n g 

o r d e r s which a r e e x p e c t e d t o a r r i v e on a g i v e n d a t e . Row 3 c o n t a i n s a 

p r o j e c t i o n of " p r o b a b l e " d u e - i n s . Based on t h e a r r i v a l d a t e of an o u t -

s t a n d i n g o r d e r of a c o m p l e t e o r f r a c t i o n a l q u a n t i t y of Q^, COPEAK d e t e r ­

mines t h e p r o j e c t e d a r r i v a l d a t e of t h e n e x t a n t i c i p a t e d o r d e r (Q^) and 

d e s i g n a t e s t h i s a s a " p r o b a b l e " d u e - i n . Then u s i n g e x p e c t e d c y c l e l e n g t h s , 

r e o r d e r q u a n t i t i e s , Q^, a r e l o a d e d i n t h e m a t r i x on t h e i r a p p r o p r i a t e 

d u e - i n d a t e s s t a r t i n g w i t h t h e f i r s t p r o b a b l e d u e - i n . Through t h e u se 

of an a c c o u n t i n g p r o c e d u r e and a l s o by c o n s i d e r i n g c u r r e n t on-hand 

q u a n t i t i e s , e s t i m a t e s of a n t i c i p a t e d i n v e n t o r y l e v e l s f o r any day of t h e 

p l a n n i n g h o r i z o n a r e a c q u i r e d and a p p r o p r i a t e l y s t o r e d i n Row 4 of t h e 

p r e d i c t i o n m a t r i x . A f t e r s e l e c t i n g an i t e m for o r d e r i n g u s i n g one of 

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

COPEAK t h e n u s e s t h e a v e r a g e p r o c u r e m e n t l e a d t i m e f o r t h e i t e m (obtained 
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from h i s t o r i c a l d a t a ) t o a c q u i r e i t s e x p e c t e d l e a d t i m e . From t h e d a t a 

c o n t a i n e d i n t h e p r e d i c t i o n m a t r i x fo r t h i s e x p e c t e d a r r i v a l d a t e , a 

d e t e r m i n a t i o n i s made a s t o what q u a n t i t y of an i t e m c o u l d a r r i v e w i t h o u t 

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

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

amount of t h e o p t i m a l Q^; t h u s , fo r t h i s r e s e a r c h a p a r a m e t e r , AMTQ, 

was i n t r o d u c e d t o p e r m i t t h e sys t em t o o r d e r a p e r c e n t a g e of which i s 

g r e a t e r t h a n o r e q u a l t o AMTQ. I f t h e AOHI l e v e l i n r e l a t i o n s h i p t o a 

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

i t e m , i t w i l l be c o n s i d e r e d i n t h e n e x t d a i l y r e v i e w . F i g u r e 2 c o n t a i n s 

a g e n e r a l f low c h a r t of t h e c o n t r o l p r o c e d u r e . I t i s n o t e d t h a t due t o 

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

p r e d i c t i o n m a t r i x a r e o n l y e s t i m a t e s and a s such w i l l n o t a lways c o n ­

s t r a i n t h e AOHI l e v e l a t t h e d e s i r e d maximum l i m i t . 

Summary of t h e P a r a m e t e r s Used i n t h e C o n t r o l P r o c e d u r e 

The f o l l o w i n g i s a d i s c u s s i o n of t h e b a s i c i n p u t p a r a m e t e r s which 

a r e a p a r t of COPEAK. 

1. " D a y s - t o - O r d e r " i T h i s p a r a m e t e r p e r m i t s COPEAK t o examine 

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

o p t i m a l Wi l son r e o r d e r p o i n t , r . I f t h e i n v e n t o r y l e v e l of an i t e m i s 

such t h a t t h e e x p e c t e d number of d a y s l e f t t i l l r e o r d e r i n g i s l e s s t h a n 

o r e q u a l t o " D a y s - t o - O r d e r , " t h i s i t e m i s p l a c e d i n t h e o r d e r i n g queue 

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

2 . AMTQ (Amount of Q*)» As m e n t i o n e d e a r l i e r , t h i s p a r a m e t e r 

s e t s t h e minimum l i m i t on t h e p e r c e n t a g e amount of t h e Wilson Q. which 
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can be o r d e r e d f o r i t e m i . The use of t h i s p a r a m e t e r t h u s p e r m i t s t h e 

o r d e r i n g of f r a c t i o n a l v a l u e s of Q* and a s such p l a y s an i n t e g r a l p a r t 

i n t h e d e s i g n of COPEAK. 

3 . AMTPIN (Amount P r o j e c t e d I n ) : T h i s p a r a m e t e r i s used by Row 4 

of t h e p r e d i c t i o n m a t r i x i n i t s d e t e r m i n a t i o n of t h e s y s t e m ' s e x p e c t e d 

AOHI f o r any g i v e n day w i t h i n t h e f i x e d p l a n n i n g h o r i z o n . AMTPIN s p e c i ­

f i e s t h e p e r c e n t a g e l e v e l of Row 2 , " p r o b a b l e " d u e - i n s , which i s t o be 

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

Row 4. A v a l u e of 0$ would n e g a t e Row 2 c o m p l e t e l y , w h e r e a s a v a l u e of 

100% would c a u s e a l l of Row 2 e n t r i e s t o be used i n c o m p i l i n g t h e d a t a 

fo r Row 4. 

4. MGLVL (Management L e v e l ) : T h i s i s a p r e d e t e r m i n e d c e i l i n g 

l i m i t on t h e a n t i c i p a t e d AOHI amount f o r any g i v e n d a y . 

5 . ILOOK: T h i s p a r a m e t e r p e r f o r m s a " s m o o t h i n g " e f f e c t on t h e 

AOHI f o r a s e t number of d a y s beyond t h e e x p e c t e d a r r i v a l d a t e of an 

o r d e r . The v a l u e of ILOOK s t a n d s f o r t h e number of d a y s beyond t h e 

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

p r o c e s s . T h i s i n s u r e s t h a t t h e a r r i v a l of a sh ipment d o e s no t c a u s e 

t h e AOHI t o exceed t h e MGLVL f o r any one of "ILOOK" d a y s beyond t h e 

d u e - i n d a t e . 

The O r d e r i n g P r i o r i t y R u l e s 

D a i l y u n d e r COPEAK t h e t i m e r e q u i r e d f o r each i t e m t o r e a c h i t s 

r e o r d e r p o i n t , r * . i s e s t i m a t e d u s i n g d a i l y demand r a t e s o b t a i n e d from 

h i s t o r i c a l d a t a . S i m i l a r t o B a l i n t f y ' s " c a n - o r d e r " p o i n t s COPEAK u s e s 

t h e i n p u t p a r a m e t e r , " D a y s - t o - O r d e r , " which e s t a b l i s h e s an o r d e r i n g 
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r a n g e ahead of an i t e m ' s o p t i m a l r e o r d e r p o i n t d u r i n g which i t i s p e r ­

m i s s i b l e t o o r d e r t h i s commodity. I f an i t e m i s w i t h i n t h i s r a n g e , i t 

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

s u b j e c t e d t o a r a n k i n g scheme which a s s i g n s o r d e r i n g p r i o r i t i e s . Those 

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

of h o l d i n g and b a c k o r d e r c o s t s b u t would keep t h e AOHI l e v e l a s c l o s e t o 

t h e MGLVL a s p o s s i b l e . C o n s e q u e n t l y , t o s a t i s f y t h i s d e s i g n c r i t e r i o n 

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

i t e m s i n t h e o r d e r i n g c a n d i d a t e q u e u e . 

R u l e 1» 

I t seemed l o g i c a l t h a t t h e f i r s t axiom would be r e l a t e d s o l e l y t o t h e 

Wilson Economic Lot S i z e t h e o r y which h o l d s t h a t i t i s o p t i m a l t o r e o r d e r 

an i t e m when i t s s t o c k l e v e l r e a c h e s i t s r ^ . Thus , r a n k i n g t h e i t e m s 

m e r e l y on t h e p r e m i s e t h a t t h e one w i t h t h e s m a l l e s t " D a y s - t o - O r d e r " 

shou ld be t h e f i r s t o r d e r e d was t h e i n i t i a l p o l i c y t e s t e d . 

Ru le 2x 

The r a t i o n a l e f o r t h i s r u l e focused a round c r e a t i n g a r a t i o ba sed on 

u n i t d a i l y h o l d i n g and b a c k o r d e r c o s t s . Thus , f o r example , an i t e m 

h a v i n g a h i g h h o l d i n g c o s t and low b a c k o r d e r c o s t would have a h i g h 

r a n k i n g and o r d e r e d l a s t w h e r e a s t h e r e v e r s e s i t u a t i o n would p l a c e an 

o p p o s i t e r a n k i n g c a u s i n g an i t e m w i t h a h i g h b a c k o r d e r c o s t t o be o r d e r e d 

f i r s t . A l though t h e r e a s o n i n g beh ind t h i s r u l e f u n d a m e n t a l l y remained 

t h e same, some added r e f i n e m e n t t o t h i s c o n c e p t r e s u l t e d i n t h e f i n a l 

v e r s i o n b e i n g * 
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( c o n s t a n t + "Days - to -Order^") (un i t d a i l y h o l d i n g c o s t ^ ) ( a v g j j ^ h e l d t o date) 

( u n i t d a i l y backorder c o s t ^ ) ( a v g backordered t o d a t e ) 

This r u l e accommodates for t h e s t o c h a s t i c demand s i t u a t i o n i n u t i l i z i n g 

a c t u a l p r i o r i n f o r m a t i o n concerning t h e average number of i t em i he ld and 

average number of i tem i backordered . The c o n s t a n t , D D a Y , i s used t o 

keep an i tem wi th a s l i g h t l y n e g a t i v e "Days-to-Order" from overwhelming 

an i t em wi th a p o s i t i v e "Days-to-Order" v a l u e but ex tremely h igh backorder 

c o s t and which c o n c e i v a b l y should be ordered f i r s t . For t h i s r e s e a r c h , 

a v a l u e o f 25 was h e u r i s t i c a l l y chosen for t h i s c o n s t a n t . 

R u l e 3* 

The t h i r d r u l e was des igned s i m i l a r l y t o r u l e 2 . For i t ems having a 

n e g a t i v e "Days-to-Order" v a l u e t h e r a t i o was a n e g a t i v e i n v e n t o r y h o l d i n g 

c o s t ^ t o a f a c t o r equal t o t h e backorder cos t^ m u l t i p l i e d by " D a y s - t o -

Order^." The "Days-to-Order" f a c t o r i n t h e denominator w e i g h t s t h e 

r u l e such t h a t a s m a l l e r "Days-to-Order" v a l u e can favor an i tem r e s u l t ­

ing i n a prime ranking p r i o r i t y . The n e g a t i v e c o n s t a n t a l l o w s for the 

p o s s i b i l i t y of a h igh ranking of an i tem which, a l though a l r e a d y l a t e i n 

be ing ordered , may have such a low backorder c o s t a s t o not be d e s i r a b l e 

for o r d e r i n g . Not order ing such an i tem may permit space w i t h i n t h e 

MGLVL c o n s t r a i n t for the subsequent order ing of an i tem p o s s i b l y having 

a h i g h e r backorder c o s t . For i t ems with a zero "Days-to-Order" v a l u e , a 

r a t i o of i n v e n t o r y h o l d i n g c o s t ^ t o backorder c o s t ^ was formulated . 

L a s t l y , for t h e p o s i t i v e "Days-to-Order" c a s e , t h e r a t i o used was one of 

i n v e n t o r y h o l d i n g c o s t ^ m u l t i p l i e d by "Days-to-Order^" d i v i d e d by backorder 

c o s t . • 
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Rule 4 : 

The l a s t r u l e d e v i s e d was an a d d i t i v e f u n c t i o n r e l a t i n g an i t e m ' s " D a y s -

t o - O r d e r " v a l u e , b a c k o r d e r c o s t , and i n v e n t o r y h o l d i n g c o s t . We igh t ing 

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

P r i o r i t y * ( " D a y s - t o - O r d e r ^ ' ) + ( b a c k o r d e r c o s t ^ ) + 

( ^ ( i n v e n t o r y h o l d i n g c o s t ^ ) . 

For t h e main p a r t of t h i s r e s e a r c h c o n s t a n t s and were f i x e d a t 

- . 1 and + . 1 r e s p e c t i v e l y . No a t t e m p t s were made t o a s c e r t a i n o p t i m a l 

v a l u e s f o r them; however , a s d i s c u s s e d i n C h a p t e r IV, i n o r d e r t o e v a l u ­

a t e t h e s e n s i t i v i t y of t h e sys tem t o t h e s e p a r a m e t e r s , and were 

a s s i g n e d d i f f e r e n t v a l u e s w i t h no a p p r e c i a b l e change i n r e s u l t s . 
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CHAPTER I I I 

SIMULATION EXPERIMENT 

T h i s c h a p t e r p r o v i d e s a d e s c r i p t i o n of t h e s i m u l a t i o n model 

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

me thods used t o v e r i f y t h e s i m u l a t i o n p r o c e s s . L a s t l y , t h i s c h a p t e r 

d e l i n e a t e s t h e s equence fo l lowed i n c o n d u c t i n g t h e s i m u l a t i o n t e s t i n g 

and r e s u l t i n g s t a t i s t i c a l a n a l y s i s . A l l of t h e computer p r o g r a m s used 

i n t h i s r e s e a r c h were e x e c u t e d u s i n g t h e UNIVAC 1108 computer l o c a t e d 

a t G e o r g i a I n s t i t u t e of T e c h n o l o g y . 

The S i m u l a t i o n Model 

T h i s r e s e a r c h i s c e n t e r e d a round a c o m p a r a t i v e a n a l y s i s of an 

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

o r d e r i n g p o l i c i e s f o r e ach i t e m t o a sys tem which u s e s t h e c o n t r o l 

p r o c e d u r e d i s c u s s e d i n C h a p t e r I I . To a c c o m p l i s h t h i s , a computer 

s i m u l a t i o n p rogram was w r i t t e n i n GASP I I ( 9 ) , a programming l a n g u a g e 

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

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

b e i n g s i m u l a t e d . T h i s program models a m u l t i - i t e m i n v e n t o r y sys tem 

which o p e r a t e s u n d e r a c o n t i n u o u s r e v i e w ( Q , r ) p o l i c y w i t h b a c k o r d e r s 

p e r m i t t e d . I t c o n s i s t s of a main program and 30 s u b r o u t i n e s of which 6 

a r e u s e r w r i t t e n . A p p e n d i c e s C and D c o n t a i n t h e s e l a t t e r r o u t i n e s and 

c e r t a i n s e l e c t e d o u t p u t l i s t i n g s r e l e v a n t t o t h i s p rog ram. T h i s program 

i s c a p a b l e of s i m u l a t i n g demands, o r d e r s , r e c e i p t s , and p e r f o r m i n g 
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ACCOUNTING FUNCTIONS AND P E R T I N E N T CALCULATIONS TO DERIVE COST AND S T A ­

T I S T I C A L DATA FOR EACH ITEM I N THE SYSTEM. F I G U R E 3 I S A GENERAL SYSTEM 

FLOW CHART D E P I C T I N G THE FUNCTIONS OF T H I S MODEL. 

TO ACCOMMODATE THE UNIQUE ORDERING APPROACH USED BY THE NEWLY 

DEVELOPED CONTROL PROCEDURE, THE B A S I C MODEL WAS ALTERED S L I G H T L Y . S I N C E 

COPEAK I S I N ESSENCE A P E R I O D I C REVIEW SYSTEM I N THAT ALL I T E M S ARE 

REVIEWED D A I L Y FOR P O S S I B L E ORDERING, A M O D I F I C A T I O N TO THE METHOD OF 

REVIEW AND ORDERING HAD TO BE MADE TO THE SIMULATION MODEL I N ORDER TO 

T E S T T H I S PROCEDURE. A SEPARATE SUBROUTINE, ORDER, WAS WRITTEN TO ACCOM­

P L I S H T H I S . SUBROUTINE ORDER, A P P E N D I X C , FUNCTIONS AROUND THE USE OF 

THE P R E D I C T I O N MATRIX AND USES AN ORDERING PROCEDURE AND OTHER P R O C E S S ­

ING S T E P S AS OUTLINED I N F I G U R E 2 , GENERAL FLOW CHART OF THE CONTROL 

PROCEDURE, COPEAK. 

THE PARTICULAR INVENTORY SYSTEM UNDER STUDY ALLOWS FOR ORDERING 

C O S T S , HOLDING C O S T S , AND T I M E VARIABLE BACKORDER C O S T S . ALL DEMANDS 

WHICH ARE INCURRED BY THE SYSTEM WHEN OUT OF STOCK ARE THUS MET THROUGH 

BACKORDERING. DEMANDS ARE ASSUMED TO FOLLOW A STOCHASTIC PATTERN WITH 

A NORMALLY D I S T R I B U T E D T I M E BETWEEN DEMAND OCCURRENCES. 

I N THE UNCONTROLLED PROCEDURE, EACH ITEM I S REORDERED I N AN 

AMOUNT EXACTLY WHEN I T S REORDER P O I N T I S REACHED REGARDLESS OF THE 

INVENTORY P O S I T I O N OF OTHER I T E M S I N THE SYSTEM. FOR T H I S RESEARCH 

THE REORDER QUANTITY AND REORDER P O S I T I O N FOR EACH ITEM USED I N BOTH 

THE UNCONTROLLED AND CONTROLLED SYSTEMS WERE DETERMINED THROUGH A P P R O X I ­

MATE METHODS WITH ADJUSTMENTS AFTER PRELIMINARY SIMULATION T R I A L S . 

THE SIMULATION MODEL P R O V I D E S TOTAL OPERATING COSTS BY COMPUTING 

THE ORDERING C O S T S , HOLDING C O S T S , AND BACKORDERING COSTS INCURRED BY THE 
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s y s t e m . I t a l s o computes t h e measu re of d i s p e r s i o n , (MD) , a s d e s c r i b e d 

i n C h a p t e r I . 

Sys tem P a r a m e t e r s 

The p a r a m e t e r s composing t h e t e s t d a t a were n o t a c q u i r e d from 

any r e a l wor ld s i t u a t i o n . C e r t a i n r u l e s u sed t o e s t a b l i s h p a r a m e t e r s 

f o r u se i n r e c e n t r e s e a r c h by Byrne (10 ) were used a s g u i d e l i n e s f o r 

c r e a t i n g t h e t e s t d a t a i n t h i s r e s e a r c h . Byrne found t h a t p a s t and c u r ­

r e n t l i t e r a t u r e on t h e s e t t i n g of sys tem p a r a m e t e r s seemed t o i n d i c a t e 

t h a t any v a l u e f o r one would be a c c e p t a b l e so long a s i t r e a s o n a b l y l e n t 

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

of t h e o t h e r p a r a m e t e r s c r e a t i n g p o s s i b l e c o r r e l a t i o n be tween r e s u l t s and 

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

used i n t h i s t h e s i s a r e t h e f o l l o w i n g ; 

O r d e r i n g C o s t ; The v a l u e s e l e c t e d was chosen a r b i t r a r i l y and assumed 

c o n s t a n t f o r each i t e m . 

U n i t C o s t ; U n i t c o s t s were r andomly d e t e r m i n e d from a r a n g e of 0 t o 

110 d o l l a r s p e r i t e m . 

I n v e n t o r y H o l d i n g R a t e ; R e s e a r c h c o n d u c t e d by Byrne (10 ) and h i s f i n d ­

i n g s i n t h e l i t e r a t u r e y i e l d e d a minimum v a l u e of . 1 5 d o l l a r s p e r u n i t 

of s t o c k h e l d p e r y e a r t o a maximum v a l u e of . 3 5 , A l l i n v e n t o r y h o l d i n g 

r a t e s were randomly chosen w i t h un i fo rm p r o b a b i l i t y u s i n g t h e s e l i m i t s . 

B a c k o r d e r C o s t : A t i m e - v a r i a b l e b a c k o r d e r c o s t was randomly s e l e c t e d 

from a u n i f o r m d i s t r i b u t i o n u s i n g v a l u e s be tween 0 and 100 d o l l a r s . No 

f i x e d b a c k o r d e r c o s t s were a s s i g n e d . 

Sys tem O p e r a t i n g C o s t ; The s i m u l a t i o n model d i d no t c o n s i d e r t h e r e a l 



20 

c o s t of i m p l e m e n t i n g and e x e c u t i n g e i t h e r a c o n t i n u o u s r e v i e w sys tem o r 

a p e r i o d i c r e v i e w imposed by t h e c o n t r o l p r o c e d u r e , COPEAK. Al though 

n o t e x p l i c i t l y used i n t h e s t a t i s t i c a l e v a l u a t i o n s , t h i s c o s t can be 

i m p o r t a n t and w i l l be c o n s i d e r e d i n C h a p t e r IV. 

Lead Time: P r o c u r e m e n t l e a d t i m e s were assumed t o be c o n s t a n t fo r each 

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

r e p r e s e n t a t i v e mix of p a r a m e t e r d a t a . 

Mean Demand S i z e : T h i s p a r a m e t e r was assumed t o be u n i t y f o r each i t e m . 

Time Between Demands: T h i s p a r a m e t e r was c o n s i d e r e d t o be n o r m a l l y 

d i s t r i b u t e d . The mean f o r each i t e m was randomly s e l e c t e d from an u n i ­

form d i s t r i b u t i o n w i t h l i m i t s .01 t o 4 , 0 d a y s be tween demands . R e s e a r c h 

h a s shown f o r i t e m s h a v i n g a r e a s o n a b l y l a r g e demand r a t e p e r f i x e d t i m e 

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

i t s e l f i s a p p r o x i m a t e l y normal ( l l ) . Appendix A l i s t s two s e t s of t e s t 

d a t a , d a t a s e t 1 and s e t 2, c o n s t r u c t e d from t h e s e p a r a m e t e r s and which 

were u sed i n t h i s r e s e a r c h . 

Program V e r i f i c a t i o n and P r e l i m i n a r y E x p e r i m e n t a t i o n 

G r e a t c a r e was t a k e n t o i n s u r e t h a t t h e s i m u l a t i o n program was 

o p e r a t i n g p r o p e r l y . R e s u l t s of p r e l i m i n a r y r u n s were compared w i t h 

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

o b t a i n e d from u s i n g d a t a s e t 1 , fo r e x a m p l e , were d i r e c t l y compared 

w i t h a p p r o x i m a t e a n a l y t i c a l s o l u t i o n s . R e s u l t s a r e shown i n Appendix C. 

An a n a l y s i s was pe r fo rmed on t h e i n d e p e n d e n c e of t h e d a i l y AOHI 

o b s e r v a t i o n s used t o compute t h e measure of d i s p e r s i o n , (MD) . Da ta 

s e t 1 was used i n f i v e - y e a r s i m u l a t i o n s w i t h and w i t h o u t COPEAK i n which 
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t h e l a s t 200 d a i l y AOHI amounts were s u b j e c t e d t o a l e n g t h of r u n t e s t 

and a t e s t f o r r u n s above and below t h e median a s d e s c r i b e d i n Duncan 

( 1 2 ) . R e s u l t s showed t h a t t h e d a i l y o b s e r v a t i o n s of t h e a g g r e g a t e 

i n v e n t o r y l e v e l cou ld n o t be c o n s i d e r e d p e r f e c t l y i n d e p e n d e n t . Because 

of t h i s , t h e t e rm " V a r i a n c e " was n o t used t o d e s c r i b e t h e measure of 

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

The compute r s i m u l a t i o n program used i n t h i s r e s e a r c h was d e s i g n e d 

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

compu te r t i m e r e q u i r e d f o r e i t h e r a 3 , 4 , o r 5 y e a r s i m u l a t i o n was abou t 

t h e same, i t seemed d e s i r a b l e t o s e l e c t t h e maximum run t i m e p o s s i b l e t o 

i n s u r e a r e p r e s e n t a t i v e m i x t u r e of s i m u l a t e d e v e n t s . To i n s u r e t h a t t h e 

l e n g t h of s i m u l a t i o n i n no way a f f e c t e d t h e e x p e r i m e n t a l r e s u l t s , d a t a 

s e t 1 was used i n a 5 , 4 , and 3 y e a r s i m u l a t i o n . The i n i t i a l random 

number seed was changed f i v e t i m e s w i t h each seed b e i n g used i n a new 

5 , 4 , 3 y e a r s e q u e n c e of computer r u n s . These s e e d s were s u b j e c t e d t o 

f i v e t e s t s t o i n s u r e r andomness of t h e r e s u l t i n g s t r eam of numbers . The 

t e s t s i n c l u d e d ( l ) C h i - S q u a r e Goodness of F i t T e s t , (2 ) Kolmogorov-

S m i r n o f f Goodness of F i t T e s t , (3 ) C h i - S q u a r e S e r i a l T e s t , (4) C h i - S q u a r e 

t e s t f o r l e n g t h of r u n , and (5 ) a t e s t f o r t o t a l number of r u n s . The 

r e s u l t s of t h e f i v e r e p l i c a t i o n s u s i n g d a t a s e t 1 p r o v i d e d i n f o r m a t i o n 

t o c o n s t r u c t a one-way A n a l y s i s of V a r i a n c e (ANOVA) T a b l e ( 1 3 ) , ( 1 4 ) . 

An F t e s t was used t o d e t e c t any s i g n i f i c a n t d i f f e r e n c e i n t h e r e s u l t i n g 

a v e r a g e AOHI f o r each s i m u l a t i o n r u n l e n g t h . Appendix B, T a b l e 6, d i s ­

p l a y s t h e o b s e r v a t i o n s o b t a i n e d and t h e r e s u l t i n g ANOVA t a b l e , With t h e 

s i g n i f i c a n c e l e v e l of t h e t e s t (a e r r o r ) s e t a s h i g h a s . 7 5 a F 
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s t a t i s t i c y i e l d e d a v a l u e of . 2 9 5 . Thus , t h e n u l l h y p o t h e s i s t h a t t h e 

a v e r a g e AQHI o b t a i n e d from e i t h e r a 5 , 4 , o r 3 y e a r s i m u l a t i o n came from 

t h e same p o p u l a t i o n cou ld no t be r e j e c t e d . A s i m i l a r a n a l y s i s was c o n ­

d u c t e d t o t e s t t h e measure of d i s p e r s i o n a b o u t t h e a v e r a g e AOHI fo r each 

of t h e t h r e e t i m e s i m u l a t i o n s . Appendix B, Tab le 7 , d i s p l a y s t h e o b s e r v a ­

t i o n s and t h e r e s u l t i n g ANOVA t a b l e . With an a l p h a e r r o r of . 7 5 , and 

an F . . s t a t i s t i c of . 2 9 5 t h e n u l l h y p o t h e s i s t h a t t h e means fo r 

t h e measu re of d i s p e r s i o n s from any of t h e t h r e e d i f f e r e n t t i m e s i m u l a ­

t i o n s were t h e same c o u l d n o t be r e j e c t e d . A l l f u r t h e r e x p e r i m e n t a t i o n 

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

E x p e r i m e n t a l P r o c e d u r e 

With t h e measure of e f f e c t i v e n e s s f o r use i n e v a l u a t i n g t h e 

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

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

d a t a s e t 1 w i t h o u t COPEAK. F i v e compute r r u n s , each w i t h a d i f f e r e n t 

random number s e e d , were conduc t ed u s i n g a sys tem w i t h i n d e p e n d e n t l y 

d e r i v e d o p t i m a l o r d e r i n g p o l i c i e s (Q, r ) f o r each i t e m i n d a t a s e t 1 . 

From t h e s e r u n s an a v e r a g e v a l u e of a p p r o x i m a t e l y 133 was d e r i v e d f o r 

t h e a v e r a g e AOHI and 35 f o r t h e measure of d i s p e r s i o n a b o u t t h i s a v e r a g e . 

The r e s u l t i n g annua l o p e r a t i n g c o s t a v e r a g e d £ 1 0 3 4 . 0 . 

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

i t was h i g h l y d e s i r a b l e t o keep t h e a v e r a g e a g g r e g a t e i n v e n t o r y a t t h e 

same l e v e l f o r b o t h p r o c e d u r e s . Thus , t h e measure of d i s p e r s i o n , (MD) , 

would be a b o u t t h e same mean i n v e n t o r y l e v e l i n b o t h c a s e s . The major 

v e h i c l e i n c o n t r o l l i n g t h e a v e r a g e i n v e n t o r y l e v e l u n d e r COPEAK was t h e 
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use of t h e c o n t r o l p a r a m e t e r MGLVL. T h i s p a r a m e t e r was s e t t o m a i n t a i n 

t h e same a v e r a g e i n v e n t o r y l e v e l a s u n d e r an u n c o n t r o l l e d s y s t e m . I t 

was found t h a t an u n i q u e v a l u e f o r MGLVL e x i s t e d f o r each COPEAK o r d e r i n g 

p r i o r i t y r u l e u s e d . The d e t e r m i n a t i o n of t h e s e v a r i o u s v a l u e s was n o t 

i n d e p e n d e n t of t h e o t h e r p a r a m e t e r s i n h e r e n t i n COPEAK and i t s four r u l e s . 

I n t h e p r o c e s s of a c q u i r i n g t h e MGLVL's, r e a s o n a b l e v a l u e s of t h e s e o t h e r 

p a r a m e t e r s were d e t e r m i n e d . No a t t e m p t s were made t o r e a c h t h e i r o p t i ­

mum v a l u e s . The random number s e e d s were changed f i v e t i m e s and computer 

r u n s made fo r each p r i o r i t y r u l e a t i t s a p p r o p r i a t e MGLVL. The r e s u l t s 

were a l l t h e n s u b j e c t e d t o an ANOVA and accompanying F t e s t t o e v a l u a t e 

t h e e f f e c t i v e n e s s of COPEAK i n r e d u c i n g t h e measure of d i s p e r s i o n of t h e 

AOHI. 
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CHAPTER IV 

ANALYSIS OF RESULTS 

T h i s c h a p t e r d e s c r i b e s t h e s t a t i s t i c a l r e s u l t s d e r i v e d from 

compar ing compute r s i m u l a t i o n s of d a t a s e t 1 unde r an u n c o n t r o l l e d 

m u l t i - i t e m i n v e n t o r y sys tem and unde r a sys tem u s i n g COPEAK. A b r i e f 

d i s c u s s i o n of some s e n s i t i v i t y a n a l y s i s pe r fo rmed on t h e p a r a m e t e r s used 

w i t h i n COPEAK and i t s fou r o r d e r i n g p r i o r i t y r u l e s i s p r e s e n t e d . L a s t l y , 

a c o m p a r i s o n of t h e L a g r a n g i a n M u l t i p l i e r t e c h n i q u e used i n a c o n s t r a i n e d 

i n v e n t o r y sys tem i s made t o a s i m i l a r use of COPEAK. 

S i m u l a t i o n R e s u l t s Using COPEAK 

As d e s c r i b e d i n C h a p t e r I I I a f t e r t e s t i n g t h e random number s e e d s 

compute r r u n s were made of d a t e s e t 1 o p e r a t i n g under COPEAK u s i n g each 

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

sy s t em w i t h o u t COPEAK. F i v e r u n s each w i t h a d i f f e r e n t seed were c o n ­

d u c t e d f o r each c a s e . The r e s u l t i n g c o s t d a t a , a v e r a g e a g g r e g a t e i n v e n ­

t o r y l e v e l , and m e a s u r e of d i s p e r s i o n o b s e r v a t i o n s a r e l i s t e d i n T a b l e 1 . 

A F t e s t was c o n d u c t e d t o d e t e r m i n e i f any s i g n i f i c a n t d i f f e r e n c e s e x i s t e d 

be tween t h e a v e r a g e AOHI o b s e r v a t i o n s . ANOVA r e s u l t s ( F i g u r e 4) y i e l d e d 

a F t e s t s t a t i s t i c of 3 . 5 6 . A v a l u e of 4 . 4 3 from O s t e l (15) f o r a 

^ 01 4 20 w a s o b t a i n e d . C o n s e q u e n t l y , a t a s i g n i f i c a n c e l e v e l of . 0 1 no 

d i f f e r e n c e s were d e t e r m i n e d t o e x i s t be tween t h e a v e r a g e AOHI o b s e r v a t i o n s 

u n d e r any of t h e s y s t e m s t e s t e d . 



T a b l e 1 . R e s u l t s for Da ta S e t 1 

I n d e p e n d e n t l y 
D e r i v e d P o l i c i e s 

COPEAK 
Ru le 1 

COPEAK 
Rule 2 

COPEAK 
Rule 3 

COPEAK 
Rule 4 

Run 1 0 3 5 . 1 1 2 1 2 . 1 1 1 6 8 , 0 1219 .9 1 1 6 5 , 6 
X AOHI 1 3 3 . 0 8 1 3 2 . 8 2 1 3 2 . 4 9 1 3 1 . 3 4 1 3 1 . 3 6 

(MD) 2 3 3 . 6 6 2 6 . 7 5 2 7 . 0 1 2 7 , 3 1 2 6 , 1 6 

Run f 1 0 3 4 . 3 1 2 1 4 . 6 1 2 2 8 . 1 1 2 0 6 . 7 1 1 9 6 . 5 

* 2 AOHI 1 3 3 . 0 9 1 3 3 . 4 4 1 3 3 . 5 3 132 ,91 1 3 3 , 2 6 

(MD) 2 3 5 . 2 3 2 6 . 1 1 2 6 . 5 6 27 .19 2 6 . 9 5 

Run 1 0 3 2 . 4 1 1 7 4 . 6 1 1 9 5 . 4 1241 .0 1 1 6 9 . 2 
# 3 ATJHT 1 3 2 . 6 3 1 3 3 . 1 5 1 3 2 . 2 3 1 3 2 , 3 0 1 3 1 . 4 4 

(MD)* 3 4 , 6 2 2 7 . 0 7 2 5 . 9 6 2 7 , 3 4 2 6 . 4 3 

Run t 1 0 3 4 . 2 1 1 9 1 . 0 1 1 8 2 . 7 1 2 3 0 . 2 1227 .9 
* 4 AOHI 1 3 2 . 6 6 1 3 2 . 3 1 1 3 2 . 2 4 1 3 0 , 4 3 1 3 0 . 7 9 

(MD) 2 3 5 . 1 5 2 6 . 5 6 2 5 . 4 9 2 6 . 6 3 2 5 . 5 6 

Run 1 0 3 4 , 0 1 1 7 9 . 1 1185 ,9 1 2 3 2 , 0 1 1 9 5 . 7 
# 5 AOHI 1 3 3 . 2 6 1 3 3 . 1 2 1 3 2 . 0 8 1 3 1 . 9 3 1 3 2 . 1 5 

(MD) 2 3 4 . 8 3 2 6 . 8 7 2 6 . 2 9 2 7 , 0 7 2 5 . 9 6 
A 
V 
E 
R 

A 

e 1 0 3 4 . 0 1 1 9 4 . 3 1194 .4 1226 .0 1199 .4 
A 
V 
E 
R 

A 
AOHI 1 3 2 . 9 5 1 3 2 . 9 7 1 3 2 . 5 1 1 3 1 , 7 6 1 3 1 . 8 0 

A (MD) 2 3 4 . 7 0 2 6 . 6 7 2 6 . 2 7 2 7 , 1 5 2 6 . 2 2 
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S O U R C E S S 

D E G R E E S 

F R E E D O M M S F 

° 
B E T W E E N 

T R E A T M E N T S 6 . 8 6 9 4 1 . 7 1 7 2 5 

1 S I 
3 . 5 8 J 

E R R O R 9 . 5 9 0 2 0 . 4 7 9 5 2 1 
T O T A L 1 6 . 4 5 9 2 4 

! 
1 

F I G U R E 4 . A N O V A ( A v e r a g e A O H I O B S E R V A T I O N S -

D A T A S E T l ) . 

A N O T H E R A N O V A W A S P E R F O R M E D O N T H E T E S T d a t a , T H I S T I M E T O D E T E C T 

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

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

5 S U M M A R I Z E S T H E A N O V A r e s u l t s . T H E R E S U L T I N G F S T A T I S T I C O F 2 8 3 W H E N 

C O M P A R E D T O A N F ^ 4 V A L U E O F 4 . 4 3 R E S U L T E D I N T H E R E J E C T I O N O F T H E 

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

V A L U E F O R T H E M E A S U R E O F D I S P E R S I O N c r i t e r i o n . T O F U R T H E R P U R S U E t h i s , 

A D u n c a n ' s M U L T I P L E R A N G E T E S T ( 1 4 ) U S E D T O A N A L Y Z E T H E T R E A T M E N T M E A N S 

W A S c o n d u c t e d . A S E T O F L E A S T S I G N I F I C A N T R A N G E S W A S d e r i v e d , A N D W H E N 

T H E T R E A T M E N T M E A N S W E R E A R R A N G E D I N A S C E N D I N G o r d e r , A L L F O U R C O P E A K 

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

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

T H E U N C O N T R O L L E D s y s t e m , ( T a b l e 2 0 , A P P E N D I X E ) . I T S H O U L D B E N O T E D T H A T 

R U L E S TWO A N D F O U R A L S O E X H I B I T E D A S I G N I F I C A N T D I F F E R E N C E FROM R U L E 3 . 

A H I S T O G R A M W A S p r e p a r e d , F I G U R E 6 , C O M P A R I N G T H E A O H I A M O U N T S 

W H I C H R E S U L T E D F R O M A S I M U L A T I O N O F D A T A S E T 1 U N D E R B O T H T H E U N C O N T R O L L E D 
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SOURCE S S 
D e g r e e s 
F r e e d o m MS F 

0 

B e t w e e n 
T r e a t m e n t s 2 6 6 . 7 1 1 4 6 6 . 6 7 8 2 6 3 

i r r o r 
| 

4 , 7 2 3 2 0 . 2 3 6 

f 

T o t a l j 2 7 1 . 4 3 4 2 4 

F i g u r e 5 . ANOVA ( M e a s u r e o f D i s p e r s i o n O b s e r v a t i o n s -
D a t a S e t l ) . 

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

b e r e d u c e d a b o u t t h e a v e r a g e AOHI o f 1 3 3 . 

To d e t e r m i n e i f a n y s i g n i f i c a n t d i f f e r e n c e s e x i s t e d i n t e r m s 

o f C O P E A K ' s a n n u a l o p e r a t i n g c o s t s , t h e c o s t d a t a r e l e v a n t t o COPEAK's 

f o u r p r i o r i t y r u l e s w a s a l s o s u b j e c t e d t o a F t e s t ( F i g u r e 7 ) . A F 

t e s t s t a t i s t i c o f 3 . 8 9 w a s c o m p u t e d a n d c o m p a r e d t o a F o v a l u e 

o f 4 . 8 9 t o a r r i v e a t a c o n c l u s i o n t h a t n o d i f f e r e n c e s d i d i n f a c t e x i s t 

a t a s i g n i f i c a n c e l e v e l o f . 0 1 . 

A t t h i s p o i n t i n t h e r e s e a r c h a c o m p a r i s o n w a s d r a w n b e t w e e n t h e 

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

t i o n i n t h e m e a s u r e o f d i s p e r s i o n a b o u t t h e a v e r a g e A O H I . F r o m T a b l e 1 , 

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

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

A v e r a g e A n n u a l O p e r a t i n g C o s t * f 1 0 3 4 . 0 

A v e r a g e M e a s u r e o f D i s p e r s i o n * 3 4 . 7 0 
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Figure 6. Histogram of AOHI Amounts. 
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SOURCE S S 
D e g r e e s 
F r e e d o m 

j 

MS F 
0 

B e t w e e n 
T r e a t m e n t s 3 3 0 6 . 7 0 

3 
1 1 0 2 . 2 3 3 . 8 9 

E r r o r 4 5 3 6 . 7 8 

1 
1 

1 6 2 8 3 . 5 5 

T o t a l 7 8 4 3 . 4 8 ! 
» — • 

F i g u r e 7 . ANOVA ( C o s t O b s e r v a t i o n s - D a t a S e t l ) 

F r o m a s i m i l a r a n a l y s i s u s i n g COPEAK ( R u l e l ) t h e f o l l o w i n g w a s 

o b t a i n e d i 

A v e r a g e A n n u a l O p e r a t i n g C o s t : £ 1 1 9 4 . 3 

A v e r a g e M e a s u r e o f D i s p e r s i o n . 2 6 . 6 7 

T h e l a t t e r r e p r e s e n t e d a n a v e r a g e r e d u c t i o n o f 2 3 . 1 % o n t h e m e a s u r e o f 

d i s p e r s i o n w i t h a n a c c o m p a n y i n g r i s e o f 1 5 . 5 % i n o p e r a t i n g c o s t s . A s 

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

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

t i o n s y s t e m i s n o t i n c l u d e d . D e p e n d i n g o n o n e ' s s u b j e c t i v e e v a l u a t i o n 

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

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

a b l e . No f u r t h e r i n v e s t i g a t i o n o f c o s t i n f o r m a t i o n w a s p u r s u e d . 

A s e c o n d s e t o f t e s t d a t a , A p p e n d i x A, w a s e v a l u a t e d . W i t h 

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

w i t h d a t a s e t 1 w e r e c o n d u c t e d . A l i s t o f r e s u l t i n g v a l u e s f o r t h e 

a v e r a g e AOHI a n d m e a s u r e o f d i s p e r s i o n o b s e r v a t i o n s ( R u l e 1 a n d 2 o n l y ) 
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a r e s h o w n i n A p p e n d i x F . An ANOVA w a s p e r f o r m e d o n t h e a v e r a g e AOHI 

o b s e r v a t i o n s r e s u l t i n g i n a F t e s t s t a t i s t i c o f 3 . 7 1 . F r o m O s t e l ( 1 5 ) , 

a n F . h a s a v a l u e o f 6 . 9 3 ; t h e r e f o r e , a s w i t h t h e o r i g i n a l s e t o f 
. 0 1 , z , 12. 

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

s a m e c o u l d n o t b e r e j e c t e d a t a s i g n i f i c a n c e l e v e l o f . 0 1 . F o l l o w i n g 

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

t i o n s . T h e r e s u l t s a r e a t T a b l e 2 2 , A p p e n d i x F . An F t e s t s t a t i s t i c 

o f 4 5 8 w a s d e r i v e d a n d w h e n c o m p a r e d t o a n F v a l u e o f 6 . 9 3 , t h e 
• Ui. , 4L.y JL 4L. 

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

a c c e p t e d . 

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

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

s y s t e m ( u s i n g r u l e 2 ) a n d t h e u n c o n t r o l l e d s y s t e m w a s p e r f o r m e d . F r o m 

t h e i n f o r m a t i o n l i s t e d i n T a b l e 2 1 t h e f o l l o w i n g w a s o b t a i n e d : 

A v e r a g e A n n u a l O p e r a t i n g C o s t , ( U n c o n t r o l l e d ) : t1586.2 

A v e r a g e A n n u a l O p e r a t i n g C o s t , ( C o n t r o l l e d ) : $ 1 7 7 3 . 6 

P e r c e n t a g e r i s e i n c o s t : 1 2 . 0 

A v e r a g e M e a s u r e o f D i s p e r s i o n , ( U n c o n t r o l l e d ) : 6 8 . 9 

A v e r a g e M e a s u r e o f D i s p e r s i o n , ( C o n t r o l l e d ) : 4 8 . 1 

P e r c e n t a g e r e d u c t i o n i n M e a s u r e o f D i s p e r s i o n : 3 0 . 0 

N o f u r t h e r a n a l y s i s w a s c o n d u c t e d u s i n g d a t a s e t 2 . 

S e n s i t i v i t y A n a l y s i s 

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

p a r a m e t e r s b e l o n g i n g t o C O P E A K ' s f o u r o r d e r i n g p r i o r i t y r u l e s . S e v e r a l 

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

f o l l o w i n g p o i n t s : 

1 . When AMTPIN ( t h e p e r c e n t a g e l e v e l o f t h e " p r o j e c t e d * 1 

d u e - i n Row 2 o f t h e p r e d i c t i o n m a t r i x u s e d w i t h i n t h e o r d e r ­

i n g s u b r o u t i n e ) w a s c h a n g e d f r o m 0% t o a v a l u e o f 7 5 % , t h e 

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

b e e x p e c t e d . 

2 . When " D a y s - t o - O r d e r " p a r a m e t e r w a s i n c r e a s e d , ( r e f e r e n c e 

r u n s 1 - 4 ) t h e a v e r a g e AOHI a l s o i n c r e a s e d . T h i s f a c t m a d e 

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

f i c u l t . 

3 . C o n c e r n i n g t h e c o n s t a n t s C^ a n d C^ u s e d i n COPEAK ( r u l e 4 ) . 

A s t h e s e c o n s t a n t s w e r e v a r i e d ( r e f e r e n c e r u n s 1 7 - 2 5 ) t h r o u g h 

a s e r i e s o f c o m b i n a t i o n s , n o e x t r e m e d e v i a t i o n s w e r e d e t e c t e d 

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

t i o n s . 

4 . W i t h a l l o t h e r p a r a m e t e r s z e r o , w h e n AMTQ w a s c h a n g e d f r o m 

75% t o a v a l u e o f 5 0 % ( r e f e r e n c e r u n s 2 a n d 9 ) t o t a l o p e r a t i n g 

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

AOHI i n c r e a s e d s l i g h t l y . 

5 . When ILOOK w a s c h a n g e d f r o m 0 t o 4 d a y s ( r e f e r e n c e r u n s 

2 , 1 4 , 1 5 , 1 6 ) t h e a v e r a g e a g g r e g a t e i n v e n t o r y l e v e l f e l l w i t h a n 

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

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

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

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



3 2 

f u r t h e r e x p e r i m e n t a t i o n t o a c q u i r e t h e a p p r o p r i a t e M G L V L ' s , w h i c h w h e n 

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

AOHI a m o u n t s , w o u l d m a k e c o m p a r i s o n s o f m e a s u r e s o f d i s p e r s i o n p o s s i b l e . 

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

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

A C o n t r a s t B e t w e e n COPEAK a n d L a g r a n g i a n 
M u l t i p l i e r T e c h n i g u e s 

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

l i s t e d i n T a b l e 2 w a s d e s i g n e d f o r t h e p u r p o s e o f c o n t r a s t i n g r e s u l t s 

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

L a g r a n g i a n M u l t i p l i e r t e c h n i q u e s . A w a r e h o u s e c a p a c i t y c o n s t r a i n t w a s 

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

w e r e d e r i v e d a n a l y t i c a l l y u s i n g L a g r a n g i a n M u l t i p l i e r s . T h e s e Q ^ ' s 

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

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

a v e r a g e AOHI o f 1 9 3 , a m e a s u r e o f d i s p e r s i o n o f 7 2 , a n d a n a v e r a g e 

a n n u a l o p e r a t i n g c o s t o f £ 3 8 8 3 . T h e s a m e d a t a u s i n g t h e u n c o n s t r a i n e d 

W i l s o n Q * ' s f o r t h i s d a t a w a s s u b j e c t e d t o a f i v e y e a r s i m u l a t i o n u s i n g 

COPEAK ( r u l e l ) w i t h t h e f o l l o w i n g r e s u l t s : a n a v e r a g e AOHI o f 1 9 3 w i t h 

a m e a s u r e o f d i s p e r s i o n o f 6 5 , a n d a n a v e r a g e a n n u a l o p e r a t i n g c o s t o f 

a b o u t # 3 9 0 8 . U s e o f t h e c o n t r o l p r o c e d u r e r e p r e s e n t e d a 10% r e d u c t i o n 

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

a c c o m p a n y i n g i n c r e a s e i n c o s t s o f a p p r o x i m a t e l y 1 $ . ( i t s h o u l d b e 

n o t e d , h o w e v e r , t h a t a l t h o u g h t h e L a g r a n g i a n m e t h o d r e s u l t e d i n n o b a c k -

o r d e r s , b y t h e v e r y n a t u r e o f t h e d e s i g n o f COPEAK a n d i t s o r d e r i n g 
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T a b l e 2 . D a t a f o r L a g r a n g i a n M u l t i p l i e r E x a m p l e 

1 . D a t a : I t e m O r d e r i n g U n i t I n v e n t o r y L e a d T i m e C u b i c S p a c e 
C o s t C o s t H o l d i n g R a t e ( d a y s ) p e r I t e m 

1 £ 5 0 £ 4 2 0 . 2 3 0 1 f o o t 

2 £ 7 5 £ 1 0 0 . 2 3 0 1 f o o t 

3 £ 1 0 0 £ 5 0 . 2 3 0 1 f o o t 

2 . W a r e h o u s e C a p a c i t y C o n s t r a i n t : 3 9 1 c u b i c f e e t o f s t o r a g e s p a c e 

it 

3 . C o n s t r a i n e d O p t i m a l Q ^ f s d e r i v e d a n a l y t i c a l l y * 

Q 1 t 1 4 1 

Q 2 * 6 0 

Q 3 * 1 9 0 

4 . COPEAK P a r a m e t e r s * 

a . AMTQ* 75% 

b . MGLVL* 2 6 8 

c AMPIN* 0% 

d . ILOOK* 0% 

e . D a y s - t o - O r d e r * 7 

p r o c e d u r e s , i t e m 1 w a s o n b a c k o r d e r s t a t u s 3% o f t h e f i v e y e a r s i m u l a ­

t i o n t i m e ; i t e m 2 f o r 2%; a n d i t e m 3 f o r 2%. No b a c k o r d e r c o s t s w e r e 

a s s e s s e d i n t h i s e x a m p l e . ) 
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T a b l e 2 . D a t a f o r L a g r a n g i a n M u l t i p l i e r E x a m p l e 

1 . D a t a : I t e m O r d e r i n g U n i t I n v e n t o r y L e a d T i m e C u b i c S p a c 
C o s t C o s t H o l d i n g R a t e ( d a y s ) p e r I t e m 

1 £ 5 0 £ 4 2 0 . 2 3 0 1 f o o t 

2 £ 7 5 £ 1 0 0 . 2 3 0 1 f o o t 

3 £ 1 0 0 £ 5 0 . 2 3 0 1 f o o t 

2 . W a r e h o u s e C a p a c i t y C o n s t r a i n t : 3 9 1 c u b i c f e e t o f s t o r a g e s p a c e 

3 . C o n s t r a i n e d O p t i m a l Q ^ ' s w e r e d e r i v e d a n a l y t i c a l l y u s i n g t h e 

f o l l o w i n g e q u a t i o n . 

Q i * 

2 X . A . 
l l 

I . C . + 2 6 f. 
l i i 

( \ ^ : y e a r l y d e m a n d r a t e 

i n v e n t o r y c a r r y i n g r a t e 

u n i t c o s t 

o r d e r i n g c o s t 

c u b i c s t o r a g e s p a c e 

6 W : L a g r a n g i a n M u l t i p l i e r . 6 i s t h e v a l u e w h i c h s a t i s f i e s t h e 

n 

e q u a t i o n ^ f . Q ^ * t h e t o t a l c a p a c i t y c o n s t r a i n t . ) 

i * l 

~ i 

A. 
l 

f . 
l 

Q x x 1 4 1 

4 . COPEAK P a r a m e t e r s : 

a . AMTQ: 75% 

b . MGLVL: 2 6 8 

c . AMPIN: 0% 

d . I L 0 0 K : 0% 

e . D a y s - t o - O r d e r : 7 

Q 2 x 6 0 Q 3 : 1 9 0 
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p r o c e d u r e s , i t e m 1 w a s o n b a c k o r d e r s t a t u s 3% of t h e f i v e y e a r S i m u l a 

t i o n t i m e ; i t e m 2 f o r 2%; a n d i t e m 3 f o r 2%. No b a c k o r d e r c o s t s w e r e 

a s s e s s e d i n t h i s e x a m p l e . ) 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

C o n c l u s i o n s 

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

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

1 . W i t h t h e s e t s o f t e s t d a t a u s e d i n t h i s r e s e a r c h , COPEAK 

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

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

t o r y s y s t e m , 

2 . E a c h o f t h e f o u r o r d e r i n g p r i o r i t y r u l e s a p p e a r e d t o w o r k 

e f f e c t i v e l y w i t h r u l e s 2 a n d 4 s h o w i n g a s i g n i f i c a n t d i f f e r e n c e f r o m 

r u l e 3 ( r u l e s 2 a n d 4 h a v i n g a s m a l l e r M e a s u r e o f D i s p e r s i o n v a l u e ) . 

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

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

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

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

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

R e c o m m e n d a t i o n s f o r F u r t h e r S t u d y 

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

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

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

d e m o n s t r a t e d w i t h d a t a s e t 1 , a d i f f e r e n t MGLVL v a l u e f o r e a c h COPEAK 

p r i o r i t y r u l e h a d t o b e u s e d t o i n s u r e r e s u l t i n g a v e r a g e s o f t h e AOHI 
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c l o s e t o t h e p e r f o r m a n c e c r i t e r i o n o f 1 3 3 o b t a i n e d f r o m t h e u n c o n ­

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

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

d a t a a p p e a r s t o h a v e a d i r e c t b e a r i n g o n t h e r e s u l t i n g a v e r a g e A O H I . 

2 . A s a r e c o m m e n d a t i o n s i m i l a r t o n o . 1 , f u r t h e r a n a l y s i s c o n ­

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

AOHI a n d m e a s u r e o f d i s p e r s i o n i s w a r r a n t e d . I n t h e S e n s i t i v i t y 

A n a l y s i s s e c t i o n o f C h a p t e r I V i t w a s s e e n t h a t , f o r e x a m p l e , w h e n t h e 

AMTPIN p a r a m e t e r w a s g i v e n a n o n - z e r o v a l u e , t h e a v e r a g e AOHI r e d u c e d 

d r a s t i c a l l y . A d d i t i o n a l l y , w h e n a v a l u e o f 5 0 $ f o r AMTQ w a s u s e d w i t h 

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

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

r e s u l t s . 

3 . A s a l l u d e d t o i n C h a p t e r I V , t h e c o n t r o l p r o c e d u r e COPEAK 

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

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

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

c i e n t e n o u g h t o w a r r a n t i n c r e a s i n g t h e a v e r a g e AOHI h i g h e r t h a n t h a t 

h e l d u n d e r t h e L a g r a n g i a n s o l u t i o n . D e p e n d i n g o n t h e n a t u r e o f t h e 

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

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

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

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

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

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

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

a n a l y z e d . I t m i g h t b e p o s s i b l e i n t h i s w a y t o a n a l y t i c a l l y i n v e s t i g a t e 

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



A P P E N D I C E S 



APPENDIX A 

PARAMETER DATA FOR DATA SET 1 a n d DATA S E T 2 



T a b l e 3 . D a t a S e t 1 P a r a m e t e r s 

I t e m A C I 
/*> 
Tl Q* r 

T i m e 
B e t w e e n 
D e m a n d s 

L e a d 
T i m e 

A v e r a g e 
C y c l e 

T i m e 

A v e r a g e 
D a i l y 

D e m a n d 

A v e r a g e 
Y e a r l y 

D e m a n d 

1 3 . 7 3 3 . 1 3 . 2 9 1 8 4 1 9 . 5 0 1 4 4 0 . 0 1 . 9 9 6 4 7 5 9 

2 3 . 7 3 4 . 8 7 . 1 6 Al 4 8 6 1 . 6 0 1 4 7 5 . 6 . 6 2 4 7 2 3 1 

3 3 . 7 3 1 5 . 0 1 . 2 8 6 9 1 5 7 2 . 9 0 2 1 4 3 . 6 . 3 4 6 2 1 2 6 

4 3 . 7 3 1 0 . 0 0 . 3 4 3 8 3 5 2 6 . 7 2 2 1 2 5 . 1 1 . 3 8 9 5 5 0 3 

5 3 . 7 3 3 9 . 9 1 . 2 3 1 9 3 5 1 4 . 3 7 1 0 1 2 . 7 2 . 6 9 4 7 1 0 0 0 

6 3 . 7 3 2 0 . 0 0 . 1 5 7 3 3 1 1 4 . 9 8 1 5 3 0 . 4 1 . 0 2 1 3 3 7 2 

7 3 . 7 3 5 0 . 0 0 . 2 7 1 6 1 3 7 2 . 2 5 2 8 2 8 . 8 . 4 4 2 1 1 6 4 

6 3 . 7 3 7 0 . 0 0 . 2 1 8 8 8 6 3 . 6 9 2 5 2 8 . 2 . 2 7 1 6 9 9 

9 3 . 7 3 2 1 . 0 0 . 1 8 8 4 8 6 . 4 5 1 0 2 2 . 0 2 . 2 2 7 0 8 0 0 

1 0 3 . 7 3 1 3 . 5 0 . 3 1 2 9 3 5 3 0 . 6 1 2 1 2 1 . 3 1 . 6 4 1 0 6 0 0 

O 



T a b l e 4 . D a t a S e t 2 P a r a m e t e r s 

I t e m A C I It Q* r 

T i m e 
B e t w e e n 
D e m a n d s 

L e a d 
T i m e 

A v e r a g e 
C y c l e 

T i m e 

A v e r a g e 
D a i l y 

D e m a n d 

A v e r a g e 
Y e a r l y 
D e m a n d 

1 8 . 0 0 2 . 0 0 . 3 0 1 2 1 1 7 1 3 . 7 5 1 4 6 7 . 5 0 . 7 4 8 1 4 8 6 

2 8 . 0 0 2 . 4 9 . 1 9 3 9 1 0 8 1 1 1 . 1 0 1 4 1 1 8 . 0 0 1 . 0 9 6 0 3 3 2 

3 6 . 0 0 4 . 9 0 . 3 2 2 1 6 5 7 . 9 6 1 4 6 1 . 7 8 . 9 6 0 3 3 8 0 

4 6 . 0 0 5 . 9 9 . 1 9 4 8 9 5 2 4 . 5 7 1 4 5 3 . 9 2 . 5 7 0 5 6 4 0 

5 8 . 0 0 6 . 9 0 . 2 1 2 4 7 2 1 2 . 8 3 1 4 5 9 . 4 0 . 8 3 0 7 4 3 9 

6 8 . 0 0 9 . 9 8 . 2 2 9 6 6 6 . 7 7 1 4 5 0 . 5 3 . 7 6 9 7 4 7 4 

7 8 . 0 0 3 0 . 6 0 . 2 1 5 4 3 0 1 4 1 . 2 0 2 1 3 5 . 1 5 1 . 1 9 6 0 3 0 4 

8 6 . 0 0 5 3 . 1 6 . 2 2 5 1 3 0 2 0 . 7 0 1 8 2 0 . 7 0 . 7 0 1 5 4 2 0 

9 8 . 0 0 7 4 . 9 9 . 3 0 4 2 1 4 7 2 . 1 5 2 5 2 9 . 2 0 2 . 1 5 1 0 1 6 9 

1 0 8 . 0 0 1 0 3 . 4 9 . 2 0 6 0 2 5 1 5 . 6 1 1 3 1 5 . 1 6 . 6 1 4 6 6 0 0 



APPENDIX B 

PROGRAM VERIFICATION DATA 
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T a b l e 5 . C o s t C o m p a r i s o n s f o r D a t a S e t 1 B e t w e e n t h e 
S i m u l a t i o n M o d e l a n d A n a l y t i c a l l y 
D e r i v e d R e s u l t s 

I t e m O r d e r i n g H o l d i n g B a c k o r d e r s T o t a l 

1 
M o d e l 3 2 . 8 0 3 0 . 8 0 3 . 0 0 6 6 . 6 0 
A n a l y t i c a l 3 3 . 7 0 2 9 . 6 0 4 . 1 7 6 7 . 4 7 

2 
M o d e l 1 7 . 9 0 1 8 . 4 0 . 1 0 3 6 . 4 0 
A n a l y t i c a l 1 7 . 9 5 1 7 . 9 3 . 4 9 3 6 . 3 7 

3 
M o d e l 3 2 . 1 0 3 2 , 5 0 . 1 0 6 4 . 7 0 
A n a l y t i c a l 3 1 . 3 3 2 7 . 4 4 2 . 3 0 6 1 . 0 7 

4 
M o d e l 5 4 . 5 0 5 0 , 3 0 5 . 3 0 1 1 0 . 0 0 
A n a l y t i c a l 5 3 . 6 1 4 9 . 7 4 4 . 8 9 1 0 8 . 2 4 

5 
M o d e l 1 0 5 . 9 0 6 5 , 9 0 4 3 . 6 Q 2 1 5 . 4 0 
A n a l y t i c a l 1 0 6 . 5 7 6 9 . 3 7 3 9 . 0 9 . 2 1 5 . 0 3 

6 
M o d e l 4 5 . 5 0 4 4 , 1 0 . 8 0 9 0 . 4 0 
A n a l y t i c a l 4 4 . 7 6 4 0 . 6 9 4 . 7 1 9 0 . 1 6 

7 
M o d e l 4 6 . 3 0 3 6 , 6 0 1 3 . 5 0 9 6 . 3 0 
A n a l y t i c a l 4 7 . 0 6 2 5 . 4 4 2 2 . 1 5 9 4 . 6 5 

6 
M o d e l 4 7 . 0 0 5 4 . 0 0 1 . 9 0 1 0 2 . 9 0 
A n a l y t i c a l 4 6 . 1 6 4 5 . 0 2 5 . 5 0 9 6 . 6 8 

9 
M o d e l 6 3 . 4 0 4 0 . 4 0 2 1 . 1 0 1 2 4 . 9 0 
A n a l y t i c a l 6 2 . 1 7 4 0 . 3 2 2 1 . 3 3 1 2 3 . 8 2 

1 0 
M o d e l 6 4 . 2 0 5 6 . 9 0 8 . 4 0 1 2 9 . 4 0 
A n a l y t i c a l 6 3 . 9 4 5 3 . 7 4 1 0 . 3 6 1 2 8 . 0 4 
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T a b l e 6 . P r o g r a m V e r i f i c a t i o n - E f f e c t s o f t h e L e n g t h 
o f t h e S i m u l a t i o n o n t h e A v e r a g e AOHI 
O b s e r v a t i o n s 

1 . R e s u l t i n g O b s e r v a t i o n s : 

s e e d 5 y e a r s 4 y e a r s 3 y e a r s 

1 1 3 2 . 8 1 3 2 . 6 1 3 3 . 3 

2 1 3 3 . 4 1 3 3 . 9 1 3 4 . 2 

3 1 3 3 . 2 1 3 3 . 1 1 3 1 . 1 

4 1 3 2 . 3 1 3 1 . 9 1 3 1 . 8 

5 1 3 3 . 1 1 3 2 . 8 1 3 2 . 9 

2 . ANOVA* 

SOURCE S S D e g r e e s 
F r e e d o m 

MS F 
0 

B e t w e e n 
T r e a t m e n t s . 2 5 2 2 . 1 2 6 . 1 7 1 7 j 

E r r o r 8 . 8 0 4 1 2 . 7 3 4 
1
 \ 

| 
T o t a l 9 . 0 5 6 1 4 

i 

i 



4 5 

T a b l e 7 . P r o g r a m V e r i f i c a t i o n - E f f e c t s o f t h e L e n g t h 
o f t h e S i m u l a t i o n o n t h e M e a s u r e o f 
D i s p e r s i o n O b s e r v a t i o n s 

1 . R e s u l t i n g O b s e r v a t i o n s * 

s e e d 5 y e a r s 4 y e a r s 3 y e a r s 

1 2 6 . 8 2 6 . 6 2 7 . 4 

2 2 6 . 1 2 6 . 4 2 6 . 5 

3 2 7 . 1 2 7 . 2 2 6 . 5 

4 2 6 . 6 2 6 . 2 2 6 . 1 

5 2 6 . 9 2 6 . 9 2 7 . 2 

2 . ANOVA: 

SOURCE S S D e g r e e s 
F r e e d o m 

.. —^_ 
MS 

~- 1 

F 
0 

B e t w e e n 
T r e a t m e n t s . 0 1 6 ! 2 . 0 0 6 J . 0 4 

E r r o r 2 . 3 8 4 j 1 2 . 1 9 9 

T o t a l 2 . 4 0 1 1 4 j 
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APPENDIX C 

SUBROUTINES FOR COMPUTER SIMULATION MODEL 

T h e GASP I I s i m u l a t i o n t e c h n i q u e u s e s s e v e r a l s t a n d a r d s u b ­

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

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

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

T a b l e 9 , w h i c h t r i g g e r s t h e s i m u l a t i o n o f s u c h e v e n t s a s d e m a n d s , 

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

RECEIPT s u b r o u t i n e , T a b l e 1 3 , a n d a DEMAND s u b r o u t i n e , T a b l e 1 0 , 

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

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

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

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

ORDER, T a b l e 1 2 , w a s s p e c i f i c a l l y w r i t t e n t o a c c o m m o d a t e t h i s r e s e a r c h . 



T a b l e 8 . M a i n P r o g r a m 

1 * DIMENSION N S E T ( 7 , 1 2 0 ) 
2 * COMMON I D , I M , I N I T , J E V N T , J M N I T , M F A , M S T O P , M X , M X C , N C L C T , N H I S T , 
3 * l N O Q , N O R P T , N O T , N P R M S , N R U N , N R U N S , N S T A T , O U T , S C A L E , I S E E D , T N O W , 
4 * 2 T B E G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 
5 * COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 3 5 ) , K R A N K ( 3 0 ) , M A X N Q ( 3 0 ) , 
6 * 1 M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) , N C E L S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R O J , M O N , N D A Y , N Y R , J C L R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I Y E A R , I S T O C K , T S T O P , H O L D ( 2 0 ) , I B U G , A A A ( 2 0 0 0 ) , 
9 * I I S T O P 

1 0 * DIMENSION K ( 2 5 , 3 0 ) 
1 1 * NCRDR*5 
1 2 * N P R N T - 6 
1 3 * N R U N S - 1 
1 4 « 1 0 F 0 R M A T ( 6 A 2 , A 6 , 3 1 5 ) 
1 5 * 1 5 FORMAT( ) 
1 6 * DO 2 0 I « l , 2 0 
1 7 * DO 2 5 J * 1 , 4 0 
1 8 * 2 5 D ( I , J ) « 0 
1 9 * 2 0 CONTINUE 
2 0 * R E A D ( N C R D R , 1 0 ) N A M E , N P R O J , I S T O C K , I S T O P , I B U G 
2 1 * W R I T E ( N P R N T , 5 5 ) 
2 2 * W R I T E ( 6 , 5 0 ) 
2 3 * 5 0 F O R M A T ( T 4 8 , ' INVENTORY SIMULATION PROGRAM * , 2 ( / ) ) 
2 4 * W R I T E ( N P R N T , 1 1 0 ) NAME, I S T O C K , I S T O P 
2 5 * 1 1 0 FORMAT(T5,'PROGRAMER » ' , 6 A 2 , T 3 5 , ' , NUMBER OF ITEMS « ' , I 5 , T 6 8 , ' N 
2 6 * 1UMBER OF YEARS TO SIMULATE = ' , I 5 , 2 ( / ) ) 
2 7 * W R I T E ( N P R N T , 1 1 5 ) 
2 8 * 1 1 5 F 0 R M A T ( T 4 5 , ' I N I T I A L CONDITION OF D ( l , J ) ' , 2 ( / ) ) 
2 9 * W R I T E ( N P R N T , 1 2 0 ) 
3 0 * 1 2 0 F O R M A T ( T 4 5 , ' A T R I B U T E N U M B E R ' , 2 ( / ) ) 
3 1 * DO 3 0 ( 1 * 1 , I S T O C K 
3 2 * 3 0 R E A D ( N C R D R , 1 5 ) ( D ( I , J ) , J = l , 3 0 ) 
3 3 * I F ( I D P . N E . 0 ) GO TO 2 9 9 



T a b l e 8 . ( C o n t i n u e d ) 

3 4 * W R I T E ( N P R N T , 1 2 5 ) 
3 5 * 1 2 5 FORMAT(T5, , 1 ' , T 1 4 , ' 2 ' , T 2 3 , , 3 ' , T 3 2 , M ' , T 4 1 , ^ ' . T S O , , 6 , , T 5 9 , 
3 6 * 1 , 8 , , T 7 7 , , 9 , , T 8 6 , , 1 0 , , T 9 5 , ' 1 1 ' , T 1 0 4 , ' 1 2 ' , T i l l , , 1 3 , , 2 ( / ) ) 
3 7 * DO 3 4 I « l , I S T O C K 
3 8 * DO 3 3 J * l , 3 0 
3 9 * 3 3 K ( I , J ) - D ( I , J ) 
4 0 * 3 4 CONTINUE 
4 1 * DO 3 5 W . I S T O C K 
4 2 * D ( 1 , 4 0 ) 0 . 0 
4 3 * I F ( D ( I , 1 3 ) . L E , O . O l ) D ( l , 4 0 ) * 1 0 0 
4 4 * 3 5 W R I T E ( N P R N T , 1 3 0 ) K( 1 , 1 ) , K( 1 , 2 ) , ( D ( I , J), J * 3 , 7 ) , ( K ( I , J), J * 8 , 1 1 ) , D ( I , 
4 5 * 1 1 2 ) , K ( I , 1 3 ) 
4 6 * 1 3 0 F 0 R M A T ( I 6 , 3 X , I 6 , 4 F 9 . 3 , F 9 . 1 , 3 X , I 6 , 3 X , I 6 , 3 X , I 6 , 3 X , I 6 , 2 X , F 6 . 2 , 2 X , I 6 ) 
4 7 * W R I T E ( N P R N T , 1 3 5 ) 
4 6 * 1 3 5 F O R M A T ( / / , 5 X , 2 4 H R E F E R TO ATTRIBUTE SHEET) 
4 9 * W R I T E ( 6 , 5 5 ) 
5 0 * W R I T E ( 6 , 1 2 0 ) 
5 1 * W R I T E ( N P R N T , 1 4 0 ) 
5 2 * 1 4 0 FORMAT(T5, ' 1 ' , T 1 1 , » 1 4 ' , T 1 7 , , 1 5 , , T 2 3 , , 1 6 , , T 2 9 , 'll',13S, , 1 6 ' , T 4 1 , ' 1 9 
5 3 * 1 ' , T 4 7 , ' 2 0 ' , T 5 3 , ' 2 1 \ T 5 9 , ' 2 2 ' , T 6 5 , , 2 3 , , T 7 1 , , 2 4 ' , T 7 7 , ^ b ' y l & S , ' 2 6 ' , T 
5 4 * 2 8 9 , , 2 7 , , T 9 5 , ^ ' . T l O l , ' 2 9 ' , T 1 0 7 , ' 3 0 ' , 2 ( / ) ) 
5 5 * DO 4 0 I » 1 , I S T 0 C K 
5 6 * 4 0 W R I T E ( N P R N T , 1 4 5 ) K ( l , 1 ) , K ( I , 1 4 ) , ( D ( I , J ) , J * 1 5 , 2 3 ) , ( K ( l , j ) , J * 2 4 , 3 0 ) 
5 7 * 1 4 5 F O R M A T ( 2 I 6 , 9 F 6 . 2 , 7 I 6 ) 
5 8 * W R I T E ( 6 , 1 5 0 ) 
5 9 * 1 5 0 F O R M A T ( / / , 5 X , 2 4 H R E F E R TO ATTRIBUTE SHEET) 
6 0 * W R I T E ( N P R N T , 5 5 ) 
6 1 * 5 5 F O R M A T ( l H l ) 
6 2 * 2 9 9 DO 3 0 0 I « 1 , I S T 0 C K 
6 3 * 3 0 0 H 0 L D ( I ) « 0 . 0 
6 4 * CALL G A S P ( N S E T ) 
6 5 * END 



T a b l e 9 . E v e n t s S u b r o u t i n e 

1 * SUBROUTINE E V N T S ( l . N S E T ) 
2 * COMMON I D , I M , I N I T , J E V N T , J M N I T , M F A , M S T O P , M X , M X C , N a C T , N H I S T , 
3 * 1 N 0 Q , N 0 R P T , N 0 T , N P R M S , N R U N , N R U N S , N S T A T , 0 U T , S C A L E , I S E E D , T N 0 1 A I , 

2 T B E G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 
COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 3 5 ) , K R A N K ( 3 0 ) , M A X N Q ( 3 0 ) , 

4 * 
1 N 0 Q , N 0 R P T , N 0 T , N P R M S , N R U N , N R U N S , N S T A T , 0 U T , S C A L E , I S E E D , T N 0 1 A I , 
2 T B E G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 

COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 3 5 ) , K R A N K ( 3 0 ) , M A X N Q ( 3 0 ) , 5 * 

1 N 0 Q , N 0 R P T , N 0 T , N P R M S , N R U N , N R U N S , N S T A T , 0 U T , S C A L E , I S E E D , T N 0 1 A I , 
2 T B E G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 

COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 3 5 ) , K R A N K ( 3 0 ) , M A X N Q ( 3 0 ) , 
6 * 1 M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) , N C E L S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R O J , M 0 N , N D A Y , N Y R , j a R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I YEAR, ISTOCK, TS TOP, HOLD ( 2 0 ) , I B U G , AAA ( 2 0 0 0 ) , 
9 * DIMENSION N S E T ( 7 , 1 ) 

GO TO ( 1 , 2 , 3 , 4 , 5 , 6 ) , I 
CALL DMAND(NSET) 

1 0 * 
DIMENSION N S E T ( 7 , 1 ) 
GO TO ( 1 , 2 , 3 , 4 , 5 , 6 ) , I 
CALL DMAND(NSET) 1 1 * 1 

DIMENSION N S E T ( 7 , 1 ) 
GO TO ( 1 , 2 , 3 , 4 , 5 , 6 ) , I 
CALL DMAND(NSET) 

1 2 * RETURN 
1 3 * 2 CALL R E C P T ( N S E T ) 
1 4 * RETURN 
1 5 * 3 CALL ENDSM(NSET) 
1 6 * RETURN 
1 7 * 4 CALL ACCT(NSET) 
1 8 * RETURN 
1 9 * 5 CALL CALC(NSET) 
2 0 * RETURN 
2 1 * 6 CALL REVIEW(NSET) 
2 2 * RETURN 
2 3 * END 



5 0 

T a b l e 1 0 . D e m a n d S u b r o u t i n e 

1 * SUBROUTINE DMAND(NSET) 
2 * COMMON I D , I M , I N I T , J E V N T , J M N I T , M F A , M S T O P , M X , M X C , N C L C T , N H l S T , 
3 * 1 N O Q . N O R P T , N O T , N P R M S , N R U N , N R U N S , N S T A T , O U T , S C A L E , I S E E D . T N O W , 
4 * 2 T B E G , T F I N , M X X , N PRNT,NCRDR,N E P , V N Q ( 3 0 ) 
5 * COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 2 2 ) , K R A N K ( 3 0 ) , M A X N Q ( 3 0 ) , 
6 * 1 M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) , N C E L S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R O J , M O N , N D A Y , N Y R , J C L R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I Y E A R , I S T O C K , T S T O P , H O L D ( 2 0 ) , I B U G , A A A ( 2 0 0 0 ) , 
9 * DIMENSION N S E T ( 7 , l ) 

1 0 * EXTERNAL RN1 
1 1 * I * ATRIB (s) + 0 . 0 0 1 
1 2 * DEM * A T R I B ( 4 ) 
1 3 * D ( l , 2 4 ) « D ( I , 2 4 ) - D E M 
1 4 * D ( l , 2 5 ) - D ( l , 2 5 ) + DEM 
1 5 * BAC * D ( I , 2 8 ) 
1 6 * I F ( D ( l , 1 3 ) . G E " DEM) GO TO 3 0 
1 7 * I F ( D ( I , 1 3 ) " G T " 0 . 0 0 0 0 0 1 ) GO TO 4 0 
1 8 * 1 1 CALL TMST ( B A C , T N O W , I , N S E T ) 
1 9 * D ( l , 2 7 ) « D ( I , 2 7 ) + DEM 
2 0 * D ( I , 2 8 ) « D ( I , 2 8 ) + DEM 
2 1 * GO TO 5 5 
2 2 * 3 0 D ( I , 1 3 ) « D ( I , 1 3 ) - DEM 
2 3 * GO TO 5 5 
2 4 * 4 0 CALL TMST ( B A C , T N O A , I , N S E T ) 
2 5 * I F (BAC , G T . . 0 1 ) CALL E R R O R ( 2 6 9 , N S E T ) 
2 6 * D ( I , 2 8 ) « D E M - D ( I , 1 3 ) 
2 7 * D ( I , 2 7 ) « D ( I , 2 7 ) + D ( l , 2 8 ) 
2 8 * D ( I , 1 3 ) « 0 . 0 
2 9 * 5 5 A T R I B ( 2 ) « 1 . 0 + 0 . 0 0 0 0 1 
3 0 * BACK * D ( I , 4 0 ) 
3 1 * 1 2 0 * I + 2 0 
3 2 * CALL T M S T ( B A C K , T N O W , I 2 0 , N S E T ) 
3 3 * D ( 1 , 4 0 ) 0 . 0 
3 4 * I F ( D ( I , 1 3 ) . L E . 0 . 0 1 ) D ( l , 4 0 ) * 1 0 0 . 
3 5 * I D T - D ( l , 8 ) 
3 6 * GO TO ( 1 0 1 , 1 0 2 , 1 0 3 , 1 0 4 , 1 0 5 ) , I D T 
3 7 * 1 0 5 RETURN 
3 8 * 1 0 1 A T * D ( l , 1 6 ) 
3 9 * GO TO 1 0 6 
4 0 * 1 0 2 A * D ( I , 1 6 ) 
4 1 * B * D ( I , 1 7 ) 
4 2 * A T * UNFRM(A,B) 
4 3 * GO TO 1 0 6 
4 4 * 1 0 3 A T * RNORM(l ) 
4 5 * GO TO 1 0 6 
4 6 * 1 0 4 A T * - D ( I , 1 6 ) * A L Q G ( R N 1 ( K ) ) 



T a b l e 1 0 . ( C o n t i n u e d ) 

4 7 * I F (AT . G T . D ( l , i e ) ) A T * D ( l , 1 8 ) 
4 6 * I F (AT . L T . D ( l , 1 7 ) ) A T * D ( l , 1 7 ) 
4 9 * 1 0 6 I F ( AT . L T . 0 . 0 ) CALL E R R O R ( 2 2 2 , N S E T ) 
5 0 * A T R I B ( l ) * T N G W + AT 
5 1 * 1 2 0 * 1 + 2 0 
5 2 * CALL C 0 L C T ( A T , I 2 0 , N S E T ) 
5 3 * CALL F I L E M ( l . N S E T ) 
5 4 * I D 2 * D ( l , 2 ) + 0 . 0 0 1 
5 5 * I F ( I D 2 " E Q . 2 ) RETURN 
5 6 * I F ( D ( I , 2 4 ) , G E , D ( I , 1 1 ) + 0 . 0 0 0 0 1 ) RETURN 
5 7 * A T R I B ( 4 ) « D ( I , 1 0 ) 
5 8 * D ( I , 2 9 ) * D ( I , 2 9 ) + D ( l , 1 0 ) 

5 9 * D ( l , 2 4 ) * D ( l , 1 0 ) + D ( l , 2 4 ) 
6 0 * D ( I , 2 6 ) - D ( I , 2 6 ) + 1 . 0 
6 1 * D ( l , 3 0 ) * D ( I , 3 0 ) + D ( I , 1 0 ) 
6 2 * I D T * D ( l , 9 ) + 0 . 0 0 1 
6 3 * I N D - 0 
6 4 * GO TO ( 1 0 7 , 1 0 8 , 1 0 9 , 1 1 0 , 1 1 1 ) , I D T 
6 5 * 1 0 7 D S * D ( I , 2 0 ) 
6 6 * GO TO 1 1 2 
6 7 * 1 0 8 A * D ( I , 2 0 ) 
6 8 * B - D ( I , 2 1 ) 
6 9 * D S - U N F R M ( A , B ) 
7 0 * GO TO 1 1 2 
7 1 * 1 0 9 J E V N T - 2 
7 2 * D S » R N O R M ( l ) 
7 3 * JEVNT*1 
7 4 * GO TO 1 1 2 
7 5 * 1 1 0 D S * - D ( I , 2 0 ) * A L O G ( R N 1 ( K ) ) 
7 6 * I F (DS . G T . D ( I , 2 2 ) ) D S » D ( l , 2 2 ) 
7 7 * I F ( D S . L T . D ( I , 2 1 ) ) D S * D ( I , 2 1 ) 
7 8 * GO TO 1 1 2 
7 9 * 1 1 1 D S * D ( I , 2 2 ) 
8 0 * I F ( D ( I , 2 3 ) . G T . 0 . 0 ) I N D - 1 
8 1 * D ( I , 2 3 ) « D ( I , 1 0 ) + D ( I , 2 3 ) 
8 2 * A T R I B ( 4 ) « D ( I , 2 0 ) 
8 3 * I F ( D ( I , 2 0 ) . G T . D ( I , 1 0 ) ) A T R I B ( 4 ) « D ( I , 1 0 ) 
8 4 * 1 1 2 A T R I B ( l ) * TNOrt +DS 
8 5 * A T R I B ( 2 ) * 2 . 0 0 0 0 1 
8 6 * 1 4 0 * 1 + 4 0 
6 7 * CALL C 0 L C T ( D S , I 4 0 , N S E T ) 
6 6 * I F ( I N D . E Q . l ) RETURN 
6 9 * CALL F I L E M ( 1 , N S E T ) 
9 0 * RETURN 
9 1 * END 



5 2 

T a b l e 1 1 . D e m a n d - COPEAK S u b r o u t i n e 

1 * SUBROUTINE DMAND(NSET) 
2 * COMMON I D , I M , i N i T , J E V N T , J M N I T , M F A , M S T O P , M X , M X C , N a C T , N H I S T , 
3 * l N O Q , N O R P T , N O T , N P R M S , N R U N , N R U N S , N S T A T , O U T , S C A L E , I S E E D , T N O W , 
4 * 2 T B E G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 
5 * COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 3 5 ) , K R A N K ( 3 0 ) M A X N Q ( 3 0 ) , 
6 * 1 M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) , N C E L S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R 0 J , M 0 N , N D A Y , N Y R , j a R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I YEAR, ISTOCK, TSTOP, HOLD ( 2 0 ) , IBUG, AAA ( 2 0 0 0 ) , 
9 * 1 I S T O P , P M ( 5 , 1 0 0 ) , O M ( 2 0 , 5 ) , T E M P ( 5 ) , D A Y O R D , AMTQ, AMTPIN, INDKEY,RMGLVL, 

1 0 * 2 S , I L O O K 
1 1 * DIMENSION N S E T ( 7 , 1 ) 
1 2 * EXTERNAL RN1 
1 3 * I * A T R I B ( 3 ) + 0 . 0 0 1 
1 4 * DEM * A T R I B ( 4 ) 
1 5 * D ( I , 2 4 ) « D ( I , 2 4 ) - D E M 
1 6 * D ( I , 2 5 ) - D ( I , 2 5 ) + DEM 
1 7 * BAC - D ( I , 2 8 ) 
1 8 * I F ( D ( I , 1 3 ) . G E . DEM) GO TO 3 0 
1 9 * I F ( D ( l , 1 3 ) . G T . 0 . 0 0 0 0 0 1 ) GO TO 4 0 
2 0 * 1 1 CALL TMST ( B A C , T N O W , I , N S E T ) 
2 1 * D ( I , 2 7 ) « D ( l , 2 7 ) + DEM 
2 2 * D ( I , 2 8 ) « D ( I , 2 8 ) + DEM 
2 3 * GO TO 5 5 
2 4 * 3 0 D ( I , 1 3 ) - D ( I , 1 3 ) - DEM 
2 5 * GO TO 5 5 
2 6 * 4 0 CALL TMST ( B A C , T N O A , I , N S E T ) 
2 7 * I F (BAC . G T . , 0 1 ) CALL E R R O R ( 2 6 9 , N S E T ) 
2 8 * D ( I , 2 8 ) « D E M - D ( I , 1 3 ) 
2 9 * D ( I , 2 7 ) « D ( I , 2 7 ) + D ( l , 2 8 ) 
3 0 * D ( I , 1 3 ) « 0 . 0 
3 1 * 5 5 A T R I B ( 2 ) « 1 . 0 + 0 . 0 0 0 0 1 
3 2 * BACK * D ( I , 4 0 ) 
3 3 * 1 2 0 - I + 2 0 
3 4 * CALL T M S T ( B A C K , T N 0 W , I 2 0 , N S E T ) 
3 5 * D ( l , 4 0 ) * 0 . 0 
3 6 * I F ( D ( I , 1 3 ) . L E . O . O l ) D ( l , 4 0 ) * 1 0 0 . 
3 7 * I D T * D ( I , 8 ) 
3 8 * GO TO ( 1 0 1 , 1 0 2 , 1 0 3 , 1 0 4 , 1 0 5 ) , I D T 
3 9 * 1 0 5 RETURN 
4 0 * 1 0 1 A T * D ( I , 1 6 ) 
4 1 * GO TO 1 0 6 
4 2 * 1 0 2 A * D ( I , 1 6 ) 
4 3 * B - D ( l , 1 7 ) 
4 4 * A T * U N F R M ( A , B ) 
4 5 * GO TO 1 0 6 



5 3 

T a b l e 1 1 . ( C o n t i n u e d ) 

4 6 * 1 0 3 AT= RNORM(I) 
4 7 * GO TO 1 0 6 
4 8 * 1 0 4 A T * - D ( l , 1 6 ) * A L O G ( R N l ( K ) ) 
4 9 * I F (AT . G T . D ( I , 1 8 ) ) A T * D ( l , 1 8 ) 

I F (AT . L T . D ( I , 1 7 ) ) AT* D ( l , 1 7 ) 
I F ( AT . L T . 0 . 0 ) CALL E R R O R ( 2 2 2 , N S E T ) 

5 0 * 
I F (AT . G T . D ( I , 1 8 ) ) A T * D ( l , 1 8 ) 
I F (AT . L T . D ( I , 1 7 ) ) AT* D ( l , 1 7 ) 
I F ( AT . L T . 0 . 0 ) CALL E R R O R ( 2 2 2 , N S E T ) 5 1 * 1 0 6 

I F (AT . G T . D ( I , 1 8 ) ) A T * D ( l , 1 8 ) 
I F (AT . L T . D ( I , 1 7 ) ) AT* D ( l , 1 7 ) 
I F ( AT . L T . 0 . 0 ) CALL E R R O R ( 2 2 2 , N S E T ) 

5 2 * A T R I B ( l ) * T N Q W + AT 
5 3 * 1 2 0 * I + 2 0 
5 4 * CALL 0 0 L C T ( A T , I 2 0 , N S E T ) 

CALL F I L E M ( l , N S E T ) 5 5 * 
CALL 0 0 L C T ( A T , I 2 0 , N S E T ) 
CALL F I L E M ( l , N S E T ) 

5 6 * I D 2 « D ( I , 2 ) + 0 . 0 0 1 
5 7 * I F ( I D 2 . E Q . 2 ) RETURN 
5 8 * RETURN 
5 9 * END 



T a b l e 1 2 . O r d e r - COPEAK S u b r o u t i n e 

1 * SUBROUTINE ORDER(NSET) 
2 * COMMON I D , I M , I N I T , J E V N T , J M N I T , M F A , M S T Q P , M X , M X C , N C L C T , N H I S T , 
3 * 1 N O Q , N O R P T , N O T , N P R M S , N R U N , N R U N S , N S T A T , O U T , S C A L E , I S E E D , T N O W , 
4 * 2 T B D G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 
5 * COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 3 5 ) , K R A N K ( 3 0 ) , M A X N Q ( 3 0 ) , 
6 * 1 M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) , N C E L S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R 0 J , M 0 N , N D A Y , N Y R , J C L R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I Y E A R , I S T O C K , T S T O P , H O L D ( 2 0 ) , I B U G , A A A ( 2 0 0 0 ) , 
9 * 1 I S T O P , P M ( 5 , 1 0 0 ) , O M ( 2 0 , 5 ) , T E M P ( 5 ) , D A Y O R D , A M T Q , A M T P I N , I N D K E Y , R M G L V L , 

1 0 * 2 S , I L 0 0 K , D D A Y , C 1 , C 2 
1 1 * DIMENSION N S E T ( 7 , 1 ) 
1 2 * C F I R S T S H I F T IN TIME ROUTINE FOR THE PM 
1 3 * C S H I F T ALL 5 ROWS IN THE PM 
1 4 * DO 1 6 1 - 1 , 5 
1 5 * DO 1 6 J - 1 , 9 9 
1 6 * 1 6 P M ( I , J ) - P M ( l , J + l ) 
1 7 * C NOW, I N I T I A L I Z E THE DAY 1 0 0 IN THE PM 
1 8 * DO 1 9 K - 1 , 5 
1 9 * 1 9 P M ( K , 1 0 0 ) « 0 . 
2 0 * C NEXT, LOAD 1 0 0 WITH PROJECTED OUTPUT (DEMAND) 
2 1 * P M ( 1 , 1 0 0 ) - S 
2 2 * C NEXT, UPDATE THE PROJECTED INPUT ROW 3 OF THE PM 
2 3 * C F I R S T , DETERMINE THE DAY FOR YOUR F I R S T ARRIVAL(BASED ON THE CURRENT 
2 4 * C INVENTORY P O S I T I O N AT THE END OF THE DAY) 
2 5 * DO 7 1 - 1 , 1 0 0 
2 6 * 7 P M ( 3 , l ) - 0 . 0 
2 7 * S S O H Q - 0 . 0 
2 8 * DO 3 I - 1 , I S T 0 C K 
2 9 * I D A Y - ( D ( l , 2 4 ) - D ( l , l l ) ) / D ( l , 3 2 ) + D ( l , 3 3 ) + . 5 
3 0 * S S 0 H Q - S S 0 H Q + D ( I , 1 3 ) 
3 1 * I F ( l D A Y . L T . 0 ) G O TO 3 3 4 
3 2 * I F ( I D A Y . G T . 1 0 0 ) G 0 TO 3 
3 3 * P M ( 3 , I D A Y ) - P M ( 3 , I D A Y ) + D ( I , 1 0 ) 
3 4 * C NOW LOAD IN THE PROJECTED D U E - I N BASED ON Q AMOUNTS STARTING AT IDAY 



T a b l e 1 2 . ( C o n t i n u e d ) 

3 5 * 3 3 4 C N T R - 1 . 0 
3 6 * 2 B l * C N T R * D ( l , 3 l ) 
3 7 * I B 1 - B 1 + , 0 0 0 0 1 
3 8 * MDAY-IDAY+IB1 
3 9 * I F ( M D A Y , L T , 0 ) G O TO 3 3 3 
4 0 * I F ( M D A Y , G T , 1 0 0 ) G O TO 3 
4 1 * P M ( 3 , M D A Y ) « P M ( 3 , M D A Y ) + D ( l , 1 0 ) 
4 2 * 3 3 3 C N T R - C N T R + 1 . 
4 3 * GO TO 2 
4 4 * 3 CONTINUE 
4 5 * C COMPUTE P M ( 4 , K ) SUCH THAT I T I S A RUNNING FIGURE EQUAL TO THE SUM OF THE 
4 6 * C STARTING AMOUNTS + THE SUM OF THE CERTAIN D U E - I N , S + ( A M T P I N ) * ( S U M OF THE 
4 7 * C PROJECTED D U E - I N , S ) - THE SUM OF THE PROJECTED DAILY DEMANS UP TO AND 
4 8 * C INCLUDING DAY K 
4 9 * P M ( 4 , 1 ) « S S O H Q + P M ( 2 , 1 ) + A M P T I N * P M ( 3 , 1 ) - P M ( 1 , 1 ) 
5 0 * DO 8 K * 2 , 1 0 0 
5 1 * 8 P M ( 4 , K ) * P M ( 4 , K - l ) + P M ( 2 , K ) - P M ( l , K ) + A M T P I N * P M ( 3 , K ) 
5 2 * C NEXT, COMPUTE THE ORDER MATRIX 
5 3 * C COMPUTE DAYS T I L L NEXT ANTICIPATED ORDER DATE FOR EACH ITEM. 
5 4 * C USE THE CURRENT INVENTORY P O S I T I O N , D ( l , 2 4 ) 
5 5 * DO 6 1 * 1 , I S T O C K 
5 6 * 0 M ( I , 1 ) * I 
5 7 * I F ( D ( I , 3 4 ) . E Q . 0 ) G 0 TO 8 1 
5 8 * R N E l * * D ( l , 3 4 ) 
5 9 * GO TO 8 2 
6 0 * 6 1 R N E W * D ( I , 1 1 ) 
6 1 * 8 2 0 M ( l , 2 ) * ( ( D ( l , 2 4 ) - R N E W ) / D ( l , 3 2 ) ) + . 5 
6 2 * 6 CONTINUE 
6 3 * C NEXT, SORT OM ON COLUMN 2 , DAYS TO ORDER AND GET THE OM IN DAYS TO ORDER 
6 4 * C SEQUENCE 
6 5 * I I S T O C - I S T O C K - 1 
6 6 * DO 4 I * 1 , I I S T 0 C 
6 7 * I P 1 * I + 1 
6 8 * M*I 



T a b l e 1 2 . ( C o n t i n u e d ) 

6 9 * D O 5 J-IP1.IST0CK 
IF(0M(J,2)-0M(M,2))9,5,5 7 0 * 
D O 5 J-IP1.IST0CK 
IF(0M(J,2)-0M(M,2))9,5,5 

7 1 * 9 M « J 
7 2 * 5 CONTINUE 
7 3 * D O 7 0 L * l , 5 

7 0 T E M P ( L ) « O M ( l , L ) 7 4 * 
D O 7 0 L * l , 5 

7 0 T E M P ( L ) « O M ( l , L ) 
75* D O 11 K * l , 5 

11 OM(I,K)«OM(M,K) 76 * 
D O 11 K * l , 5 

11 OM(I,K)«OM(M,K) 
7 7 * D O 1 2 L-1,5 
78 * 1 2 OM(M,L)«TEMP(L) 
7 9 * 4 CONTINUE 
8 0 * C NEXT USING THE INDEX KEY,INDKEY, COMPUTE AN INDEX FOR EACH ITEM WHOSE DAYS 
8 1 * C T O ORDER I S L E . DAYORD 
8 2 * GO TO (60,61,61,61),INDKEY 
83 * C NEXT PICK O F F T H O S E ITEMS WHOSE DAYS TO O R D E R , O M ( l , 2 ) , IS L E DAYORD 
8 4 * 61 L N « 0 
6 5 * D O 3 8 JN*1,IST0CK 

IF(0M(JN,2).GT"DAY0RD)G0 T O 3 9 66* 
D O 3 8 JN*1,IST0CK 
IF(0M(JN,2).GT"DAY0RD)G0 T O 3 9 

8 7 * LN*LN+1 
86 * C LN I S THE NUMBER OF ITEMS WITH A DAYS TO ORDER L E T O DAYORD 
69* 3 8 CONTINUE 
9 0 * C IF THERE ARE N O ITEMS WITH D A Y S TO ORDER L E DAYORD G O TO 4 8 5 
9 1 * 39 IF(LN.EQ.O)GO TO 4 8 5 
9 2 * D O 9 6 0 J*1,LN 
9 3 * I O M ( J , l ) + . 00001 
9 4 * GO TO (42,42,43,44),INDKEY 
9 5 * C KEY 2 IS T O SELECT ITEMS BASED O N THE NEXT FORMULA 
9 6 * 4 2 0M(J,4)*(DDAY-K)M(J,2))*((D(I,3)*D(I,5)/365.)*(SUMA(I,1)/(SUMA(I,3) 

1+.001)))/((D(I,7)/365.)*((SSUMA(I,2)/(SSUMA(I,1)-TBEG))+,001)) 9 7 * 
4 2 0M(J,4)*(DDAY-K)M(J,2))*((D(I,3)*D(I,5)/365.)*(SUMA(I,1)/(SUMA(I,3) 

1+.001)))/((D(I,7)/365.)*((SSUMA(I,2)/(SSUMA(I,1)-TBEG))+,001)) 
9 8 * G O T O 9 8 0 
9 9 * C KEY 3 IS TO U S E T H E FORMULA WITHIN T H I S ROUTINE 

1 0 0 * 4 3 IF(OM(J,2).GT.O)GO TO 5 1 
101* IF(OM(J,2).EQ.O)GO T O 5 2 



T a b l e 1 2 . ( C o n t i n u e d ) 

1 0 2 * 0M(J,4)*(D(I,5)*D(I,3))/(D(I,7)*(0M(J,2)*(-1.))) 
103* GO TO 9 8 0 
1 0 4 * 51 0M(J,4)«((D(I,5)*D(I,3))*0M(J,2))/D(I,7) 
105* GO TO 9 8 0 
106* 5 2 0M(J,4)-(D(I,5)*(I,3) ) / D ( l , 7 ) 
1 0 7 * G O T O 9 8 0 
106* C KEY 4 IS TO U S E T H E NEXT FORMULA 
109* 4 4 O M ( J , 4 ) O M ( J , 2 ) + ( C 1 * D ( I , 7 ) ) + (C2*D(I,5)*D(I,3)) 
1 1 0 * 9 8 0 CONTINUE 
111* C NEXT SORT FIRST LN ROWS O F THE O M O N COLUMN 4, T H E PRIORITY INDEX 
1 1 2 * IISTGC-LN-1 
113* D O 31 I*1,IIST0C 
1 1 4 * IP1-I+1 
1 1 5 * M*I 
116* DO 3 2 J*IP1,LN 

IF (0M(J,4)-0M(M,4))33,32,32 1 1 7 * 
DO 3 2 J*IP1,LN 
IF (0M(J,4)-0M(M,4))33,32,32 

1 1 8 * 3 3 M-J 
119* 3 2 CONTINUE 
1 2 0 * DO 35 L « l , 5 

T E M P ( L ) « O M ( l , L ) 1 2 1 * 35 
DO 35 L « l , 5 
T E M P ( L ) « O M ( l , L ) 

1 2 2 * D O 36 K « l , 5 
QM(I,K)«OM(M,K) 123* 3 6 
D O 36 K « l , 5 
QM(I,K)«OM(M,K) 

124* D O 3 7 L * l , 5 
1 2 5 * 3 7 OM(M,L)«TEMP(L) 
126* 31 CONTINUE 
1 2 7 * C NEXT, TRY TO ORDER T H E FIRST LN ITEMS 
128* C KEY 1 IS TO INDEX THE SELECTED ITEMS SOLEY ON THEIR DAYS TO ORDER RANKING, 
129* 6 0 K * l 
130* 4 7 3 IF(0M(K,2).LE,DAY0RD)G0 TO 4 7 9 
131* C IF NO MORE ITEMS ARE IN THE INDEX QUEUE, TERMINATE THIS DAILY ORDER ROUTINE. 
1 3 2 * GO TO 4 8 5 
133* 4 7 9 I = O M ( K , l ) + . 0 0 0 0 1 
1 3 4 * C COMPUTE THE PREDICTED D A T E O F ARRIVAL,IDD,FOR T H E SHIPMENT FOR ITEM I. 
135* W1=D(I,24)/D(I,32) 



T a b l e 1 2 . ( C o n t i n u e d ) 

1 3 6 * I F ( w i . G E . D ( l , 3 3 ) ) G O TO 6 8 
1 3 7 * I D D = D ( I , 3 3 ) 
1 3 8 * GO TO 6 9 
1 3 9 * 6 8 IDD*W1 
1 4 0 * C COMPUTE THE GRAND SUM.GSUM, FOR THE DUE D A T E , I D D , IN THE PM. 
1 4 1 * 6 9 G S U M * P M ( 4 , I D D ) + D ( I , 1 0 ) 
1 4 2 * A 1 = G S U M - D ( I , 1 0 ) 
1 4 3 * I F ( A 1 . G E . R M G L V L ) G 0 TO 4 8 2 
1 4 4 * A2-RMGLVL-A1 
1 4 5 * I F ( D ( I , 1 0 ) . L E . A 2 ) G O TO 4 8 0 
1 4 6 * I F ( A 2 . L T . ( A M T Q * D ( I . 1 0 ) ) ) G 0 TO 4 8 2 
1 4 7 * B 6 3 * A 2 
1 4 8 * C T H I S PORTION I S ADDED TO THE ORDERING ROUTINE TO CHECK FOR RLOOK DAYS 
1 4 9 * c AHEAD, I T TRYS TO ENSURE THAT THE ON HAND INVENTORY FOR THE NEXT 
1 5 0 * c RLOOK DAYS AHEAD STAYS BELOW THE RMGLVL 
1 5 1 * 4 9 0 H E - 0 . 
1 5 2 * I F ( I L O O K . E Q . O ) G O TO 4 8 1 
1 5 3 * DO 5 5 9 L * l , I L O O K 

B 9 9 * ( B 6 3 - ( L * D ( I , 3 2 ) ) ) + P M ( 4 , I D D + L ) 
I F ( B 9 9 . G T . R M G L V L ) H E » H E + 1 . 

1 5 4 * 
DO 5 5 9 L * l , I L O O K 
B 9 9 * ( B 6 3 - ( L * D ( I , 3 2 ) ) ) + P M ( 4 , I D D + L ) 
I F ( B 9 9 . G T . R M G L V L ) H E » H E + 1 . 1 5 5 * 

DO 5 5 9 L * l , I L O O K 
B 9 9 * ( B 6 3 - ( L * D ( I , 3 2 ) ) ) + P M ( 4 , I D D + L ) 
I F ( B 9 9 . G T . R M G L V L ) H E » H E + 1 . 

1 5 6 * 5 5 9 CONTINUE 
1 5 7 * I F ( H E . G T . 0 . 0 ) G O TO 4 8 2 
1 5 8 * GO TO 4 8 1 
1 5 9 * c OR ORDER THE ITEM I IN S I Z E OF D ( l , 1 0 ) 
1 6 0 * 4 8 0 B 6 3 * D ( I , 1 0 ) 
1 6 1 * GO TO 4 9 0 
1 6 2 * c NOW, ORDER THE ITEM IN S I Z E B 6 3 
1 6 3 * 4 8 1 A T R I B ( 4 ) * B 6 3 
1 6 4 * D ( I , 2 9 ) - D ( I , 2 9 ) + B 6 3 
1 6 5 * D ( I , 2 4 ) « B 6 3 + D ( I , 2 4 ) 

D ( I , 2 6 ) « D ( I , 2 6 ) + 1 . 0 
D ( I , 3 0 ) = D ( I , 3 0 ) + B 6 3 

1 6 6 * 
D ( I , 2 4 ) « B 6 3 + D ( I , 2 4 ) 
D ( I , 2 6 ) « D ( I , 2 6 ) + 1 . 0 
D ( I , 3 0 ) = D ( I , 3 0 ) + B 6 3 1 6 7 * 

D ( I , 2 4 ) « B 6 3 + D ( I , 2 4 ) 
D ( I , 2 6 ) « D ( I , 2 6 ) + 1 . 0 
D ( I , 3 0 ) = D ( I , 3 0 ) + B 6 3 

1 6 8 * c NOW RECORD THE FUTURE RECEIPT OF T H I S ITEM 



T a b l e 1 2 . ( C o n t i n u e d ) 

1 6 9 * C F I R S T GENERATE THE RANDOM VARIABLE DISTRIBUTION LEAD TIME 
1 7 0 * C COMPUTE D I S T R I B U T I O N LEAD TIME 
1 7 1 * I D T * D ( I , 9 ) + . 0 0 0 0 1 
1 7 2 * I N D * 0 
1 7 3 * GO TO ( 1 0 7 , 1 0 8 , 1 0 9 , 1 1 0 , 1 1 1 ) , I D T 
1 7 4 * 1 0 7 D S « D ( I , 2 0 ) 
1 7 5 * GO TO 1 1 2 
1 7 6 * 1 0 8 A * D ( I , 2 0 ) 
1 7 7 * B * D ( I , 2 1 ) 

D S « U N F R M ( A , B ) 1 7 8 * 
B * D ( I , 2 1 ) 
D S « U N F R M ( A , B ) 

1 7 9 * GO TO 1 1 2 
1 8 0 * 1 0 9 J E V N T - 2 
1 8 1 * D S - R N O R M ( l ) 
1 8 2 * J E V N T - 1 
1 6 3 * GO TO 1 1 2 
1 8 4 * 1 1 0 D S — D ( I , 2 0 ) * A L O G ( R N 1 ( K ) ) 
1 8 5 * I F ( D S . G T . D ( I , 2 2 ) ) D S « D ( I , 2 2 ) 

1 6 6 * I F ( D S . L T . D ( I , 2 2 ) ) D S * D ( I , 2 1 ) 
1 8 7 * GO TO 1 1 2 
1 8 8 * 1 1 1 D S * D ( I , 2 2 ) 

I F ( D ( I , 2 3 ) . G T . 0 . 0 ) I N D * 1 1 8 9 * 
1 1 1 D S * D ( I , 2 2 ) 

I F ( D ( I , 2 3 ) . G T . 0 . 0 ) I N D * 1 
1 9 0 * D ( I , 2 3 ) - D ( I , 1 0 ) + D ( I , 2 2 ) 

A T R I B ( 4 ) * D ( I , 2 0 ) 1 9 1 * 
D ( I , 2 3 ) - D ( I , 1 0 ) + D ( I , 2 2 ) 
A T R I B ( 4 ) * D ( I , 2 0 ) 

1 9 2 * I F ( D ( I , 2 0 ) . G T . D ( I , 1 0 ) ) A T R I B ( 4 ) » D ( I , 1 0 ) 
1 9 3 * 1 1 2 CONTINUE 
1 9 4 * C NOW RECORD THE RECEIPT 
1 9 5 * I F ( W 1 . G E . D ( I , 3 3 ) ) G 0 TO 6 2 
1 9 6 * ATRIB (U-TNQW+DS 
1 9 7 * GO TO 6 3 
1 9 6 * 6 2 W 2 * V Y 1 - D ( l , 3 3 ) 
1 9 9 * ATRIB(1)"TNQW+W2+DS 
2 0 0 * 6 3 A T R I B ( 2 ) * 2 . 0 0 0 0 1 
2 0 1 * ATRIB ( 3 ) =1 



T a b l e 1 2 . ( C o n t i n u e d ) 

2 0 2 * 1 4 0 * 1 + 4 0 
2 0 3 * CALL C O L C T ( D S , I 4 0 , N S E T ) 
2 0 4 * CALL F I L E M ( l , N S E T ) 
2 0 5 * GO TO 4 8 3 
2 0 6 * C NOW, UPDATE THE CERTAIN D U E - I N ROW 2 OF THE PM AND PROJECTED D U E - I N ROW 3 . 
2 0 7 * C F I R S T , ERASE THE PRESENT PROJECTED D U E - I N FOR ITEM I . 
2 0 8 * 4 8 3 I D A Y * ( D ( l , 2 4 ) - B 6 3 - D ( l , l l ) ) / D ( l , 3 2 ) + D ( l , 3 3 ) + . 5 
2 0 9 * C IDAY I S THE DAY THAT WE USED TO LOAD IN THE F I R S T PROJECTED INPUT FOR 
2 1 0 * C ITEM I WHEN WE D I D OUR DAILY UPDATE ON THE PROJECTED D U E - I N ROW 3 OF THE 
2 1 1 * C PM. 
2 1 2 * C NOW, USING IDAY SUBTRACT OUT D ( l , 1 0 ) FROM P M ( 3 , I D A Y ) AND THEN 
2 1 3 * C INCREMENT BY P M ( 3 , I D A Y + C N T R * D ( I , 3 1 ) ) . 
2 1 4 * 2 0 I F ( I D A Y . G T . 1 0 0 ) G O TO 7 1 
2 1 5 * P M ( 3 , I D A Y ) - P M ( 3 , I D A Y ) - D ( I , 1 0 ) 
2 1 6 * C N T R * 1 . 0 
2 1 7 * 9 8 B 1 * C N T R * D ( I , 3 1 ) 
2 1 8 * I B 1 * B 1 + . 0 0 0 0 1 
2 1 9 * MDAY-IDAY+IB1 
2 2 0 * I F ( M D A Y . G T . 1 0 0 ) G 0 TO 7 1 
2 2 1 * P M ( 3 , M D A Y ) * P M ( 3 , M D A Y ) - D ( I , 1 0 ) 
2 2 2 * C N T R - C N T R + 1 . 0 
2 2 3 * GO TO 9 8 
2 2 4 * C NOW, UPDATE THE CERTAIN D U E - I N COLUMN 2 OF THE PM 
2 2 5 * 7 1 P M ( 2 , I D D ) * P M ( 2 , I D D ) + B 6 3 
2 2 6 * C UPDATE THE PROJECTED DUE IN COLUMN 3 , STARTING AT IDD 
2 2 7 * 1 0 R C N T R - 1 . 0 
2 2 8 * C NOTE, I F B 6 3 WAS A PART PRDER, THE F I R S T PROJECTED D U E - I N AMOUNT WILL 
2 2 9 * C NOT ARRIVE IN ONE CYCLE BUT IN L E S S T i M E . 
2 3 0 * I F ( B 6 3 . L T . D ( I . 1 0 ) ) G O TO 2 2 
2 3 1 * C I F NOT, THEN wE HAVE ORDERED A FULL Q AMOUNT AND OUR F I R S T PROJECTED 
2 3 2 * C D U E - I N WILL BE BASED ON THE CYCLE DATE. 
2 3 3 * 2 3 B 5 * I D D + D ( l , 3 l ) * R C N T R 

I F ( B 5 . G T . 1 0 0 ) G O TO 1 5 2 3 4 * 
2 3 B 5 * I D D + D ( l , 3 l ) * R C N T R 

I F ( B 5 . G T . 1 0 0 ) G O TO 1 5 
2 3 5 * I B 5 * B 5 + . 0 0 0 0 1 



T a b l e 1 2 . ( C o n t i n u e d ) 

2 3 6 * P M ( 3 , I B 5 ) « P M ( 3 , I B 5 ) + D ( I , 1 0 ) 
2 3 7 * R C N T R - R C N T R + 1 . 0 
2 3 8 * GO TO 2 3 
2 3 9 * C D I V I D E AMOUNT O R D E R E D , B 6 3 , BY AVGDM FOR ITEM I TO GET THE DATE FOR THE 
2 4 0 * C F I R S T PROJECTED D U E - I N . 
2 4 1 * 2 2 B 6 8 « B 6 3 / D ( I , 3 2 ) 
2 4 2 * B 5 = I D D + 1 . + B 6 6 
2 4 3 * C B 5 I S THE DATE FOR THE F I R S T PROJECTED Q AMOUNT D U E - I N 
2 4 4 * I F ( B 5 . G T . 1 0 0 ) G O TO 1 5 
2 4 5 * I B 5 - B 5 + . 0 0 0 0 1 
2 4 6 * P M ( 3 , I B 5 ) * P M ( 3 , I B 5 ) + D ( l , 1 0 ) 
2 4 7 * C NEXT, DETERMINE WHEN THE REST OF THE PROJECTED Q : S WILL COME I N . 
2 4 8 * A C N T R - 1 . 0 
2 4 9 * 1 4 A B 1 * B 5 + D ( I , 3 1 ) * A C N T R 
2 5 0 * I F ( A B 1 . G T . 1 0 0 ) G O TO 1 5 
2 5 1 * I A B 1 - A B 1 + . 0 0 0 0 1 
2 5 2 * P M ( 3 , I A B 1 ) « P M ( 3 , I A B 1 ) + D ( I , 1 0 ) 
2 5 3 * ACNTR«ACNTR+1.0 
2 5 4 * GO TO 1 4 
2 5 5 * C NEXT, RECOMPUTE THE RUNNING TOTAL ROW 4 OF THE PM. 
2 5 6 * 1 5 P M ( 4 , 1 ) « S S O H Q + P M ( 2 , 1 ) + A M T P I N * P M ( 3 , 1 ) - P M ( 1 , 1 ) 
2 5 7 * DO 2 4 K > 2 , 1 0 0 
2 5 8 * 2 4 P M ( 4 , k ) - P M ( 4 , K - l ) + P M ( 2 , K ) - P M ( l , K ) + A M T P I N * P M ( 3 , K ) 
2 5 9 * C NOW SEE I F THERE ARE ANY MORE ITEMS IN THE INDEX QUEUE. 
2 6 0 * 4 8 2 K>K+1 
2 6 1 * I F ( K . L E " I S T O C K ) G O TO 4 7 3 
2 6 2 * 4 8 5 CONTINUE 
2 6 3 * RETURN 
2 6 4 * END 



T a b l e 1 3 . R e c e i p t S u b r o u t i n e 

1* SUBROUTINE R E C P T ( N S E T ) 
2 * COMMON I D , I M , I N I T , J E V N T , J M N I T , M F A , M S T O P , M X , M S C , N C L C T , N H I S T , 
3 * l N O Q . N O R P T , N O T , N P R M S , N R U N , N R U N S , N S T A T , O U T , S C A L E , I S E E D , T N O W , 
4 * 2 T B E G , T F I N , M X X ,NPRNT,NCRDR,N E P , V N Q ( 3 0 ) 
5 * COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) > J C E L S ( 2 0 , 3 5 ) , K R A N K ( 3 0 ) , M A X N Q ( 3 0 ) , M A I N 0 0 5 
6 * 1 M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) , N C E L S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R 0 J , M 0 N , N D A Y , N Y R , J C L R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I Y E A R , I S T O C K , T S T 0 P , H 0 L D ( 2 0 ) , I B U G , A A A ( 2 0 0 0 ) , 
9 * DIMENSION N S E T ( 7 , l ) 

1 0 * I - A T R I B ( 3 ) + 0 . 0 0 0 1 
1 1 * BAC* D ( l , 2 8 ) 
1 2 * CALL T M S T ( B A C , T N O w , I , N S E T ) 
1 3 * REC* A T R I B ( 4 ) 
1 4 * D ( I , 2 9 ) * D ( I , 2 9 ) - R E C 
1 5 * D ( I , 1 3 ) » D ( l , 1 3 ) + REC 
1 6 * I F ( D ( I , 2 6 ) . L E . 0 . 0 0 0 0 1 ) GO TO 2 8 
1 7 * I F ( D ( I , 1 3 ) . G E . D ( I , 2 8 ) ) GO TO 3 0 
1 8 * D ( I , 2 8 ) = D ( I , 2 8 ) - D ( I , 1 3 ) 
1 9 * D ( l , 1 3 ) * 0 . 0 
2 0 * GO TO 2 8 
2 1 * 3 0 D ( I , 1 3 ) » D ( I , 1 3 ) - D ( I , 2 8 ) 
2 2 * D ( l , 2 8 ) « 0 . 0 
2 3 * 2 8 BACK* D ( l , 4 0 ) 
2 4 * 1 2 0 * I + 2 0 
2 5 * CALL T M S T ( B A C K , T N O W , I 2 0 , N S E T ) 
2 6 * D ( I , 4 0 ) * 0 . 0 
2 7 * I F ( D ( I , 1 3 ) . L E . O . O l ) D ( l , 4 0 ) * 1 0 0 . 
2 8 * I F ( D , 9 ) . L E , 4 . 5 . O R . D ( l , 9 ) . G T . 5 . 5 ) RETURN 
2 9 * D ( I , 2 1 ) * D ( I , 2 1 ) + REC 
3 0 * D ( I , 2 3 ) * D ( I , 2 3 ) - D ( I , 2 0 ) 
3 1 * I F ( D ( I , 2 3 ) . L E . O . O l ) D ( l , 2 3 ) * 0 . 0 
3 2 * I F ( D ( l , 2 3 ) . L E . . 0 0 1 ) RETURN 



TABLE 1 3 . ( C o n t i n u e d ) 

3 3 * A T R I B ( l ) « T N O W + 1 . 0 
3 4 * A T R I B ( 4 ) « D ( I , 2 0 ) 
3 5 * I F ( D ( I , 2 0 ) . G T . D ( l , 2 3 ) ) A T R I B ( 4 ) « D ( l , 2 3 ) 
3 6 * CALL FILEM ( l , N S E T ) 
3 7 * RETURN 
3 8 * END 



T a b l e 1 4 . A c c o u n t S u b r o u t i n e 

1 * SUBROUTINE ACCT(NSET) 
2 * COMMON I D , I M , I N I T , J E V N T , J M N I T , M F A , M S T O P , M X , M X C , N C L C T , N H I S T , 
3 * 1NOQ,NORPT, N O T , N P R M S , N R U N , N R U N S , N S T A T , O U T . S C A L E , I S E E D , T N O W , 
4 * 2 T B E G , T F I N , M X X , N P R N T , N C R D R , N E P , VNQ ( 3 0 ) 
5 * COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 2 2 ) , K R A N K ( 3 0 ) , M A X N Q ( 3 0 ) , 
6 * l M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) , N C a S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R 0 J , M 0 N , N D A Y , N Y R , J C L R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I Y E A R , I S T O C K , T S T O P , H O L D ( 2 0 ) , I B U G , A A A ( 2 0 0 0 ) , 
9 * DATA NDAY/O/ 

1 0 * DIMENSION N S E T ( 7 , l ) 
1 1 * A A H I 1 - 0 . 0 
1 2 * A A H I 2 - 0 . 0 
1 3 * NDAY-NDAY+1 
1 4 * DO 1 1 - 1 , 1 0 
1 5 * X 0 H « D ( I , 1 3 ) 
1 6 * A A H I 1 - A A H I 1 + X 0 H 
1 7 * 1 CALL C O L G T ( X O H , I , N S E T ) 
1 8 * CALL C 0 L C T ( A A H I 1 , 6 1 , N S E T ) 
1 9 * DO 2 1 * 1 1 , 2 0 
2 0 * X 0 H - D ( I , 1 3 ) 
2 1 * A AH 12*AAH 12+XQH 
2 2 * 2 CALL C O L C T ( X O H , I , N S E T ) 
2 3 * CALL C 0 L C T ( A A H I 2 , 6 2 , N S E T ) 
2 4 * A A H I - A A H I 1 + A A H I 2 
2 5 * CALL C 0 L C T ( A A H I , 6 3 , N S E T ) 
2 6 * AAA(NDAY)-AAHI 
2 7 * A T R I B ( l ) * T N Q V i r U . 0 
2 8 * CALL F I L E M ( 1 , N S E T ) 
2 9 * RETURN 
3 0 * END 



T a b l e 1 5 . C a l c u l a t i o n S u b r o u t i n e 

1 * SUBROUTINE C A L C ( N S E T ) 
2 * COMMON I D , I M , I N I T , J E V N T , J M N I T , M F A , M S T O P , M X , M X C , N C L C T , N H l S T , 
3 * 1 N 0 Q , N 0 R P T , N 0 T , N P R M S , N R U N , N R U N S , N S T A T , 0 U T , S C A L E , I S E E D , T N 0 W , 

2 T B E G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 4 * 
1 N 0 Q , N 0 R P T , N 0 T , N P R M S , N R U N , N R U N S , N S T A T , 0 U T , S C A L E , I S E E D , T N 0 W , 
2 T B E G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 

5 * COMMON A T R I B ( 1 5 ) , E N Q ( 3 0 ) , I N N ( 3 0 ) , J C E L S ( 2 0 , 3 5 ) , K R A N K ( 3 0 ) , M A X N G ( 3 0 ) , M A I N 0 0 5 
6 * 1 M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) , N C E L S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R 0 J , M 0 N , N D A Y , N Y R , J C L R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I Y E A R , I S T O C K , T S T O P , H O L D ( 2 0 ) , I B U G , A A A ( 2 0 0 0 ) , 
9 * 1 I S T O P 

1 0 * DIMENSION N S E T ( 7 , l ) 
1 1 * DIMENSION A ( 2 0 ) , C O S ( 2 0 , 8 ) 
1 2 * DIMENSION I A ( 2 0 ) 
1 3 * A T R I B ( 1 ) « T N O V H - 3 6 5 . 0 
1 4 * CALL F I L E M ( l . N S E T ) 
1 5 * IYEAR-IYEAR + 1 
1 6 * D A T A ( ( C O S ( l , J ) , I * l , 2 0 ) , J « l , 8 ) / 1 6 0 * 0 . 0 / 
1 7 * DO 1 1 * 1 , I S T O C K 
1 8 * XX * D ( I , 2 8 ) 
1 9 * 1 2 0 * 1 + 2 0 
2 0 * X Y * 0 . 0 
2 1 * I F ( D ( l , 1 3 ) . L T . 0 . 0 0 1 ) X Y * 1 0 0 . 0 
2 2 * CALL T M S T ( X Y , T N O w , I 2 0 , N S E T ) 
2 3 * 1 CALL T M S T ( X X , T N O W , I , N S E T ) 
2 4 * W R I T E ( 6 , 5 0 ) IYEAR 

F 0 R M A T ( T 3 5 , ' R E S U L T S FOR YEAR * ' , I 5 , 2 ( / ) ) 
W R I T E ( 6 , 3 0 ) 
FORMAT(T2, 'NUMBER NUMBER O R D E R S ' , T 2 7 , ' A V E R A G E A V . I N V " A V E . O N ' 

2 5 * 5 0 
W R I T E ( 6 , 5 0 ) IYEAR 
F 0 R M A T ( T 3 5 , ' R E S U L T S FOR YEAR * ' , I 5 , 2 ( / ) ) 
W R I T E ( 6 , 3 0 ) 
FORMAT(T2, 'NUMBER NUMBER O R D E R S ' , T 2 7 , ' A V E R A G E A V . I N V " A V E . O N ' 

2 6 * 

W R I T E ( 6 , 5 0 ) IYEAR 
F 0 R M A T ( T 3 5 , ' R E S U L T S FOR YEAR * ' , I 5 , 2 ( / ) ) 
W R I T E ( 6 , 3 0 ) 
FORMAT(T2, 'NUMBER NUMBER O R D E R S ' , T 2 7 , ' A V E R A G E A V . I N V " A V E . O N ' 2 7 * 3 0 

W R I T E ( 6 , 5 0 ) IYEAR 
F 0 R M A T ( T 3 5 , ' R E S U L T S FOR YEAR * ' , I 5 , 2 ( / ) ) 
W R I T E ( 6 , 3 0 ) 
FORMAT(T2, 'NUMBER NUMBER O R D E R S ' , T 2 7 , ' A V E R A G E A V . I N V " A V E . O N ' 

2 8 * 1 , T 5 7 , 'NUMBER ORDERING H O L D I N G ' , T 8 4 , ' B A C K O R D E R T O T A L ' ) 
w R I T E ( 6 , 3 5 ) 
FORMAT(Tl , 'DEMANDED ORDERED P L A C E D ' , T 2 6 , ' I N V E N T O R Y V A L U E ' , T 4 4 , ' B 

2 9 * 
1 , T 5 7 , 'NUMBER ORDERING H O L D I N G ' , T 8 4 , ' B A C K O R D E R T O T A L ' ) 

w R I T E ( 6 , 3 5 ) 
FORMAT(Tl , 'DEMANDED ORDERED P L A C E D ' , T 2 6 , ' I N V E N T O R Y V A L U E ' , T 4 4 , ' B 3 0 * 3 5 

1 , T 5 7 , 'NUMBER ORDERING H O L D I N G ' , T 8 4 , ' B A C K O R D E R T O T A L ' ) 
w R I T E ( 6 , 3 5 ) 
FORMAT(Tl , 'DEMANDED ORDERED P L A C E D ' , T 2 6 , ' I N V E N T O R Y V A L U E ' , T 4 4 , ' B 

3 1 * 1ACK0RDER B A C K Q R D E D ' , T 6 8 , ' C O S T C O S T ' , T 8 6 , ' C O S T OPERATING CO 
3 2 * 2 S T ' , 2 ( / ) ) 



T a b l e 1 5 . ( C o n t i n u e d ) 

3 3 * DO 2 0 I * l , I S T O C K 
3 4 * A ( 1 ) - D ( I , 2 5 ) - C 0 S ( I , 1 ) 
3 5 * A ( 2 ) - D ( I , 3 0 ) - C 0 S ( I , 2 ) 
3 6 * A ( 3 ) » D ( I , 2 6 ) - C 0 S ( I , 3 ) 
3 7 * A ( 4 ) * ( S U M A ( l , l ) - C 0 S ( l . 4 ) ) / 3 6 5 . 0 
3 8 * A ( 5 ) « ( S S U M A ( I , 2 ) - C O S ( I , 5 ) ) / 3 6 5 . 0 
3 9 * A ( 6 ) - D ( I , 2 7 ) - 0 0 S ( l , 6 ) 
4 0 * A ( 7 ) * A ( 2 ) * D ( I , 3 ) 
4 1 * A ( 8 ) - A ( 3 ) * D ( I , 4 ) 
4 2 * A ( 9 ) - A ( 4 ) * D ( I , 3 ) * D ( l , 5 ) 
4 3 * A ( 1 0 ) « ( A 5 ) * D ( I , 7 ) + A ( 6 ) * D ( l , 6 ) 
4 4 * A ( l l ) - A ( 8 ) + A ( 9 ) + A ( l O ) 
4 5 * A 4 * A ( 4 ) * D ( I , 3 ) 
4 6 * DO 2 5 K - 1 , 1 1 
4 7 * 2 5 I A ( K ) - A ( K ) 
4 8 * W R I T E ( 6 , 2 1 ) ( I A ( K ) , K - 1 , 4 ) , A 4 , A ( 5 ) , I A ( 6 ) , ( A ( K ) , K - 8 , 1 1 ) 
4 9 * 2 1 F 0 R M A T ( I 6 , 3 X , I 6 , 3 X , I 3 , 5 X , I 6 , 2 X , F 7 . 1 , 2 X , F 7 . 1 , 2 X , F 6 . 1 ' 5 X , I 6 , 5 X , 3 F 8 . 1 , F 9 . 1 ) 
5 0 * C 0 S ( I , 1 ) - D ( I , 2 5 ) 
5 1 * C 0 S ( I , 2 ) - D ( I , 3 0 ) 
5 2 * C 0 S ( I , 3 ) - D ( I , 2 6 ) 
5 3 * C G S ( I , 4 ) « S U M A ( I , 1 ) 
5 4 * C 0 S ( I , 5 ) - S S U M A ( I , 2 ) 
5 5 * C 0 S ( I , 6 ) - D ( I , 2 7 ) 
5 6 * 2 0 CONTINUE 
5 7 * I S T O P - T S T O P + 0 . 0 0 1 
5 8 * I F ( I Y E A R . G E . I S T O P ) CALL ENDSM(NSET) 
5 9 * RETURN 
6 0 * END 



T a b l e 1 6 . End o f S i m u l a t i o n S u b r o u t i n e 

1 * SUBROUTINE ENDSM(NSET) 
2 * COMMON I D , I M , I N I T , J E V N T , J M N I T , M F A , M S T O P , M X , M X C , N C L C T , N H I S T , 
3 * l N O Q , N O R P T , N O T , N P R M S , N R U N , N R U N S , N S T A T , O U T , S C A L E , I S E E D , T N O W , 
4 * 2 B E G , T F I N , M X X , N P R N T , N C R D R , N E P , V N Q ( 3 0 ) 
5 * COMMON A T R I B ( 1 5 ) , ENQ( 3 0 ) , I N N ( 3 0 ) , JCELS ( 2 0 , 2 2 ) , KRANK(30) ,MAXNQ( 3 0 ) , 
6 * 1 M F E ( 3 0 ) , M L C ( 3 0 ) , M L E ( 3 0 ) . N C E L S ( 2 0 ) , N Q ( 3 0 ) , P A R A M ( 4 0 , 4 ) , Q T I M E ( 3 0 ) , 
7 * 2 S S U M A ( 6 0 , 5 ) , S U M A ( 6 5 , 5 ) , N A M E ( 6 ) , N P R O J , M O N , N D A Y , N Y R , J C L R 
8 * COMMON D ( 2 0 , 4 0 ) , I R , I Y E A R , I S T O C K , T S T O P , H O L D ( 2 0 ) , I B U G , A A A ( 2 0 0 0 ) , 
9 * DIMENSION N S E T ( 7 , l ) 

1 0 * DIMENSION K ( 2 5 , 3 0 ) 
1 1 * DIMENSION A ( 2 0 ) , I A ( 2 0 ) 
1 2 * DO 2 7 7 7 1 * 1 , 2 0 
1 3 * A ( l ) * 0 . 0 
1 4 * 2 7 7 7 I A ( l ) « 0 
1 5 * MSTOP—1 
1 6 * S U M O R = 0 . 0 
1 7 * S U M H O - 0 . 0 
1 8 * S U M B O « 0 . 0 
1 9 * S U M T Q T * 0 . 0 
2 0 * NORPT*0 
2 1 * W R I T E ( 6 , 1 1 5 ) 
2 2 * 1 1 5 F O R M A T ( 1 H 1 , T 5 0 , ' F I N A L CONDITION OF D ( l , 4 ) ' , 2 ( / ) ) 
2 3 * W R I T E ( 6 , 1 2 0 ) 
2 4 * 1 2 0 F O R M A T ( T 5 0 , ' A T R I B U T E N U M B E R ' , 2 ( / ) ) 
2 5 * W R I T E ( N P R N T , 1 2 5 ) 
2 6 * 1 2 5 FORMAT(T5, '1 ' , T 1 4 , ' 2 ' , T 2 3 , ' 3 ' , T 3 2 , ' 4 ' , T 4 1 , ' 5 ' , T 5 0 , ' 6 ' , T 5 9 , ' 7 ' , T 6 8 , 
2 7 * 1 ' 8 ' , T 7 7 , ' 9 ' , T 8 6 , ' 1 0 ' , T 9 5 , ' l l ' , T 1 0 4 , ' 1 2 ' , T i l l , ' 1 3 * , 2 ( / ) ) 
2 8 * DO 3 4 1 * 1 , I S T O C K 
2 9 * DO 3 3 J * l , 3 0 
3 0 * 3 3 K ( I , J ) * D ( I , J ) 
3 1 * 3 4 CONTINUE 
3 2 * DO 3 5 1 * 1 , I S T O C K 

3 3 * 3 5 W R I T E ( N P R N T , 1 3 0 ) K ( l , l ) , K ( l , 2 ) , ( D ( l , j ) , J = 3 , 7 ) , ( K ( l , J ) , J * 8 , 1 1 ) , D ( l , 



T a b l e 1 6 . ( C o n t i n u e d ) 

3 4 * 1 1 2 ) , K ( I , 1 3 ) 
3 5 * 1 3 0 F 0 R M A T ( I 6 , 3 X , I 6 , 4 F 9 , = , F 9 . 1 , 3 X , I 6 , 3 X , I 6 , 3 X , I 6 , 3 X , I 6 , 2 X , F 6 . 2 , 2 X , I 6 ) 
3 6 * W R I T E ( N P R N T , 1 3 5 ) 
3 7 * 1 3 5 F O R M A T ( / / , 5 X , 2 4 H R E F E R TO ATTRIBUTE SHEET) 
3 8 * W R I T E ( 6 , 5 5 ) 
3 9 * 5 5 FORMAT(1H1) 
4 0 * W R I T E ( 6 , 1 2 0 ) 
4 1 * W R I T E ( N P R N T , 1 4 0 ) 
4 2 * 1 4 0 FORMAT(T5, * 1 * , T 1 1 , , 1 4 , , T 1 7 , , 1 5 , , T 2 3 , , 1 6 , , T 2 9 , , 1 7 , , T 3 5 , , 1 8 , , T 4 1 , ' 1 9 
4 3 * 1 , , T 4 7 , ^O't'ISS, *21 * , T 5 9 , , 2 2 , , T 6 5 , , 2 3 , , T 7 1 , f 2 4 ' , T 7 7 , ' 2 5 ' , T 8 3 , f 2 6 ' , T 
4 4 * 2 8 9 , , 2 7 ' , T 9 5 , ^ S ' . T I O I , ' 2 9 * , T 1 0 7 , ' 3 0 ' , 2 ( / ) ) 
4 5 * DO 4 0 I « 1 , I S T 0 C K 
4 6 * 4 0 W R I T E ( N P R N T , 1 4 5 ) K ( l , 1 ) , K ( l , 1 4 ) , ( D ( l , j ) , J = 1 5 , 2 3 ) , ( K ( l , J ) , J * 2 4 , 3 0 ) 
4 7 * 1 4 5 F 0 R M A T ( 2 I 6 , 9 F 6 . 2 , 7 I 6 ) 
4 8 * W R I T E ( 6 , 1 5 0 ) 
4 9 * 1 5 0 F O R M A T ( / / , 5 X , 2 4 H R E F E R TO ATTRIBUTE SHEET) 
5 0 * X D « I Y E A R * 3 6 5 . 0 
5 1 * W R I T E ( 6 , 1 0 ) 
5 2 * 1 0 F O R M A T ( 1 H 1 , T 2 1 , f F I N A L COST S U M M A R Y 2 ( / ) , 
5 3 * 1 T 5 , 'ITEM TYPE Q OR R OR ORDER HOLD BACKORDER TOTA 
5 4 * 2 L ' , l ( / ) , T 5 , * N 0 . POLICY 1 S T S 2ND S COST COST COST 
5 5 * 3 C 0 S T ' , 2 ( / ) ) 
5 6 * DO 2 2 1 I » 1 , I S T 0 C K 
5 7 * I A ( 1 ) « K ( I , 1 ) 
5 8 * I A ( 2 ) - K ( I , 2 ) 
5 9 * I A ( 3 ) * K ( I , 1 0 ) 
6 0 * I A ( 4 ) * K ( I , 1 1 ) 
6 1 * A ( 5 ) * D ( I , 2 6 ) * D ( I , 4 ) / T S T 0 P 
6 2 * A ( 6 ) - = S U M A ( I , 1 ) / X D * D ( l , 3 ) * D ( l , 5 ) 
6 3 * A ( 7 ) « S S U M A ( I , 2 ) / X D * D ( I , 7 ) + D ( l , 2 7 ) / T S T 0 P * D ( l , 6 ) 
6 4 * A ( 8 ) * A ( 5 ) + A ( 6 ) + A ( 7 ) 
6 5 * S UMOR * A ( 5 ) + S UMOR 
6 6 * S U M H 0 « A ( 6 ) + S U M H 0 



T a b l e 1 6 ( C o n t i n u e d ) 

6 7 * S U M B 0 * A ( 7 ) + S U M B 0 
6 8 * S U M T O T - A ( 8 ) + S UMTQT 
6 9 * A ( 1 0 ) * A ( 5 ) + A ( 1 0 ) 
7 0 * A ( l l ) « A ( 6 ) + A ( l l ) 
7 1 * A ( 1 2 ) * A ( 7 ) + A ( 1 2 ) 
7 2 * A ( 1 3 ) * A ( 8 ) + A ( 1 3 ) 
7 3 * 2 2 1 w R I T E ( 6 , 2 3 0 ) ( I A ( K ) , K * l , 4 ) , ( A ( K ) , K « 5 , 8 ) 
7 4 * 2 3 0 F 0 R M A T ( 4 X , I 2 , 4 X , I 2 , 6 X , I 4 , 2 X , I 4 , 3 X , F 8 . 1 , 1 X , F 8 . 1 , 1 X , F 8 . 1 , 3 X , F 8 . 1 ) 
7 5 * W R I T E ( 6 , 9 7 l ) S U M O R , S U M H O , S U M B O , S U M T O T 
7 6 * 9 7 1 F O R M A T ( 3 / , 5 X , 3 0 H A V G AGGREGATE ORDERING COST , F 8 , 1 , 3 / , 5 X , 3 0 H A V G A 
7 7 * 1GGREGATE HOLDING COST , F 8 . 1 , 2 j , 5 X , 3 0 H A V G AGGREGATE BACKORDER 0 0 
7 8 * 2 S T , F 8 . 1 , 2 / , 5 X , 3 0 H A V G AGGREGATE TOTAL COST , F 8 . l ) 
7 9 * RETURN 
8 0 * END 



APPENDIX D 

SAMPLE OUTPUT L I S T I N G S 



T a b l e 1 7 . I n i t i a l C o n d i t i o n o f I n p u t 

INVENTORY SIMULATION PROGRAM 

PROGRAMER * BEHNE-J -R NUMBER OF ITEMS 1 0 NUMBER OF YEARS TO SIMULATE 5 

MGLVL- 1 2 0 . 0 DAYORD- 7 . 0 INDKEY* A AMTQ- . 7 5 AMTPIN- . 0 0 ILOOK- 0 DDAY* 2 5 . 0 CI — . 1 0 C 2 « 
I N I T I A L CONDITION OF D ( l . j ) 

ATTRIBUTE NUMBER 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 

1 1 3 . 1 4 3 . 7 3 . 2 9 . 0 7 . 0 3 1 8 4 1 9 . 0 4 2 
2 1 4 . 8 7 3 . 7 3 . 1 6 . 0 4 7 . 0 3 1 4 8 8 . 0 2 4 

3 1 1 5 . 0 1 3 . 7 3 . 2 8 . 0 6 9 . 0 3 1 1 5 7 . 0 7 
4 1 1 0 . 0 0 3 . 7 3 . 3 4 . 0 3 8 . 0 3 1 3 5 2 6 . 0 1 7 
5 1 3 9 . 9 1 3 . 7 3 . 2 3 . 0 1 9 . 0 3 1 3 5 1 4 . 0 1 7 
6 1 2 0 . 0 0 3 . 7 3 . 1 5 . 0 7 3 . 0 3 1 3 1 1 4 . 0 1 5 
7 1 5 0 . 0 0 3 . 7 3 . 2 7 . 0 1 6 . 0 3 1 1 3 7 . 0 6 
8 1 7 0 . 0 0 3 . 7 3 . 2 1 . 0 8 8 . 0 3 1 8 6 . 0 4 
9 1 2 1 . 0 0 3 . 7 3 . 1 8 . 0 8 . 0 3 1 4 8 6 . 0 2 4 

1 0 1 1 3 . 5 0 3 . 7 3 . 3 1 . 0 2 9 . 0 3 1 3 5 3 0 . 0 1 7 

1 - I T E M NUMBER 
2 - T Y P E OF INVENTORY P O L I C Y ( l - Q , R ; 2 « S , S ) 
3=ITEM COST, C 
4-ORDERING COST, A 
5-INVENTORY HOLDING RATE, I 
6*BACKORDER COST, FIXED PER U N I T , 
7-BACKORDER COST PER UNIT PER YEAR, 

8 - D I S T R I B U T I 0 N TYPE, TIME BETWEEN DEMANDS 
9 - D I S T R I B U T I O N T Y P E , LEAD TIME 
10-REORDER QUANTITY ( I F Q,R POLICY)OR 1 S T S IN ( S , S ) POLICY 
11-REORDER P O S I T I O N ( I F Q,R POLICY) OR 2ND S IN ( S , S ) P O L I C Y 
1 2 - T I M E BETWEEN REVIEWS FOR PERIODIC REVIEW 
13=CURRENT ON HAND QUANTITY 



T a b l e 1 7 . ( C o n t i n u e d ) 

ATTRIBUTE NUMBER 

1 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 6 2 9 3 0 3 1 3 2 3 3 

1—
 

1 . 0 1 . 5 0 . 1 0 . 2 0 . 8 0 1 4 . 0 . 0 . 0 . 0 4 2 0 0 0 0 0 0 4 0 . 0 2 . 0 1 4 . 0 
2 1 . 0 1 1 . 6 0 . 2 5 1 . 0 0 2 . 2 0 1 4 . 0 . 0 . 0 . 0 2 4 0 0 0 0 0 0 7 5 . 8 . 6 1 4 . 0 
3 1 . 0 1 2 . 9 0 . 5 0 1 . 5 0 4 . 0 0 2 1 . 0 . 0 . 0 . 0 7 0 0 0 0 0 0 4 3 . 6 . 3 2 1 . 0 
4 1 . 0 1 . 7 2 . 1 0 . 4 0 1 . 0 0 2 1 . 0 . 0 . 0 . 0 1 7 0 0 0 0 0 0 2 5 . 1 1 . 4 2 1 . 0 
5 1 . 0 1 . 3 7 . 1 0 . 1 5 . 7 0 1 0 . 0 . 0 . 0 . 0 1 7 0 0 0 0 0 0 1 2 . 7 2 . 7 1 0 . 0 
6 1 . 0 1 . 9 8 . 1 0 . 5 0 1 . 3 0 1 5 . 0 . 0 . 0 . 0 1 5 0 0 0 0 0 0 3 0 . 4 1 . 0 1 5 . 0 
7 1 . 0 1 2 . 2 5 . 5 0 1 . 0 0 3 . 5 0 2 8 . 0 . 0 . 0 . 0 6 0 0 0 0 0 0 2 8 . 8 . 4 2 8 . 0 
3 1 . 0 1 3 . 6 9 . 5 0 2 . 0 0 5 . 0 0 2 5 . 0 . 0 . 0 . 0 4 0 0 0 0 0 0 2 8 . 2 . 3 2 5 . 0 
9 1 . 0 1 . 4 5 . 1 0 . 1 5 . 7 5 1 0 . 0 . 0 . 0 . 0 2 4 0 0 0 0 0 0 2 2 . 0 2 . 2 1 0 . 0 

1 0 1 . 0 1 . 6 1 . 1 0 . 2 5 . 9 5 2 1 . 0 . 0 . 0 . 0 1 7 0 0 0 0 0 0 2 1 . 3 1 . 7 2 1 . 0 

1 * ITEM NUMBER 
1 4 « NUMBER OF ITEMS PER DEMAND 
1 5 * TIME FOR 1 S T DEMAND TO OCCUR 
1 6 -PARAMETER 1 - T I M E BETWEEN DEMAND D I S T . ( D A Y S ) 
1 7 * PARAMETER 2 * TIME BETWEEN DEMANDS 
1 8 - PARAMETER 3 - TIME BETWEEN DEMANDS 
1 9 - PARAMETER 4 - TIME BETWEEN DEMANDS 
2 0 * PARAMETER 1 - LEAD TIME D I S T . ( D A Y S ) 
2 1 « PARAMETER 2 - LEAD TIME D I S T R I B U T I O N 
2 2 » PARAMETER 3 - LEAD TIME D I S T R I B U T I O N 
2 3 -PARAMETER 4 - LEAD TIME D I S T R I B U T I O N 

2 4 - CURRENT INVENTORY P O S I T I O N 
2 5 - CUMULATIVE N ITEMS DEMANDED 
2 6 - CUMULATIVE NUMBER OF ORDERS PLACED 
2 7 « CUMULATIVE BACKGRDERS 
2 8 - CURRENT BACKGRDERS 
2 9 - DUE IN QUANTITY 
3 0 = CUMULATIVE ITEMS ORDERED 
3 1 » AVERAGE CYCLE TIME (DAYS) 
3 2 - AVERAGE DAILY DEMAND RATE 
3 3 - AVERAGE PROCUREMENT LEAD TIME 



T a b l e 1 8 . S a m p l e L i s t o f Y e a r l y C o s t S u m m a r i e s 

**INTERMEDIATE R E S U L T S * * 

RESULTS FOR YEAR «= 1 

NUMBER NUMBER ORDERS AVERAGE AVG. INV. AVG. ON NUMBER ORDERING HOLDING BACKORDER TOTAL 
DEMANDED ORDERED PLACED INVENTORY VALUE BACKORDER BACKORDED COST COST COST OPERATING 

COST 

7 3 3 6 9 9 9 2 5 8 0 . 3 . 8 8 2 3 3 . 6 2 3 . 3 5 . 9 6 2 . 7 
2 2 9 2 3 6 5 2 0 9 9 . 3 . 0 2 1 8 . 6 1 5 . 9 . 5 3 5 . 1 
1 2 4 1 3 5 9 6 1 0 4 . 0 . 0 0 3 3 . 6 2 9 . 1 . 0 6 2 . 7 
5 0 7 5 5 0 1 6 1 5 1 5 4 . 5 . 2 1 4 5 9 . 7 5 2 . 5 6 . 7 1 1 8 . 9 
9 8 8 9 9 2 3 0 7 3 0 3 . 7 4 . 7 3 8 5 1 1 1 . 9 6 9 . 9 8 9 . 2 2 7 0 . 9 
3 7 2 3 9 7 1 3 1 2 2 5 2 . 5 . 1 1 2 4 8 . 5 3 7 . 9 4 . 0 9 0 . 4 
1 6 0 1 6 9 1 3 3 1 7 9 . 6 . 5 3 9 4 8 . 5 4 8 . 5 7 . 2 1 0 4 . 2 
1 0 1 1 1 2 1 4 to

 

2 6 0 . 1 . 0 4 5 2 . 2 5 4 . 6 3 . 9 1 1 0 . 7 
8 2 4 8 2 6 1 9 2 5 0 . 1 1 4 . 0 5 5 9 7 0 . 9 9 . 0 1 1 1 . 8 1 9 1 . 7 
5 9 8 6 2 3 1 8 1 5 2 0 9 . 6 . 3 2 3 6 7 . 1 6 5 . 0 9 . 0 1 4 1 . 1 

t o 



T a b l e 1 9 . S a m p l e L i s t o f F i n a l C o s t A n a l y s i s 

ITEM 
NO. 

TYPE 
POLICY 

Q OR 
1 S T S 

R OR 
2ND S 

ORDER 
COST 

HOLD 
COST 

BACKORDER 
COST 

TOTAL 
COST 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 

8 4 
4 8 
1 5 
3 5 
3 5 
3 1 
1 3 

8 
4 8 
3 5 

1 9 
6 
7 

2 6 
1 4 
1 4 

7 
6 
6 

3 0 

3 5 . 4 
1 8 . 6 
3 1 . 7 
5 5 . 9 

1 1 1 . 9 
4 6 . 6 
4 6 . 6 
4 8 . 5 
6 7 . 1 
6 7 . 1 

2 1 . 3 
1 7 . 1 
3 1 . 7 
5 7 . 1 
7 5 . 1 
4 2 . 5 
5 1 . 0 
5 9 . 8 
1 7 . 5 
6 9 . 5 

1 8 . 6 
. 3 
. 0 

3 . 4 

8 8 . 6 
2 . 1 
6 . 6 
1 . 9 

8 7 . 7 
4 . 6 

7 5 . 3 
3 6 . 0 
6 3 . 4 

1 1 6 . 4 
2 7 5 . 6 

9 1 . 2 
1 0 4 . 2 
1 1 0 . 2 
1 7 2 . 3 
1 4 1 . 2 

AVQ AGGREGATE ORDERING COST 5 2 9 . 7 
AVG AGGREGATE HOLDING COST 4 4 2 . 5 
AVG AGGREGATE BACKORDER COST 2 1 3 . 8 
AVG AGGREGATE TOTAL COST 1 1 8 5 . 9 
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T a b l e 2 0 . D u n c a n ' s M u l t i p l e R a n g e T e s t o n M e a s u r e 
o f D i s p e r s i o n O b s e r v a t i o n s f o r 
D a t a S e t 1 

1 . T r e a t m e n t M e a n s i n A s c e n d i n g O r d e r ; 

X C 4 * 2 6 . 2 2 

X C 2 = 2 6 . 2 7 

X Q * 2 6 . 6 7 

X C 3 « 2 7 . 1 5 

X I D p - 3 4 . 7 0 

2 . S e t o f L e a s t S i g n i f i c a n t R a n g e s : 

2 • 3 j 4 5 
1 j j 

. 6 4 1 . 6 7 4 j . 6 9 1 \ . 7 0 6 

3 . C o m p a r i s o n s : C 4 v s IDP * 8 . 4 8 2 > . 7 0 6 

C 4 v s C 3 * . 9 3 2 > . 6 9 1 

C4 v s C I . 4 5 6 < . 6 7 4 

C 4 v s C 2 * . 0 5 < . 6 4 1 

C 2 v s IDP as 8 . 4 3 2 > . 6 9 1 

C 2 v s C 3 » . 8 8 2 > . 6 7 4 

C2 v s CI . 4 0 6 < . 6 4 1 

CI v s I D P * 8 . 0 2 6 > . 6 7 4 

CI v s 3 * . 4 7 6 < . 6 4 1 

C 3 v s IDP 7 . 5 5 0 > . 6 4 1 
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T a b l e 2 1 . A n a l y s i s o f R e s u l t s - D a t a S e t 2 f o r 
A v e r a g e AOHI O b s e r v a t i o n s a n d A v e r a g < 
A n n u a l O p e r a t i n g C o s t s 

1 . R e s u l t i n g O b s e r v a t i o n s ; 

I n d e p t . COPEAK COPEAK 
D e r i v e d P o l i c i e s RULE 1 RULE 2 

2 6 7 . 1 2 6 5 . 6 2 6 3 . 6 
( £ 1 5 8 6 . 0 ) ( £ 1 7 6 5 . 3 ) ( £ 1 7 6 2 . 5 ) 

2 6 7 . 0 2 6 4 . 0 2 6 5 . 3 
( £ 1 5 8 7 . 5 ) ( £ 1 7 5 9 . 6 ) ( £ 1 7 7 5 . 7 ) 

2 6 6 . 8 2 6 2 . 8 2 6 4 . 8 
( $ 1 5 8 9 . 3 ) ( £ 1 7 6 2 . 0 ) ( £ 1 7 8 2 . 9 ) 

2 6 6 . 6 2 6 6 . 4 2 6 7 . 2 
( £ 1 5 8 9 . 3 ) ( £ 1 7 5 9 . 4 ) ( £ 1 7 6 7 . 1 ) 

2 6 6 . 8 2 6 6 . 0 2 6 2 . 1 
( £ 1 5 8 3 . 7 ) ( £ 1 7 6 5 . 2 ) ( £ 1 7 7 9 . 6 ) 

2 . ANOVA; 

SOURCE S S | D e g r e e s 
F r e e d o m 

I. 

MS F 
0 

B e t w e e n 
T r e a t m e n t s 1 4 . 7 5 ; 2 7 . 3 7 5 3 . 7 1 2 

E r r o r 2 3 . 8 4 1 2 1 . 9 8 7 

T o t a l 3 8 . 5 9 1 4 I 
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T a b l e 2 2 . A n a l y s i s o f R e s u l t s - D a t a S e t 2 f o r 
M e a s u r e o f D i s p e r s i o n O b s e r v a t i o n s 

1 . R e s u l t i n g O b s e r v a t i o n s : 

I n d e p t 
D e r i v e d P o l i c i e s 

COPEAK 
RULE 1 

COPEAK 
RULE 2 

6 8 . 6 4 8 . 7 4 7 . 6 

7 0 , 3 4 6 . 2 4 9 . 6 

6 9 . 5 5 0 . 1 4 8 . 4 

6 7 . 9 4 6 . 2 4 7 . 0 

6 8 . 1 4 7 . 5 4 7 . 9 

ANOVA; 

SOURCE ; S S J D e g r e e s 
F r e e d o m 

MS ! F 
i 0 

1 
I * 

B e t w e e n J • 
T r e a t m e n t s ! 1 4 6 4 . 7 3 F 

S F 
2 7 3 2 . 3 6 5 4 5 8 , 3 0 

E r r o r \ 1 9 . 1 8 I 1 2 ! 1 . 5 9 8 

T o t a l | 1 4 8 3 . 9 1 [ 1 4 
I 

' 1 
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T a b l e 2 3 . R e s u l t s f r o m S e n s i t i v i t y A n a l y s i s 

AGLVL RUN RULE " D a y s - t o AMTQ AMTPIN 
O r d e r 

ILOOK 
C l C 2 

COST AVG 
A O H l / M - o f - D 

1 2 2 1 ! 4 . 7 5 0 0 1 1 9 6 . 1 1 2 4 . 8 3 / 2 5 . 1 6 
1 2 2 2 1 7 . 7 5 0 0 1 2 1 2 . 1 1 3 2 . 8 2 / 2 6 . 7 5 
1 2 2 3 1 1 0 . 7 5 0 0 1 2 1 7 . 7 1 3 8 . 5 0 / 2 8 . 2 8 
1 2 2 4 1 1 4 . 7 5 0 0 1 3 0 0 . 4 1 4 2 . 5 9 / 2 8 . 2 4 
1 2 2 5 1 7 . 7 5 . 7 5 0 1 3 0 3 . 8 1 0 8 . 8 8 / 2 5 . 3 2 
1 2 2 6 1 7 . 7 5 . 7 5 1 1 5 3 6 . 5 9 5 . 3 2 / 2 5 . 8 7 
1 2 2 7 1 7 . 7 5 . 7 5 2 1 7 1 7 . 0 8 7 . 8 8 / 2 4 . 9 7 
1 2 2 8 1 7 . 7 5 . 7 5 4 5 1 1 2 . 3 7 0 . 2 0 / 2 2 . 1 7 
1 2 2 9 1 7 . 5 0 0 0 1 1 6 5 . 4 1 3 3 . 9 1 / 2 5 . 6 7 
1 2 2 1 0 1 7 . 5 0 . 5 0 0 1 1 9 1 . 7 1 2 4 . 8 0 / 2 4 . 5 0 
1 2 2 1 1 1 7 . 5 0 . 5 0 1 1 2 5 0 . 5 1 1 5 . 5 4 / 2 3 . 1 6 
1 2 2 1 2 1 7 . 5 0 . 5 0 2 1 4 3 7 . 5 1 0 6 . 1 4 / 2 2 . 1 7 
1 2 2 1 3 1 7 . 5 0 . 5 0 4 2 2 6 4 . 9 9 3 . 6 8 / 2 3 . 5 6 
1 2 2 1 4 1 7 . 7 5 0 1 1 2 8 1 . 4 1 2 7 . 0 8 / 2 5 . 9 2 
1 2 2 1 5 1 7 . 7 5 0 2 1 3 3 9 . 1 1 2 3 . 1 2 / 2 6 . 6 4 
1 2 2 1 6 1 7 . 7 5 0 4 1 6 3 0 . 5 1 1 9 . 0 9 / 2 6 . 2 0 
1 2 3 1 7 4 7 . 7 5 0 0 - . 1 . 1 1 1 8 5 . 8 1 3 1 . 3 8 / 2 6 . 1 8 
1 2 3 1 8 4 7 . 7 5 0 0 - . 1 . 5 1 2 1 9 . 3 1 3 2 . 8 3 / 2 7 . 3 3 
1 2 3 1 9 4 7 • 7 5 0 0 - . 1 . 9 1 2 3 7 . 9 1 3 4 . 2 1 / 2 8 . 4 0 
1 2 3 2 0 4 7 . 7 5 0 0 - . 5 . 1 1 1 7 6 . 9 1 3 1 . 7 1 / 2 6 . 1 8 
1 2 3 2 1 4 7 . 7 5 0 0 - . 5 . 5 1 2 0 1 . 3 1 3 0 . 6 2 / 2 7 . 1 0 
1 2 3 2 2 4 7 . 7 5 0 0 - . 5 . 9 1 1 8 4 . 5 1 2 9 . 7 6 / 2 6 . 7 6 
1 2 3 2 3 4 7 . 7 5 0 0 - . 9 . 1 1 1 7 9 . 4 1 2 8 . 4 2 / 2 5 . 2 6 
1 2 3 2 4 4 7 . 7 5 0 0 - . 9 . 5 1 2 1 0 . 3 1 2 7 . 5 5 / 2 5 . 8 3 
1 2 3 2 5 4 7 . 7 5 0 0 - . 9 . 9 1 1 9 7 . 2 1 2 7 . 8 9 / 2 6 . 3 4 
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