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SUMMARY 

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

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

A d e c i s i o n model t h a t c o n s i d e r s t h e f o l l o w i n g f a c t o r s was c o n s t r u c t e d : 

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

2 . The d i s t r i b u t i o n of t h e t i m e t o send o u t and r e c e i v e 

o r d e r s ( l e a d t i m e d i s t r i b u t i o n ) . 

3 . The p u r c h a s e c o s t of t h e i t e m . 

The c o s t s a s s o c i a t e d w i t h o r d e r i n g t h e i t e m . 

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

I n v e n t o r y c o s t s were s e l e c t e d a s t h e measu re of e f f e c t i v e n e s s . To 

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

p r o v i d e d w i t h d e c i s i o n r u l e s wh ich w i l l d e t e r m i n e ; 

1 . Economic l o t s i z e s . 

2 . R e o r d e r p o i n t s . 

3 . P r o t e c t i v e s t o c k l e v e l s . 

4̂-. Cos t of v a r i o u s i n v e n t o r y p o l i c i e s . 

D a t a was c o l l e c t e d a t Emory U n i v e r s i t y H o s p i t a l , A t l a n t a , G e o r g i a , 

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

i s t i c s o f t h i s model were e v a l u a t e d . 

The demand was found t o b e a p p r o x i m a t e l y n o r m a l l y d i s t r i b u t e d and 

t h e l e a d t i m e was found t o v a r y . I n s u f f i c i e n t d a t a on l e a d t i m e r e q u i r e d 

t h a t an a s s u m p t i o n be made a s t o t h e n a t u r e of t h i s d i s t r i b u t i o n . The 

P o i s s o n d i s t r i b u t i o n was s e l e c t e d f o r t h i s p u r p o s e . 
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Wi th i n f o r m a t i o n of t h e two d i s t r i b u t i o n s and o t h e r r e l e v a n t f a c t o r s , 

i t was p o s s i b l e t o c o n s t r u c t a s t a t i s t i c a l i n v e n t o r y model t o o p t i m i z e t h e 

m e a s u r e of e f f e c t i v e n e s s . 

R e s u l t s o f t h i s s t u d y were a s f o l l o w s . 

1 . To improve t h e a c c u r a c y of t h e model a l l r e l e v a n t f a c t o r s 

s h o u l d be c o n s i d e r e d where p o s s i b l e . 

2 . The i n v e n t o r y r e c o r d s of t h e h o s p i t a l f r e q u e n t l y l a c k t h e 

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

3 . The d e c i s i o n model can p r o v i d e an a c c u r a t e g u i d e t o e v a l u a t e 

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

I t i s recommended t h a t f u r t h e r s t u d y b e c o n d u c t e d on t h i s s u b j e c t 

i n t h e a r e a s o f ; 

1 . D e t e r m i n i n g methods f o r a c c u r a t e l y e s t i m a t i n g o r d e r i n g c o s t s 

and i n v e n t o r y c a r r y i n g c o s t s . 

2 . E x t e n d i n g t h e t a b l e of r e o r d e r p o i n t s c a l c u l a t e d from t h e j o i n t 

d e n s i t y f u n c t i o n of two P o i s s o n d i s t r i b u t i o n s . 

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

demand and l e a d t i m e d i s t r i b u t i o n s . 



CHAPTER I 

INTRODUCTION 

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

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

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

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

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

The a d m i n i s t r a t o r s of some h o s p i t a l s a p p a r e n t l y have n o t t a k e n a d 

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

i n v e n t o r y c o n t r o l p r o b l e m s . Many h o s p i t a l s d e t e r m i n e how much t o buy on 

t h e b a s i s o f p u r c h a s e p r i c e , i . e . , a c o s t b r e a k m o t i v a t i o n . F a i r (l)"""" 

s t a t e s i n h i s a r t i c l e , "When i s Q u a n t i t y a Good Buy?" ; 

P r i c e i s a l w a y s t h e p r i m a r y f a c t o r i n d e t e r m i n i n g how l a r g e a 
q u a n t i t y o f a n y g i v e n i t e m we a r e b u y i n g , s i n c e t h e d o l l a r s a v i n g 
economics i n v a r i a b l y go a l o n g w i t h q u a n t i t y p u r c h a s e s o f any s u p 
p l i e s o r m a t e r i a l s by e v e r y h o s p i t a l . B u t , many a n e x e c u t i v e h a s 
l e a r n e d t o h i s s o r r o w t h a t p r i c e c a n n e v e r b e t h e s o l e d e t e r m i n i n g 
f a c t o r . Where n o t h i n g e l s e i s c o n s i d e r e d l o s s e s i n v a r i a b l y r e s u l t . 

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

a d d i t i o n t o p r i c e . These f a c t o r s a r e a s f o l l o w s : 

1 . R a t e o f u s e . 

2 . Danger o f o b s o l e s c e n c e . 

3 . D e t e r i o r a t i o n i n s t o r a g e . 

k. F u t u r e c h a n g e s i n m a r k e t p r i c e . 

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

6 . The s t o r a g e f a c t o r . 

7 . Added i n s u r a n c e c o s t s . 

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

b e e n o b s e r v e d a s common p r a c t i c e i n some h o s p i t a l s i s t h a t of s e t t i n g 

uainimum i n v e n t o r y l e v e l s on t h e e x p e r i e n c e f a c t o r of maximum demand p e r 

t i m e u n i t . I t seems t h a t t h e s e r e o r d e r p o i n t s a r e r a r e l y a d j u s t e d down

w a r d . The u s u a l p r a c t i c e i s t o s e t a r e o r d e r p o i n t which i s m a i n t a i n e d 

u n t i l t h e demand r e a c h e s a new maximum a n d t h e r e o r d e r p o i n t i s r e s e t 

u p w a r d . 

2 

I t i s f e l t t h a t t h e p r e s e n t t r e n d i n t y p e of h o s p i t a l s u p p l i e s 

makes t h e n e c e s s i t y f o r c o r r e c t i n v e n t o r y d e c i s i o n s more a c u t e . The 

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

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

i t e m s may i n c r e a s e i n v e n t o r i e s b y a f a c t o r of from f i v e t o t w e n t y , ( i . e . , 

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

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

c l o s e r c o n t r o l of i n v e n t o r i e s b e c a u s e a g r e a t e r r i s k o f s h o r t a g e may b e 

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

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

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

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

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

2 
S m a l l e y , H a r o l d E . , T e n t a t i v e P l a n s f o r a S t u d y o f H o s p i t a l C o s t 

S y s t e m s , B u l l e t i n No. 1 , E n g i n e e r i n g E x p e r i m e n t S t a t i o n , 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 , A t l a n t a , G e o r g i a , J a n u a r y 1959* 
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n e e d d e c i s i o n r u l e s t h a t w i l l d e t e r m i n e ; 

1 , Economic l o t s i z e s . 

2„ R e o r d e r p o i n t s . 

3 . P r o t e c t i v e s t o c k l e v e l s , , 

4̂-. Cos t o f v a r i o u s p o l i c i e s . 

I n t h e deve lopmen t o f i n v e n t o r y d e c i s i o n mode l s i t i s a common 

p r o c e d u r e t o assume a c o n s t a n t l e a d t i m e . On t h e o t h e r h a n d , t h e demand 

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

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

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

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

me thod f o r h a n d l i n g v a r i a b l e l e a d t i m e . S i n c e Brown*s method i s n o t w e l l 

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

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

p o i n t model d e v e l o p e d i n t h i s s t u d y i s b a s e d on a s t a t i s t i c a l e v a l u a t i o n 

of t h e d i s t r i b u t i o n s o f b o t h demand and l e a d t i m e . A j o i n t d e n s i t y f u n c 

t i o n of t h e a c t u a l demand a n d l e a d t i m e i s t h e n u s e d t o d e t e r m i n e t h e 

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

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

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

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

H o s p i t a l i n A t l a n t a . Whi l e c o m p l e t e o p e r a t i n g d a t a was n o t a v a i l a b l e t o 

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

d a t a t o a p p r o x i m a t e c o s t s a s s o c i a t e d w i t h t h e u s e of t h i s mode l* The 

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



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

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

I t i s a s sumed t h a t t h e p e r s o n s u s i n g t h i s model t o s o l v e h o s p i t a l 

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

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

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

s w e r i n g t h e h o s p i t a l a d m i n i s t r a t o r s ' q u e s t i o n s of , "How much of a s u p p l y 

i t e m t o b u y ? , M "When t o buy t h i s i t e m ? , " and "How much of t h i s i t e m t o 

"keep on h a n d ? " ; one mus t f i r s t u n d e r s t a n d t h e g e n e r a l c o n c e p t s of i n v e n t o r y 

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

t h e above t h r e e q u e s t i o n s . 

I n v e n t o r y c o n t r o l a n s w e r s t h e q u e s t i o n o f "How much of a s u p p l y i t e m 

t o b u y ? " by f i n d i n g t h e o r d e r s i z e t h a t g i v e s t h e l o w e s t t o t a l c o s t . These 

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

t h e c o s t s a s s o c i a t e d w i t h m a i n t a i n i n g t h e i n v e n t o r y . F i g u r e 1 shows how 

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

O r d e r S i z e 

F i g u r e 1 - T y p i c a l I n v e n t o r y C o s t s 
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The t h i r d c u r v e o r t o t a l i n v e n t o r y c o s t c u r v e t h a t a p p e a r s i n F i g u r e 1 shows 

t h e sum of t h e s e two o p p o s i n g c o s t s . I n v e n t o r y c o n t r o l p r o v i d e s a method 

of f i n d i n g t h e o r d e r q u a n t i t y which w i l l g i v e t h e minimum t o t a l c o s t . 

The o t h e r two q u e s t i o n s t h a t i n v e n t o r y c o n t r o l a n s w e r s a r e , "When 

s h o u l d t h i s i t e m b e b o u g h t ? " and "How much o f t h i s i t e m s h o u l d b e k e p t on 

h a n d ? " . The a n s w e r s t o t h e s e q u e s t i o n s r e q u i r e i n f o r m a t i o n r e l a t i v e t o t h e 

demand, t o t h e l e a d t i m e , and t o t h e l e v e l of s h o r t a g e wh ich w i l l b e t o l 

e r a t e d . Wi th t h i s i n f o r m a t i o n t h e s e q u e s t i o n s c a n b e a n s w e r e d . I n v e n t o r y 

c o n t r o l d e t e r m i n e s t h e l e v e l of s t o c k ( i . e . , t h e r e o r d e r p o i n t ) t h a t must 

be on hand when a n o r d e r i s p l a c e d t o i n s u r e t h a t t h e h o s p i t a l w i l l n o t 

have a " s t o c k o u t " more f r e q u e n t l y t h a n i n d i c a t e d by a c h o s e n p r o b a b i l i t y 

l e v e l o f a s h o r t a g e . 

S i n c e t h e e a r l y 1 9 5 0 ' s t h e r e h a s b e e n a r e m a r k a b l e advancemen t i n 

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

q u e s t i o n s . The d e v e l o p m e n t s p r i o r t o t h e 1 9 5 0 ' s and u n t i l a b o u t 1 9 5 2 

have b e e n summarized and augmented by W h i t i n ( 3 ) . Arrow, K a r l i n and 

S c a r f (k) p r e s e n t a summary of t h e economic t h e o r y i n v o l v e d i n i n v e n t o r y 

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

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

Churchman, Ackof f and A r n o f f (5 ) p r e s e n t summaries of t h e v a r i o u s i n v e n t o r y 

mode l s d e v e l o p e d b e t w e e n t h e p u b l i c a t i o n of W h i t i n ' s book and t h e r e c e n t 

p u b l i c a t i o n of Arrow, K a r l i n a n d S c a r f . Some of t h e s e mode l s have b e e n 

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

c a l l e d . The m a j o r i t y of t h e s e mode l s were d e v e l o p e d by p e o p l e i n O p e r a t i o n s 

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

Bowman a n d F e t t e r ( 6 ) p r e s e n t a deve lopmen t o f i n v e n t o r y mode l s 

u n d e r two c o n d i t i o n s . The f i r s t o f t h e s e c o n d i t i o n s i s c e r t a i n t y ; i . e . , 

s i t u a t i o n s i n which i n v e n t o r y c o n t r o l v a r i a b l e s a r e assumed t o b e c o n s t a n t . 

The s e c o n d c o n d i t i o n i s u n c e r t a i n t y , i . e . , s i t u a t i o n s i n wh ich t h e i n v e n 

t o r y c o n t r o l v a r i a b l e s a r e n o t c o n s t a n t . Morse ( 7 ) shows how q u e u e i n g 

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

a n d demand u n d e r c e r t a i n r e s t r i c t e d c o n d i t i o n s . V a s o n y i (8 ) p r e s e n t s a 

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

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

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

Welch ( 9 ) h a s made a n a t t e m p t t o p r e s e n t many o f t h e c o n c e p t s of i n v e n t o r y 

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

i n b u s i n e s s a n d i n d u s t r y . 

T h i s s t u d y i n c o r p o r a t e s many of t h e s e p r i n c i p l e s i n t h e c o n s t r u c t i o n 

of an i n v e n t o r y model a p p r o p r i a t e f o r h o s p i t a l u s e . E v a l u a t i o n of t h e l e a d 

t i m e a n d demand d i s t r i b u t i o n s w i t h s u b s e q u e n t a n a l y s i s of t h e i r j o i n t 

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

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

The j o i n t f r e q u e n c y f u n c t i o n a s shown i n F i g u r e 5 i s composed of 

two components of v a r i a t i o n — t h e d i s t r i b u t i o n , f ( x ) , a s s o c i a t e d w i t h l e a d 

t i m e ( P o i s s o n ) and t h e w e i g h t e d c o n d i t i o n a l demand d i s t r i b u t i o n f ( D ) 

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

The summation of t h e a r e a s f o r a l l o f t h e s e w e i g h t e d c o n d i t i o n a l 

Churchman, op_„ c i t p . 195 
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demand d i s t r i b u t i o n s ( n o r m a l ) o v e r a l l p o s s i b l e l e a d t i m e s w i l l e q u a l o n e . 

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

o c c u r r i n g . F o r a p a r t i c u l a r r e o r d e r p o i n t t h e summation o f t h e a r e a from 

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

f o r a l l p o s s i b l e l e a d t i m e s w i l l g i v e t h e p r o b a b i l i t y o f a s h o r t a g e . 
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CHAPTER I I 

EXPERIMENTAL PROCEDURE 

I n a n a t t e m p t t o d e t e r m i n e i f a n y of t h e i n v e n t o r y mode l s found i n 

t h e c u r r e n t l i t e r a t u r e w e r e a p p l i c a b l e t o t h e h o s p i t a l s ' i n v e n t o r y p r o b l e m , 

i t was f i r s t n e c e s s a r y t o f i n d a h o s p i t a l i n t h e A t l a n t a a r e a t h a t would 

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

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

b i l i t y of t h e mode l s e l e c t e d . 

S e l e c t i o n of S u p p l y I t e m . — Emory U n i v e r s i t y H o s p i t a l a g r e e d t o p r o v i d e 

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

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

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

1 . I n t e r m e d i a t e vo3,ume of u s e . 

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

3 . N e c e s s a r y i n f o r m a t i o n a v a i l a b l e . 

A f t e r e x a m i n i n g v a r i o u s i t e m s i n u s e a t Emory U n i v e r s i t y H o s p i t a l a n d 

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

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

m o d e l s . 

Da ta C o l l e c t i o n . - " The demand f o r g l o v e s was o b t a i n e d from r e q u i s i t i o n s a t 

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

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

e n l a r g e d t o i n c l u d e a p e r i o d o f 170 w e e k s . An a t t e m p t was made t o f i t t h e 
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demand d i s t r i b u t i o n f o r e a c h s i z e o f g l o v e t o some t h e o r e t i c a l d i s t r i b u t i o n . 

I t was hoped t h a t e a c h s i z e of g l o v e would f i t t h e same t h e o r e t i c a l d i s t r i 

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

An a t t e m p t was made t o d e t e r m i n e t h e d i s t r i b u t i o n a n d v a r i a b i l i t y 

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

were i n c o m p l e t e w i t h r e s p e c t t o l e a d t i m e d a t a . However , from t h e e x i s t i n g 

i n f o r m a t i o n i t was found t h a t t h e l e a d t i m e does v a r y . The a v e r a g e of t h e 

l e a d t i m e s f o r f i v e d a t e d o r d e r s t h a t were a v a i l a b l e was found t o b e one 

w e e k . T h i s was c o r r o b o r a t e d by t h e P u r c h a s i n g D e p a r t m e n t p e r s o n n e l a s 

t h e y f e l t t h a t i t t o o k a b o u t one week t o o b t a i n g l o v e s . The main p o i n t i s 

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

i n v e n t o r y m o d e l . 

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

a n d t h e o r d e r i n g c o s t . These two c o s t s were e s t i m a t e d w i t h t h e h e l p of 

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

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

i n t e r e s t on money i n v e s t e d i n i n v e n t o r y . These two c o s t s were n o t known 

e x a c t l y b y t h e h o s p i t a l a d m i n i s t r a t i o n . However, i t i s f e l t t h a t 20 p e r 

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

range.* 1 " Emory U n i v e r s i t y H o s p i t a l i s n o t an autonomous u n i t ; t h e r e f o r e , 

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

o f t h e c o s t b o r n e by t h e h o s p i t a l d i r e c t l y . I f Emory U n i v e r s i t y were c o n 

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

"""Whitin, op_„ c i t . , p . 220 
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o f s e n d i n g o u t , r e c e i v i n g and a c c e p t i n g b i d s i s p e r f o r m e d by t h e p u r c h a s i n g 

d e p a r t m e n t o f t h e U n i v e r s i t y . The p a p e r work n e c e s s a r y t o p a y f o r t h e i t e m 

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

However, i t was f e l t t h a t c o n s i d e r a t i o n of t h e s e f a c t o r s would o n l y c o m p l i 

c a t e t h e p r o b l e m s i t u a t i o n a n d would d e t r a c t from t h e g e n e r a l n a t u r e of 

t h e s t u d y w i t h i n t h e t i m e l i m i t s of t h i s s t u d y . The o r d e r i n g c o s t t o b e 

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

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

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

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

b e g i n n i n g i t was f e l t t h a t i t would b e i m p o r t a n t t o know t h e c o s t of a 

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

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

have a u n i q u e p r o b l e m i n d e t e r m i n i n g t h i s c o s t . Fo r e x a m p l e , wha t d o e s 

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

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

o r i t c o u l d d e l a y t h i s p e r s o n ' s r e c o v e r y . A d e t e r m i n a t i o n o f t h e s e c o s t s 

on a p r o b a b i l i t y b a s i s i s beyond t h e s c o p e of t h i s s t u d y . T h e r e f o r e , o n l y 

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

b e c o n s i d e r e d h e r e . 

Model C o n s t r u c t i o n . - - A e h i - s q u a r e t e s t was u s e d t o compare t h e a c t u a l 

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

d i s t r i b u t i o n h a v i n g t h e same mean a s t h e o b s e r v e d d a t a . The h y p o t h e s i s 

t h a t t h e o b s e r v e d demand d i s t r i b u t i o n s were P o i s s o n d i s t r i b u t e d w i t h t h e 

same mean a s t h e o b s e r v e d d a t a was a c c e p t e d f o r f i v e of t h e s e v e n s i z e s 

of g l o v e s a t t h e f i v e p e r c e n t s i g n i f i c a n c e l e v e l . See T a b l e 18 f o r 

a c t u a l demand f o r g l o v e s d u r i n g 170 w e e k s . 
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S i n c e a l l s i z e s of g l o v e s d i d n o t f i t t h e same t y p e of d i s t r i b u t i o n , 

a d i f f e r e n t a p p r o a c h was t r i e d . I t was o b s e r v e d t h a t t h e p r o p o r t i o n of 

e a c h s i z e g l o v e d i d n o t v a r y a p p r e c i a b l y , r e g a r d l e s s of t h e t o t a l demand 

f o r t h e w e e k . T h e r e f o r e , i t was d e c i d e d t o t e s t t h e h y p o t h e s i s t h a t t h e 

p r o p o r t i o n of e a c h s i z e of g l o v e u s e d e a c h week was i n d e p e n d e n t of t h e 

t o t a l demand f o r t h e w e e k . A e h i - s q u a r e c o n t i n g e n c y t a b l e t e s t was u s e d , 

e . g . a s i s p r e s e n t e d i n Hoe l ( lO) . The h y p o t h e s i s was a c c e p t e d a t t h e 

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

g l o v e s p e r week wou ld be c o n s i d e r e d a t t h i s p o i n t . 

Wi th t h e economic l o t s i z e d e t e r m i n e d f o r t h e t o t a l g l o v e s n e e d e d , 

t h e o r d e r was p r o r a t e d by s i z e s u s i n g t h e p r o p o r t i o n s t o d e t e r m i n e wha t 

amount of t h e o r d e r would b e of e a c h s i z e . T h i s i s p o s s i b l e b e c a u s e 

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

t o t a l f o r e a c h s i z e . T h i s t o t a l demand d i s t r i b u t i o n was compared w i t h 

t h e t h e o r e t i c a l P o i s s o n d i s t r i b u t i o n h a v i n g t h e same mean a s t h e o b s e r v e d 

d i s t r i b u t i o n . The h y p o t h e s i s t h a t t h e o b s e r v e d d i s t r i b u t i o n was from a 

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

c a n c e l e v e l b u t c o u l d be a c c e p t e d a t t h e two p e r c e n t l e v e l . The demand 

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

h a v i n g t h e same mean and s t a n d a r d d e v i a t i o n a s t h e o b s e r v e d d i s t r i b u t i o n . 

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

t r i b u t e d * p o p u l a t i o n c o u l d be a c c e p t e d a t t h e f i v e p e r c e n t l e v e l o f 

s i g n i f i c a n c e . However, i t was f e l t t h a t t h e sample s i z e of 66 weeks 

was t o o s m a l l t o g i v e c o n c l u s i v e r e s u l t s . The sample s i z e was i n c r e a s e d 

t o 170 weeks a n d t h e same h y p o t h e s e s was a g a i n t e s t e d . The h y p o t h e s i s t h a t 
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t h e o b s e r v e d t o t a l demand d i s t r i b u t i o n was from a P o i s s o n d i s t r i b u t e d 

p o p u l a t i o n was r e j e c t e d a t t h e f i v e p e r c e n t l e v e l a n d up t o t h e o n e -

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

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

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

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

" t w o - b i n " i n v e n t o r y model s u c h a s t h e one found i n V a z s o n y i . A " t w o - b i n " 

s y s t e m of i n v e n t o r y c o n t r o l p r o v i d e s a n a c t i v e s t o c k and a l e a d t i m e 

s t o c k . These two s t o c k s n e e d n o t b e p h y s i c a l l y s e p a r a t e d i n t o two b i n s . 

T h i s i n v e n t o r y model shows t h e l e v e l o f i n v e n t o r y a t wh ich a new o r d e r 

s h o u l d be p l a c e d . The s t o c k t h a t i s on h a n d when t h e new o r d e r i s p l a c e d 

i s known a s t h e r e o r d e r p o i n t . T h i s s t o c k w i l l f i l l t h e demand d u r i n g t h e 

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

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

The model a t f i r s t a p p e a r e d t o meet a l l t h e r e q u i r e m e n t s of t h e 

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

v a r i a b i l i t y t h a t e x i s t e d i n t h e l e a d t i m e , i t was f e l t t h a t t h e r e o r d e r 

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

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

t h e o r e t i c a l g r o u n d s t h e d i s t r i b u t i o n was assumed t o b e P o i s s o n , a l t h o u g h 

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

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

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

t h e d u r a t i o n of t h e s e l e a d t i m e s a r e random a n d i n d e p e n d e n t l e a d s t o t h e 

V a z s o n y i , op_. c i t . , p p . 3 3 0 - 3 3 8 
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u s e of t h e P o i s s o n d i s t r i b u t i o n a s t h e model f o r t h i s v a r i a b l e . Wi th a n 

assumed t h e o r e t i c a l d i s t r i b u t i o n t o d e s c r i b e t h e l e a d t i m e and a n o t h e r d i s 

t r i b u t i o n t o d e s c r i b e t h e demand, t h e j o i n t d e n s i t y f u n c t i o n of t h e two was 

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

a b i l i t y of a s h o r t a g e . 

C o n t r o l s a r e p r o v i d e d which w i l l show a s i g n i f i c a n t s h i f t i n t h e p r o 

p o r t i o n of e a c h s i z e of g l o v e u s e d . C o n t r o l s a l s o a r e p r o v i d e d wh ich w i l l 

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

d i s t r i b u t i o n a n d t h e l e a d t i m e d i s t r i b u t i o n . Wi th i n f o r m a t i o n on t h e r e o r d e r 

p o i n t , t h e p r o t e c t i v e s t o c k l e v e l c o u l d t h e n be c a l c u l a t e d , and t h e r e l a t e d 

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

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

C a l c u l a t i o n of O t h e r R e o r d e r P o i n t C u r v e s . — I n a n a t t e m p t t o p r o v i d e h o s 

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

c a l c u l a t e d from t h e j o i n t d e n s i t y f u n c t i o n of two P o i s s o n d i s t r i b u t i o n s . 

An a t t e m p t was made t o u t i l i z e t h e IBM 65O compute r f o r c o m p i l i n g t h i s 

i n f o r m a t i o n . A w o r k a b l e p rog ram was w r i t t e n u s i n g an i n t e r p r e t i v e s y s t e m 

b u t was found t o b e no f a s t e r t h a n a d e s k c a l c u l a t o r when u s e d i n con junc 

t i o n w i t h M o l i n a ' s ( l l ) P o i s s o n ' s E x p o n e n t i a l B i n o m i a l L i m i t T a b l e s . Due 

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

o f t h e t a b l e s . However, a n a t t e m p t was made t o u t i l i z e t h e compute r f o r 

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

h a d t o be abandoned a f t e r t h e c a l c u l a t i o n of two c u r v e s , a s t h e compute r 

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

p o w e r . T h e r e f o r e , t h e r a n g e o f t h e t a b l e s f o r c o n d i t i o n s of v a r i a b l e demand 

and v a r i a b l e l e a d t i m e was r e s t r i c t e d by b o t h t h e compute r p rog ram and t i m e . 
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CHAPTER I I I 

ANALYSIS OF DATA AND RESULTS 

The Demand D i s t r i b u t i o n 0 - ° The f i r s t a p p r o a c h t h a t was u s e d i n d e t e r m i n i n g 

t h e demand d i s t r i b u t i o n was t o examine t h e r e q u i s i t i o n s f o r e a c h s i z e c f 

g l o v e f o r t h e p e r i o d , December 3 0 , 1957 - March 3 0 , 1 9 5 9 • The demand f o r 

e a c h s i z e o f g l o v e was t a b u l a t e d by weeks f o r t h i s 66 week p e r i o d . T h i s 

demand d a t a was f i r s t p l o t t e d b y weeks t o d e t e r m i n e i f t h e r e we re s e a s o n a l 

f l u c t u a t i o n s i n t h e demand f o r e a c h s i z e of g l o v e . The demand f l u c t u a t i o n s 

f o r e a c h s i z e of g l o v e we re comparab l e t o t h o s e f o r t h e t o t a l g l o v e s a s 

shown i n F i g u r e 2 . No s e a s o n a l f l u c t u a t i o n s were o b s e r v e d . An X c o n t r o l 

c h a r t was u s e d t o check t h e s t a b i l i t y o f t o t a l demand w i t h r e s p e c t t o t i m e , 

a n d i t was found t o b e i n c o n t r o l . (See F i g u r e 7 ) • 

The a c t u a l demand d i s t r i b u t i o n f o r e a c h s i z e g l o v e was n e x t compared 

w i t h a t h e o r e t i c a l Poissoz?. d i s t r i b u t i o n h a v i n g t h e same mean a s t h e o b 

s e r v e d d i s t r i b u t i o n . T a b l e 2 shows t h e o b s e r v e d demand and e x p e c t e d 

demand from P o i s s o n d i s t r i b u t e d p o p u l a t i o n . A c h i - s q u a r e t e s t was u s e d 

t o t e s t t h e h y p o t h e s i s t h a t t h e o b s e r v e d d i s t r i b u t i o n s were from P o i s s o n 

d i s t r i b u t e d p o p u l a t i o n s . The r e s u l t s a r e shown i n T a b l e 1 . Wi th s i z e s 

s i x and o n e - h a l f and e i g h t t h e h y p o t h e s i s t h a t t h e a c t u a l d i s t r i b u t i o n was 

from a P o i s s o n d i s t r i b u t e d p o p u l a t i o n was r e j e c t e d a t t h e f i v e p e r c e n t 

l e v e l of s i g n i f i c a n c e . Wi th t h e o t h e r s i z e s t h e t e s t gave no r e a s o n t o 

r e j e c t t h e h y p o t h e s i s t h a t t h e o b s e r v e d d i s t r i b u t i o n s we re from P o i s s o n 

d i s t r i b u t e d p o p u l a t i o n s w i t h t h e same mean a s t h e o b s e r v e d d a t a a t t h e 

f i v e p e r c e n t l e v e l of s i g n i f i c a n c e . 
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T a b l e 1 . R e s u l t s of C h i - s q u a r e T e s t of H y p o t h e s i s t h a t t h e Demand D i s 
t r i b u t i o n f o r Each S i z e of Glove i s from P o i s s o n D i s t r i b u t e d P o p u l a t i o n 

S i z e 6 ; 6-i 7 1% 8 8 £ 9 

X 2 a c t u a l 0 . 0 3 2 ^ . 0 0 9 - 9 1 6 . 9 ^ 1 2 . 2 9 2 . 5 5 0 . 3 8 

X 2 .05 3 . 8 0 l l . i o 1 2 . 5 9 1 1 . 0 7 1 1 - 0 7 5 . 9 9 3 . 8 5 

T a b l e 2 . Obse rved Demand and E x p e c t e d Demand from P o i s s o n 
D i s t r i b u t e d P o p u l a t i o n s f o r A l l S i z e s of Gloves f o r 66 Weeks 

Dozens E x p e c t e d Dozens E x p e c t e d 
of from P o i s s o n of from P o i s s o n 
P a i r s O b s e r v e d D i s t r i b u t i o n P a i r s Obse rved D i s t r i b u t i o n 

S i z e 6 S i z e 7 

0 i+3 i+3 0 8 1 
1 1 8 18 1 5 6 
2 5 k 2 8 1 1 

S i z e 6% 
3 10 13 

S i z e 6% 1+ 10 1 3 
5 8 10 

0 15 k 6 9 6 
1 7 1 1 7 1 3 
2 13 15 8 6 2 
3 8 15 9 0 1 
k 3 10 10 0 0 
5 8 6 1 1 0 0 
6 8 3 12 0 0 
7 l 1 1 3 1 0 
8 3 1 

( C o n t . ) 



IT 

T a b l e 2 ( C o n t . ) . Obse rved Demand and E x p e c t e d Demand from 
P o i s s o n D i s t r i b u t e d P o p u l a t i o n s f o r A l l S i z e s of Gloves f o r 66 Weeks 

Dozens E x p e c t e d Dozens E x p e c t e d 
of from P o i s s o n of from P o i s s o n 
P a i r s Obse rved D i s t r i b u t i o n P a i r s Obse rved D i s t r i b u t i o n 

S i z e -Ji S i z e Qk 

0 5 0 0 43 41 
1 2 1 1 15 20 
2 1 3 2 T 5 
3 3 6 3 1 1 
4 9 9 
5 1 1 S i z e 9 
6 12 1 1 
T 8 9 0 53 53 CO 1 8 T 1 1 1 15 
9 0 4 2 2 1 

10 0 3 
1 1 0 1 
12 3 1 
1 3 1 0 

S i z e 8 

0 16 3 
1 3 9 
2 8 14 
3 8 15 
4 1 3 12 
5 T T 
6 T 
T l 2 
8 l 1 
9 2 0 
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S i n c e a l l s e v e n s i z e s d i d n o t f i t t h e same P o i s s o n d i s t r i b u t i o n a 

d i f f e r e n t a p p r o a c h was t r i e d . I t was o b s e r v e d t h a t t h e p r o p o r t i o n s of e a c h 

s i z e o f g l o v e r e q u i s i t i o n e d d i d n o t v a r y g r e a t l y , r e g a r d l e s s of t o t a l demand 

f o r g l o v e s f o r t h e week . These p r o p o r t i o n s ( p ^ ) , where i i n d i c a t e d t h e i t h 

s i z e , were d e t e r m i n e d and a r e shown i n T a b l e 3 b e l o w . 

T a b l e 3 . P r o p o r t i o n of T o t a l Demand 
f o r Each S i z e of Glove f o r 66 Week P e r i o d 

S i z e 6 6 * 7 8 

o\ 

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

A c h i - s q u a r e c o n t i n g e n c y t a b l e t e s t was u s e d t o compare t h e e x p e c t e d 

demand f o r e a c h week of e a c h s i z e w i t h t h e a c t u a l demand f o r e a c h w e e k . 

T h i s t e s t i s 

( o b s e r v e d demand - e x p e c t e d demand) 
e x p e c t e d demand ' 

where t h e e x p e c t e d demand i s t h e p r o d u c t of t h e p r o p o r t i o n of e a c h s i z e 

and t h e t o t a l number of g l o v e s o r d e r e d f o r t h e w e e k . T h i s e q u a t i o n was 

summed f o r a l l s e v e n s i z e s a n d f o r 66 w e e k s . The c h i - s q u a r e v a l u e was 

found t o be 

x 2 - I I 
a l l a l l 

s i z e s weeks 

x

2 « 4 9 3 . 1 9 
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The c r i t i c a l c h i - s q u a r e v a l u e must be compute^ a s t h e d e g r e e s of f reedom 

a r e l a r g e . The d e g r e e s of f reedom a r e 

n = ( 7 s i z e s - l ) (66 weeks - l ) = 390 . 

Fo r l a r g e v a l u e s of d e g r e e s o f f reedom t h e a p p r o x i m a t e fo rmula i s g i v e n 

by Dixon and Massey ( 1 2 ) , p a g e 385* a s f o l l o w s ? 

x 2 - » C 1 - k + \ W 

where Z i s t h e no rma l d e v i a t e and n i s t h e number of d e g r e e s of f r e e d o m , 
a 

The c r i t i c a l v a l u e was computed t o be 

X 2 . o 5 = 5 7 2 • 

As t h e a c t u a l <3ftii-square v a l u e i s l e s s t h a n t h e computed v a l u e a t t h e 

f i v e p e r c e n t l e v e l of s i g n i f i c a n c e , t h e r e i s no r e a s o n t o r e j e c t t h e 

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

of t o t a l demand f o r t h e w e e k . T h e r e f o r e , a l l s i z e s of g l o v e s were g r o u p e d 

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

The t o t a l demand d i s t r i b u t i o n was compared w i t h t h e t h e o r e t i c a l 

n o r m a l d i s t r i b u t i o n ( F i g u r e 3) h a v i n g t h e same mean and s t a n d a r d d e v i a 

t i o n a s t h e o b s e r v e d d a t a . The mean (^^) "was found t o be 1 6 . 8 9 dozens 

of p a i r s of g l o v e s p e r week and t h e s t a n d a r d d e v i a t i o n (d^ ) was 8 . 1 

dozens of p a i r s of g l o v e s p e r w e e k . T a b l e k shows t h e o b s e r v e d demand 

and t h e e x p e c t e d demand from a n o r m a l l y d i s t r i b u t e d p o p u l a t i o n . The c h i -

s q u a r e t e s t was u s e d t o t e s t t h e h y p o t h e s i s t h a t t h e o b s e r v e d d i s t r i b u t i o n 
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F i g u r e 3 • A c t u a l and T h e o r e t i c a l F r e q u e n c y D i s t r i b u t i o n s of T o t a l Gloves 
R e q u i s i t i o n e d P e r Week f o r 66 Weeks. 
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HI 
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.OBSERVED DISTRIBUTION 

-THEORETICAL DISTRIBUTION 

-L 
I 

0-3 4-7 8-11 12-15 16-19 20-23 24-27 28-31 32-35 36-39 40—• 
NUMBER OF DOZENS OF PAIRS OF GLOVES DEMANDED PER WEEK 

F i g u r e k. A c t u a l and T h e o r e t i c a l F r e q u e n c y D i s t r i b u t i o n s of T o t a l Gloves 
R e q u i s i t i o n e d P e r Week f o r 170 Weeks. 
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T a b l e k. Obse rved Demand and E x p e c t e d Demand from 
a N o r m a l l y D i s t r i b u t e d P o p u l a t i o n f o r T o t a l G l o v e s f o r 66 Weeks . 

Dozens E x p e c t e d 
of from Normal 
P a i r s Obse rved D i s t r i b u t i o n 

0 = 3 k 3 
k - 7 3 5 CO - 1 1 9 8 

12 - 15 13 12 
16 - 19 15 13 
20 - 2 3 8 1 1 
2k - 2 7 9 7 
28 - 3 1 3 
32 2 2 

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

found t o b e 

X - 2 . 2 . 

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

2 

As t h e a c t u a l c h i - s q u a r e v a l u e i s l e s s t h a n t h e c r i t i c a l x 05 v a l u e 

t h e r e i s no r e a s o n t o r e j e c t t h e h y p o t h e s i s t h a t t h e o b s e r v e d d i s t r i 

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

However , a s t h e d i s t r i b u t i o n i s t r u n c a t e d a t z e r o , i t was f e l t 

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

a c t u a l demand d i s t r i b u t i o n . T a b l e 5 shows t h e o b s e r v e d demand and t h e 

e x p e c t e d demand from a P o i s s o n d i s t r i b u t e d p o p u l a t i o n . The c h i - s q u a r e 
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T a b l e 5„ Obse rved Demand and E x p e c t e d Demand from 
a P o i s s o n D i s t r i b u t e d P o p u l a t i o n f o r T o t a l G loves f o r 66 Weeks . 

Dozens E x p e c t e d 
of from P o i s s o n 
P a i r s Obse rved D i s t r i b u t i o n 

0 - 3 k 0 
4 - 7 3 0 
8 - 1 1 9 5 

12 - 15 13 19 
16 - 19 15 24 
20 - 23 8 13 
24 - 27 9 Ik 
28 - 3 1 3 l 
32 2 0 

t e s t was u s e d t o t e s t t h e h y p o t h e s i s t h a t t h e o b s e r v e d d i s t r i b u t i o n was 

from a P o i s s o n d i s t r i b u t e d p o p u l a t i o n . The a c t u a l c h i - s q u a r e v a l u e was 

X 2 = 5 . 4 8 . 

The c r i t i c a l c h i - s q u a r e v a l u e a t t h e f i v e p e r c e n t l e v e l of s i g n i f i c a n c e i s 

3 -84 . 

As t h e a c t u a l c h i - s q u a r e v a l u e i s g r e a t e r t h a n t h e c r i t i c a l x v a l u e t h e 

h y p o t h e s i s t h a t t h e o b s e r v e d d i s t r i b u t i o n i s from a P o i s s o n d i s t r i b u t e d 

p o p u l a t i o n was r e j e c t e d . 

B e c a u s e t h e s amp le s i z e was o n l y 66 w e e k s , i t was f e l t t h a t t h e 

r e s u l t s were n o t c o n c l u s i v e . T h e r e f o r e , t h e sample was e n l a r g e d t o 170 

weeks by u t i l i z i n g d a t a from J a n u a r y 1 , 1 9 5 6 , i n t h e r e c o r d s a t Emory U n i 

v e r s i t y H o s p i t a l . A new demand d i s t r i b u t i o n was t a b u l a t e d f o r t h i s e n l a r g e d 
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s a m p l e . T h i s d i s t r i b u t i o n was compared w i t h b o t h t h e n o r m a l ( F i g u r e 4) 

and P o i s s o n d i s t r i b u t i o n s . T a b l e 6 shows t h e o b s e r v e d demand and t h e 

e x p e c t e d demand from a n o r m a l l y d i s t r i b u t e d p o p u l a t i o n . T a b l e 7 shows t h e 

o b s e r v e d demand and t h e e x p e c t e d demand from a P o i s s o n d i s t r i b u t e d p o p u 

l a t i o n . The r e s u l t s were a s f o l l o w s : 

Normal D i s t r i b u t i o n Compar ison 

u d = 1 6 . 8 9 

a , = 8 . 4 1 
d 

p 
X a c t u a l = 7 . 4 2 

2 

As t h e a c t u a l c h i - s q u a r e v a l u e i s l e s s t h a n t h e c r i t i c a l v- n q v a l u e t h e 

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

p o p u l a t i o n , was a g a i n a c c e p t e d . 

P o i s s o n D i s t r i b u t i o n Compar i son 

H d = 1 6 . 8 9 

x

2 a c t u a l = 1 1 7 . 6 8 

7 . 8 2 . 

S i n c e t h e a c t u a l c h i - s q u a r e v a l u e i s g r e a t e r t h a n t h e c r i t i c a l x ^ 

v a l u e , t h e h y p o t h e s i s t h a t t h e o b s e r v e d d i s t r i b u t i o n was from a P o i s s o n 

d i s t r i b u t e d p o p u l a t i o n was a g a i n r e j e c t e d . 



T a b l e 6 . Obse rved Demand and E x p e c t e d Demand from 
N o r m a l l y D i s t r i b u t e d P o p u l a t i o n f o r T o t a l Gloves f o r 170 Week 

Dozens E x p e c t e d 
of from Normal 
P a i r s Obse rved D i s t r i b u t i o n 

0 - 3 9 10 
k - 7 1 1 13 CO - 1 1 18 22 

12 - 15 kl 30 
16 - 19 33 32 
20 - 23 27 29 
2k - 27 17 19 
28 - 31 9 1 1 
32 - 35 2 5 
36 - 39 l 2 
ko 2 1 

T a b l e 7 . Obse rved Demand and E x p e c t e d Demand from 
P o i s s o n D i s t r i b u t e d P o p u l a t i o n f o r T o t a l G loves f o r 170 Weeks 

Dozens E x p e c t e d 
of . from P o i s s o n 
P a i r s Obse rved D i s t r i b u t i o n 

0 - 3 9 0 
k - 7 1 1 1 CO - 1 1 18 Ik 

12 - 15 kl 50 
16 - 19 33 62 
20 - 23 27 33 
2k - 27 17 

CO 

28 - 31 9 1 
32 - 35 2 0 
36 - 39 1 0 
ko 2 0 
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Economic Lo t S i z e . — I t i s p o s s i b l e t o d e t e r m i n e t h e optimum o r d e r i n g 

q u a n t i t y by u s i n g c o n v e n t i o n a l economic l o t s i z e e q u a t i o n s . The economic 

l o t s i z e (q)""" i s found by 

where Y « y e a r l y demand 

A « c o s t of o r d e r i n g 

p « i n v e n t o r y c a r r y i n g c o s t e x p r e s s e d a s a p e r c e n t of t h e u n i t c o s t 

C «x p u r c h a s e c o s t p e r u n i t 

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

t i o n s : 

1 . P r o c u r e m e n t c o s t s a r e f i x e d . 

2 . T h e r e i s no i n t e r a c t i o n b e t w e e n p r o t e c t i v e s t o c k and 

economic l o t s i z e . 

J . The a v e r a g e t i m e b e t w e e n o r d e r s , o v e r a n e x t e n d e d p e r i o d of 

t i m e , i s u s e d a s a c o n s t a n t . 

k. The a v e r a g e demand p e r f i x e d u n i t of t i m e i s u s e d a s a 

c o n s t a n t . 

5 . I n t e r e s t , r i s k s , d e p r e c i a t i o n , o b s o l e s c e n c e and s t o r a g e c o s t s 

may be p o o l e d i n t o one p e r c e n t a g e f i g u r e . 

6 . T h i s p e r c e n t a g e i s c o n s t a n t . 

7 . The i n v e n t o r y i s d i s p e r s e d i n s m a l l l o t s „ and no b a c k o r d e r s a l l o w e d . 

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

2 
e q u a t i o n u s e d t o d e t e r m i n e t h e economic l o t s i z e would become 

"Sf r i i t in , op_. c i t . , p . 33 
2 , V a z s o n y i , op_. c i t . , p . 337 
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PC 

•where E i s t h e c o s t o f t h e s h o r t a g e and [ 1 - <t>(t)] i s t h e p r o b a b i l i t y of 

a s h o r t a g e . However , a s t h i s c o s t c a n n o t be d e t e r m i n e d a t t h e p r e s e n t t i m e 

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

of a s h o r t a g e . 

P r i c e B r e a k s . - - The f o l l o w i n g v a l u e s were u s e d i n t h e c a l c u l a t i o n s f o r t h e 

economic o r d e r q u a n t i t y f o r g l o v e s when p r i c e b r e a k s e x i s t s 

Y = 878 dozen p a i r s 

A = $ 5 . 0 0 p e r o r d e r 

p s= 0 . 2 0 p e r y e a r 

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

P r i c e B r e a k i n Dozen P a i r s b ^ = 1 3 b ^ = 37 h^ = 109 

Q u a n t i t y ( l - 1 2 ) dozen ( 1 3 - 3 6 ) dozen (37 - IO8) dozen over lC8dozen 

C o s t c 1 = 6 . 5 9 c 2 = 5 . 3 0 = 4 . 8 0 C^ = 4 . 7 0 

3 
F o l l o w i n g t h e p r o c e d u r e by Churchman 

1 . Compute q^ . q^ = ^ ( 0 ^ 2 ^ 4 ^70j = ^ d o z e n P a i r s o f g l o v e s . 

2 . Compute q^ . q^ = ~ / ( Q ^ ^ I ^ S O ) ~ ^ dozen p a i r s of g l o v e s . 

S i n c e TEK, < TEK , t h e p u r c h a s e q u a n t i t y which w i l l r e s u l t i n a minimum 
3 q 3 

c o s t i s b, . = 109 dozen p a i r s . S i n c e q^ i s g r e a t e r t h a n b ^ , t h e TEK ( t o t a l 

e x p e c t e d c o s t ) , wh ich i n c l u d e s t h e v a r i a b l e c o s t of p u r c h a s i n g t h e i t e m s , 

3 
Churchman, o p . c i t . , p . 252 
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4 

i s compared where t h e o r d e r q u a n t i t y i s q^ and b ^ , The q u a n t i t y which 

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

TEK. 

TE Kb. 

C 5Y 
L3 

[ $ 4 2 1 4 . 4 0 ] + [ $ 4 5 . 7 3 + $ 5 9 . 3 9 ] 

$ 4 3 1 9 . 5 2 

( * b 5 + w

a ) C^p 

[ $ 4 1 2 6 . 6 0 ] + [ $ 4 0 . 2 8 + $ 6 4 . 2 6 ] 

$ 4 2 3 1 . 1 4 

C 4 Y 

, AY 
+ v T + 

L 3 

T a b l e 8 . Optimum Orde r Q u a n t i t y f o r Each Glove S i z e 

S i z e 6 7 7-L 
' 2 

CO a * 9 

No, p a i r s 33 216 291 454 231 37 14 

When t h e r e o r d e r p o i n t i s r e a c h e d , t h e new o r d e r w i l l be p l a c e d f o r t h e 

number of g l o v e s i n d i c a t e d i n T a b l e 8 , a b o v e c When t h e c o n t r o l s m a i n t a i n e d 

on t h e p r o p o r t i o n s i n d i c a t e t h e p r o p o r t i o n s have c h a n g e d , a new breakdown of 

t h e economic l o t s i z e s h o u l d be made . 

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

w i l l b e made t h a t t h e l e a d t i m e i s c o n s t a n t (one w e e k ) . 

L e t f ( d ) d e n o t e * t h e p r o b a b i l i t y d e n s i t y f u n c t i o n of t h e demand f o r 

a f i x e d t i m e p e r i o d ; and R . P . d e n o t e t h e r e o r d e r p o i n t . Then t h e p r o b a b i l i t y 

of a s h o r t a g e d u r i n g t h e r e o r d e r p e r i o d i s g i v e n by 

R.Po ^ 

P [D > R . P . ] = 1 - f f ( D x ) d D x . 
-00 

Where f (D ) i s t h e d e n s i t y f u n c t i o n of t o t a l demand f o r a c o n s t a n t number 

( x ) of t i m e p e r i o d s . 

4 
The c o s t of a s h o r t a g e i s e x c l u d e d from t h i s c o m p a r i s o n and W i s 

d e t e r m i n e d s u b s e q u e n t l y t o be 1 3 . 8 6 dozens of p a i r s of g l o v e s . 
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Out of 340 r e q u i s i t i o n s examined d u r i n g t h e 66 week p e r i o d t h e r e 

were found t o be 17 s h o r t a g e s . I t w i l l b e assumed t h a t t h i s i s t h e 

s h o r t a g e l e v e l t h a t management w i l l t o l e r a t e . T h e r e f o r e , 

R . P . 

1 - / f ( D )dD = 17 = P . 0 5 . J v x ' x -zrk -oo 340 

The demand d i s t r i b u t i o n f ( d ) i s no rma l w i t h mean (u^ ) of 1 6 . 8 9 dozen p a i r s 

of g l o v e s and s t a n d a r d d e v i a t i o n (o^ ) of 8 . 4 dozen p a i r s of g l o v e s . U s i n g 

t h e p r o p e r t i e s of t h e no rma l d i s t r i b u t i o n , and r e c o g n i z i n g t h a t when x 

e q u a l s 1 t h a t f ( d ) e q u a l s f ( D ^ ) . I t f o l l o w s from above 

P>s.P . 

J f ( d ) dd = P . 9 5 

and t h e r e f o r e R . P . i s l o c a t e d a t a s igma d e v i a t i o n ( t ) from t h e mean of 

+ t a d = + I . 6 5 a d . 

The r e o r d e r p o i n t ( R . P . ) i s c a l c u l a t e d from t h e e q u a t i o n , 

R . P . =5 E x p e c t e d demand + P r o t e c t i v e 
d u r i n g l e a d t i m e s t o c k 

R . P . » u d + ( t ) a d 

= 1 6 . 8 9 + 1 .65 ( 8 . 4 ) 

- 3 0 . 7 5 dozens of p a i r s of g l o v e s . 

I t i s o b s e r v e d t h a t t h e i n s u r a n c e a g a i n s t a s h o r t a g e (W), o r p r o t e c t i v e 

s t o c k l e v e l , i s 1 3 . 8 6 dozens of p a i r s of g l o v e s . 

To i l l u s t r a t e how t h e a s s u m p t i o n of c o n s t a n t l e a d t i m e c a u s e s 
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h i g h e r p r o b a b i l i t i e s of s h o r t a g e s when t h e l e a d t i m e a c t u a l l y v a r i e s , t h e 

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

P o i s s o n d i s t r i b u t i o n w i t h mean ) of one week . The same demand d i s t r i ~ 

b u t i o n w i l l be u s e d a s b e f o r e . The r e o r d e r p o i n t i s c a l c u l a t e d from t h e 

e q u a t i o n 

These c a l c u l a t i o n s have b e e n made f o r t h e r a n g e of p r o b a b i l i t i e s o f a 

s h o r t a g e from 10 p e r c e n t t o o n e - t e n t h of one p e r c e n t . A p i c t o r i a l 

r e p r e s e n t a t i o n of t h i s model i s shown i n F i g u r e 5 • An a s s u m p t i o n i s t h a t 

t h e v a r i a b l e s of l e a d t i m e and demand a r e r a n d o m l y d i s t r i b u t e d . These 

v a l u e s have b e e n t a b u l a t e d i n T a b l e 9» F i g u r e 5 shows t h e s e v a l u e s 

p l o t t e d . 

I t w i l l be n o t i c e d i n compar ing t h e two r e o r d e r p o i n t s t h a t t h e 

a s s u m p t i o n of P o i s s o n l e a d t i m e i n c r e a s e s t h e r e o r d e r p o i n t from a p p r o x i 

m a t e l y 31 dozen p a i r s of g l o v e s t o a p p r o x i m a t e l y "53 dozen p a i r s , and 

t h e l e v e l of p r o t e c t i v e s t o c k h a s b e e n i n c r e a s e d from 1 3 . 8 6 dozen p a i r s 

t o 3 6 . 1 1 dozen p a i r s . I f t h e l e a d t i m e i s a c t u a l l y P o i s s o n d i s t r i b u t e d 

and 31 dozen p a i r s of g l o v e s were u s e d a s t h e r e o r d e r p o i n t , t h e p r o b 

a b i l i t y of a s h o r t a g e would b e g r e a t e r t h a n 12 p e r c e n t . To show t h a t 

i t i s p o s s i b l e t o make t h e s e c a l c u l a t i o n s u s i n g demand and l e a d t i m e 

numbers of s m a l l e r m a g n i t u d e , t h e demand d i s t r i b u t i o n was r e c a l c u l a t e d i n 

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

p r o b a b i l i t y of a s h o r t a g e 

X«0 RP 

See Append ix A f o r d e r i v a t i o n of t h i s e q u a t i o n . 
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T a b l e 9» T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r 
P o i n t s Where t h e Lead Time Has a P o i s s o n D i s t r i b u t i o n w i t h Mean ( u x ) o f 1 
Week and t h e Demand D i s t r i b u t i o n i s Normal With Mean (u. ) of 1 6 . 9 Dozen . 

R . P . 
P r o b a b i l i t y of 
a S h o r t a g e R . P . 

P r o b a b i l i t y of 
a S h o r t a g e 

4o 0.11844 73 0.01203 
kl 0.11117 74 0.01113 
k2 0.10478 75 a 0 1 0 3 0 
43 O.09815 76 0.00952 
kk 0.09208 77 O.OO879 
k5 0.08695 78 0.00817 
k6 0.08122 79 0.00754 
kl O.07618 80 O.OO694 
kS O.07107 81 a o o 6 4 i 
k9 O.06656 82 O.OO592 
50 0.06227 83 0.00545 
51 0.05824 84 0.00503 
52 0.05445 85 0.00466 
53 O.05089 86 0.00431 
54 0.04736 87 0.00398 
55 0 .04423 88 0.00367 
56 0.04116 89 0.00337 
57 0.03839 90 0.00311 
58 0 .03601 91 0.02286 
59 0.03350 92 0.00264 
60 0.03120 93 0.00243 
61 0.02902 9k 0.00222 
62 0 .02708 95 0.00206 
63 0.02507 96 a o o i 8 8 
6k 0.02273 97 0.00173 
65 0.02185 98 0.00159 
66 0.02034 99 o . o o i 4 6 
67 0 .01888 100 0.00133 
68 0 .01753 101 0.00123 
69 0 .01624 102 0.00113 
70 0.01506 103 0.00103 
71 0.01405 104 0.00095 
72 0.01300 

were a g a i n p e r f o r m e d . These v a l u e s have b e e n t a b u l a t e d i n T a b l e 1 0 . 

F i g u r e 6 shows t h e s e v a l u e s p l o t t e d . I t w i l l b e n o t i c e d t h a t e x a c t l y t h e 
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RE-ORDER POINT (DOZEN) 

F i g u r e 6 . Graph of Two V a r i a b l e s ; P r o b a b i l i t y o f S h o r t a g e and R e o r d e r P o i n t w i t h t h e 
Means of t h e P o i s s o n Lead Time F u n c t i o n and Normal Demand F u n c t i o n He ld C o n s t a n t . 
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T a b l e 1 0 . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r 
P o i n t s Where t h e Lead Time Has a P o i s s o n D i s t r i b u t i o n Wi th Mean (u ) of 1 
Week and t h e Demand D i s t r i b u t i o n i s Normal Wi th Mean (u ) of 1 .408 G r o s s . 

P r o b a b i l i t y of 
R . P . a S h o r t a g e 

3 0 .14866 
4 0 .07107 
5 0 .03120 
6 0 .01300 
7 0 .00503 CO 0 . 00188 
9 0 .00066 

same p r o b a b i l i t i e s of s h o r t a g e were o b t a i n e d f o r c o r r e s p o n d i n g r e o r d e r 

p o i n t s . Fo r e x a m p l e , i t w i l l be n o t e d t h a t f o r a r e o r d e r p o i n t of 48 

dozen p a i r s of g l o v e s t h e p r o b a b i l i t y of a s h o r t a g e i s 0 . 0 7 1 0 7 and f o r a 

r e o r d e r p o i n t of 4 g r o s s of p a i r s of g l o v e s t h e p r o b a b i l i t y of a s h o r t a g e 

i s a l s o O.O7IO7. T h i s i n d i c a t e s t h a t c a r e s h o u l d be t a k e n i n c h o o s i n g 

t h e u n i t s f o r t h e demand d i s t r i b u t i o n , so t h a t t h e m a g n i t u d e of t h e 

numbers i s a s s m a l l a s i s p r a c t i c a l . 

T o t a l I n v e n t o r y C o s t s . - - Wi th t h e economic l o t s i z e and c o r r e c t p r o t e c t i v e 

s t o c k l e v e l d e t e r m i n e d , t h e t o t a l c o s t ( z ) f o r a y e a r can be c a l c u l a t e d 
6 

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

Z * A 1 + (£q + W a ) cp . 
<1 

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

where W i s t h e p r o t e c t i v e s t o c k n e c e s s a r y t o i n s u r e a p r o b a b i l i t y of a 

of n o t h a v i n g a s h o r t a g e . The example of g l o v e s shows t h a t f o r a l e v e l of 

^ V a z s o n y i , o p . c i t . , p . 333 



3 ^ 

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

3 6 o i l d o z e n p a i r s of g l o v e s . T h e r e f o r e , t h e t o t a l a n n u a l c o s t a s s o c i a t e d 

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

age of f i v e p e r c e n t i s 

Z tt (5.OO) 878 + (109 + 3 6 . l l ) (koQO) ( 0o20 ) 
109 2 

» 40o28 + 8 5 - 1 7 

= $ 1 2 5 . 4 5 . 

However , t h i s f i g u r e may n o t be m e a n i n g f u l » The f i g u r e t h a t mos t h o s p i t a l 

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

c o s t i s 

c o s t p e r p a i r « j?125»45 _ = $ 0 . 0 1 1 9 p e r p a i r of 
078 d o z e n x 12 p a i r / d o z e n g l o v e s . 

T h i s f i g u r e c a n be compared w i t h t h e c o s t of o t h e r i n v e n t o r y p o l i c i e s . 

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

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

m i n i s t r a t o r may v a n t t o i n v e s t i g a t e t h e i n c r e m e n t a l i n c r e a s e i s c o s t t h a t 

wou ld be a s s o c i a t e d w i t h l o w e r i n g t h e p r o b a b i l i t y of a s h o r t a g e t o one 

p e r c e n t and t o o n e - t e n t h of one p e r c e n t . From F i g u r e 6 t h e r e o r d e r 

p o i n t i s found t o b e a p p r o x i m a t e l y 76 d o z e n p a i r s of g l o v e s f o r a one 

p e r c e n t p r o b a b i l i t y of a s h o r t a g e and a p p r o x i m a t e l y 104 d o z e n p a i r s of 

g l o v e s f o r a o n e - t e n t h of one p e r c e n t p r o b a b i l i t y of a s h o r t a g e . T h i s 

means t h a t t h e p r o t e c t i v e s t o c k l e v e l i s now 59 » H d o z e n p a i r s of g l o v e s 

f o r a one p e r c e n t p r o b a b i l i t y of a s h o r t a g e and 8 7 » H d o z e n p a i r s of 

g l o v e s f o r a o n e - t e n t h of one p e r c e n t p r o b a b i l i t y of a s h o r t a g e . The 

http://36.ll
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t o t a l c o s t would now be a s f o l l o w s : 

(1 ) where t h e p r o b a b i l i t y of a shot f tage = 1$ 

Z • = 5 . 0 0 (878) + ( 1 0 9 + 5 9 . 1 1 ) ( 4 . 8 0 ) ( 0 . 2 0 ) 
109 2 

= 4 0 . 2 8 + 106 .77 

= $ 1 4 7 . 0 7 , 

and t h e c o s t p e r p a i r of g l o v e s would b e 

$ 1 4 7 . 0 7 = $ 0 . 0 1 4 0 p e r p a i r of g l o v e s . 
878 x 12 

(2 ) where t h e p r o b a b i l i t y of a s h o r t a g e = 0 . 1 $ 

Z = 5 . 0 0 (878) + (109 + 8 7 . 1 1 ) ( 4 . 8 0 ) ( 0 . 2 0 ) 
" 1 0 9 2 

= 4 0 . 2 8 + 1 3 3 . 1 1 

= $ 1 7 3 . 3 9 , 

and t h e c o s t p e r p a i r of g l o v e s would be $ 1 7 5 . 5 9 = $O.Ol65 . 

878 x 12 

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

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

p r o b a b i l i t y l e v e l s of a s h o r t a g e and q u a n t i t a t i v e l y d e t e r m i n e what l e v e l 

of p r o t e c t i o n t h e h o s p i t a l can a f f o r d . 

D e t e c t i o n of Changes i n t h e M o d e l . - - I f t h e p r o p o r t i o n of a s i z e of g l o v e 

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

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

on t h e s e v a l u e s would n o t g i v e a c c u r a t e r e s u l t s . To d e t e c t any s i g n i f i 

c a n t s h i f t s i n any of t h e s e v a l u e s c o n t r o l c h a r t s have been c o n s t r u c t e d 

( F i g u r e s 7> 8 , 9 , and 10) u s i n g t e c h n i q u e s p r e s e n t e d by Duncan ( 1 3 ) . 
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RE-ORDER POINT (GROSS) 

F i g u r e 7 . Graph of Two V a r i a b l e s ; P r o b a b i l i t y of S h o r t a g e and R e o r d e r 
P o i n t w i t h t h e Means o f t h e P o i s s o n Lead Time F u n c t i o n and 
Normal Demand F u n c t i o n He ld C o n s t a n t . 
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F i g u r e 8 . C o n t r o l C h a r t f o r Mean (u.^) 

of Norma l ly D i s t r i b u t e d Demand 
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F i g u r e 9 . C o n t r o l C h a r t f o r Mean (a^) o f 

P o i s s o n D i s t r i b u t e d Lead Time 
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Date 

F i g u r e 10 . C o n t r o l C h a r t f o r P r o p o r t i o n (p"'^) o f S i z e Seven 

Gloves Used Showing V a r i o u s C o n t r o l L i m i t s . u> 
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— 7 

F i g u r e 7 i l l u s t r a t e s an x c h a r t t h a t w i l l d e t e c t any s i g n i f i c a n t 

s h i f t i n t h e mean of t h e t o t a l demand d i s t r i b u t i o n f o r g l o v e s . The demand 

p e r week f o r g l o v e s f o r t h e p e r i o d J a n u a r y 7> 1957 - Augus t 5> 1957 h a s 

b e e n p l o t t e d t o i l l u s t r a t e how t h e c h a r t i s u s e d . To d e t e c t any s h i f t s i n 
g 

t h e v a r i a n c e of t h e t o t a l demand d i s t r i b u t i o n , a a c h a r t c o u l d be con^ 
s t r u c t e d . 

— 9 
F i g u r e 8 i l l u s t r a t e s a c c h a r t t h a t w i l l d e t e c t any s i g n i f i c a n t 

s h i f t i n t h e mean of t h e l e a d t i m e d i s t r i b u t i o n . 

- 10 

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

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

c o n s t r u c t e d f o r s i z e s e v e n g l o v e s . I n a c t u a l p r a c t i c e i t wou ld be 

n e c e s s a r y t o have s i x of t h e s e c h a r t s a s t h e p r o p o r t i o n s of a l l s i z e s 

would n e e d t o be examined f o r s h i f t s i n t h e p r o p o r t i o n u s e d . The u p p e r 

c o n t r o l l i m i t (UCL) f o r v a r i o u s t o t a l numbers (N) of g l o v e s r e q u i s i t i o n e d 

p e r week a r e shown. F i g u r e 10 shows t h e p r o p o r t i o n of s i z e 7 g l o v e s 

r e q u i s i t i o n e d p e r week f o r t h e p e r i o d J a n u a r y 7> 1957 - May 2 0 , 1 9 5 7 • 

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

of c o n t r o l c h a r t . 

To d e t e r m i n e i f t h e r e were s i g n i f i c a n t s h i f t s i n any of t h e 

v a l u e s b e i n g examined t h e c o n t r o l c h a r t s would be a n a l y z e d f o r r u n s i n 
1 1 

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

7 
Duncan, o p . c i t . , p p . 363-70 

8 " 
I b i d . , p p . 376-77 

9 " •' 
I b i d . , p p . 350-52 

10 
I b i d . , p p . 330-35 

11 
I b i d . , p p . 1 1 7 - 2 2 
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C a l c u l a t i o n of O t h e r R e o r d e r P o i n t C u r v e s . — I n a n a t t e m p t t o p r o v i d e 

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

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

l a t e d from t h e j o i n t d e n s i t y f u n c t i o n of two P o i s s o n d i s t r i b u t i o n s . An 

a t t e m p t was made t o u t i l i z e t h e IBM 65O computer f o r t h e s e c a l c u l a t i o n s . 

A w o r k a b l e p rog ram was w r i t t e n , u s i n g an i n t e r p r e t i v e s y s t e m ( F i g u r e l l ) , 

b u t t h i s was found t o be no f a s t e r t h a n t h e u s e of a desk c a l c u l a t o r , when 

u s e d i n c o n j u n c t i o n w i t h M o l i n a ' s T a b l e s . Because of t h i s f a c t , t h e u s e 

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

t h e t a b l e s . The f o l l o w i n g c u r v e s were c a l c u l a t e d : 

12 
^x = 1 , ^d = 1 , 2 , 3 , k, 5 , 6 , 7 , 8 , 9, 1 0 , 1 1 

^x = 2 , ^d = 1 , 2 , 3 , k, 5 , 6 , 7 , 8 

= 3 , ^d = 1 , 2 , 3 , k, 5 , 6 

^x = k, ^d 
s 1 , 2 , 3 , k, 5 , 6 

= ^d = 1 , 2 , 3 , k, 5 

^x = 6, ^d 
S3 1 , 2 , 3 , k, 5 

k, 
1 2 

^x - T, ^d = 1 , 2 , 3 , k, 5 • 

F i g u r e s 1 2 , 1 3 , lk, 15, l 6 , IT, and 18 show t h e r e s u l t s of t h e s e calcu*-

l a t i o n s and T a b l e s 1 1 , 1 2 , 1 3 - lk, 15, l 6 , and 17 p r e s e n t t h e s e r e s u l t s 

i n t a b u l a r f o r m . To u t i l i z e t h e s e c u r v e s i t w i l l b e n e c e s s a r y t o choose 

t h e u n i t s f o r t h e d i s t r i b u t i o n s so t h a t t h e y f a l l w i t h i n t h e r a n g e of 

t h e s e c u r v e s . Append ix B shows a sample c a l c u l a t i o n f o r one p o i n t on 

t h e c u r v e LL = 2 , LL, = 6 . x ' d 

C a l c u l a t e d on IBM 65O c o m p u t e r . 



1.00. 

0 . 9 0 I 

0 . 8 0 1 - UCL N=5 
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Da te 

F i g u r e 1 1 , C o n t r o l C h a r t f o r P r o p o r t i o n ("p^) 

of S i z e Seven Gloves Used 

UCL N=I0 

UCL N=15 
0 . 6 0 - -

0 < 5 0 _ - UCL-N=2D_ 

0 . 4 0 4 UCL N=60_ 

0 .30-

0 .20 -L 

LCL N=60 



COMPUTE p (n\ m'), 
ANSWER IN LOCATION 980, 

PLACE ANSWER IN 
LOCATION 201 

COUNT n 

IS p (n , m ) 
< p (n -1, m ) 

GO TO 
INSTRUCTION 113 

YES IS p (n , m ) 
< 10"6 

YES MULTIPLY ,zd • x 
PLACE IN LOCATION 

055 

COMPUTE p (n; m), 
ANSWER IN LOCATION 

000,981 

SUBTRACT 1 - p (n; m) 
PLACE ANSWER IN 

LOCATION 301 

ADD 1 TO x 
ADD 1 TO 301 

YES IS x < n 

RESET 1 IN LOCATION 054, 
REST 201, 301 IN 

INSTRUCTION 121, ADD 1 
TO LOCATION 053 

NO 

NO 

MULTIPLY 201 • 301, 
202 ' 302, DO THIS n' TIME 

2 IN LOCATION 058 

STOP 
YES IS 2 < lO"5 PRINT OUT ANSWER IS 2 < lO"5 

FROM LOCATION 058 

F i g u r e 1 2 . Flow C h a r t f o r t h e IBM 65O Computer R o u t i n e . 
( B e l l S t a t i s t i c a l I n t e r p r e t i v e S y s t e m ) . 



0.15 

RE-ORDER POINT 

F i g u r e 1 3 . Graph of T h r e e V a r i a b l e s ; P r o b a b i l i t y of a S h o r t a g e , Mean ( u d ) of a P o i s s o n 
Demand F u n c t i o n , and t h e R e o r d e r P o i n t w i t h t h e P o i s s o n Lead Time He ld 
C o n s t a n t , u-x = 1 . 



RE-ORDER POINT 

. Graph of T h r e e V a r i a b l e s ; P r o b a b i l i t y of a S h o r t a g e , Mean (u^) of a P o i s s o n 
Demand F u n c t i o n , and t h e R e o r d e r P o i n t w i t h t h e P o i s s o n Lead Time He ld 
C o n s t a n t , u s 2 , 



F i g u r e 1 5 . Graph of T h r e e V a r i a b l e s ; P r o b a b i l i t y of a S h o r t a g e , Mean ( u ^ ) of a P o i s s o n 
Demand F u n c t i o n , and t h e R e o r d e r P o i n t w i t h t h e P o i s s o n Lead Time He ld 
C o n s t a n t , u = 3 . 4=-



0.15 

RE-ORDER POINT 

F i g u r e 1 6 . Graph of T h r e e V a r i a b l e s ; P r o b a b i l i t y of a S h o r t a g e , Mean ( u , ) of a P o i s s o n 
Demand F u n c t i o n , and t h e R e o r d e r P o i n t w i t h t h e P o i s s o n Lead Time Held 
C o n s t a n t , u =* 4 . 



0.15 r 

RE-ORDER POINT 

F i g u r e 1 7 . Graph of T h r e e V a r i a b l e s ; P r o b a b i l i t y of a S h o r t a g e , Mean (u^ ) of a P o i s s o n 
Demand F u n c t i o n , and t h e R e o r d e r P o i n t w i t h t h e P o i s s o n Lead Time He ld 
C o n s t a n t , u = 5 . 00 



0.15 r 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 
RE-ORDER POINT 

F i g u r e 1 8 . Graph of T h r e e V a r i a b l e s ; P r o b a b i l i t y of a S h o r t a g e , Mean (u^ ) of a P o i s s o n 
Demand F u n c t i o n , and t h e R e o r d e r P o i n t w i t h t h e P o i s s o n Lead Time H e l d 
C o n s t a n t , LL^ = 6 . vo 



0.15 p-

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 
RE-ORDER POINT 

F i g u r e 1 9 . Graph of T h r e e V a r i a b l e s ; P r o b a b i l i t y of a S h o r t a g e , Mean (u^ ) of a P o i s s o n 
Demand F u n c t i o n , and t h e R e o r d e r P o i n t w i t h t h e P o i s s o n Lead Time H e l d 
C o n s t a n t , u = 7 . 



T a b l e 1 1 , T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (u- x ) of 1 Week and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means ( n a ) of 1 t h r o u g h 1 1 Dozen . 

^x = 1 

R e o r d e r = 
P o i n t 1 2 3 4 5 6 7 8 9 10 1 1 

1 
2 0 . 1 3 9 3 0 
3 0 .06634 
4 O.03196 0 . 1 4 8 8 4 
5 0 . 0 1 3 2 2 * 0 . 0 9 5 4 4 
6 0 . 0 0 5 5 9 * 0 . 0 5 9 9 2 
7 0 . 0 0 2 2 9 0 . 0 3 6 8 3 0 .11048 
8 0 , 0 0 0 9 2 0 .02218 0 .07936 
9 0 . 0 1 3 1 2 O.05619 0 .11988 

10 0 . 0 0 7 6 4 * 0 . 0 3 9 2 6 0 .09270 
1 1 0 . 0 0 4 3 8 * 0 . 0 2 7 1 2 O.07091 
12 0 . 0 0 2 4 8 0 . 0 1 8 5 3 * 0 . 0 5 3 7 ^ 0 .10237 
13 0 . 0 0 1 3 9 0 . 0 1 2 5 5 * 0 . o 4 o 4 l 0 . 0 8 3 5 5 
14 O.OOO76 0 .00842 0 .03182 O.06652 O.IO969 
15 0 .00559 0 .02239 0 .05199 0 . 0 9 1 0 0 
16 0 .00369 0 .01650 o . o 4 i o 6 0 . 0 7 5 1 3 0 . 1 1 5 4 1 
17 0 . 0 0 2 4 1 0 .01208 0 .03227 0 . 0 6 1 8 1 0 . 0 9 8 0 3 
18 O.OOI56 O.OO879 0 . 0 2 5 2 4 0 . 0 5 0 7 1 0 . 0 8 2 9 8 
19 0 . 0 0 1 0 1 0 .00635 0 . 0 1 9 6 5 o . o 4 i 4 8 0 .07009 0 . 1 0 3 7 3 
20 o . o o o 6 4 0 .00457 0 . 0 1 5 2 1 0 . 0 3 3 8 0 0 . 0 5 9 1 1 0 .08946 
2 1 0 .00326 0 .01172 0 .02744 0 .04977 0 .07708 0 . 1 0 8 4 4 
22 0 .00232 0 . 0 0 8 9 9 0 .02218 0 . 0 4 1 7 9 0 .06637 0 .09488 
23 0 .00164 0 .00687 0 . 0 1 7 8 5 0 . 0 3 4 9 9 0 . 0 5 7 1 2 0 . 0 8 3 0 0 0 .11237 
24 0 .00116 0 . 0 0 5 2 2 0 . 0 1 4 3 1 0 . 0 2 9 1 8 0 .04907 0 . 0 7 2 6 4 0 . 0 9 9 4 5 
25 0 . 0 0 0 8 1 0 .00396 O .OH44 0 . 0 2 4 2 5 o .o42o6 0 .06358 0 . 0 8 8 0 5 
26 0 .00299 0 . 0 0 9 1 1 0 .02008 0 . 0 3 5 9 ^ 0 .00562 0 . 0 7 8 0 5 0 . 1 0 3 3 2 

Computed on IBM 650 ( C o n t . ) 

H 



T a b l e 11 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean of 1 Week and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means ( u ^ j of 1 t h r o u g h 1 1 Dozen . 

R e o r d e r = 
P o i n t l 2 3 4 5 6 7 

CO 9 10 1 1 
27 0.00225 0 .00723 O.OI658 0 .03061 0 .04857 O.O6925 O.O9238 
28 O.OOI68 0 .00573 O.O1365 0 .02598 0 .04231 0.06145 0 .08273 
29 0 .00126 0 .00452 0 .01210 0 .02198 0 .03674 0 .05548 0 .07421 
30 0 .00094 0 .00356 0 .00919 0.01855 0.03180 0 .04821 0 .06663 
3 1 0 .00279 0 .00751 O.OI563 0.02744 0 .04269 0 .05981 
32 0 .00219 0 .00613 0 .01314 0 .02361 0 .037^2 0 .05361 
33 0 .00171 0 .00499 0 .01102 0 .02028 O.O328I 0 .04795 
34 0 .00133 0.00405 0 .00924 0 .01738 0 .02869 0 .04276 
35 0 .00103 0 .00328 0 .00773 0 .01488 0 .02502 0 .03801 
36 0 .00080 0 .00265 0.00645 0 .01273 0 .02179 0 .03368 
37 0 .00214 0 .00538 O.OIO87 O.OI895 0 .02976 
38 0 .00172 0 .00447 O.OO928 0 .01645 0 .02613 
39 0 .00139 0 .00371 O.OO79O 0 .01429 0 .02305 
40 0 .00110 0 .00307 O.OO672 0 .01240 0 .02030 
4 1 0 .00088 0 .00254 0 .00571 O.OIO75 O.OI787 
42 0 .00209 0 .00483 0 .00931 0 .01571 
43 0 .00173 0 .00409 0.00805 0 .01381 
44 0 .00142 0.00345 O.OO695 0 .01213 
^5 0 .00117 0 .00291 0 .00599 O.OIO65 
46 O.OOO96 0.00245 O.OO515 0 .00934 
^ 7 0 .00206 0 .00443 0 .00817 
48 O.OOI73 O.OO38O 0.00715 
^9 0.00145 0 .00325 0 .00624 
50 0 .00121 0 .00238 0 .00543 
5 1 0 .00102 0 .00203 0 .00473 
52 0.00085 0 .00173 0 .00406 

( C o n t . ) 



T a b l e 1 1 ( C o n t . ) . T a b l e s o f P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean ( L L J of 1 Week and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^T of 1 t h r o u g h 1 1 Dozen . 
u * 1 

R e o r d e r = 
P o i n t 1 2 3 4 £ §. I § 9 10 1 1 

53 0 .00148 ©.00353 
54 0 .00126 0.00307 
55 0.00107 0.00267 
56 0 .00091 0 .00231 
57 0.00200 
58 0.00173 
59 0.00150 
60 0 # 00129 
6 1 0 .00111 
62 0 .00096 



T a b l e 1 2 . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (LL^.) of 2 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^ ) of 1 t h r o u g h 8 Dozen . 

Mx = 2 

R e o r d e r P-& = 
P o i n t 1 2 3 4 . 5 6 7 8 

1 
2 
3 
4 0.11470 Lf\ 0 .06311 
6 0.03327* 
7 0.01697 
8 0.00839 0.10872 
9 0.00403 0.07572 

10 0.00189 0 .05183* 
l l 0.00087 0.03523 
12 0.02342 0.10487* 
1 3 0.01534 0 .08071* 

0 .06151* 14 0.00978 
0 .08071* 
0 .06151* 

15 0.00624 0.04644* 
1 6 0.00393 0.03475* 0.10241 
1 7 0.00245 0.02579* 0.08335 
18 0.00151 0.01898* 0.06741 
19 0.00092 0.01386* 0.05419 
20 0 .01005* 0.04344 O.IOO70 
2 1 0 .00723* 0.03441 0.08497 
22 0.00517* a 0 2 7 2 0 0.07137 
23 0 .00367* 0.02138 0,05970 0.11455 
24 0.00259* a 0 1 6 7 2 0.04973 0.09958 
25 0 .00182* 0.01301 0.04126 O.08605 
26 0 .00127* 0.01008 0.03410 0.07422 
27 0 .00088* Q.00777 0.02807 0.06273 0.11142 
28 0.00060 Q.00596 0.02302 0.05470 0.09848 

( C o n t . ) 



T a b l e 12 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (u ) of 2 Weeks and t h e Demand D i s t r i b u t i o n 

. . . . . . /X \ _ _ . . r\ _ i s P o i s s o n w i t h Means (LL^) of 1 t h r o u g h 8 Dozen . 

^x = 2 

R e o r d e r 
P o i n t 1 2 3 4 % 6 J 8 

29 0.00456 0 .01881 0.04674 0.08683 
30 0 .00347 0 .01532 0.03982 O.O7637 
31 0 .00263 0 .01243 0 .03383 O.O67OO 0.10903 
32 O.OOI98 0.01005 0.02866 0.05864 0 .09773 
33 0 .00149 0.00810 0 .02421 0.05120 0 .08743 
34 0.00112 O.OO651 0 .02039 0.04460 O.O7806 
35 O.OOO83 0 .00521 0 .01713 O.03876 O.O6955 
36 0 .00416 0.01436 0 .03361 0 .06227 
37 0 .00332 0.01200 0 .02908 0 .05488 
38 0 .00263 0 .01001 0 .02511 0 .04861 
39 0 .00208 0 .00833 0 .02163 0 .04265 
40 0 .00164 O.OO69I O.OI860 0 .03793 
4 l 0 .00130 0 .00572 O.OI596 0 .03342 
42 0 .00102 0 .00485 O.OI367 0 .02939 
43 0 .00080 0 .00389 0 .01168 0 .02581 
44 0 .00320 0 .00997 0 .02262 
^5 0 .00263 0 .00849 0 .01980 
46 0 ,00215 0 .00721 0 .01730 
4 7 O.OOI76 0.00612 0 .01509 
48 0 .00143 O.OO518 0 .01314 
49 0 .00117 0 .00438 0 .01143 
50 O.OOO95 0 .00370 0 .00992 
51 0 .00311 0 .00860 
52 0.00262 0.00745 
53 0.00220 0 .00644 
54 0 .00184 0 .00556 
55 0 .00154 0 .00479 

( C o n t . ) 



T a b l e 12 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (u^.) of 2 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means ( u ^ ) of 1 t h r o u g h 8 Dozen . 

^x 

R e o r d e r « 
P o i n t 1 2 3 4 5 6 7 8_ 

56 0.00126 0.00412 
57 0,00103 0.00355 
58 O.OOO9O 0,00304 
59 O.OO26I 
60 0.00223 
6 l 0 ,00191 
62 O.OOI63 
63 0.00139 
64 0.00119 
65 0.00101 
66 0.00086 

CA 



T a b l e 1 3 . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (v^) o f 3 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^ ) of 1 t h r o u g h 6 Dozen . 
n x « 3 

R e o r d e r ^d « 
P o i n t 1 2 3 4 5 6 

5 0 .15045 
6 0 .09152 
7 0 .05367* 
8 0 .03046* 
9 0 .01678 

10 0 .00899 
1 1 0 .00470 0.10332 
12 0 .00241 0 .07907 
1 3 0.00120 0.05710 
14 0 .00059 0.04067 
15 0.02860 
1 6 O.OI987 0 . H 4 4 0 
1 7 0.01364 0 .09172 
1 8 0 .00926 O.07292 
1 9 0.00623 0.05753 
20 0 .00414 0.04505 
2 1 0 .00273 0.03502 O.11786 
22 O.OOI78 0 .02703 O.09926 
2 3 0.00115 0 .02073 0.08315 
2k 0.00074 0 .01579 O.06931 
25 0.01195 0 .05749 
2 6 O.00899 0.04745 
27 0 .00673 0 .03899 0 .10427 
28 0.00500 0.02880 0.09027 
29 0 .00370 O.02596 0 .07789 
30 0.00272 0.02105 0 .06693 
3 1 0 .00199 0.01700 0 .05734 
32 0.00145 0 .01367 0 .04896 0.10784 

( C o n t . ) 



T a b l e 13 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (LL^) of 3 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^ ) of 1 t h r o u g h 6 Dozen . 
» 3 

R e o r d e r 
P o i n t 1 .2 ftJmm 4 ^ <2 6 

33 0 .00105 0 .01094 0 .04167 0 .09549 
34 0 .00076 0 .00875 0 .03535 0 .08427 
35 0 .00694 0 .02990 0 .07427 
36 0 .00549 0 .02521 O.06525 
37 0 .00453 0 .02119 0 .05719 
38 0 .00341 0 .01776 0 .04999 
39 0 .00267 0 .01484 0 .04360 
40 0 .00208 0 .01237 0 .0379^ 
4 1 0 .00162 0 .01028 0 .03295 
42 0 .00126 0 .00852 0 .02852 
43 0 .00097 0.00705 0 .02465 
44 0 .00581 0 .02125 
^5 0 .00478 0 .01829 
4 6 0 .00392 0 .01570 
V7 0 .00321 0.01545 
4 8 0 .00262 0 .01150 
^ 9 0 .00213 O.OO98I 
50 0 .00173 O.OO856 
5 1 0 .00141 0 .00710 
52 0 .00114 0 .00605 
53 0 .00918 0 .00510 
54 0 .00451 
55 0 .00564 
56 0 .00506 
57 0 .00257 
58 0 .00216 
59 0 .00181 
60 0 .00151 
6 l 0 .00126 
62 0 .00105 
6 3 0 . 0 0 0 8 8 



T a b l e 1 4 . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (u.^) of k Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (11^) of 1 t h r o u g h 6 Dozen . 

R e o r d e r u^ = 
P o i n t 1 2 3 4 ^ 6 

7 0 .11574 CO O.07277 
9 0 .04438 

10 0 .02631 
n 0 .01520 
12 O.OO857 
1 3 0 .00473 
lk 0.00256 0.10280 
15 0 .00136 O.07767 
16 0 .00071 0.05796 
1 7 0.04275 
1 8 0 . 0 3 H 7 
1 9 0.02249 
20 O.OI606 O.11723 
2 1 0.01135 O.09635 
22 O.OO795 0.07864 
2 3 0.00516 0.06375 
2k 0.00379 0.05134 
25 0.00259 0 .04109 
26 0.00175 0 .03269 
27 0.00118 O.O2585 0.10809 
2 8 0.00078 0.02032 0.09253 
2 9 0 .01588 O.O7887 
30 0.01235 O.06693 
3 1 0.00955 O.O5657 
32 0.00735 0.04762 
33 0.00562 0.03993 0 .11613 
34 0 .00428 0.03335 0.10240 

( C o n t . ) 



T a b l e 14 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (LT X ) of k Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^) of 1 t h r o u g h 6 Dozen . 
=* k 

R e o r d e r u.^ =* 
P o i n t 1 2 3 !+ J §. 

35 0 .00325 0 .02774 0 .08592 
36 0 .00245 0 .02300 O.07889 
37 0 .00184 O.OI899 0 .06894 
38 0 .00138 0 .01563 0 .06008 
39 0 .00102 0 .01282 0 .05220 
ko O.OOO76 0 .01048 0 .04523 0 .10973 
kl 0.00854 0 .03909 O.O985O 
k2 0 .00693 0 .03369 0 .08823 
k3 O.OO561 O.02896 O.O7885 
kk 0 .00453 0 .02483 0 .07033 
k$ 0 .00364 0 .02123 0 .06259 
k6 0.00292 0 .01811 0 .05558 
kl 0 .00233 0 . 0 1 5 4 1 0 .04926 
k8 0 .00186 0 .01308 0 .04358 
k9 0 .00148 0 . 0 1 1 0 8 0 .03847 
50 0 .00117 O.OO936 0 .03389 
5 1 0 .00093 O.OO789 O.0298O 
52 0 .00664 0 .02615 
53 0 .00557 0 .02291 
54 0 .00466 0 .02003 
55 0 .00390 0 .01748 
56 0 .00325 0 .01523 
57 0 .00270 0 .01325 
58 0 .00224 0 .01150 
59 0 .00186 0 .00997 
60 0 .00154 0 .00862 
6 l 0 .00127 0 .00745 
62 O.OOIO5 0 .00642 

( C o n t . ) 



T a b l e 14 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (LL^) of k Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^ ) of 1 t h r o u g h 6 Dozen . 
u = k 
x 

R e o r d e r 
P o i n t 1 2 5 4 5 6_ 
""65 0 . 0 0 0 8 6 0 . 0 0 5 5 3 

6k 0 . 00475 
65 0 . 0 0 4 0 8 
66 0 . 0 0 5 4 9 
67 0 . 0 0 2 9 9 
68 0 .00255 
69 0 . 0 0 2 1 8 
70 0 .00185 
7 1 0 . 0 0 1 5 8 
72 0 . 0 0 1 5 4 
7 3 0 . 0 0 1 1 5 
74 0 . 0 0 0 9 6 



T a b l e 1 5 . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean ( u x ) of 5 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means ( L U ) of 1 t h r o u g h 5 Dozen . 

R e o r d e r 
P o i n t 

^d = 
1 2 3 4 5 

8 0 . 1 2 4 4 7 
9 o .09022 

10 O.05800 
11 O.03630 
12 0 . 0 2 2 1 8 
13 O.01325 
14 0 . 0 0 7 7 5 
15 0 . 0 0 4 4 4 
16 0 . 0 0 2 5 0 0 . 1 2 3 1 9 
IT 0 . 0 0 1 3 8 0 . 0 9 6 2 6 
18 0 .00075 0 . 0 7 4 2 7 
19 O.05669 
20 0 . 0 4 2 8 3 
21 0 . 0 3 2 0 3 
22 0 . 0 2 3 7 3 
23 0 . 0 1 7 4 2 
24 O.OI267 0 .11682 
25 0 . 0 0 9 1 4 O.09766 
26 O.00654 0 . 0 8 1 1 4 
27 0 . 0 0 4 6 4 0 . 0 6 7 0 3 
28 0 . 0 0 3 2 7 0 . 0 5 5 0 5 
29 . 0 . 0 0 2 2 9 0 . 0 4 4 9 6 
30 0 . 0 0 1 5 9 0 . 0 3 6 5 3 
31 0 . 0 0 1 0 9 0 . 0 2 9 5 1 
32 0 . 0 0 0 7 5 0 . 0 2 3 7 2 0 . 1 1 2 9 3 
33 O.OI897 O.09812 
34 0 . 0 1 5 1 0 0 . 0 8 4 9 2 
35 0 . 0 1 1 9 6 0 . 0 7 3 2 3 

ON 
( C o n t . ) 



T a b l e 15 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (LL X ) of 5 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^ ) of 1 t h r o u g h 5 Dozen . 
Mx = 5 

R e o r d e r VIA = 
P o i n t l 2 ^ 4 £ 

36 0 . 0 0 9 4 3 0 .06292 
37 0 .00740 0 . 0 5 3 8 6 
38 0 . 0 0 5 7 8 0 .04595 

0 .00450 0 .03906 
ko 0 . 0 0 3 4 9 0 .03310 0 . 1 1 0 3 7 
kl 0 . 0 0 2 6 9 0 .02795 O.O9829 
42 0 . 0 0 2 0 7 0 . 0 2 5 5 3 0 . 0 8 7 3 1 
43 0 . 0 0 1 5 8 0 . 0 1 9 7 4 0 .07735 
kk 0 . 0 0 1 2 1 0 . 0 1 6 5 1 O.06836 
45 0 . 0 0 0 9 2 0 . 0 1 3 7 7 0 .06026 
46 0 .01145 O.O5298 
47 0 . 0 0 9 4 9 0 . 0 4 6 4 9 
48 O.OO785 0 . 0 4 0 6 8 
49 0 . 0 0 6 4 7 0 .03552 
50 0 .00532 0 .03092 
51 0 . 0 0 4 3 6 0 .02690 
52 0 . 0 0 3 5 6 0 . 0 2 3 5 3 
53 0 . 0 0 2 9 1 0 . 0 2 0 1 9 
54 0 . 0 0 2 3 6 0 . 0 1 7 4 3 
55 0 .00192 0 .01502 
56 0 .00155 0 . 0 1 2 9 1 
57 0 .00125 0 . 0 1 1 0 8 
58 0 . 0 0 1 0 1 0 . 0 0 9 4 9 
59 0 . 0 0 0 8 1 0 . 0 0 8 1 1 
60 0 . 0 0 6 9 2 
6 l 0 . 0 0 5 8 9 
62 0 . 0 0 5 0 0 
63 0 . 0 0 4 2 4 

( C o n t . ) 



T a b l e 15 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (u-^) of 5 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means ( n , ) of 1 t h r o u g h 5 Dozen . 

R e o r d e r [x^ = 
P o i n t 1 2 3 it L _ 

6k 0 -00359 
65 0 . 0 0 3 0 ^ 
66 0 . 0 0 2 5 6 
67 0 . 0 0 2 1 6 
68 0 . 0 0 1 8 1 
69 0 . 0 0 1 5 2 
TO 0 . 0 0 1 2 7 
71 0 . 0 0 1 0 7 
72 O.OOO89 



T a b l e l 6 . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (u^.) of 6 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means ( u ^ ) of 1 t h r o u g h 5 Dozen . 

x 
R e o r d e r 

P o i n t 
^d 

1 
0 . 1 0 6 0 0 * 
0 . 0 7 0 9 5 * 
0 . 0 4 6 3 3 * 
O.02956* 
0 . 0 1 8 4 6 * 
0 . 0 1 1 2 9 * 
0 . 0 0 6 7 7 * 
0 . 0 0 3 9 9 * 
O .00231* 
0 .00132 
0 .00074 

10 
1 1 
12 
1 3 
1 4 
15 
16 
17 
18 
1 9 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

0 .11290 
O.08933 
0 .06999 
0 . 0 5 4 3 1 
O.04176 
0 .03182 
0 .02404 
0 .01800 
0 . 0 1 3 3 8 
0 . 0 0 9 8 6 
0 . 0 0 7 2 1 
0 . 0 0 5 2 4 
0 . 0 0 3 7 8 
0 .00270 
0 . 0 0 1 9 2 
0 . 0 0 1 3 6 
0 .00095 

0 . H 4 6 3 
O.09703 
O.08169 
0 . 0 6 8 4 1 
0 .05700 
0 .04726 
O.03899 
0 . 0 3 2 0 1 
O.02612 
O.02127 

( C o n t . ) 
OA vn 



T a b l e l 6 ( C o n t . ) . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean ( u ^ of 6 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means ( i ^ ) of 1 t h r o u g h 5 Dozen . 
Mx « 6 

R e o r d e r =» 
P o i n t l r 2 3 1 4 . 5 — . I , I . i . I , I I — i i i < , i i . i I , , * 

0 .01723 0 .10125 
39 0 .01389 0 .08862 
ko 0.01115 0.07732 
hi O.OO891 0.0672*4-
h2 0 .00709 0 .05828 
hi 0.00562 0 .05036 
hh 0.00 W - 0.0*4-338 
h5 0.003*4-9 0.03725 
he 0.0027*4- 0 .03189 
hi 0.0021*4- 0 .02722 0 .10391 
hQ 0.00129 0 .02317 0 .09321 
h9 0 .00099 0 .01967 0 .083^2 
50 0 .01665 O.O7M4-9 
51 0.0114-05 0 .06637 
52 0 .01182 0 .05901 
53 0 .00392 0,0523*4-
5h 0 .00831 0.0*4-63*4-
55 0.0069*4- 0.0*4-093 
56 0 .00578 0 .03608 
57 0.00*4-80 0 .0317^ 
58 0 .00398 0 .02786 
59 0 .00329 0.02*4-*4-l 
60 0 . 0 0 2 7 1 0.0213*4-
6 l 0 .00223 0 .01862 
62 0 .00183 0 .01622 
63 0 .00150 0.01*4-10 
6h 0 .00122 0 .01223 
65 0 .00100 0 .01059 

( C o n t . ) 



T a b l e l 6 ( C o n t . ) . T a b l e s o f P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (LI^) of 6 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means ( L U ) of 1 t h r o u g h 5 Dozen . 
^ = 6 

R e o r d e r « 
P o i n t 1 2 3 4 5 

g-, : ^ 0 . 0 0 9 1 6 
67 0 . 0 0 7 9 0 
68 0 . 0 0 6 8 1 
69 O.OO585 
70 0 . 0 0 5 0 2 
7 1 0 . 0 0 4 3 0 
72 0 . 0 0 3 6 8 
73 0 . 0 0 3 1 4 
74 0 . 0 0 2 6 8 
75 O.OO228 
76 0 . 0 0 1 9 4 
77 0 . 0 0 1 6 4 
78 0 . 0 0 1 3 9 
79 0 . 0 0 1 1 8 
80 0 . 0 0 0 9 9 



T a b l e 1 7 . T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (u^ ) o f 7 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^ ) of 1 t h r o u g h 5 Dozen . 

he s 7 

R e o r d e r 
P o i n t 

1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 

^d = 
l 

0 ,12029 
O.08318 
O.05619 
0 .03714 
0 .02403 
0 .01526 
0 .00951 
0 .00582 
0 .00351 
0 .00208 
0 .00121 
0 .00070 0 .10321 

0 .08255 
0 .06545 
0 .05144 
0 .04009 
0 .03099 
0 .02377 
0 .01809 
0 .01367 
0 .01025 
0 .00764 0 . 1 1 1 5 1 
0 .00565 0 .09530 
0 .00415 0 .08106 
0 .00303 0 . 0 6 8 6 1 
0 .00220 0 .05781 
0 .00158 0 .04849 
0 .00114 0 .04049 

( C o n t . ) 
00 



T a b l e 17 ( C o n t . ) . T a b l e s o f P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (u^.) o f 7 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (M-^) of 1 t h r o u g h 5 Dozen , 

R e o r d e r = 
P o i n t 1 2 3 1+ 5 

39 0 . 0 0 0 8 1 0 . 0 3 3 6 6 
1+0 0*02786 
1+1 
k2 

0 . 0 2 2 9 7 
O.OI885 

kl 0 . 0 1 5 1 a 0 . 1 0 2 7 9 * 
1+1+ 0 . 0 1 2 5 5 0 . 0 9 0 7 7 * 

0 , 0 1 0 1 8 0 . 0 7 9 9 1 * 
1+6 0 , 0 0 8 2 3 0.07011+* 
^7 0 . 0 0 6 6 2 0 . 0 6 1 3 9 * 
14-8 0 , 0 0 5 3 1 0 . 0 5 3 5 8 * 
h9 0,001+21+ 0.01+663* 
50 0 . 0 0 3 3 8 0.01+01+7* 
5 1 0 , 0 0 2 6 9 0 . 0 3 5 0 2 * 
52 0 . 0 0 2 1 2 0 . 0 3 0 2 3 * 0 . 1 1 8 9 1 
53 0 . 0 0 1 6 7 0 . 0 2 6 0 2 * 0 . 1 0 7 7 1 
5^ 0 . 0 0 1 3 1 0,02231+* 0 . 0 9 7 3 7 
55 0 . 0 0 1 0 3 0 . 0 1 9 1 3 * 0 . 0 8 7 7 3 
56 0 , 0 0 0 8 0 O.OI63I+* 0 . 0 7 9 0 1 
57 0 . 0 1 3 9 2 * 0 . 0 7 0 8 0 
58 0 . 0 1 1 8 3 * O.06367 
59 0 . 0 1 0 0 3 * O.05698 
60 0.0081+^8* O.05089 
61 0 . 0 0 7 1 6 * 0,01+526 
62 0 . 0 0 6 0 2 0,01+030 
63 0 , 0 0 5 0 6 0 . 0 3 5 8 0 
61+ 0.001+21+ 
65 0 . 0 0 3 5 ^ 0 . 0 2 8 0 9 
66 , 0 , 0 0 2 9 5 0,02l+8l 

( C o n t . ) 



T a b l e I T ( C o n t . ) T a b l e s of P r o b a b i l i t y of a S h o r t a g e a t V a r i o u s R e o r d e r P o i n t s where t h e Lead Time 
h a s a P o i s s o n D i s t r i b u t i o n w i t h Mean (\±x) of 7 Weeks and t h e Demand D i s t r i b u t i o n 

i s P o i s s o n w i t h Means (u^ ) of 1 t h r o u g h 5 Dozen , 
Mx « 7 

R e o r d e r u ^ = 
P o i n t 1 2 3 L — 1 

"""6*7 " " " 0 , 0 0 2 4 6 
68 0 . 0 0 2 0 4 
69 0 . 0 0 1 6 9 
70 0 . 0 0 1 4 0 
7 1 0 . 0 0 1 1 5 
72 0 . 0 0 0 9 5 



7 1 

T a b l e 1 8 . Demand f o r A l l S i z e s o f Gloves by Weeks f o r 
170 Weeks, J a n u a r y 2 , 1956 - March 3 0 , 1 9 5 9 . 

Week E n d i n g 
Da te 6 7 

Glove S i z e 
7a 

CO 8 * ? T o t a l 
1 - 2 - 5 6 0 4 6 6 4 1 1 22 
1-9 0 0 7 8 4 0 1 20 
1-16 0 0 0 0 0 0 0 0 
1-23 0 0 0 0 0 0 0 0 
1-30 2 0 3 3 3 1 1 1 3 
2 - 6 - 5 6 0 6 3 4 0 0 0 13 
2 - 1 3 1 3 3 2 3 0 1 1 3 
2 - 2 0 0 3 3 4 4 0 0 14 
2 - 2 7 0 3 3 4 0 1 0 1 1 
3 - 5 - 5 6 0 1 4 4 6 / 1 2 1 1 1 12 6/12 
3 -12 0 2 3 6 1 0 0 12 
3 - 1 9 0 0 0 12 8 0 0 20 
3 -26 0 6 3 4 k 1 0 18 
4 - 2 - 5 6 0 8 6 8 8 0 0 30 
4 - 9 0 0 3 3 3 0 0 9 
4 - 1 6 1 1 1 15 22 7 6 1 63 
4 - 2 3 1 4 6 8 4 k 1 28 
4 - 3 0 0 0 0 0 0 0 0 0 
5 - 7 - 5 6 0 4 0 6 k 2 1 1 7 
5 -14 0 0 0 0 0 0 0 0 
5 - 2 1 0 4 2 5 1 2 3 17 
5 - 2 8 0 5 0 2 2 0 0 9 
6 - 4 - 5 6 1 4 9 7 4 2 0 27 
6 - 1 1 0 0 0 6 0 0 0 6 
6 - 1 8 0 10 7 7 5 1 0 28 
6-25 2 4 4 3 2 0 0 15 

( C o n t . ) 



72 

T a b l e 18 ( C o n t . ) . Demand f o r A l l S i z e s of G l o v e s b y Weeks f o r 
170 Weeks, J a n u a r y 2, 1956 - March 3 0 , 1 9 5 9 -

Week E n d i n g Glove S i z e 
Da t e 6 6-jr 7 7 ? 8, 8-jr 9 T o t a l 

7-2-56" 0 1 1 5 3 0 0 10 
7 - 9 2 1+ 5 6 /12 5 3 2 / 1 2 0 19 8 / 1 2 
7 - 1 6 0 3 5 6 2 2 2 20 
7 - 2 3 0 2 - 2 8 2 0 1 15 
7 -30 1 2 3 8 3 / 1 2 4 2 0 20 3 / 1 2 
8 - 6 - 5 6 0 3 7 8 6 /12 4 1 1 24 6 / 1 2 
8 -13 0 0 0 k 0 1 0 5 
8-20 0 4 1 3 5 0 1 Ik 
8 - 2 7 0 7 4 5 1 /12 ik 2 0 32 1 /12 
9 - 3 - 5 6 0 2 2 9 5 2 0 20 
9 -10 2 0 5 7 6 / 1 2 1 1/12 0 15 7 / 1 2 
9 - 1 7 0 4 1 6 1 0 0 12 
9 -24 2 k 5 7 4 0 0 22 
1 0 - 1 - 5 6 0 6 1 6 0 0 0 13 
1 0 - 8 0 3 4 2 4 0 2 15 
1 0 - 1 5 O . 1 5 0 4 0 1 1 1 
1 0 - 2 2 0 2 2 2 0 0 0 6 
1 0 - 2 9 0 4 4 20 1 0 0 29 
1 1 - 5 - 5 6 2 6 5 7 5 0 0 25 
1 1 - 1 2 2 3 0 7 6 2 / 1 2 0 18 2 / 1 2 
1 1 - 1 9 0 1 6 1 4 / 1 2 4 1 1 14 4 / 1 2 
1 1 - 2 6 0 6 6 8 0 1 0 2 1 
1 2 - 3 3 - 5 6 0 6 6 8 6 1 2 29 
1 2 - 1 0 1 6 5 7 5 2 1 27 
1 2 - 1 7 0 4 3 8 5 0 0 20 
1 2 - 2 4 0 0 0 0 0 0 0 0 
1 2 - 3 1 0 0 6 0 0 0 0 6 

( C o n t . ) 



73 

T a b l e 1 8 ( C o n t . ) . Demand f o r A l l S i z e s of G loves b y Weeks f o r 
170 Weeks, J a n u a r y 2 , 1956 - March 5 0 , 1 9 5 9 -

Week End ing 
Da t e 6 7 

Glove S i z e 
7 ^ 8 ? . T o t a l 

1 - 7 - 5 7 0 6 0 0 2 0 1 9 
1-14 0 4 8 16 6 0 k 38 
1 -21 0 3 4 8 0 0 0 15 
1-28 1 /4 5 5 7 4 0 0 2 1 3 / 1 2 
2 - 4 - 5 7 1 2 7 5 2 1 1 15 
2 - 1 1 0 2 3 2 0 0 0 7 
2 - 1 8 0 2 0 5 2 0 2 1 1 
2 - 2 5 2 3 4 4 5 1 0 1 9 
5 - 4 - 5 7 0 0 0 6 3 0 0 9 
3 - 1 1 0 3 5 8 0 0 0 16 
5 - 1 8 0 2 2 8 0 0 0 12 
3 -25 0 3 1 /12 3 6 4 0 0 16 1 /12 
4 - 1 - 5 7 0 5 1 /12 5 6 0 0 1 1 7 1 /12 
4 - 8 0 0 2 7 5 2 0 16 
4 - 1 5 0 6 5 10 3 ^ 1 2 0 0 24 1 /12 
4 - 2 2 0 7 5 5 0 0 0 1 7 
4 - 2 9 0 0 3 8 1 /12 3 0 0 14 1 /12 
5 - 6 - 5 7 0 6 4 0 3 1 1 15 
5 - 1 3 0 4 5 8 4 0 0 2 1 
5 -20 0 4 8 8 0 1 1 22 
5 - 2 7 0 7 8 7 6 0 1 28 
6 - 5 - 5 7 0 3 2 8 5 0 0 1 8 
6 -10 0 2 2 7 5 2 / 1 2 0 16 2 / 1 2 
6 -17 0 4 5 7 2 / 1 2 2/12 1 0 17 4 / l 2 

6 - 2 4 0 3 3 8 5 1 , 0 20 

( C o n t . ) 



7k 

T a b l e 1 8 ( C o n t . ) . Demand f o r A l l S i z e s of G loves by Weeks f o r 
170 Weeks, J a n u a r y 2 , 1956 - March 3 0 , 1 9 5 9 -

Week E n d i n g 
D a t e 6 6 * 7 

Glove 
7 f 

S i z e 
8 9 T o t a l 

7 - 1 - 5 7 1 3 6 0 1 0 17 
7 - 8 2 2 2 5 2 0 0 1 3 
7 -15 0 0 4 6 3 0 0 13 
7 - 2 2 1 0 0 8 4 0 0 13 
7 - 2 9 0 8 3 6 3 0 2 22 
8 - 5 - 5 7 0 2 6 4 0 1 0 1 3 
8 -12 0 6 5 8 5 0 2 26 
8 - 1 9 0 4 3 6 6 1 1 .21 
8 -26 0 2 0 1 3 3 0 0 18 
9 - 2 - 5 7 0 0 4 8 9 1 0 22 
9 - 9 0 5 1 0 / 1 2 l 3 2 0 0 1 1 1 0 / 1 2 
9 - 1 6 2 0 6 8 3 1 0 20 
9 - 2 3 0 0 4 0 0 1 0 5 
9 -30 0 8 4 1 3 5 0 1 3 1 
1 0 - 7 - 5 7 1 5 2 3 5 0 0 16 
1 0 - 1 4 0 8 3 6 3 0 0 20 
1 0 - 2 1 0 5 6 2 6 0 1 20 
1 0 - 2 8 2 0 2 8 2 0 0 14 
1 1 - 4 - 5 7 0 0 4 6 3 0 0 1 3 
l l - l l 0 5 5 2 1 1 1 15 
1 1 - 1 8 0 3 4 8 0 0 0 14 
1 1 - 2 5 1 1 1 8 5 0 0 16 
1 2 - 2 - 5 7 0 4 2 0 l 0 0 7 
1 2 - 9 0 2 5 6 1 0 0 14 
1 2 - 1 6 0 5 6 8 6 1 0 26 
1 2 - 2 3 1 1 1 1 0 0 0 4 
1 2 - 3 0 0 1 3 4 0 0 1 9 

( C o n t . ) 



7 5 

T a b l e 18 ( C o n t . ) Demand f o r A l l S i z e s of G loves b y Weeks f o r 
170 Weeks, J a n u a r y 2 , 1956 - March 3 0 , 1 9 5 9 -

Week E n d i n g Glove S i z e 
D a t e 6 6 i 7 7 i 8 8 i 9 T o t a l 

1 - 6 - 5 8 1 3 2 7 2 0 0 15 
1-13 5 4 6 4 2 2 0 23 
1-20 2 5 6 4 1 0 0 . 1 8 
1-27 0 1 2 7 0 0 0 10 
2 - 3 - 5 8 1 6 6 

CO 4 0 0 25 
2 - 1 0 0 7 8 8 3 1 0 2 7 
2 - 1 7 2 0 0 8 5 1 0 16 
2 - 2 4 0 0 7 CO

 

0 0 0 15 
3 - 3 - 5 8 1 2 0 4 0 0 0 7 
3 -10 0 3 8 8 2 1 1 2 3 
3 - 1 7 0 0 3 6 2 0 0 l l 
3 -24 1 0 1 7 3 1 0 1 3 
3 - 3 1 1 5 5 6 5 0 0 22 
4 - 7 - 5 8 1 0 4 5 4 2 0 16 
4 - 1 4 0 0 5 3 0 0 2 10 
4 - 2 1 1 5 6 8 4 1 1 26 
4 - 2 8 2 2 5 8 6 1 1 25 
5 - 5 - 5 8 0 0 0 8 0 0 0 8 
5 -12 0 6 8 1 3 6 1 0 34 
5 - 1 9 0 3 6 4 3 0 0 1 6 
5 - 2 6 0 0 0 0 0 0 0 0 
6 - 2 - 5 8 0 8 1 3 12 9 2 1 h5 
6 - 9 0 2 6 6 5 0 0 19 
6 - 1 6 0 5 6 9 7 0 0 27 
6 - 2 3 0 2 0 0 0 0 0 2 
6 -30 0 3 2 4 1 0 0 10 

( C o n t . ) 



76 

T a b l e l 8 ( C o n t . ) . Demand f o r A l l S i z e s o f Gloves b y Weeks f o r 
170 Weeks, J a n u a r y 2 , 1956 - March 3 0 , 1 9 5 9 -

Week End ing 
Da t e 6 6 + - 7 

Glove S i z e 
8 9 T o t a l 

7 - 7 - 5 8 0 2 3 4 3 0 0 12 
7 - 1 4 0 2 8 6 6 3 0 25 
7 - 2 1 2 6 8 12 3 0 0 31 
7 - 2 8 0 6 1 5 2 1 0 15 
8 - 4 - 5 8 0 8 3 7 2 0 0 20 
8 - 1 1 0 4 8 0 0 0 17 
8 - 1 8 1 1 4 8 2 0 0 16 
8 -25 0 4 4 6 5 0 0 19 
9 - 1 - 5 8 0 5 5 8 8 2 0 28 
9 - 8 1 2 3 6 2 0 0 1 4 
9-15 0 6 5 8 4 0 0 23 
9 -22 0 3 3 4 3 0 0 13 
9 - 2 9 0 6 4 12 9 0 0 3 1 
1 0 - 6 - 5 8 1 3 5 3 6 0 0 18 
1 0 - 1 3 0 2 2 1 0 0 0 5 
1 0 - 2 0 1 2 2 5 1 0 0 1 1 
1 0 - 2 7 0 0 0 0 0 2 0 2 
1 1 - 3 - 5 8 0 3 2 4 0 1 0 10 
1 1 - 1 0 1 5 3 6 4 1 0 20 
1 1 - 1 7 1 0 1 6 0 1 1 10 
1 1 - 2 4 0 6 3 4 5 1 1 20 
12 - 1 - 5 8 1 3 5 7 3 0 0 19 
12=8 0 1 4 7 5 0 0 1 7 
1 2 - 1 5 1 1 0 4 0 0 0 6 
1 2 - 2 2 0 0 1 0 0 0 0 1 
1 2 - 2 9 1 2 3 

CO 1 0 0 15 

( C o n t . ) 



77 

T a b l e 18 ( C o n t . ) . Demand f o r A l l S i z e s of Gloves b y Weeks f o r 
170 Weeks, J a n u a r y 2 , 1956 - March 3 0 , 1 9 5 9 -

Week E n d i n g 
D a t e 6 6 i 7 

Glove 
7 i 

S i z e 
8 8 * 9 T o t a l 

1 - 5 - 5 9 1 5 0 3 14- 1 0 14 
1-12 0 2 8 4 1 1 20 
1 -19 0 4 6 8 6 0 0 2 4 
1-26 0 0 0 0 0 0 0 0 
2 - 2 - 5 9 0 4 1 7 0 0 1 1 3 
2 - 9 2 6 6 6 4 0 0 24 
2 - 1 6 0 2 1 5 4 0 1 1 3 
2 - 2 3 0 2 4 6 4 0 0 16 
3 - 2 - 5 9 0 4 2 7 4 0 0 1 7 
3 - 9 1 6 2 6 2 0 0 17 
3 -16 2 2 4 2 2 2 0 14 
3 - 2 3 0 0 3 5 6 0 0 14 
3 -30 0 0 8 8 6 0 0 22 
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The f o l l o w i n g example i l l u s t r a t e s t h e u s e of t h e s e c u r v e s . The 

l e a d t i m e d i s t r i b u t i o n h a s b e e n examined and found t o b e P o i s s o n d i s 

t r i b u t e d w i t h a mean ( ^ x ) of 2 w e e k s . The demand d i s t r i b u t i o n h a s b e e n 

examined and found t o b e P o i s s o n d i s t r i b u t e d w i t h a mean (LI^) of 6 

g r o s s p e r week . The t o l e r a b l e l e v e l of s h o r t a g e t h a t management w i l l 

p e r m i t i s two p e r c e n t . From F i g u r e 13 t h e r e o r d e r p o i n t i s found t o 

b e 34 g r o s s . T h i s means t h a t when t h e i n v e n t o r y l e v e l r e a c h e s 34 g r o s s , 

an o r d e r s h o u l d b e p l a c e d f o r t h e economic l o t s i z e . 
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CHAPTER IV 

CONCLUSIONS AND RECOMMENDATIONS 

C o n c l u s i o n s » — The c o n c l u s i o n s t h a t c a n b e drawn from t h i s s t u d y a r e a s 

f o l l o w s : 

1 . F a c t o r s , i n a d d i t i o n t o p r i c e , s h o u l d b e c o n s i d e r e d when 

d e t e r m i n i n g t h e p r o p e r q u a n t i t y o f a n i t e m t o b u y , 

2 . The l e a d t i m e d i s t r i b u t i o n s h o u l d b e c o n s i d e r e d when d e t e r m i n 

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

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

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

t e c t i v e s t o c k o 

3 . P r o t e c t i v e s t o c k l e v e l s c a n b e s e t f o r h o s p i t a l u s e by t h e 

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

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

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

5« The model c o n s t r u c t e d i n t h i s s t u d y c a n p r o v i d e a n a c c u r a t e 

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

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

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

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

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

1 , M e t h o d o l o g i c a l S t u d i e s 

a . The c o s t o f v a r i o u s t y p e s of s h o r t a g e s , on a p r o b a b i l i t y 

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

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

2 . C o m p u t a t i o n a l S t u d i e s 

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

d e n s i t y f u n c t i o n o f two P o i s s o n d i s t r i b u t i o n s s h o u l d be 

e x t e n d e d . 

b . A method of i n t e r p o l a t i n g b e t w e e n c a l c u l a t e d v a l u e s i n 

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

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

t y p e s of demand and l e a d t i m e d i s t r i b u t i o n s , o t h e r t h a n 

from c o m b i n a t i o n s of n o r m a l and P o i s s o n d i s t r i b u t i o n s . 

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

(1 ) Log Normal 

(2 ) C h i - s q u a r e 

(3) E r l a n g . 

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

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

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

model p r o v i d e s an o p p o r t u n i t y f o r a d m i n i s t r a t o r s t o e x e r c i s e j u d g e m e n t and 

c o n t r o l o v e r f a c t o r s wh ich a r e h i d d e n a t p r e s e n t . 

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

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

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

o f c o s t s a n d i n t h e improvement of c o n t i n u i t y of o p e r a t i o n s . 
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APPENDIX A 

D e r i v a t i o n of J o i n t D e n s i t y F u n c t i o n f o r t h e C a l c u l a t i o n of R e o r d e r 
P o i n t s f o r S p e c i f i e d P r o b a b i l i t y of a S h o r t a g e 

P r o b a b i l i t y o f a s h o r t a g e 1 - A ) P ( X ) P ( D 

x^6 D ^ > R . P . X 

x 

where x = random v a r i a b l e l e a d t i m e and 

u. = mean l e a d t i m e , x 

Under t h e a s s u m p t i o n of P o i s s o n d i s t r i b u t e d l e a d t i m e 

- u 
x x 

p ( x ) = 6 

w h e r e d = random v a r i a b l e (number of u n i t s p e r t i m e u n i t ) , 

= mean demand p e r t i m e u n i t , 

a . = s t a n d a r d d e v i a t i o n of demand, d ' 

a n d t h e t o t a l demand (D ) d u r i n g l e a d t i m e i s 

D « d, + d 0 + d x + . . . + d 
x 1 .2 3 x 

w i t h mean = (i^ . 

F o r t h e n o r m a l d i s t r i b u t e d demand 

t h e s t a n d a r d d e v i a t i o n ( ^ D ^ ^S 

x v 

Course N o t e s - S p e c i a l P rob lem Cour se I . E . 705 > D r . J . J . Moder , 
P r o f e s s o r of I n d u s t r i a l E n g i n e e r i n g , G e o r g i a I n s t i t u t e of T e c h n o l o g y , 1959 
See a l s o H a r l i n g and Bramson ( l 4 ) . 



a n d p ( D j x ) f ( D x | x ) d D x 

The p r o b a b i l i t y of a s h o r t a g e , f o r t h e c o n d i t i o n s s t a t e d , becomes 

00 
p r o b a b i l i t y of a s h o r t a g e = / p ( x ) 

x=C 
f ( D x | x ) d D x 

oa -it 
r - i X X 
V e ^x 

X=C 
x l 

x 

dD 
D 

However , f o r t h e c o n d i t i o n of a P o i s s o n d i s t r i b u t e d demand 

P ( D X | X ) = 
e d ( x u d ) x 

x 

D 

8 3 

and 

p r o b a b i l i t y of a s h o r t a g e = 
x~( D > R . P . 

x 

X X 
I Ŝc 
— x T -

( x u d ) 
D 

T T 
X 
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APPENDIX B 

A Sample C a l c u l a t i o n f o r One P o i n t on t h e Curve 
= z , = 6 , w i t h Demand and Lead Time 

P o i s s o n D i s t r i b u t e d 

p. = 2 n d = 6 R . P . « Ik D « 35 
X 

X P ( D J X ) 

1 0 .270671 X 0.000000 = 0 ,00000000 

2 0 .270671 X 0.000000 0 ,00000000 

3 0 .180447 X 0 .000248 = 0 .00004475 

4 0 .090224 X 0.0205 70 0 , 0 0 1 8 5 5 9 1 

5 0 .036089 X 0.202692 SS 0 .00731495 

6 0 .012030 X O.588503 = 0 .00707696 

7 0 .003437 X O.87858I 0*00301968 

8 0 .000859 X O.978679 0 .00084069 

9 0 .000191 X O.997593 0 . 0 0 0 1 9 0 5 4 

10 0 .000038 X O.999812 0 . 0 0 0 0 3 7 9 9 

1 1 0 .000003 X O.999989 as 0 .00000700 

12 0 .000001 X 0 .999999 = 0 .00000100 

Z = 0 .02039220 
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