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P r i c e S e t t i n g ' P e r f e c t C o m p e t i t o r s ' * 

I n t h i s p a p e r i t i s shown t h a t a d i s t r i b u t i o n o f p r i c e s o c c u r s 

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

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

F o r want o f an a l t e r n a t i v e , many economic mode ls assume 

p e r f e c t c o m p e t i t i o n . I n p a r t i c u l a r , t hey assume p r i c e t a k i n g f i r m s and 

marke t c l e a r i n g p r i c e s . However , i n many m a r k e t s f i r m s a r e p r i c e s e t t e r s 

and p r i c e s do no t c l e a r t he m a r k e t . The hope i s t h a t t h i s d e p a r t u r e 

f r om the a s s u m p t i o n o f p e r f e c t c o m p e t i t i o n does no t s i g n i f i c a n t l y a f f e c t 

b e h a v i o r . 

I t i s shown be low t h a t t he d i s t i n c t i o n be tween p r i c e s e t t e r s 

and p r i c e t a k e r s i s no t i m p o r t a n t . However , t he a s s u m p t i o n t h a t p r i c e 

c l e a r s t he marke t i s an e s s e n t i a l e lement i n t he b e h a v i o r of f i r m s . To 

g e n e r a t e marke t c l e a r i n g we assume t h a t o u t p u t and p r i c e d e c i s i o n s a r e 

made a f t e r o b s e r v i n g t he demand s c h e d u l e . To v i o l a t e marke t c l e a r i n g we 

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

t he ( s t o c h a s t i c ) demand s c h e d u l e . The re i s some t e c h n o l o g i c a l c o n s t r a i n t 

t h a t p r o h i b i t s s e t t i n g o u t p u t and p r i c e a f t e r demand i s o b s e r v e d . Under 

t h i s c i r c u m s t a n c e t he marke t i s c h a r a c t e r i z e d by a d i s t r i b u t i o n o f 

p r i c e s r a t h e r t h a n by a s i n g l e p r i c e . 

I. C e r t a i n t y 

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

w i t h demand known i n t he o n e - p e r i o d p r o b l e m . 

*The a u t h o r has b e n e f i t e d f rom c o n v e r s a t i o n s w i t h S t e v e n S a l o p 
on t h i s s u b j e c t . In a d d i t i o n , t he a u t h o r i s i n d e b t e d t o t he o t h e r members 
o f t he R e s e a r c h Depar tmen t o f t he F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s 
f o r v a l u a b l e comments and s u g g e s t i o n s . E r r o r s and o m i s s i o n s a r e t he 
r e s p o n s i b i l i t y o f t he a u t h o r a l o n e . 
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Assume t h e r e a r e N consumers w i t h i d e n t i c a l demand c u r v e s , 

d ( P ) . T h e s e consumers have c o s t l e s s s e a r c h . The consumers a r e o r d e r e d 

and e n t e r t he marke t s e q u e n t i a l l y . — ^ The c u s t o m e r ' s o p t i m a l s t r a t e g y i s 

t o go t o t h e l o w e s t p r i c e f i r m w h i c h i s no t s t o c k e d o u t . The i d e n t i c a l 

f i r m s must s e t p r i c e and o u t p u t b e f o r e t he c u s t o m e r s a r r i v e . 

The p r o p o s e d e q u i l i b r i u m i s t he p e r f e c t c o m p e t i t i o n r e s u l t . 

F i r m s s e t p r i c e a t P and o u t p u t a t X where P = C ' ( X ) m e e t i n g the z e r o -

p r o f i t r e q u i r e m e n t PX - C(X) = 0 . I n o t h e r w o r d s , t hey p roduce a t t he 

minimum o f t h e i r a v e r a g e c o s t c u r v e , w i t h p r i c e e q u a l t o t h e i r a v e r a g e 

c o s t . Consumers buy d ( P ) and t he number o f f i r m s , K, i s d e t e r m i n e d by 

KX = N d ( P ) . -

T h i s i s no t a Nash e q u i l i b r i u m i n t he s e t o f p r i c e and o u t p u t 

s t r a t e g i e s . G i v e n t h a t f i r m s 1 , j - 1 , j + 1 , K f o l l o w the s t r a t e g y 

P = P , X = X and f i r m s K + l , . . . do no t e n t e r t he m a r k e t , c o n s i d e r the 

p r o b l e m of f i r m j . F o r s i m p l i c i t y assume t h a t ( K - l ) X s a t i s f i e s NQ 

c u s t o m e r s , N^ < N. Then f i r m j s h o u l d a c t as a m o n o p o l i s t f a c i n g demand 

c u r v e ( N - N g ) d ( P ) and s e t P^ > P , X^ < X s u c h t h a t m a r g i n a l r evenue 

e q u a l s m a r g i n a l c o s t and X^ = ( N - N g ) d ( P j ) . 

C l e a r l y t h e r e i s no Nash e q u i l i b r i u m w i t h a l l p r i c e s e q u a l and 

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

w i t h a nonempty s e t o f p r i c e s ^ ^ I P Q > p ^ a n < * z e r o p r o f i t s . Then a 

d e v i a n t c o u l d e n t e r and a c t as a m o n o p o l i s t a s i n t he above p a r a g r a p h , 

bu t w i t h t he c o n s t r a i n t t h a t he s e t P < m i n { P ^ } , and make p o s i t i v e 

p r o f i t s t h e r e b y . I t a p p e a r s t h a t t h e r e i s no p u r e s t r a t e g y e q u i l i b r i u m . 

— T h e i r o r d e r i n g and e n t e r i n g t he marke t s e q u e n t i a l l y i s 
c o n v e n i e n t , bu t no t i m p o r t a n t to t he a rgumen t . Cus tomers c o u l d h o l d a 
l o t t e r y a t e a c h f i r m v i s i t e d . 

71 — 
- W e i g n o r e the p o s s i b i l i t y t h a t Nd(P) may no t be an even 

m u l t i p l e o f X . 
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The r e a s o n t h a t t h e r e may be no pu re s t r a t e g y e q u i l i b r i u m can 

be e a s i l y d e m o n s t r a t e d . F o r any s e t o f p r i c e s ( P _ , P . , P „ ) d e f i n e 
U x K. * * 

f . [ P A , P , , P „ ] = P . where P . i s an o p t i m a l p r i c e s t r a t e g y f o r f i r m 
J u 1 K J J 

j g i v e n P n , P „ , P . , P . , , , . . . P v . I f f . a r e c o n t i n u o u s f o r a l l 

j , t hen one can show u s i n g the Brouwer f i x e d - p o i n t theorem t h a t F ( P ^ , 

. . . . P R ) = U J / P Q , . . . . P K ) , F

K ( P

0 . • • • • P

K ) ] H A S 3 F I X E D P ° I N T -

T h i s f i x e d p o i n t i s a Nash e q u i l i b r i u m . Our p r o b l e m i s t w o f o l d : (1) f^ 

i s no t d e f i n e d and (2) i f i t were d e f i n e d f^ wou ld no t be c o n t i n u o u s . 

(1) f o l l o w s f rom the f a c t t h a t t he o p t i m a l s t r a t e g y may be to s e t p r i c e 

" j u s t " be low t h a t o f t h e c o m p e t i t i o n . (2) f o l l o w s f rom the f a c t t h a t 

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

a t a l l i t i s o p t i m a l f o r a f i r m to jump i t s p r i c e " j u s t " be low t h a t o f 

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

t i n u o u s a n d , t h e r e f o r e , no t c o n c a v e . As the p a y o f f f u n c t i o n s a r e d i s ­

c o n t i n u o u s i t i s even u n c l e a r t h a t a m ixed s t r a t e g y e q u i l i b r i u m e x i s t s . 

T h i s l a c k o f a p u r e s t r a t e g y Nash e q u i l i b r i u m i n t he mode l i s 

d i s c o n c e r t i n g . I s the r o l e o f t he a u c t i o n e e r s o c r u c i a l ? P e r f e c t 

c o m p e t i t i o n r u l e s ou t gaming w i t h t he a u c t i o n e e r by a s s u m p t i o n . I f 

gaming w i t h t he a u c t i o n e e r i s a l l o w e d , t he same p r o b l e m a r i s e s . B e l o w , 

t he s t r u c t u r e o f the marke t o f p r i c e s e t t e r s i s m o d i f i e d so t h a t the 

p e r f e c t c o m p e t i t i o n s o l u t i o n i s t he s o l u t i o n f o r p r i c e s e t t e r s . I f t h i s 

m o d i f i c a t i o n i s added to t he p e r f e c t c o m p e t i t i o n m o d e l , t hen gaming w i t h 

t h e a u c t i o n e e r w i l l no t o c c u r . The a u c t i o n e e r i s an u n n e c e s s a r y f i c t i o n . 

L e t us change t he s t r u c t u r e o f t he marke t s l i g h t l y . The new 

game can be d i v i d e d i n t o two s i m p l e games. I n t he f i r s t game economic 

a g e n t s d e c i d e whether to be f i r m s i n t he marke t o r p o t e n t i a l e n t r a n t s . 

I n t he s e c o n d game f i r m s a r e S t a c k e l b e r g v e r s u s p o t e n t i a l e n t r a n t s . 
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F i r m s announce p r i c e and s e t o u t p u t . Then p o t e n t i a l e n t r a n t s s e q u e n t i a l l y 

announce p r i c e s and s e t o u t p u t ( i f a n y ) . Then consumers a r e r e l e a s e d on 

t he m a r k e t . 

L e t ou r p r o p o s e d e q u i l i b r i u m be t he p e r f e c t c o m p e t i t i o n r e s u l t 

as b e f o r e : P = C ' ( X ) , PX - C (X ) = 0 , KX = N d ( P ) , w i t h K f i r m s i n t he 

marke t and no p o t e n t i a l e n t r a n t s i n t he m a r k e t . C o n s i d e r the second 

subgarae f i r s t . Any one o f t he f i r m s c o u l d a c t as a m o n o p o l i s t and r a i s e 

h i s p r i c e . But i f he d i d s o , he wou ld be u n d e r c u t by a new e n t r a n t and 

3 / - -have n e g a t i v e p r o f i t . — A t P t he f i r m w i l l s e l l a l l i t w a n t s , X . A 

p o t e n t i a l e n t r a n t c o u l d s e l l o n l y by s e t t i n g ? <_ ? and t a k i n g a l o s s . 

He w i l l no t e n t e r . C o n s i d e r now the f i r s t subgame. I t i s i n a Nash 

e q u i l i b r i u m . 

I n t he s e c o n d d e s c r i p t i o n o f t he marke t the s e t o f a d m i s s i b l e 

s t r a t e g i e s has been c h a n g e d . P o t e n t i a l e n t r a n t s use c o n t i n g e n t s t r a t e g i e s . 

The r e a d e r must d e c i d e w h i c h s o l u t i o n c o n c e p t c o r r e s p o n d s to h i s v i e w o f 

t he r o l e o f p o t e n t i a l e n t r a n t s . Does t he marke t c o n s i s t o f an u n d i f f e r ­

e n t i a t e d g roup o f economic a g e n t s f a c i n g an o p p o r t u n i t y , o r does i t 

c o n s i s t o f p a r t i c i p a n t s and p o t e n t i a l e n t r a n t s t h a t d i f f e r i n an e s s e n t i a l 

way? 

A r e a l i s s u e o f how the marke t behaves i s i n v o l v e d h e r e . I n 

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

r andomly r a i s e t h e i r p r i c e s and c a p t u r e p o s i t i v e p r o f i t s b e f o r e t h e i r 

c o m p e t i t o r s c a n r e a c t ? I s t h i s b e h a v i o r i m p o r t a n t enough t o mode l? 

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

— We assume h e r e a l e x i c o g r a p h i c r e t u r n f u n c t i o n to p o t e n t i a l 
e n t r a n t s . The f i r s t d i m e n s i o n i s e x p e c t e d p r o f i t and t he s e c o n d i s 
w h e t h e r t h e y e n t e r — t h e y l i k e to e n t e r . 
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The r e a d e r may o b j e c t t h a t the model i s no t p e r f e c t c o m p e t i t i o n . 

F i r m s a r e no t s m a l l and numerous and t h e r e f o r e do no t f a c e i n f i n i t e l y 

e l a s t i c demand. M o r e o v e r , the use o f the S t a c k e l b e r g e q u i l i b r i u m i n t he 

s e c o n d d e s c r i p t i o n i s j u s t a t r i c k t o keep t he f i r m s f rom u s i n g t he 

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

One c a n a r g u e t h a t to s t r i c t l y ge t t he r e s u l t s o f p e r f e c t 

c o m p e t i t i o n we s h o u l d assume a con t i nuum o f f i r m s . W i t h a c o n t i n u u m of 

f i r m s a d e v i a n t has z e r o mass . T h e r e f o r e , i f t he d e v i a n t r a i s e s h i s 

p r i c e above P , t he o t h e r p r o d u c e r s w i l l f u l l y meet demand and the d e v i a n t 

w i l l f a c e no demand. H i s demand c u r v e i s i n f i n i t e l y e l a s t i c . The Nash 

e q u i l i b r i u m i s P = C ' ( X ) , PX - C(X) = 0 , KX = Nd ( P ) , where K i s t he 

measure o f the f i r m s . 

I f one wants to t a k e t h i s r o u t e , t h e r e i s an i s s u e w h i c h must 

be f a c e d . I n what s e n s e can t he b e h a v i o r o f a c o n t i n u u m o f f i r m s be 

c o n s i d e r e d t he l i m i t i n g b e h a v i o r o f many f i r m s ? One needs to show t h a t 

a s t he number o f f i r m s grows the b e h a v i o r w h i c h we have d i f f i c u l t y 

p r e d i c t i n g i s r e d u c e d to a na r row b a n d . P r i c e s may no t e q u a l P and 

o u t p u t X , bu t P - e < P . < P + e , X - e < X± < X + e f o r a l l i and e v e r 

s m a l l e r e . Why does t he i n f i n i t e s i m a l d e v i a n t f i r m f a c e z e r o demand bu t 

have an i n f i n i t e s i m a l amount to s e l l ? I s t he Nash e q u i l i b r i u m a r e a s o n ­

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

f i r m s t o fo rm a c o a l i t i o n o f p o s i t i v e mass and d e v i a t e t o g e t h e r . Why 

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

r e a l i t y ? Suppose f i r m s a r e i n t he p r o c e s s o f l e a r n i n g t he s t r u c t u r e o f 

t he game, and some f i r m s t r y d e v i a t i n g f rom P = P , X = X . I f t he d e v i a n t s 

have a p o s i t i v e mass , t hey w i l l n o t o b s e r v e an i n f i n i t e l y e l a s t i c demand. 
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B e c a u s e o f t he above p rob lems w i t h a c o n t i n u u m o f f i r m s , we 

w i l l c o n t i n u e to c o n s i d e r f i r m s to be f i n i t e i n number and S t a c k e l b e r g 

w i t h r e s p e c t t o p o t e n t i a l e n t r a n t s . I t i s shown i n t he n e x t s e c t i o n 

t h a t under demand u n c e r t a i n t y s u c h f i r m s do no t s e t e q u a l p r i c e s . The 

f i r m s b e i n g a c o n t i n u u m does no t a f f e c t t h i s r e s u l t . 

I I . A g g r e g a t e Demand U n c e r t a i n t y 

L e t us t u r n now to the c a s e where t h e r e i s u n c e r t a i n a g g r e g a t e 

demand s o t h a t t he market does no t a l w a y s c l e a r . Consumers s t i l l have 

z e r o s e a r c h c o s t s , so t h e o n l y s o u r c e o f randomness to t he f i r m i s t he 

a g g r e g a t e demand v a r i a t i o n . A g g r e g a t e demand i s N d ( P , U ) where U i s a 

random v a r i a b l e and 3d /8U > 0 . F i r m s s e t X and P b e f o r e o b s e r v i n g U . 

T h i s p r o b l e m d i f f e r s i n an i m p o r t a n t way f rom the p r e c e d i n g 

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

f i r m s s e t the same p r i c e , P , a d e v i a n t c a n c a p t u r e t he who le marke t by 

s e t t i n g P < P . I n t h e p r e v i o u s p r o b l e m we c o u l d r u l e t h i s ou t by h a v i n g 

f i r m s s e l l a l l t h e y w a n t , X , a t P = P . In t he u n c e r t a i n t y c a s e f i r m s 

w i l l no t n e c e s s a r i l y be a b l e t o s e l l a l l t hey w a n t . By d e c r e a s i n g p r i c e 

an a r b i t r a r i l y s m a l l amount t he d e v i a n t can h u g e l y i n c r e a s e h i s p r o b a ­

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

N d ( P . U ' ) = K X , where P r o b ( U < U ' ) > 0 . I f r e a l i z e d U > U ' p r o f i t s a r e 

z e r o , and i f U < U ' p r o f i t s a r e n e g a t i v e . T h e r e f o r e , e x p e c t e d p r o f i t s 

a r e n e g a t i v e and t h i s i s no t an e q u i l i b r i u m . 

I n t he c e r t a i n t y c a s e an upward d e v i a n t o r p o t e n t i a l e n t r a n t 

s e t t i n g P > P c o u l d be c u t ou t o f t he marke t by K f i r m s s e t t i n g P = P , 

C ' ( X ) = P , PX - C(X) = 0 , KX = d ( P ) . In t he u n c e r t a i n t y c a s e t he upward 

d e v i a n t canno t be c u t ou t o f t he marke t w i t h c e r t a i n t y . Suppose K , P , 

and X s a t i s f y P rob{Nd(P ,U)<KX} = 0 so t h a t t he downward d e v i a n t can be 



- 7 -

r u l e d o u t . Then Prob {Nd(P ,U)<KX} > 0 e x c e p t f o r t he d e g e n e r a t e ( c e r t a i n t y ) 

c a s e . The re i s m o t i v a t i o n f o r a p o t e n t i a l e n t r a n t to e n t e r as t h e r e i s 

p o s i t i v e p r o b a b i l i t y o f f a c i n g an upward s l o p i n g demand c u r v e . I n d e e d , 

even i f t h e r e a r e a c o n t i n u u m of f i r m s , the e n t r a n t has some monopoly 

power . 

These r e s u l t s s u g g e s t ou r p r o p o s e d e q u i l i b r i u m . F o r s i m p l i c i t y 

l e t us assume t h a t i f a consumer can buy some o f h i s demand a t a g i v e n 

p r i c e , bu t no t a l l , h i s F a i r y God Mo the r w i l l s e l l to h im the r e s t o f 

what he wan ts a t t h a t p r i c e . M o r e o v e r , i f f i r m s s e t t he same p r i c e , 

4 / 
c u s t o m e r s w i l l s p r e a d t h e m s e l v e s e v e n l y be tween f i r m s . — 

* * 
L e t U s a t i s f y the p r o p e r t y Prob{U<U } = 0 and i f Prob{U<U' } = 

0 t h e n U ' _< U * . K Q f i r m s s e t P Q , X Q where P Q = C ' ( X Q ) , P Q X 0 - C ( X Q ) = 

* 

0 , K Q X 0 = N d ( P Q , U ) . These K Q f i r m s l i v e i n a c e r t a i n t y w o r l d and they 

w i l l no t d e v i a t e downward. N e x t , t h e r e i s a f i r m w i t h p r i c e e q u a l s 

PQ, w h i c h s e t s o u t p u t to m a x i m i z e e x p e c t e d p r o f i t s g i v e n p r i c e e q u a l s 

P.. I f P^ i s t oo c l o s e to PQ, the f i r m w i l l have n e g a t i v e e x p e c t e d 

p r o f i t s . P^ i s s e t a t the s m a l l e s t v a l u e s u c h t h a t the f i r m g e t s n o n -

n e g a t i v e e x p e c t e d p r o f i t s . Nex t t h e r e i s a f i r m a t ? ^ > P^ s e t t i n g t he 

e x p e c t e d p r o f i t m a x i m i z i n g o u t p u t g i v e n p r i c e e q u a l s > a n < * P 2 i S 

the s m a l l e s t n o n n e g a t i v e e x p e c t e d p r o f i t p o i n t above P ^ . The " s t a c k i n g " 

c o n t i n u e s u n t i l t he number of f i r m s e q u a l s K = K . + K where P > P . . 
U 1 1 _ 

P„ i s t he s m a l l e s t n o n n e g a t i v e e x p e c t e d p r o f i t s p r i c e above P , and 
K l K l _ 1 

p r i c e e q u a l s P^ + ^ i s a n e g a t i v e e x p e c t e d p r o f i t p o s i t i o n f o r a l l 
p r i c e s P „ > P „ g i v e n p r i c e and o u t p u t of t he K f i r m s . I f t h e r e i s 

, K l + 1 K l 
no U s a t i s f y i n g t he above p r o p e r t y , t h e n a l l f i r m s a r e of t h i s second 

—''The r e s u l t o f a l e x i c o g r a p h i c o r d e r i n g — c u s t o m e r s a r e no t 

g r e g a r i o u s . 
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t y p e . I f t h e r e i s no s a t i s f y i n g the above p r o p e r t y , t h e n a l l f i r m s 

a r e o f the f i r s t t y p e . 

C o n s i d e r t he s e c o n d S t a c k e l b e r g subgame. A f i r m has no m o t i v e 

to change i t s p r i c e o r o u t p u t . I f a f i r m r a i s e s i t s p r i c e , i t can be 

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

e x p e c t e d p r o f i t s . I f t he f i r m d e c r e a s e s p r i c e , i t g e t s n e g a t i v e e x p e c t e d 

p r o f i t s . F o r t he same r e a s o n t h e r e i s no m o t i v a t i o n f o r a p o t e n t i a l 

e n t r a n t t o p r o d u c e . T h e r e f o r e , i n t he f i r s t subgame t h e r e i s no r e a s o n 

f o r a p o t e n t i a l e n t r a n t t o become a f i r m . As e x p e c t e d p r o f i t s e q u a l 

z e r o , t h e r e i s no r e a s o n f o r a f i r m t o l e a v e t he m a r k e t . 

Our s o l u t i o n c o n s i s t s o f a g roup o f f i r m s i n a w o r l d o f 

c e r t a i n t y a c t i n g l i k e p e r f e c t c o m p e t i t o r s . S t a c k e d above them a r e f i r m s 

a c t i n g a s m o n o p o l i s t s , bu t c o n s t r a i n e d t o p r i c e s t h a t y i e l d z e r o e x p e c t e d 

p r o f i t s . T h i s i s t he o n l y e q u i l i b r i u m . — ^ These f i r m s a r e p r i c e s e t t e r s , 

bu t o n l y i n a n a r r o w s e n s e . The re i s o n l y one p r i c e t h a t a f i r m can s e t 

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

a g e n t s ' d e c i s i o n s . 

I n p e r f e c t c o m p e t i t i o n t he a u c t i o n e e r i s i n s t r u c t e d t o e q u a t e 

s u p p l y and demand. I n t h i s s e t t i n g s u c h an i n s t r u c t i o n i s i m p o s s i b l e t o 

f o l l o w . T h e r e f o r e , t h e r e i s no e x a c t p e r f e c t c o m p e t i t i o n a n a l o g to t h i s 

p r o b l e m . L e t us change the i n s t r u c t i o n s t o t he a u c t i o n e e r . The a u c t i o n e e r 

d e s i g n a t e s p r i c e s and f i r m s and t h e s e d e s i g n a t e d f i r m s a r e p r i c e t a k e r s . 

The a u c t i o n e e r i s t o s e t p r i c e s so t h a t no f i r m d r o p s o u t o f t he m a r k e t , 

and no ( p r i c e s e t t i n g ) p o t e n t i a l e n t r a n t e n t e r s t he m a r k e t . The p r i c e s 

—^The r e a d e r can c o n v i n c e h i m s e l f o f t h i s by c o n s i d e r i n g any 
o t h e r p r o p o s e d pu re o r m ixed s t r a t e g y s o l u t i o n . The p o t e n t i a l e n t r a n t s 
w i l l r e d u c e a l l f i r m s to n o n p o s i t i v e e x p e c t e d p r o f i t s and some f i r m s to 
n e g a t i v e e x p e c t e d p r o f i t s . 
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t he a u c t i o n e e r s e t s a r e t he s o l u t i o n d e s c r i b e d a b o v e . Once a g a i n , t he 

d i s t i n c t i o n be tween p r i c e s e t t e r and p r i c e t a k e r i s u n i m p o r t a n t . The 

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

L e t us l o o k a t the p r o b l e m o f t he " m o n o p o l i s t " f i r m s , s a y f i r m 

J - 1 + K Q , s e t t i n g p r i c e P ̂  . L e t V Q be t he number o f c u s t o m e r s s a t i s f i e d 

b y t he f i r s t K Q f i r m s , v^ t he number o f c u s t o m e r s s a t i s f i e d by f i r m 

K Q + 1 , and so o n , g i v e n t h e s e o u t p u t s and p r i c e s and U. L e t g.. be t he 

v a l u e o f U s u c h t h a t t he f i r m s w i t h p r i c e s b e l o w P^ j u s t s a t i s f y a l l 

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

o u t p u t s . L e t h j be t he v a l u e o f U s u c h t h a t t he f i r m s s e t t i n g p r i c e s 

b e l o w P j and f i r m j - l + K ^ s e t t i n g p r i c e P j t o g e t h e r j u s t s a t i s f y a l l 

c u s t o m e r s , h.. i s a f u n c t i o n of t he a rguments o f g^ and o f P^ and a s 

w e l l . Assume U has a 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 f ( U ) . 

The f i r m ' s p r o b l e m can be decomposed as 

(A) A ( P . ) = max P . / ( N - T v ) d ( P , U ) f ( U ) d U 
1 » 1 t 1 1 1 

Xj s, - 4 

CD 

+ P . X . J f ( U ) d U - C ( X . ) 

(B) <(.(P.) = 0 . 

I n p a r t (A) o f t he p r o b l e m the f i r s t - o r d e r c o n d i t i o n on X j i s 

CO 

P J f ( U ) d U = C ' ( X ) 

a s t h e e f f e c t s o f X^ on h j c a n c e l . The z e r o p r o f i t c o n d i t i o n i s : 

P . J (N-Tv ) d ( P , , U ) f ( U ) d U + P . X . J f ( U ) d U - C ( X . ) = 0 y ' m j j J h J 

where X^ i s a t i t s o p t i m a l v a l u e . D i v i d i n g by X^ and s u b s t i t u t i n g i n 

t he f i r s t - o r d e r c o n d i t i o n y i e l d s : 
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P . h j C ( X ) 

y / ( N - J v ) d ( P , , U ) f ( U ) d U + C ' ( X . ) = . 
X j g j

 m j J X j 

The f i r m w i l l p r o d u c e to the " l e f t " o f t he minimum of i t s a v e r a g e c o s t 

c u r v e . 

L e t us assume t h a t f i r m s a r e numerous and s m a l l . I f t h i s 

h o l d s 

h . 
J 

/ f ( U ) d U • 0 

g 3 
and 

C ( X . ) 
C ' ( X . ) . — L . 

I f t he p r o b a b i l i t y o f s e l l i n g some bu t no t a l l o u t p u t i s n e a r z e r o , t he 

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

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

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

c o m p e t i t i o n r e s u l t o f e q u a l p r i c e s does no t a p p e a r i n a marke t w i t h 

u n c e r t a i n demand even i f t h e r e i s f r e e e n t r y and f i r m s a r e s m a l l and 

numerous . R a t h e r the p r o d u c t s of p r i c e and p r o b a b i l i t y o f s e l l i n g a r e 

e q u a l . N o n s t o c h a s t i c a g g r e g a t e demand i s c r u c i a l t o t he e q u a l i t y o f 

p r i c e s . 

I n s u c h a marke t t he range o f p r i c e s can be t a k e n as a measure 

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

A d i s p e r s i o n o f p r i c e s i n a marke t canno t be t a k e n as p r o o f o f l a c k o f 

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

o u r market t empora ry f l u c t u a t i o n s i n a g g r e g a t e demand w i l l r e s u l t i n 

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

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

g a t e demand w i l l be r e f l e c t e d i n i n v e n t o r i e s . 
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I I I . The M u l t i p e r i o d P r o b l e m 

I f one wan ts to s o l v e t he m u l t i p e r i o d p r o b l e m f o r goods 

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

p r e s e n c e o f i n v e n t o r i e s c l o u d s the p i c t u r e . W i t h i n v e n t o r i e s f i r m s w i l l 

be s o l v i n g d i f f e r e n t p rob lems and thus w i l l d i f f e r i n an e s s e n t i a l way . 

To d e t e r m i n e what w i l l happen the d i s t r i b u t i o n o f i n v e n t o r i e s must be 

d e r i v e d . 

The p r o b l e m o f i n v e n t o r i e s can be swept under the r u g i f some 

s t r o n g a s s u m p t i o n s a r e made. L e t us assume t h a t f i r m s a l l have t he same 

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

F u r t h e r , suppose t h a t f i r m s a r e s m a l l so t h a t t he p r o b a b i l i t y o f s e l l i n g 

some o u t p u t bu t no t a l l can be t r e a t e d as z e r o . Under t h e s e c i r c u m ­

s t a n c e s the f i r m ' s v a l u e w i l l be l i n e a r i n i n v e n t o r i e s and i t s d e c i s i o n s 

i n d e p e n d e n t o f i t s i n v e n t o r y s tock .—^ The two p a r a m e t e r s ( i n t e r c e p t , 

s l o p e ) d e t e r m i n i n g t he f i r m ' s c o s t o f i n v e n t o r y h o l d i n g w i l l i n f l u e n c e 

i t s d e c i s i o n . However , t h e s e p a r a m e t e r s a r e assumed the same f o r each 

f i r m , and w i l l j u s t e n t e r i n d e t e r m i n i n g t he z e r o p r o f i t c o n d i t i o n . 

I f t h e s e s t r o n g a s s u m p t i o n s a r e no t made, more s t r u c t u r e must 

be put on t he model to d e t e r m i n e a s o l u t i o n . I f c o s t s a r e convex i n 

i n v e n t o r i e s , one a n t i c i p a t e s t h a t t he marke t may be c h a r a c t e r i z e d by 

c h u r n i n g . S p e c u l a t o r s , who s e t h i g h p r i c e s i n hopes o f h i g h demand, 

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

i n v e n t o r i e s . Those f i r m s w i t h low i n v e n t o r i e s due t o low p r i c e become 

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

- B r y a n t , J o h n , "Demand A n t i c i p a t i o n and S p e c u l a t i o n on 
I n v e n t o r i e s : The D e c i s i o n s o f a P r i c e S e t t i n g F i r m " (m imeographed) . 
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I n t h e m u l t i p e r i o d p r o b l e m w i t h i n v e n t o r i e s , a new l o w e r bound 

on a f i r m ' s p r i c e i s i n t r o d u c e d . No f i r m s e t s a p r i c e b e l o w i t s e x p e c t e d 

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

s i m i l a r t o t he s u b m a r t i n g a l e p r o p e r t y o f e f f i c i e n t m a r k e t s . 


