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ABSTRACT 


The rece ived , Cour n ot -Stacke l h e r g  c las s of non -compe t i t  ive 

i nterde pendence  mode l s  , and its modern counterpar t ,  the Von 

Neumann -Morge n s tern -Nas h -S e l te n  c la s s  of n-per s on , non ­

c oope rat ive game s ,  as sume no strateg i c  commun i cat i on . No p layer 

can af f e c t  the cur r e n t  strateg i e s  of othe r s  be cau s e  no player can 

pre -commu n i cate h i s  strate gy to the other player s .  The pre sent 

paper con s tr u c t s  a general mode l of non -compe t i t  i ve interdepe n d ­

e nce under per f e c t  strat eg i c  commun i c a t i on . I n  such a mode 1, 

b e tween any pai r  among n interact i ng monop ol i s  t s  , one exh i b i t s  a 

p r i or reac t i on func t i on wh i le the other s imp ly p i ck s a po i n t  on 

the fun c t  i on .  We der i ve rat i onal reac t i on fun c t  i on s  and 

c haracter i ze the re su l t  i n g  solu t i on s  f or both uncon s tr a i n e d  

i nterac t i on and interac t  i on con s  trained b y  ant i tr u s t  laws . 

Resu l t s  of pre l im i nary te s t s  of each of the se mode l s  are very 

en courag i ng . 





I NTRODUCTI ON * 


The re ce i v e d  , Cournot - S tack e  lberg c las s of non -comp e t  i t ive 

i nte rdependence mode l s  , and its mode rn counte rpart , the Von 

Neumann -Morg e n s t e rn -Nash -Se l te n  c las s of n-pe rson , non -coope ra­

t ive game s ,  as s ume no strateg i c  commu n i cat ion . No p laye r can 

af  f e c t  the strateg i e s  of othe r s  becau se no play e r  can commu n i cate 

h i s  strategy to the othe r playe r s  be fore the othe r s  s e l e c t  the i r  

own strateg i e s  . Yet  the repeated i n t e rac t  ions be twe e n  large 

f i rms in mos t  indu s t r i e s  in  the real wor l d  make i t  ext reme ly 

i mp lau s  i b le that such f i rms do not f i nd ways to commun i  cate how 

they wi l l  re spond to the act i on s of the i r  r i va l s  . Wh i le nume rou s 

dynam i c  mode l s  of lear n i ng and strateg i c  i nt e rac t  ion have bee n  

deve loped , the i r  lack of s imp l i c i ty and gene ra l  i ty have le f t  

e conom i s t s  w i t h  no common , stat i c -equ i l  i b r  i um f ramework w i t h  

wh i c h  t o  view mode r n  ol igopol i s t i c  i ndu s t r i e s  . I n th i s  pape r ,  we 

attempt to reme dy the s i  tuat ion by deve l op i ng a s tat i c  equ i l i ­

b r i um mode l  from an as sump t i on of per f e c t  strateg i c  commun i ca­

t i on , whe re s t rategi c educat ion i s  comp l e t e  and occ u r s  be fore 

ord i nary prod u c  t ion de c i s  ions are made . 


I n  Se c t  i o n  I ,  we f i  r s t  spec i fy our ge ne ral mode l  and show 

t hat a ne ce s sary cond i t  i on for the ex i s te nc e  of so lu t  i o n s  to al l 

monopoly inte rac t i on prob lems featu r i ng pe r f e c t  strateg i c  

* The authors bene f i te d  substan t  ial  ly from the commen t s  on 
ear l i e r  draf t s  of th i s  pap e r  by Lou i s  Makowsk i  , Ron He i ne r  , 
O l  i v e r  Wi l lamson , Haro l d  Demse t z  , Dan Leac h ,  John Pe t e rman , B i l l  
Layhe r  , Mar i u s  Schwar t z ,  Dav i d  Sch e f  fman , Pau l i ne Ippo l i to and 
seve ral anonymou s  re f e re e  s .  



commu n  i ca t i on i s  a h i erar chy of f i rms conta i n  i ng a recur s  i ve set 


r eac t i on s  

wor d s  , they 

f un c t  i on s  . 

o f  reac t i on func t i on s  . 

A sharp contras t eme r g e s  betwe e n  the resu l t  i ng stat i c  mode l 

and conve n t  i onal e con om i c  theor y  . Our f irms nee d  not s imp l y  pick  

pr i c e s  or outpu t s  . They may al so p i c k  the i r  pr i c e  or ou tpu t 

to the pr i ce s  or outputs of other f i rms . I n  other 

may each p i c k  the i r  own , commi t ted , reac t i on 

I n  con t ras t ,  the mode r n  appr oach to probl ems of 

soph i s t  i cated , ol i gopo l  i s t i c  interac t i on has bee n  to supp ly 

h i g h l y  invo l ve d  , but st i l l  h i g h ly unr eal i s t i c ,  dynam i c  de scr  i p ­

t i on s i n  wh i c h  pr i ce and output choi c e s  at each po i n t  i n  t i me 

max imi  z e  the pre se n t  val u e s  of prospe c t  i ve pro f  i t s  . ( The recent 

F . T . C .  volume on predat i on and entry de terrence  ed i t e d  by Salop 

and the re cent  J .  E .  T .  col l e c t  i on of paper s  on repu tat ion inve s t­

men t  by Krep s  , Mi lgrom ,  Rober t s  , and Wi l son te s t  i f y  to the 

popu lar i t y  of the appr oach . ) 

We obj e c t to th i s  narr ow rat i onal i ty appr oach to non ­

c ompe t i t  i ve pr i ce -quan t  i ty cho i c e s  f i r s t  be cau s e  of the lar ge 

number of equa l l y -plau s i b l e  dynami ca l  sol u t  i o n s  w i t h  rad i cal ly 

d i f fe r e n t  con c l u s  i on s  ( Aumann ,  Di x i t  , Fr i edman , Rub i n s te i n  ) and 

s e cond be cau s e  the real wor l d  doe s not--even theor e t i ca l l y -­

f ol l ow the s imp l e  Al ch ian -ru l e  of se l e c t  i ng for suc c e s s  and long ­

term sur v i val those f i rms that wi  l l  choose future pr i ce s  or 

ou tpu t s  that wi  l l  max imi  z e  the the n  -e xpe cted pr e s e n t  values  of 

the i r  the n -pr os p e c t  i ve pr of i t s . Rather , it se l e c t s  for surv i val 

those organ i zat i on s  that exh i  b i t  in i t  ial ly pr of i t -max imi  z i ng 
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strategi e s , suc h  strateg i e s  general l y  emp l oy i ng pr i ce or ou tpu t 


r e spon se s to other s that wi  l l  not max im ize the e xpe cted pre sent  

value s of  the i r  the n -prospe c t  i ve pro f i t s  g i ve n the chos en 

be hav i or of other s .  Cor r e s pond i n g l y  , surv i v i n g  , suc ce s sf u l  , 

r eal -wor l d  ol i gopol  i e s  have evolved separat i on s  of owner s h i p  from 

s hor t -r u n  con t r o l  and thereby grea t l y  fac i l  i tated the i r  ab i l  i t y  

t o  re spond t o  t h e  near - f u ture act i on s  o f  othe r s  in  way s that do 

n ot max im ize the f i rm '  s value of i t s  the n -pr o s pe c t  i ve pr of i t s  

g i ve n  the s e  act i on s  . Observed , sur v i v i n g  , ol i gopo l i e s  thu s 

c on s  i s te n t ly re j e c t  the cur r e n t  -weal t h -max imiz i ng cal c u lat i on s  of 

e conom i s t s  and the l i ke in favor of shor t -run de c i s  i on rule s of 

more pr i n c i p l e d  , some t  ime s war - l i ke , some t ime s benevole n t  , 

pr ofe s s i onal ly tra i n e d  manager s  . 

Once our bas i c  theor y  is  deve l oped in Sec t i ons I A and B 

( an d  the Appe n d  i x} ,  the exact form of the sur v i val -de termi n i ng 

d e c  i s  i on ru l e s  and the character i s t i cs of the re su l t  i ng sol u t i on s  

become the ma i n  concern of the paper . 

The sol u t i ons to uncon s tra ine d interac t i on are shown i n  

S e c t i on I C t o  have a pre dator y  , robber -barr on character i s t i c  . 

I n  Se c t i on I I  , we intr oduce governme n t  ant i tr u s t  pol i cy .  G i ve n  a 

s imp l e  , f i r s t  appr ox i mat i on of the reac t i on con s tr a i n t s  imp l  i e d  

by observed pol i cy ,  we der i ve the form o f  the new , con s tra i ne d  , 

opt i mal reac t  i on fun c t i on s  of the interac t  i ng f i rms . We use th i s  

r e s u l t  to con s tr u c t  a long-run equ i l  i br i um i n  a l i near spe c  ial  

case and der i ve its  equ i l  i br i um s i ze d i s tr i bu t i on of f irms , con ­

c entrat i on rat i os , and mar k  -ups . F irms are each tw i ce as large 
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as the nex t  sma l l e s t  f i rm , except pos s  i b ly for the lar ge s t  f irm ,  


w h i c h  may be a b i t  larger  in  order to de ter subsequ e n t  entry into 

t he indu s tr y  . Mos t  impor tant is  the appr ox imate e f  f i  c i e n cy of 

the re su l t i n g  ol  i gopoly so lu t i on s  . For examp l e  , the equ i l  i br ium 

mar k  -up w i t h  at leas t 6 f i rms is  shown to be no more than about 3 

perce n t  of the pure monopoly mar k  -up . 

I n  Se c t  i on I I I  , we note the rough emp i r  i cal acc uracy of our 

t heor i e s  of mon opoly for the u.s. expe r  i e n ce be f or e  , dur i ng , and 

a f te r  the e s tab l  i s hmen t  of our federal an t i tr u s t  !'ltat u t e s  . The 

central emp i r i ca l  resu l t  of th i s  ana ly s i s  is that u.s. an t i tr u s t  

laws have al t e r e d  the form o f  rat i onal reac t i on fun c t  i on s  so as 

to conver t  a wor l d  dom i nated by highly ine f f i c i e n t  mon opo l i e s  

i n t o  one whose typ i ca l  outpu t s  are probab ly ver y  c l o s e  t o  pure ly 

compe t i t i ve leve l s  . 

Se c t i on IV prov i d e s  a much more real i s t i c  , second appr ox ima­

t i on of  the  e f f e c t s  of  u.s. ant i tr u s t  laws on rat i onal f i rm 

s trateg i e s  , bot h  for long -r un ,  cap i tal de c i s  ion s  and shor t -run , 

outpu t de c i s i on s  . Ry expos i ng the rat i onal , ind i v i dual i s t i c  , 

bas i s  of actual pr oduc e r  "agreemen t s  " and " cooperat i on ,  " our 

theor y  prov i de s  us w i t h  a new , simp l  i f i e d  , v i ew of the operat i on 

o f  thes e  laws . Wh i le the pos i t  i ve an<i normat i ve con c lu s  i on s  of 

our f i r s t  appr ox imat i on large ly rema i n  , sever a l  unfor t unate 

jud i c ia l  interpre tat ions  of thes e  laws appear to have made the 

r e ce n t  cos t s  of the s e  laws sub s tan t  ial ly higher than i s  

n e ce s sar y  . 
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- -

The analy s i s  up to the Appe n n i x  of the pape r  fol lows our 


bas i c  theory of soc i a l  organ i zat i on (19RO, 1 9 Rl )  i n  as sum ing that 

the ident i ty of a f irm ahl e  to es tab l i sh a pr i or reac t  i on fun c ­

t i on over othe r  f i rms i s  determined pr i or to i t s  comm i  tme nt to a 

par t i cu lar reac t i on func t i on . The Ѐpend i x ,  however , int r oduces 

an expl i c i t  , compe t i  t i ve proce s s  de termi n i ng the iden t  i ty of  th i s  

f irm and ,  s imu l tane ou s ly , i t s  rat i onal reac t i on func t  i on . Af ter 

demon s trat ing  the ex i s tence  of a general solu t i on ,  we show that 

the solu t i on character i s t  i c s  of the s imp l e r  mode l in the tex t  are 

not  subs tan t  ial ly al t er e d  by th i s  change in  the mod e l  as long as 

t he number of f i rms i s  not very smal l .  ( An emp ir i cal app l  i cat i on 

t o  a smal l number s cas e  is  noted in f ootnote 1 7  ) . 

The featur e s  d i s t  i ngu i s h i ng our ol i gopoly , or i nterdepende n t  

mon opoly , al locat i on pr oblem from a ge neral al l ocat i on prob l em 

w i th per f e c t  strat e g  i c  commun i c at i on in  a pr i vate pr oper ty 

sys tem ( Thomp son -Fai t h ,  1980, 81) are that: (1) Ruyer s are 

n on c ooperat i n g  pr i ce tak e r s  and ( 2) se l le r s  are on ly hor i z on tal 

r i va l s  and , cor r e  spon d i ng l y  , do not make tran s fer paymen t s  to 

other se l l er s  . The s e  common ly emp l oye d  , s imp l i  f y i ng r e s t r  i c t  i on s  

s hal l rema i n  i n  for c e  thr oughou t our formal d i  s cu s s  i on . 

5 



I .  THE GENERAL MODEL 

A .  The Env i  ronme n t  

We cons i d e r  an economy con ta i n i ng n commod i t i  e s  and m f i rms , 

( n ,  m )  m ( 2, 2 ) .  The economy ' s  outpu t  allocat i on set i s  

d e noted: 

( l )  

fthwhe re i s  the f i  rm ' s n-d ime n s i onal output vector , or "out -Xf 

fthput" . X f t: Xf , the f i  rm's feas i ble output se t .  The set of 

output ve ctors  of a l l  f i rms exce p t  f i rm f i s  de noted: 

( 2 ) 


Each f i rm ,  f ,  can produce al l commod i tie s and has a prof i t  

f u n c t  ion , 

Tf f ( X  ) = 1f f ( X f i X_ f ) , f = l , • • , ffi • ( 3)• 

We th i n k  of th i s  fun c t  i on as one summar i z  i ng f i rm f '  s te c hnology , 

fac tor cos t s  , and output demand cond i t  ions in a pr ivate property 

sys tem . Hence , nf ( O  ; x- f ) = O ,  and the pro f i t  func t i o n s  of the 

var i ou s  f i rms are not gene ra l  ly ident i cal . 

B. 
S t rateg 1 e s  
F i rm Inte rac tion Unde r Pe r f e c t  In format ion Re gard i ng Othe r s  ' 

We now d i v e rge from anyth i ng we have eve r  seen i n  formal 

e conom i c  theory by hav i ng some f i rms choose , not an Xf , but a 
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respe c t  strateg i e s  str ategi e s  

s imu l t a n e ou s ly 

-7-

react  i on fun c t i on to i t s  compe t  i t or s  . The r a t  i on a le is  qu ite  


s imp le : Our f irms make no err or s  and always cor r e c t ly eva luate 

the reac t i on func t i on s  of  other s :  so the se other fir ms , re cogn i z ­

i ng that the i r  re a c t  i on s  are be ing  taken into accoun t  , mere ly 

s e lect  reac t  i on func t i on s  , thereby mak ing  the outpu t cho i ce s  of 

other f i rms det erm i n e  the i r  own ou tp u t s  . From a game -theor e t i c  

perspe c t  ive , we are i n tr odu c  i ng an assump t i on o f  per fe c t  in f orma ­

t ion w i t h  t o  the of other s , l s o  the 

mu s t  be se l e c t ed i n  sequ e n c e  rather than because 

any give n  strategy se l e c t or mu s t  observe the strateg i e s  of  the 

other str ategy se l e c t or s .  In par t i c u l ar , for perfe c t  informa t i on 

w i t h  respe c t  to the str ateg i e s  of other s ,  the f ir s t  stra tegy 

s e l e c tor , f i rm 1 ,  mu s t  ann ounce h i s  stra tegy , or reac t  i on 

func t i on , to the other s :  

1 S tandard game theory doe s not cover th i s  leve l of informat i on ­
a l  per f e c t i on i n  that even "per f e c t  i n f orma t  i on "  as s ume s zer o 
i n f orma t i on w i th respe c t  to the s tr a t eg i e s  of other s ,  there by 
mot ivat i n g  the conve n t  i on a l  Nash non cooper a t  i ve sol u t i on con ce p t  . 
The pos s  i b i l  i ty of per f e c t  informa t  i on w i t h  re s p e c t  to strateg i e s  
w a s  noted by Von Nauma nn -Mor g e n s tern ( p  . 84), but as i t  created 
no new ex i s tence probl ems , it was pas s e d  over . Our inter e s  t is 
in opt ima l  i ty , where ,  we s ha l l  see , it mak e s  a gr e a t  dea l  of 
d i f f e r e n ce whe ther there is per f e c t  i n f orma t  i on w i t h  respec t  to 
other s • s tr a teg i e s  or j u s t  conve n t  i on a l  "per f e c t  in f orma t  i on , "  
i . e .  , per f e c t  i n f orma t  i on w i t h  respe c t  to othe r s• ou tpu t s  . The 
conve n t  i on a l  "per f e c t  i n f orma t  i on "  solu t ion i s  s imp l y  an m- f  i rm 
S tack e l be r g  so lu t i on .  We sha l l  el abor ate on th i s  in Sec t ion I I  . 

The "me t a game " mode l of Howar d does perm i  t the commun i ca t  i on 
o f  s tr ateg i e s  bu t inappr opr i a te ly emp l oys a conve n t  i on a l  Nas h  
s ol u t  i on con c e p t  ra ther than a Von Naumann -Mor g e n s tern perfe c t  
i n f orma t i on solu t i on con c e p t  to the resu l t  i n g  norma l f orm . The 
r e s u l t  is a solut  i on se t wh i c h  is  un i n t e re s t  i n g l y  large in that 
i t  st i l l  con t a i n s  or d i n ar y  Cournot -N ash so lu t  i on po i n t s  . Th i s  i s  
e labor a t e d  e ls ewhere ( Thomp s on -Fa i th lq8 1 ) .  



2 

w h i  le  f irm 2 , the secon d  stra tegy se l e c tor , exh i b i t s  the reac t i on 

f unc t i on , 

and the th i r d  f irm exh i b i t s  


and s o  on up t o  the m- l s t  f irm '  s s imp le re ac t i on fun c t  i on . A 

s o l u t  i on output al l o c a t  i on set  i s  eas i ly con s truc ted by hav ing 

roththe f i rm , view i n g  thes e  re act i on fun c t  i on s  , se l e c t  i n g  an 

outpu t  . Th i s  outpu t de term i n e s  the ou tput of the m- l s t  f i rm 

g i ven its  estab l i  shed rea c t  i on func t i on , wh i ch in r e t ur n  g i ve s  

the two ou tput s  ne c e s s ary for the m- 2n d  f irm to de termine its  

outpu t ,  and so on unt i l  the f i r s t  str a t e gy se l e c tor ' s  output is  

determ i ne d  . 2 

mthThe f i rm '  s ou tpu t i s  assumed to max imi z e  i t s  pr of i t  in 

v i ew of the var i ou s  solut i on s  wh i c h  wou l d  re s u l t  from h i s  var i ou s  

I n  genera l ,  any s tr ategy se l e c t or selec t s  more than a react i on 
f unc t i on ;  he an nou n ce s h i s  reac t i on s to reac t i on fun c t  i on s  wh i c h  
s ubseque n t  s tr a tegy se l e c tors mi g h t  pre s e n t  to h i m .  Rut i t  is  
easy to see tha t such strate g  i e s  by subs e quent str ategy selector s  
c an never be ne f  i t  them and can be ignor e d  . For examp l e  , i f  the 
mt h  s tr a tegy se l e c t or se l e c t s  , rather than a s imp le act  ion , a 
r e ac t i on fun c t i on to pre se n t  to pr i or str ategy se l e c t or s  , he is 
g i v i ng the cho i ce of x cons i s te n t  with the above , pr i or , m- 1 
r e a c  t i on fun c t  i on s  to other s and there f or e  can be no be tter -off  
t han by choos i n g  x h imse l f  . Ther e f or e  , m '  s cho i ce of a react i on 
f unc t i on is  ra t i on a  l on ly when i t  is  redundant in tha t i t  yie lds  
h im the same re turn as  a s imp le  ou tpu t  cho i ce . 
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spec i fy becom i ng strategy 

resu l t i n g  

a s s i gnme n t  

output se l e c t  i on s  . But be f or e  we can der ive the prof i t  max i m i  z ­ 


i ng cho i ce s  , the reac t i on func t i on s  , of the other f irms , we mu st 


the cos t  of a pr i or se l e c tor . We mus t  

a l so de term i n e  the or de r o f  pr ior i ty i n  s tr a t e gy se le c t i on .  One 

poss i b i l  i ty is to arb i tr a r  i ly as s i gn an or der of strategy s e l e c ­

t i on ( corr e spon d  ing  , say , t o  the order o f  b i r t h  o f  the var i ou s  

f irms .  ) A solut  i on i s  then obt a i ned by f ir s t  a l  l ow i ng the m- l s t  

f irm t o  se l e c t  a reac t i on fun c t i on that max i m i  z e s  i t s  pro f  i t  

g i ven the m- 2 pr i or reac t i on fun c t  ions and i n  v i ew of the var i ou s  

mthr a t i on a l  output cho i ce s  o f  the f irm for the var i ou s  pos s i b l e  

m- l s t  m- 2n dr e ac t i on func t i on s  of the f i rm . Then the f irm 

s e l e c t s  a reac t i on fun c t  i on that max imi ze s  its  prof i t  g i ve n  the 

pr i or m- 3 reac t i on funct i on s  and the var i ou s  r a t  i on a l  outputs of 

f irms m- 1 and m wh i c h  re s u  l t  fr om i t s  var i ou s  react  i on fun c t  i on s  . 

-,The pr oc e s s  con t  i nue s unt i l  the m- 1 rat i on a l  rea c t  i on fun c t  i ons 

have bee n  forme d  . 

Another pos s i b i l  i ty is  to have the f i rms engage in  cos t l y  

c ompe t i t  i on t o  de termine the order o f  str a te gy se l e c t  i on . A 

mode l of such compe t i t i on i s  spe c  i f  i e d  in the Append i x  , where we 

demonstrate  the ex i s  tence of solu t  i ons to th i s  new k in d  of 

compe t  i t  i ve pr oce s s  , and compare the solu t  i o n s  re s u l t i ng from 

these two pos s  i b l e  me thods of ass i gn i ng pr i or i t y  of str ategy 

s e l e c t  i on . The ch i e f  resu l t  i s  that there i s  no subs t an t  i a l  

d i  f f er e n ce be twee n  the solu t i on s  from the alter n a t  ive 

proc e s s e s  when the number of inter ac t i ng monopo l i  s t s  

i s  not very sma l l  . Th i s  resu l t  wi  l l  hol d  both i n  the case of 
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( 4) 

uncon s t r a  ined inter a c t i on and when an an t i tr u s t  law re s tr i c t s  the 


s e t  of fe a s  i b l e  rea c t  i on fun c t  i on s  . 

S o  , for the forma l te xt be low , we assume tha t there is  a 

cos t le s s  as s i gnme n t  of h i er a r ch i a l  pos i t i on de term i n e d  , say , hy 

the h i st or i c a l  seque n c e  of entry in to the economy . 

To char a c te r  i ze the re s u l t  i n g  solu t i on s  , i t  w i  l l  be 

i n s tr u c t  i ve to con s  ider f i r s t  the case of duopo l y  , where the 2nd 

* 
f irm s imp l y  choose s a se t of outpu t s  , x2 , that max imi ze s  

n 2 ( x 2; x 1 ( x 2 ) ) .  The r e su l t  i ng solut i on de term i n e s  a depe ndency 

of x2 on the func t iona l ,  x1 ( x 2 ) ,  a dependency wh i c h  we wr i te as 

Th i s  depe n dency is not a rea c t i on func t i on; it mer e  ly shows how a 

s ubseque n t ly se l e c t ed str ategy depends upon a pr i or strategy . I n  

v i ew o f  f irm 2 ' s  ra t i on a l  re spon s e  g i ven by (4), f irm 1 choose s  a 

Th i s  duopoly solu t i on concept is  equ i v a l e n t  in game theor e t i c  

s tr u c ture to an imp l i c i t  solut i on concept used by Sche l l  i ng ( Ch .  

5 ) to solve two-per s on barga in i n g  and pri soner ' s  d i  lemma problems 

( s ee Thomps on - Fa i t h  , 1 9 8 1  ) .  

To guar antee the ex i s tence of such solu t i on s  , 111e can add 

that X f i s  f i n i te and ITf ( • ) is re a l  -va lued . S u f  f i c i e n t  cond i ­

t i on s for the ex i s te n ce of a gener a l  , n- f irm , solu t i on to th i s  

var i a t  i on a l  max imiz a t i on pr ob l em whe n  Xf i s  in f i n i te are g i ven in 

the Appe nd i x  . 
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Char a c ter i z i ng 

e c onomy-w i de outpu t 

subje c t  nz ( X 2i XJ )  

re ad i ly 

p 1 

C .  
 the Solu t  i on 

An extr eme ly s i mp l e  char a c t er i z at i on of the above solu t i on 

i s  ach ieved by add ing  the fo l l ow i ng "pun i s hab i  l i ty "  cond i t i on :  

F or any pos i t  i ve x 2 E X 2 , there ex i s t s  a " pun i s hme n t  outpu t  , "  an 
p 

x 
p 
1 ( x 2 ) E X1 such tha t n 2 ( x 2 ; x 1 ( x 2 ) ) < 0 .  The n  , le t t  i n g  x 1 he an 

a l loca t i on tha t  max i mi z e s  f i rm l '  s pro f  i t s  

over a l l  feas i b l e  x to Ȼ 0 ,  a r a t  i on a l  

r e ac t i on fun c t  i on o f  f irm 1 i s  g i ve n  by 

( 5)
* 

X l ( X 2 ) 
 = X 1 
 for X2 * 
 X 2 
 • 

lF a c  i ng th i s  , f ir m  2 choose s  x� , thus y i e  l d i n g  x as a sol u t  i on .  

I t  is  shown ( Se e  Appen d  i x  ) that th i s  d i  c t a t or i  a l  solu t i on 

a l so hol d s  for m > 2 . 

I t  i s  u s e f u l  to con s  i der the case of a Cournot technol ogy , 

where i n  Tif = X f[a -b ( x  l + x 2 ) - c ]  , ( a  , b ,  c ,  ) > 0 ,  a > c ,  and x E R�. 

The cond i t  i on on the ex i s t e n c e  of a se t of pun i s hmen t  outputs 

obv i ou s l y  hol d s  in such an env i r onme n t  as f ir m  1 may , for any 

a - c  
output o f  f i rm 2 , mer e ly se t x 1 = i n  or der t o  ma ke -­

n 2 ( x  2 , x 1 ) < 0 for al  l x 2 > 0 .  As the indu s tr y  ' s  s imp l e  monopoly 

a -c output , , for f irm 1 and a zero ou tpu t f or f irm 2 is  
2"i:) 

obv i ou s ly the mos t pro f i  table a l l o c a t  i on to f i r m  1 ,  i t s  reac t  i on 

f un c t  i on is  g i ve n  by 
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X l ( 0 )  2b 

a - c 
b 

* a - c 
= 

i f  X2 ) 0 .  

F irm 2 r a t  i on a l ly p i c k s  a zero outpu t ,  and a pure mon opoly output 

r e s u l t s  . 

The reac t i ons de s cr i be d  above are extreme ly pre d a t or y  . Such 

a high degre e  of pre dator y  behav i or doe s  not appear to char a c ­

t e r  i ze the typ i c a l  re a l  -wor l d  re l a t  i on s h i p  be twe e n  cur r e n t ly 

i n terac t  i ng f ir ms . Th i s  may be due to the fa i lure of the as sump ­

t i on of per f e c t  in f orma t i on regar d i n g  other s  ' strateg i e s  to 

g u  i de rea l -wor l d  re l a t  ionsh i p s  . I ndee d ,  as our gen er a l  solu t i on 

de s cr i be s  the comp l e te beh av i or of a car t e l  w i th no s ide pay ­

ment s  , 3 Pr o f e s sor St ig ler ' s  we l l  -known ana ly s i s  of the i n f orma ­

t i on a l  pr oblems of car te l s  app l  i e s  . I n  par t i cu l ar , the 

e n forceme n t  of the car te l behav i or on a g i ve n  se t of f irms 

r equ i r e s  that the en for cer s -- i n our mode l ,  the f irms w i th pr i or 

r ea c t  i on fun c t  ions  --observe or infer the actu a l  ou tpu t s  of the 

obv i ous ly re l u c tant  f irms . S i nce the tota l  indu stry in f orma t i on 

c o s t  r e l a t  i ve to the poten t i a l  indu s tr y  pr of i t  incr e a s e s  with the 

n umber of f irms in the indu s tr y  , the in  i t  i a l  number of f irms may 

e a s  i ly be so large that obser vat i on s  on the behav i or of other 

f irms be come impr a c t i c a l  . I n  such a case , each f irm w i l l  rat i on -

a l ly as s ume that the ou tpu t s  of the others  are una f  f e c te d  by h i s  

When in ter - f i rm payme n t s  are a l l owe d  , our gener a l  solu t i on 
be come s a "per f e c t  " car t e l  , one wh i c h  ach i eves a j o i n t  pr of i t  
max i mum f or a l l  the pr oduc e r s ( Thomp s on -Fa i th , 1 9 8 0  , ' 8  1 )  . 
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own output and a f am i  l i ar Courno t -Nash solu t i on be come s appr opr i ­ 


a t e  . Th i s  appare n t ly cor r e spon d s  to indu s tr i e s  such as agr i cu l ­

t ure , mi n i ng , furn i ture and garme n t  manu f a ctur i n g  , indu s t r  i e s  

w i th a large number of loc a l ly e s tabl i shed f irms pr i or to the 

m i d -n i ne te en th century ( Chan d l e r  ) .  

I n  contr a s t  , mos t  nat i on a l  indu s tr i e s  born dur i ng the 

transpor ta t i on -commun i ca t  i on revo l u t  i on of 1 8 6 0 - 1 9 4 0  qu i c k ly 

be came dom i n a t e d  by a few large f irms . The s e  f irms , who have , by 

and large , rema i n e d  dom i n a n t  to th i s  day , have clear ly not 

i n t e r a c t e d  in a whole ly Cournot -Nash fash i on . F i rms in the s e  

i ndu s tr i e s  can typ i ca l ly observe or in fer one another ' s  r e c e n t  

act  i on s .  Yet t h e  extreme ly pre d a t or y  re a c t  i on func t i on s  

descr i be d  above do not appear t o  have char a c ter i z ed mos t  of the s e  

i ndu s t r  i e s  i n  modern t ime s  . A plau s  i bl e  hypot he s  i s  t o  exp l a i n  

t h i s  is  s imp ly tha t  such reac t i on s  are for b idden by law . The 

f o l  low i n g  sec t  i on of the paper forma l i ze s  th i s  hypothe s i s  . 
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Ant i -Monopoly 

I I  . THE EFFECT OF ANTI TRUST P O L I C Y  


Laws A .  

A seemi n g ly f i r s t -be s t  ant i tr u s t  law wou l d  s imp l y  : ( 1 )  

a l  low mon opol i e s  to form at wi  l l  in every indu stry ; ( 2 ) subs i n i z e 

f irm outputs  in order to prev e n t  the usu a l  monopo l  i s t i c  under ­

p r odu c t  i on s  ar i s  i ng under imper f e c t  pr i ce d i s cr i mi n at i on , and ( 3 )  

tax away monopo ly pro f  i t s  lump -sum ( s ay by hav i ng the governme n t  

s e l l  the monopo l y  by auc t  i on i ng-of f the r i ght t o  the f ir s t  

r e a c t  i on func t i on , a s  de scr  ibed i n  the Appen d  i x  ) in  order to 

preve n t  a cos t ly devo t  i on of r e a l  re sou r c e s  to obt a i n  i ng the 

monopoly pr of i t .  However , th i s  f i r s t -be s t  ef  f i c  i e ncy is on ly 

appar en t  . Any such ant i t r u s t  law wou l d  admi t extreme l y  large 

e f f i c  i e n cy los s e s  by temp t  i ng f i rms to emp l oy d i s cr i m i nator y  

pr i ce sys t ems ( Thomps on , 1 9 8 3  ) .  T o  preve n t  the s e  los se s  , an 

e f f  i c  i e n t  governme n t  may adop t a pol i cy of sp l i t t  i ng up monopo­

l i s t i e  f irms so  as  to cre a te at lea s t  two r i va l pr odu cers  for 

e ach k i n d  of ou tput . W i th some , j u s t i f  i ab l e  exce p t  i on s  , 4 such a 

p o l  i cy is  , in fact  , observed in the u.s. The leg i s  l a t  i ve bas i s  

o f  the pol i cy i s  prov i de d  by sec t i on 2 o f  the Sherman Ac t and 

s e c t  ions  7 and 8 of the Clayton Ac t .  We might th i n k  of thes e  

Monopol i e s  are typ i ca l ly perm i t te d  when they pr ov i de : ( 1 )  a 
r e l a t  ive ly inexpe n s i ve way to rewar d recent innova t  i on s  ( U .  S .  
v s  . E .  I .  duPon t  , 1 1 8  F .  Supp . 4 1  , D .  De l .  ( 1  9 5 3 )  ) ,  ( 2 ) a way of 
r e d i s tr i bu t in g  away fr om other coun t r  i e s  ( the Webb-Pomerene Ac t ) ,  
and  ( 3  ) a way of interna l i z in g  the e f f e c t  of one supp l  i e r  ' s  
qua l i ty change on the per c e  i ve d  qua l  i t i e s  of the g i ve n  outputs  of 
other supp l i e r s  ( an t i tr us t -exemp t  spor t s  leagu e s  and 
s tandar d-se tt i n g  pr o fe s s  i on a l  assoc i a t  i on s  ) .  
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Approx ima t i on 

s tructure -de termi n ing law s  as the "ant  i -mon opo ly " por t i on of our 


a n t  i t r u s t  laws . 

The rema i n  i n g  pol i cy pr ob l em is  to make the re su l t  ing  , two 

or mor e f irms act as independe n t  compe t i  t or s  . By ou t l aw i n g  

" c on s p i r a c  i e s  in  r e s tra i n t  o f  tr ade , "  sec t i on 1 o f  the Sherman 

Ac t c lear ly reve a l s  a leg i s l a t  ive at temp t to r e s tr i c t  inter - f  i rm 

r e a c t  i on func t i on s  . How such con du c t -d e t e rm i n  i n g  laws , wh i c h  can 

be though t of as the " a n t  i -car te l "  por t i on of our ant i tr u s t  laws , 

actua l ly r e s t r  i c t the s e  reac t i on fun c tions and qener a te observed 

o l i gopoly out c ome s is  the subje c t  of  the rema i n  i ng text of  th i s  

p aper . 

B .  The E f f e c t  of An t i  -Car t e l  Laws on Re ac t  i on Funct i on s  --A F i r s t  


On the bas i s  of ex i s t  ing ant i -car t e l  laws , i t  i s  not 


unreason a b l e  to a s s ume , for a f i r s t  appr ox ima t i on ,  that if any 

f irm expands its ou tpu t in reac t i on to incr e a s e s  in the outputs 

of its  comp e t i  t or s --e i ther ex i s t  i ng or enter i n g  f irms --t ha t  f irm 

wou l d  be subje c t  to pros e c u t  i on under both the Sherman Act and 

s e c t  ion 5 of the FTC Ac t for i t s  " pr e d a tory pr a c t  i ce s  . "  5 Thu s  , 

whenever a f irm incr e ase  its  ou tput for a g i ve n  le ve l of indu s tr y  

5 Th i s  interpre t a t i on assume s that the cour t s  can 0 i s t  i ng u i sh 
b e tween incr e a s e s  in ou tpu t  due to e f  f i c  i en cy r e a s on s  from 
i ncr e a s e s  for pre da tory or pun i shmen t  reason s  . Seve r a l  Sherman 
Act case s  , such as the u.s. Ste e l  Ca s e  of 1(} 2 1 ,  lend suppor t 
t o  the as s ump t i on tha t  cour t s  at lea s t  attemp t  to make such a 
d i s  t i n c t i on .  'IIJ'e sha l l  d i s c u s s  later the r e c e n t  tre n o  away from 
t h i s  v i ew of wha t  con s t i tu t e s  i l le g a l  pre da t  i on .  
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demand and cost , we sha l l  assume that gover nmen t  ant i  -car t e l  

pol i cy pr oh i b i t s  another f irm from incr e a s  i ng i t s  ou tput .  Thi s 

r e s tr i c t  i on upon the ou tput reac t i on s  of f i r ms pre c  l u d e s  the use 

of pun i shmen t  strateg i e s  . 

I n  the abs e n ce of pun i shme n t  strateg i e s  , a f ir m  may also  

try to induce  the pr odu c t  i on of some de s ir e d  indu s tr y  output by 

" r ewar d i n g "  other f irms for the i r  ou tpu t s  , that i s  , decre a s  ing  

i t s  ou tput i f  the  other f i rms de c r e a s e  the i r  ou tpu t s  down to  the 

d e s  i r e d  leve l s . We sha l l  assume , for our f i r s t  appr ox imat i on , 

that su ch behav i or wi l l  be v i  ewed as " co l  l u s i on "  by the 

g overnmen t  pol i cy-maker s ,  and l i kew i s e  be pr oh i b i ted . 

The e f f e c t  of our f i r s t  approxima t  ion of actu a l  ant i -car t e l  

pol i cy i s  , there f or e  , t o  l im i  t each f i rm '  s cho i ce o f  reac t i on 

f un c t  i on to a cho i ce among the membe r s  of the c l a s s  of non -

i ncre a s i ng func t  i on s  . Thu s  , f irm i faces on ly two k i n d s  of 

a l te r n a t  i v e s  g i ve n  a change in the ou tput cho i c e  of the f irm 

i +k ,  whe r e  k= l ,  • • • , m- i  . i may exh i b i t  a zero or a negat i ve 

r e a c t i on to i +k ' s  change in  ou tpu t .  Compar i n g  the re s u l t s  of 

these two a l t e r n a t  i ve s  , f i rm i ra t i on a l l y  de c i d e s  upon the ?.er o  

r e a c t  i on fun c t  i on .  

i thOur demon s tr a t  i on i s  as fol l ows: Suppose the s tr a tegy 

s e l e c t or adopt e d  a nega t  i ve reac t i on func t i on .  The n  , i f  f irm 

i +k i n c r e a s e d  i t s  ou tpu t ,  say fr om xO t o  x' , and f irms 
i +k i +k 

i +l , • • • , i  +k -1 ,  i +k + l  , • • • ,m d i d  not con t r a c t  as mu ch as i+k 

expanded so that ther e were a net expan s i on in industry outpu t ,  

( x '  - x O  ) > 0 ,  the resu l t  of i '  s con tr act  i n g  i t s  outp ut 
k = l i +k i +k 

or 
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i n  re spon se wou l d  c l e ar ly be to encour age the ou tpu t expan s i on of 

f irm i+k and thu s the aggr egate output of h i s  compe t i  t or s  . 

I ndu c i ng an incr e a s e d  ou tput by i t s  compe t i t or s  cou l d  on l y  

bene f i t  f irm i i f  i t  u l t  i mate ly perm i t te d  i a d i f  f e r e n t  solu t i on 

outpu t  . But X i f or any ( X i + l  t • • • ,  xm ) may be changed indepe nd­

e nt l y  of  i ' s  reac t i on s  to the outpu t changes  of the s e  f i rms! 

F irm i need on l y  change i t s  reac t i on func t i on f r om 

X i ( X i + l  t • • • ,  xm ) to Xi ( X i +l t • • • ,  xm ) + o. So w i t h  f irm i able to 

a l ter i t s  solu t i on output indepe nden t ly of i t s  respon s e s  to the 

output change s of later strategy se l e c t or s  , i t s  nega t  i ve reac t i on 

f u n c t  i on wou l d  be dom i n a t e d  by a par t i cu l ar , con s t ant outpu t ,  

r e ac t i on func t  i on . ( S imi  l ar ly , i f  i+k redu c e d  i t s  output and the 

i nduced ou tput chang e s  by the r e s t  of the f irms re s u l t e d  in a ne t 

decrease  in i ndu s tr y  outpu t ,  f i rm i wou l d  not ra t i on a l  l y  re spond 

w i th an incr e a s e  in i t s  output and there by d i s c ourage i+k from 

d e cr e a s  i n g  i t s  output in the f ir s t  place . For f i rm i cou l d  

produce the de s i r e d  , h i gher output by s imp ly comm i t t  i ng itse  l f  to 

produce the de s ir e d  output as a con s tant  regar d l e s s  of i+k ' s  

r e act  ion and ther eby induce i+k to pr odu c e  a lower outpu t than he 

wou l d  i f  i pr e se n t e d  i +k w i th a ne gat i ve reac t i on .  ) F in a l ly , i f  , 

when f i rm i+k incr e a s e s  ( de c r e a se s  ) i t s  ou tpu t  , the r e s t  of the 

f irms other than i de c r e a s e d  ( i n c r e a s e d  ) the i r  aggregate output 

s o  that the ne t output of the indu s tr y  wer e  redu ce d  , ( i n cr e a s e d  ) 

f irm i +k wou l d  cont i n u a  l ly expand ( c on t r a c t  ) i t s  output unt i l  

t h i s  wer e  no long er the case . So there wou l d  be no equ i l i br i um 

u nder th i s  f i n a l  pos s i b i l  i ty . Thu s  , in equ i l  i br i um ,  each f irm '  s 

r a t  i on a l  rea c t  i on fun c t i on i s  a con s tant  -ou tput re ac t i on funct  ion . 
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Equ C • i l i br i u rn  

U s i n g  th i s  resu l t  we now der i ve a n  equ i l  i br i um w i t h  m f irms 

produ c  i ng a homoge neou s output in wh i c h  each f i rm '  s h i e r ar c h i c a l  

pos i t i on i s  exogenou s ly g i ve n  . Th i s  amoun t s  t o  a gener a l i  z at i on 

of the Stacke lherg duopoly mode l .  6 We aga i n  assume a f i xed 

h i er ar chy of str a t egy sele c t or s  , or " s t r a tegy maker s  , "  w i th f irm 

l be i ng the " pr imary maker , "  f i rm 2 the " se con dary maker , "  and 

f irm m the "pure taker . "  7 Al s o ,  we aga i n  adopt a Cour n ot 

technology . Thu s  , indu stry demand i s  assumed to he l inear and of 

the form: 

6 I n  the Stack e l be r g -on-output mode l  of duopoly ( see , for 
e xamp l e  , Intr i l  i g a t or )  , one f ir m ,  ca l led the " fo l l ower , "  assume s 
t he other w i l l  exh i b i t  a con s t a n t  ou tput and mak e s  h i s  rat i on a l  
output cho i ce on th i s  assump t i on .  The other f irm , " the leaner , "  
s e le c t s  h i s  ou tput subje c t  to the fol l ower ' s  rat i on a l  respon se 
f u nc t i on . The re s u l t  is a Stacke lherg equ i l  i br i um . I n  our 
ant  i tr u s t -constr a i n e d  monopoly mode l ,  the se cond strategy 
s e l e ctor act s  as a Stack e l berg fol l ower by choos i ng his  ou tput 
subje c t  to con s tant  -output react i on func t i on s  . The f i r s t  
s t r ategy se l e c t or behave s a s  a Stacke lherg leader s i nce he 
chooses h i s  reac t i on fun c t  i on ( f  i x e c'l  ou tpu t  ) subje c t  on ly to the 
prof i t -max im i z  ing  beha v i or of the other f i rms . F i rms 2 , • • • , m-1 
i n t r oduce into the mode l add i t  i on a l  re l a t  i on s h  i p s  not de scr  i bed 
in  pre v i ou s  mode l s  of  wh i c h  these author s are awar e  . Neve r t h e ­
l e s s  , our con tr o l l e d  monopoly mode l w i th i t s  con s tr a i ne d  react i on 
func t i on s  and adde d re l a t  i on s h i p s  gene r a t e s  what can be inter ­
preted as  a genera l  i ze d  Stacke l be r g  mode l .  For , as der i ved 
a bove , add in g  more f i rms to our mode l mere ly cre a t e s  a h i erar chy 
of par t i a l  Stack e  lberg leader s .  

7 We in t r oduce the se new firm de s crip t i on s  to rem i n d  reade r s  
t h a t  the f i rms are inter a c t  i ng under con s t r a i n t s  not pre s e n t  in 
our ba s i c  mode l deve l oped in  Se c t i on I .  As Sta c k e l b e r g  ' s  
" l eade r -f o l l ower " termi n o l ogy sugg e s t s  cer t a i n  pr i c  i n g  re l a t  i on s  
that are not re levant t o  a s i n g l e  -ou tput mode l ,  we avo i d  i t  here . 
I t  w i l  l ,  however , reappear in  a f i xe d -pr i ce , mu l t  i p le -ou tpu t  
d i s c u s s i on o f  Sec t i on IV . 
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\ L 

( 7 )  

m 
p = a-b l X i , ( 6 )

i = l 

whe re p i s  the pr i ce of the i nd u s  try ' s  output and , aga i n  , a and b 

a re pos i t  ive cons t a n t s  . And marg i na l  cost s ,  c ,  are as sumed to 

be con s tant  and ide n t  i c a l  for each f i rm so that f i rm f '  s pro f  i t s  

c a n  be expre s s ed as 

where , to assure pos i t  ive output s ,  c < a .  The cond i t i on for 

prof i t  max im i z  at ion for each f i rm i s  

( 8 )  


= p - c ( 9 )
Xf = 

Since a l l  reac t i on fun c t  i on s  are con s t an t  ou tpu t re act  ion func ­

t i ons , for each f i rm j ,  

for al l i < j .  ( 10 )  

Th i s  y i e l d s  a pro f  i t -max imi  z i ng expre s s  i on for m o f: 

x ·  
1 

1. 

m-1 

a-c-b . 


* 1.= ( 11 ) Xm = 2b 
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dx&-1 
= - 1/ 2 • 

axm axm dxm-1 

Xm-2 = = p-c 

-20-

= - 1/ 4 .  

d xm-2 

And from 

Since firm m-1 is a taker  with respe c t  to 1 ,  • . • , m-2 ,  and the 

l at t e r  exhibit con s t an t  ou tput re a c t ion func t ion s ,  

m-2 dx il = 0 •dxm-1 

( 11  ) , we know 

Xm-1 = 

a-c-b 

d xm-1 
= -

= p-c 

i= l 


1 Thu s  , using ( 9 )  and ( 1  0 ) , 2And from 
 . 


* ( 1 2 )  

2b b/2 


To obt ain m-2 '  s prof i t -max imiz ing cond it ion , we have t o  c a l c u  late  

m- l '  s and m '  s ratio n a l  re spon s e s  to a change in From ( 1 )Xm-2• 

we know that 

( 13 ) 


( 1 0 )  , 

* * * 
= + 
axm-2 axm-1 

Hence , aga in using (9), 

• dxm-2 

( 14 ) 


a-c-b X·1* 
2b 
 b74 


( 15 ) 
• 



we 

2b 

m-5 

p-c 
b78 


2b 

S im i  l a rl y  , 
 f i nd that 

m- 4 
a-c-b x· 

il l 1 
=Xm- 3 

* ( 16 )  
= , 


a-c-b 
 x ·  
il l 1 

Xm-
* 

4 

= p-c= b7T6 , 


* a-c = p-c ( l 7 )  
X l = 2i) mm-1 

The re su l t  i ng s i ze d i s t r  i bu t  ion of f i rms i s  obv i ou s ly 

* * = 
m- 1

. m x = x 2j , j 0 , l , . . . , m- l . ( 18 )  

D .  Coro l  l ar i e s  

I t  i s  intere s t i ng to not e  from ( 17 )  that the f i r s t  f i rm 

a lways produc e s  the s imp le monopo l y  outpu t  . I t s  so l u t  i o n  ou tput , 

a nd cor r e s pond i n g l y  the solu t  ion ou tpu t s  of subs e quent make r s  , i s  

there fore una f f ec ted b y  the add i t  i on o f  new f i rms t o  the 

i nd u s t r y  . 

The re i s  a l so a coro l  l a ry conce rn i ng the " conc e n t r a t  i on 

rat i o "  of our i ndu s t r  i e s  . I t i s  that the t- f i rm conc e n t r a t  i on 

r a t i o  , the share of the top t f i rms i n  the indu s try , decr e a s e s  as 

the numb e r  of f i rms in the indu s try incre a s e s .  From the above 

theorem , the tot a l  outpu t  of the top t f i rms i n  the indu s tr y  can 

be wr i t t e n  : 
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m- 1 tj m-1- t j m- t K I 2 = K2 I 2 = K2 ( 2t - l  ) , ( 1 9  ) 
j =m- t j = l 

where t "' m- 1 and K i s  some pos i t  ive numb e r  . The tot a l  ou tput of 

t h e  m f i rms is  

m- 1 j
K I 2 = K ( 2m- l  ) • ( 20 ) 

j = O 

Henc e  , the ou tput share of the top t f i rms i n  the i ndu s t ry , 

t ..: m - 1 ,  i s  g i ven by : 

( 21 ) 


Thu s we see that as the numbe r  of f i rms in  the i ndu s t ry expands 

a nd thu s the output become s more compe t i t  i ve , the conc e n t r a t  i on 

r at i o , St , for any t dec r e a s e  s .  

Th i s  dec r e as e  , howeve r ,  i s  ve ry s l  ight once the numbe r  of 

f i rms in  the i nd u s try become s at a l l  s ig n i f  i c a n t  . For examp l e  , 

i f  m Ȼ 8 ,  then the pe rc e ntage error in  us i ng 2t - 1 as an e s t i ­
2t 

mate of i s  a lways le s s  than one ha l f  of one perc e n t  . Obs e rved St 

l a rge - f i rm conc e n t r a t  ion ra t i os shou l d  there fore be roug h l y  the 

s ame ac ro s s  ol  i gopo l i s t i c  i ndu s t r i e s  with severa l f i rms and no 

threat of entry . 8 

U s i ng the above ana l y s  i s  and the re su l t s  of Pa rt I I  of the 
Append i x  , it can be shown that th i s  same asymptote is approached , 
a nd the same approx ima t  i on re s u l t  holds  , whe n  compe t i t  i v e  b i dd i ng 
for h i er a rc h i a l  pos i t  i on i s  a l  lowe d  . The on ly d i  f f e rence wh ich  
a r i s e s  when suc h  compe t i t  ion i s  al  lowed i s  that  the conc e n t ra t  ion 
r a t i o  increas e s  , ra ther than dec r e a s e s  , to i t s  asymp tot i c  leve l 
a s  m + oo. 
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A th i rd coro l  l a ry regards the prox imi ty of our ge nera l i zed 


S tack e l b e rg equ i l  i br i um to a comp e t  i t i ve equ i l  i b r  i um . From ( 17 )  , 

a-cthe equ i l i br i um ma rk -up in  our mode l is  . Under pu re manop ­
2m 

o ly , the mark -up wou l d  be ( a -c ) / 2 .  ( Th i s  i s  the same as the 

uncon t ro l le d  monopoly mark -up s ince  the rat i o n a l  ma ker in th i s  

i nd u s t ry mode l could not do be t t e r  than he cou l d  by prod u c  i ng an 

output such tha t p < c whe never any oth e r  f i rm produced a pos i ­

t i ve ou tput . )  G i ve n  the d i s t r  i bu t  i o n  of outpu t among f i rm s  in  

our ant i t ru s t -cons t ra i ned sol u t  ion , the equ i l i br i um ma rk-up re l a ­

t ive t o  the pure monopoly mark -up i s  there fore g iven by 

1= 
a-c 2m- 1 

( 22 )  

• 

S o  w i th , say , 6 f i rms in  the indu s try , the equ i l  i b r  i um ma rk -up i s  

o n l y  abou t  3 pe rce n t  o f  the pure monopo ly mark -up . 

Th i s  ins i g n i f i c a n t  mark -up not on ly as s u r e s  essent  i a l ly 

compe t i t  i v e  outpu t s  from i ndu s t r i e s  with as few as a ha l f  of a 

d o z e n  f i rms . I t  redu c e s  to near - i ns ig n  i f  i c ance the re sou r c e s  

w h i c h  the f i rms devote , say in  the form of a n  ove r -bu i l d i ng of 

fac tor i e s  ahead of demand , to estab l i sh the pr ior i ty of the i r  

output commi tme n t s  . The s e  re su l t s  speak for the powe r f u l  

e f f i  c i ency o f  the s imp l e  ant i t ru s t  pol i  cy ou t l  i ned above . 
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p l u s  

E .  Entry Thre a tened Indu s t r i e s  

W e  have be e n  ignor i ng the pos s i b i  l i ty o f  entry and , corre s ­

pond i ng l y  , have not con s  i d e red the ove rhead cos t s  o f  f i rm 

ope rat i o n  . C l e a r l y  , i f  the var i ab l e  prof i t  to an ( m  + l ) St f i rm 

i n  an ( m  + l )  - f i rm sol u t  i on to the above mode l were be low these 

ove rhead cos t s  to pot e nt i a l  compet i tors , there wou l d  be no thre a t  

o f  entry . Bu t i f  t h e  sol u  t ion pro f  i t s  to a n  ( m  + l )  s t  f i rm i n  an 

( m  + l )  - f i rm interac  t ion exceeded the f i  rm's ove rhead cost , 

t he n  e i t h e r  ent ry wou l d  occ u r  or ex i s t i ng f i rms wou l d  a l t e r  the i r  

s t rateg i e s  to fore s t a l l  th i s  und e s  i ra b l e  prospe c t  . I t  i s  easy to 

s how tha t  the lat t e r  wi l l  alway s occ u r  in  our s imp l e  model .  Any 

f i rm in the ind u s  try wou l d  obv i ou s l y  be be t t e r -o f f  produ c  i ng the 

outpu t s  that wou l d  be produced by equa l and cons t a n t -var i ab l e ­

cos t  , wou ld-be entran t s  . The f i r s t  maker has the f i rs t  opportu­

n i ty .  If  he  doe s n't take  i t  , a subsequent es tab l i  s he d  f i rm wi l l  , 

and , in  any case , the same , Syl o s - Lab i n i  - type , entry­

fore s ta l  l i ng ,  i ndu s try ou tput eme rg e s  . Our solu t  i o n  thus has the 

f i rs t  maker produ c  i ng i t s  norma l ,  cons t ra i ne d -monopoly outpu t 

the outpu t s  o f  the poten t i a l  entra n t s  and the n the re s t  of 

the f i rms produc i ng the i r  norma l ,  cons tra i ned monopo ly ou tput s .  

To ve r i  f y the uni que ne s s  of th i s  11 : 4 :  2 :  1 d i s t r i bu t i on , where 3 

i s  the tot a l  output of the wou ld-be entrant s  , s imp l y  note that 

the marg i na l  rev e nue of the f i rs t  maker beyond an ou tput equ a l  to 

11 is way be low its cos t  s i nc e  i t  on ly produced such a large 

ou tpu t bec a u se i t  was pro f i  t ab l e  to de ter  entry . For the same 

reason , subsequent se l e c tors  also have marg i na l  revenues 
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s ign i f i c a n t l y  be low cos t s  at larg e r  ou tpu t s  . And at lower out ­

mthputs , a l l  but the f i rm wou l d  me re ly be g i v i ng u p  the oppor ­

tun i ty to rep l ac e  the pot e n t  i a l  compe titor to a subsequent 

mt hs e  l e c tor . A lowe r output by the f i rm wou l d  i nduce entry and 

wou l d  there fore , as in Sylos -Lab i n i  , be unpro f  i t a b l e  . ( Th i s  

no-entry re s u l t  i s  sub s tant i a l l y  genera l i zed in  

Schwa r t z - Thompson . )  

Such a solu t i on wou l d  , of cou r s e  , be eve n more e f f i c  i e nt 

than ou r nea r l y  e f f  i c i e n t  , non -e n t ry-con s t ra i ne d  , Stac k e  l b e rg -on­

output so lu t i on . 

The top f i  rm wou l d  obv i ou s ly be even be tte r -o f f  i f  i t  cou l d  

e s tab l i s h a comm i tment t o  pre date aga i ns t  the new entrant by 

e xpand i ng i t s  output i n  re spons e  to the entry . But , as we have 

bee n assum i ng , such condu c t  is i l lega l . 

Th i s  int e rp re t a t  ion of ex i s t i ng ant i pre d a t  ion law has bee n  

re c e n t l y  cha l l enged by W i  l l i amson , who h a s  argued i n  favor o f  

s t rengthe n i ng ex i s t  i ng u.s. ant i preda t i on law t o  the exac t con ­

s t ra i nt on reac t i ons to en try that our above , f i r s t  app rox imat i on 

u se s  to de sc r i be the exi  s t  i ng law reg a rd i ng re ac t i ons to r i v a l  

output change s .  Our second approx ima t  ion o f  ex i s t  i ng law , wh i c h  

w a s  wr i t t e n  subsequent t o  Wi l l i amson ' s  pape r i n  order t o  exp l a i n  

i n  gre a t e r  de t a  i l  why our f i r s t  approx ima t  ion i s  a reason a b l e  

approx ima t  ion of ex i s t  i ng law regard i ng re ac t ions t o  ex i s t  i ng 

r iv a l s  , also shows how a pol i cy change exten d  i ng ou r reac t i on 

cons t ra i n t aga i n s t  ex i s t  i ng r i va l s  to new riva  l s  wou l d  repre sent  

a we ak e n  i ng of current  u.s. ant i t ru s t  con s tra i n t s  on reac t i on s  to 

new ent ry . 
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Pol i cy F .  A Equ i v a l e n t  

The leg a l  restr  i c t i on s  on output reac t  i on s  gener a t  i ng our 

a bove , f i r s t  approxima t i on i s  equ i va l e nt , for f irms produ c i ng a 

homogeneous outpu t ,  to a proh i b i t  i on of ou tpu t reac t  i on s  that are 

ne ce s s ar i ly " ir r a t i on a l  i n  the nar r ow sen s e  , "  i .  e .  , ne ce s s ar i ly 

precomm i t ted , whatever the demand and cos t cond i t i on s  fac i n g  the 

i n du s try . To see th i s  , f i r s t  note that when a f irm expands  its 

output for a g i ven state of indu stry demand and cos t s  , any 

u n commi t t e d  , nar r ow l y  rat i on a l  , set of reac t i on s  by i t s  

subs t  i tute -produ c  i ng r i va l s  imp l i e s  that they con t r a c t  the i r  

subs eque n t l y  chosen ou tpu t s  . ( See Se c t i on IV B .  l for a de s cr i p ­

t i on o f  the mul t  i p le -ou tput mode l s  permi t t  i ng u s  t o  extend th i s  

s imp l e  , Stack e l berg -on -ou tpu t ,  solu t i on char a c ter i s t i c  t o  more 

r e a l  i s t i c  env i r onmen t s .  ) The reason , of cour s e  , for th i s  solu ­

t i on char a c t e r  i s t i c  i s  tha t  the give n  outpu t expan s i on lower s the 

j o i n t  demand curve fac ing  the r i va l s .  S im i  l ar ly , when a f irm 

c on tr a c t s i t s  output , narr ow l y  rat i on a l  r i va l s  w i l l  always wan t  

t o  expan d the i r  subsequen t ly se l e c t e d  ou tput s  . A con t r a c t  i on 

r e spon s e  to a r i va l con tr a c t  ion , l i ke an expan s i on re s pon s e  to a 

r i va l expan s  ion , woul d  the r e f or e  be narr ow l y  irr a t i on a l  , car r  i e d  

o u t  on ly be c a u s e  o f  a pr i or comm i  tme n t  to d o  so . I n  e f  f e c t  then , 

the law e l  i m i n a t e s r e sp on s e s  that are unamb iguou s ly precomm i t ted , 

n ar r ow ly irr a t i on a l  , reac t  ions  regard l e s s  of the nature of 

i ndu stry deman d  and cos t s  . 

-26­



An imme d i  ate cor o l l ar y  i s  tha t  pos i t  i ve reac t i on s  to r i va l  

e xpan s  i on s  imp l y  tha t  the reactor s have expanded to wher e  they 

are se l l i ng at pr i ce s  bel ow the ir mar g  i n a l  oppor tu n  i t y  cos t s  , 

cos t s  wh i ch inc lude foregone , mon opol y -type , interna l i ze d  pr i c e ­

e f f e ct s  . Th i s  prov i d e s  a s imp l e  econom i c  interpr e t a t  i on o f  the 

c l a s s  i c  , " se l l  i n g -be l ow -cos t  , "  leg a l  de s cr i p t  i on of econ om i c  pre ­

d a t  i on , an interpr e t a t i on qu i t e  contrar y  to the nume r ou s  econom i  c 

i n terpre t a t  i on s  tha t  have recent  ly appe ared . ( Se e  , e .  g .  , Te l ser , 

Areeda -Turner , Kol ler , W i  l l  i amson , Josk ow -K l e vor i c k  , or Ordover ­

W i l l i g . )  The s e  author s v i ew "pr e d a t  i on , "  wh i ch i s  exp l i c i t ly 

out l awed in  the Sherman Act ,  as r e s tr i ct e d  to nar r owly rat i ona l  , 

monopol i z  i ng inve s tmen t  wh i le we v i ew predat i on as inc lu d i ng the 

n ar r ow l y  irr a t  i on a l  re spon s e s  nec e s s ar y  to ma i n t a  i n  a pre v i ou s ly 

e s t ab l i shed monopoly pos i t i on .  More ge nera l ly ,  they v i ew 

observed pred a t  i on as a r a t  i on a l  expe n d i  ture on aggr e s s  i on to 

acqu i r e  future prop e r t y  wh i le we v i ew it as  i n c l u d  i n g  a nar r ow l y  

i r r a t  i on a l  expen d i tu r e  on war ne ce s s ary to exe c u t e  a pre v i ou s  

c omm i tmen t  t o  prote c t  one ' s  pre v i ou s ly acqu i r e d  proper ty . 

Cor r e spon d  i ng l y  , wh i le we have bee n  argu i ng that e f f e c t  ive ly 

out l aw i n g  such nar r ow l y  irr a t  i on a l ,  war - l i k e  , prectator y  act i on s  

i s  a n  e s s e n t  i a l  part o f  our ant i -car te l  laws , the s e  other au thor s 

h ave argued --e r r oneou s ly--that irrat i ona l pre da t i on i s  not wor th 

con s  i der i ng be cause  the re a l  wor l d  wi  l l  a lway s se l e c t  ag a i n s t  

i nd i v  i du a l s  exh i b i t  i n g  suc h  be hav i or even i n  the absence  o f  legal 

sanc t  i on s  . 
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The se author s po i n t  out that "pr e da t  i on "  ( i n the i r  narrow 

s e n s e  ) i s  rar e ly pr of i ta b l e  in the re a l  wor ld , but do not 

con s  ider the pos s i b i l  i ty that the ma i n  rea s on such pre d a t  i on is 

r ar e ly pr?f i ta b l e  is that ex i s t i ng u.s. ant i tr u s t  laws -- i n c l ud i ng 

the laws e f f e c t  i ve l y  e l  i m i n at i n g  pre d a t  i on in  the br oad sense  -­

have l arge ly e l  i m i n ated the pr of i t  to pre d a t  i on in the 

n arr ow sense  . 

G .  E x t e n s  i on to More Gene r a l  Env i ronme n t s  

The approx ima t e  e f f  i c i en c y  of our now -gener a l i z ed inter ­

pret a t  ion of observed ant i -car t e l  law ( wher e  i n  a l l  re spon s e s  to 

r iva l behav i or that are narr ow l y  irra t  i on a l  are ou t lawed ) eas i ly 

e xt e n d s  to wor l d s  adm i t t  i n g  the pos s i b i l  i ty of d i r e c t  , lump -sum , 

tran s f er s  be twee n  the f irms . As we have already po i n te d  out ,  the 

uncon s tr a i ne d - i n t e r a c t  i on solu t i on is character i z e d  by per f ec t  , 

j o i n t -pr o f  i t -max imi  z i n g  , car te l i  z at i on onc e  such tr an s f er s  are 

a l l owed ( Thompson -Fa i t h  , 1 9 8  0 )  . The extr a -d i me n s  i on respon s  i b l e  

f or t h e  " per f e c t i on "  i s  t h a t  f irms can b e  rewarded for ou tput 

c u t -bac k s  by d i r e c t  , lump -sum paymen t s  rather than le s s  d i r e c t  , 

gener a l l y  le s s  interna l ly ef  f i c i en t  , mat c h i ng cutback s in ou tpu t  . 

The interact  i on can thu s be v i ewe d as includ i ng exchang e s  of 

owne r s h i p  c l a  ims for ou tput redu c t i on s  . Now , the last per s on to 

de l i ve r  in any exchange , inc lud i n g  exchanges of owner s h ip c l a ims 

f or r i va l  output reduc t  ions  , choose to de l i ver on ly be cau s e  of a 

pr i or commi tme n t  to do so . F in a l  de l i very i s  always a narr owly 

i r r a t  i on a l  act . The de l i very i s  there f or e  pre c l uded by our 
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gene r a lized anti-c a r t e  l law , which out l aws al  l respo n s e s  to riva l 

behavior that are unambiguou s l y  narrow l y  irra tiona l  . Thu s  , for 

them , the out l awing of suc h  re spon s e s  is su f ficie n t  to achieve 

approximate socia l optima lity even whe n  the environme n t  is 

genera lized to inc lude lump- s um trans f e r s  . 

Howeve r ,  as we sha l l  see in Sec tion IV , the approximate 

e f  ficiency of ou t l awing narrow l y  irra tional  re spon ses  to riv a l  

behavior doe s  not e x t e n d  t o  short -run , nomin a l - pric e - s e t  ting 

b ehavior . Tha t  is , it is not optima l to out l aw a l l  forms of 

c o l lu sion , pred a tion and , more genera l ly , irr a tion a l  re spo n s e s  to 

riv a l  nomina l  price behavior . Moreove r ,  we sha l l  fin a l  ly con­

c lude that in failing to recognize this exception , our 

l egis la ture has al  lowe d our j udge s  , lawyer s ,  and economis t s  to 

r e c e n t l y  evo l v e  a perve r s e  sys t em in which nomina l  pric e - f ixing 

has become a per se vio l a tion of our antit ru s t  laws while 

sophis tic a t e d  short -run quantity inte rac tions have become almo s t  

c omp l e t e ly immune t o  antit r u s t  prose c u tion , thereby creating the 

recent trend toward subs tantia l ly inc r e a s e d  litig ation without 

any apparent le s s e ning in the degree short - ru n  cart a liz ation . 
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I I I . EV ID ENCE 


The ra t i on a l  -reac t i o n - f u nc t i on , per f e c t - i n forma t  i on approac h 

to non -compe t  i t  ive interdepende nce can be te s te d  by attemp t i ng to 

ve r i  fy emp i r i ca l l y the imp l  i c a t  ions deve loped above . We use the 

u .s. expe r i e n c e  s i nce we are somewhat le s s  ignorant of it than of 

the expe r i e nce s of othe r coun t r i e s  . 

A .  P r i or to Ant i t r u s t  Laws 

Ac cord i ng to mos t  accoun t s  , no subs tant i a l  monopo l i  e s  othe r 

t han governme n t  -g ranted and sma l l  , loc a l  monopo l  i e s  appe a red 

be fore the C i v i  l War . Af t e r  tha t war , the commu n i c a t  i on s ­

t ranspo rt a t  ion revo l u t  i on and the emergence o f  the corpo r a t e  form 

o f  organ i z at i on appare n t ly opened up unpre c e d e n t e d  oppor t u n  i t  i e s  

f or large - s c a l e  p r i vate organ i z a t  ions and thu s  pr i v a t e  monopo l ie s  

ope ra t i ng i n  nat i onw i de marke t s  . I n  th i s  env i ronme nt , indu s t r i a l  

g i a n t s  grew in  seve r a l  new indu s t r  i e s  , each com i ng to dom i  nate 

h i s  indu s t ry by us i ng unprof i ta b l e  pr i c e -c u t t  i ng as a weapon 

ag a i n s t  sma l  l e r  f i rms in  ord e r  to keep them " i n  l i ne . "  The s e  

" robbe r baron s "  were , in  our terms , s impl y  pr i o r  strategy 

s e  l e c t o r s  , and the i r  " cu t t hroa t compe t i t  i o n "  was me re l y  the i r  

app l  i c a t  i on of pun i  shment outpu t s  to dev i an t  f i rms . 

The v i ew that the s e  " robbe r baron s "  even e x i  s ted has been 

c h a l  l e ng e d  in  the econom i c  l i  terature by Pro f e s sor Mc Ge e  . 

Reg a rd i ng theory , McGee arg u e s  that a pun i shme n t  strategy i s  

i rrat i o na l  , wh i c h  indeed i t  i s  i f  one acc e p t s  conve n t  i o n a l  

Cournot -Na s h  as sumpt ions  . But we are al low i ng one i nd i v  i d u a l's 
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strat egy to a f f e c t  the strategy se l e c t  i on s  of other s .  So , as we 

have see n  , a pun i s hme n t  strategy may be rat i on a l  . Reg a r d i n g  the 

r e a l  wor l d ,  McGee argues that the Standard Oi  l Company , wide ly 

con s  i d e r e d  a company wh i c h  regu l ar l y  adop t e d  pun a t  i ve reac t  i on 

funct ions ( Tarbe l  l )  , d i d  not , in  fact  , adop t such str a teg i e s  . 

H i s  ev i d e n c e  for th i s  unu s u a l  c l a  im was of two k in d s  . F i r s t  , he 

argued that mos t  of the re f i ner i e s  tha t  wer e  acqu i r e d  by Standard 

in deve l op i ng i t s  monopoly wer e  pur c h a s e d  at about book va l u e  , or 

s l  i g h t l y  h i gher , fr om se l l e r s  who d i d  not comp l a i n  abou t 

" pr e da t or y  pr i c  i n g  . "  But s in c e  mos t  of the re f i ner i e s  were 

pur c h a s e d  dur i n g  an er a of unexpe c t e d  crude oi l d i s cover i e s  and 

boom i ng deman d  for r e f  ined  produc t s  , book -va l u e s  wer e  proba b l y  a 

s i gn i f i cant  under est ima te of compe t i t  i ve va l u e s  throughout the 

per i od .  ( I ndee d  , what examp l e s  appe ar in Mc Gee ( pp .  1 5 1- 2 )  and 

Tarbe l l  ( p  . 3 3  ) ind i ca t e  that d i  s c ou n t e d  earn i n g s  streams fr om 

the pur c h a s e d  re f i ne r  i e s  wer e  far in  e xc e s s  of book va l u e s  or 

pur chase pr i ce s  . )  And , wh i l e the re f i ner s  se l l  i ng dur ing  

Standard's gr owth to near -mon opo ly sta t u s  ( 1  8 7 1 - 1 8  8 6 )  frequ en t ly 

comp l a i ne d  that the i r  h i g h  expe c t e d  transpor t  cost re l at i ve to 

S t andard's wa s the ma i n  reason for se l l  i n g  to Standar d  , McGee d i d  

n ot regar d Standard's acqu i s i t  i on o f  a p i pe l  i n e  monopoly and 

control  over r a  i lr oa d  rebate pol i c i e s  as a sour c e  of " pr e d a t or y  

pr i c  i ng . "  That i s  , Mc Gee d i d  not regard over -pu r c has i ng i n  a 

compe t i t or's inpu t mar ket to be equ i va le n t  , fr om the standpo i n t  

o f  preda t i on ,  t o  over s e  l l  i ng i n  the compet i tor's outpu t mar k e t  . 
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( Wh i le Mc Gee po i nt s  out that ra i l road reba t e s  we re of t e n  g i ven 

S tand a rd ' s  compet i tors  dur i ng the per i od of Standard ' s  growth 

i nto a monopo ly , he f a i  l s  to po i n t  ou t that the reba t e s  typ i ca l ly 

t ook on a narrow l y  i r ra t  ion a l  form rather than a narrow l y  

rat ional  , s l i d i ng sca l e  re f le c t  i ng ove rhead transport cos t s  : 

Frequen t  l y  no rebat e  was g i ven to large re f i ne r s  s imp l y  because  

t he i r  vo l ume was be low that of Standa rd; more f re que n t l y  , 

S tandard ' s  agreeme n t  with the ra i l road s wa s  that higher  transport 

c harg e s  were to app ly to its compe t i tors; and sever a l  key 

con t ract s were a l so s igned in  wh i c h  the ra i l road s were ob l ig a t ed 

t o  pay Standa rd a large fee for each barre l of oi  l s h i pped for 

i ndepende n t  re f i ne r s  ( Tarbe l l  , esp . Chs . 2 ano 1 1 )  . )  

S tandard ' s  ef  f e c t  on i ndependent re f i ners  ' transport cos t s  

was obv i ou s ly one that pun i shed thes e  compe t i to r s  for stay i ng 

i ndepende n t  . Wh i le the s e  pun i s hmen t s  we re not har s h  enough to 

p reve nt a l l  entry , the entry that d i d  occ u r  may we l l  have 

p rov i d e d  Standard w i t h  re f i ne r i e s  , market  expe r i me n t s  , or co l le c­

t ions of re f i ne ry equ i pment at a lowe r cos t than i f  they had 

b u i  l t  the p l a n t s  them s e l v e s  for the i r  boom i ng new i ndu s t ry . I n  

our te rms , Standard ' s  d i c t ator i a l  output set had other f i rms 

i n i t  i a l l y  produc i ng subs t a n t  i a l  outpu t s  ( i  n orde r to estab l  i s h  

new re f i n i ng pat t e rn s  ) and , a f t e r  a wh i le ,  zero outpu t s  ( a s 

S tandard took ove r  ) .  Stand ard ' s  po l i cy of purchas  i ng succe s s f u l  

re  f i ne r i e s  a t  j us t  s l  i g ht l y  ove r  book -v a l u e s  is  ce rt a i n l y  

con s i s te n t  w i t h  th i s  interpre t a t  ion . 
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The second argume n t  of McGee i s  that wh i l e predat ory pr ic  i ng 


b ehav ior  may have ex i s  ted on the ret a  i l  leve l  , i t  d i d  not re s u l t  

i n  any sign i f  i c a n t  re t a  i l i ng monopoly for Standard . The prob lem 

here is  tha t Standard ' s  u s e  of predatory ret a  i l  pr i c  i ng was used 

not to acqu i r e  a redundant re ta i l  i ng monopo l y  but rather to aid  

t he i r  nea r -monopo ly in  re f i  n i ng by pun i s h  i ng reta i l e r s  i n  certa i n  

locat ions for buy i ng from compe t i  ng re f i n e r s  ( Tarbe l l  , Ch . 10)  . 9 

B .  Dur i ng the Developme n t  of Our Bas i c  Ant i t  ru s t  Law 

Unde r the above inte rpre tat i on of our ant i -c a r t e  l laws , the 

imme d i  ate e f f e c t  of th i s  con s t ra i n i ng of reac t i on func t i ons to 

9 McGee ' s  subs i d  i a ry c l a i m  that a ser i e s  of nonpredatory buy­
out s  to form a monopo l y  is cheape r than preda t i  on is  also  
i ncorre c t  . Comm i tme n t s  to  predate aga i n s t  r i va l s  re f u s  i ng 
" reasonab l e "  pr i c e s  are of obv i ou s  va lue i n  redu c  i ng buy-ou t 
p r i ce s  . Moreov e r  , s i nce , in the absence of such pre d a tory 
comm i  tme n t s  , a l l  f i rms wou l d  demand at leas  t the i r  prof i t  as the 
l a s t  -ac qu i red f i rm and s i nc e  it a lway s pays to acqu i re an equa l l y 
i n formed compe t i tor , a Mc Gee - type buy -out so l u t  ion wou l d  not 
genera l l y ex i s t  . For examp l e  , in our ant i t ru s t-con s t r a i ned , 
l i  ne a r  mode l of Sec t i  on I I  , i t  i s  easy to show that i f  the 
i ndus try star ted wi th four or more f i rms , it wou l d  nev e r  be 
p rof i t a b l e  for any f i rm to buy-ou t a l l  of the othe r s  eve n  though 
they coul d  be obt a i ned for on ly therr-opportu n i ty va l u e  , tha t  
obt a i ne d  by rema i n i ng a n  i ndepende n t  fo l l owe r i n  a Stacke lberg ­
on-outpu t duopo l y  . And s i nc e  i t  alway s pays t o  buy ou t a s i ng l e  
f i rm to ach i eve a j o i nt output re s t r  i c t  i on , there i s  no pure ­
s t rategy so l u t  ion to th i s  intera c t  ion . Fo r  pure st rategy buy-out 
solut  ions  wi thou t informat ion d i f  f e r e n c e  s ,  comm i t t ed re a c t i on 
s t ra t eg i e s  are gene ra l ly requ i red . 
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non -co l l u s  i ve , non -pr ed at or y  	 forms wou lct be to induce con s o l  i d a ­

l Ot i on s  , or mu l t i -f i rm merger s .  I n  fact , a re cord number of 

c on s ol i d a t  i on s  --by far the lar ge s t  in our h i s t ory l l -- imme d i at e ly 

f o l l owed the landmark u . s .  Cou r t  de c i s  i on s  va l i d a t  i ng Se c t i on 1 ,  

t h e  ant i -car t e l  por t i on , of the Sherman Act .  ( U . s .  vs . Addys ton 

P ipe and Ste e l  Co . ,  et  al  . ,  8 5  FED 27 1 ( 6 th C i r cu i t  , 1 8 9  8 )  , 

a f  f i rme d 17  5 U . S  • 21 1 ( 1 8  9 9 )  ) • 

I n  sharp contr a s t  , the usual , St i g l e r  i an v i ew of car t e l s  

l e av e s  u s  with no exp l a n a t  i on of th i s  merger wave . S i n c e  the 

numerous pr e - 1 8 9 8  car t e l s  wer e  --accor d  i ng to th i s  popu lar 

theor y -- l ar g e l y  ine f  f e c t  i ve , out l aw i n g  the  car te l s  shou l d  have 

had no s i gn i f i cant  e f  f e c t  on the popu l ar i ty of subs t i tu t e  forms 

of mon opo l i s t i c  organ i z at i on .  Moreove r  , even if the e f f ec t i ve ­

n e s s  of the pre - 1  8 9 8  car t e l s  wer e  , somehow , adm i t ted , the 

s t andar d  , St i g l e r  i an view wou l d  st i l l  imp ly an absence of monop ­

o l i z  i ng con s o l  i da t  ions  be cau s e  i t  wou l d  always pay an ind i v  i d u a l  , 

c ompe t i t i ve f irm more to stay on the ou t s i de rather than to j o i n  

1 0  A con s o l  i dated group o f  f i rms d i  f fer s from a group o f  un con ­
s tr a  ined  , independen t l y  oper ated , in ter a c t or s  on ly in that the 
f ormer can fr e e l y  make lump -sum tr an s fer s be tween the inter a c t or s  
and ther e by ach i e ve j o i n t  pr oduct i ve e f f i c  i e n cy in the absence  of 
t r a n s a c t  i on s  cos t s  ( Thomp s on - Fa i t h  , 1 98 0  ) .  I t  i s  ther e f or e  
l i k e l y  t o  be a t  mos t  a mi nor incon ve n  i e n ce for pre v i o u s l y  
i ndepende n t  ope r a t or s  t o  merge i n  order t o  re t a i n  the i r  
monopo l  i s t i c  ou tpu t r e s t r  i c t  i on s  . 

1 1  Bro z e n  po i n t s  ou t that the 1 8 9 8- 1 9 0 2  merger  wave , repr e se n t ­
i n g  abou t 5 3  per c e n t  or the book va l u e  of al l manu f a c tur i n g  and 
m i n  ing  cor p or a t  i on s  , was mor e than f i ve t ime s larger than any 
other merger  wave in our h i  s tory . And Ne l son te l l s  us that " 7 5  
p e r c e n t  of the 1 8 9 5- 1 9 0 4  f irm d i s appearan c e s  took place by 
conso l  i d a t  i on s  of f i ve or more f i rms . "  



an outp u t -r e s tr i c t  i ng , pr of i t  -s har i n g  con s o l  i da t  i on ( Mackay ) .  So 

e ven i f  the pre - 1  8 98 car te l s  wer e  e f f e c t  i ve , the pos t - 1  8 98 

c on so l i d a t i on wave shou l d  never have occurred un der the 

conve n t  i on a l  theor y  . 

An imp l i c i t as sump t i on of the conve n t  i on a l  argume n t  is  that 

i n s  i der s cannot pre -comm i t  to pre datory reac t  ions  to non - j  o i n i ng 

membe r s  of the indu s tr y  . Wh i l e the large number s  invo lved in 

both the typ i c a l  pre - 1  8 98 car te l  and the typ i cal pos t - 1  8 98 con ­

s o l  i da t i on strong l y  sugg e s t  the pre s en ce of cont r a c t u a  l pre ­

comm i  tme n t s  t o  pu n i s h such " fr e e -r i d i n g "  , our on ly li i r e c t  

e v i dence con cer n s  the huge con so l i  dat ion form i ng the u .  s .  Ste e l  

monopoly in  ear l y  1 90 1  . The de t a  i le d  facts lead i n g  u p  t o  th i s  

c on s o l  i d a t  i on ( Hendr i  ck ) reve a l  the thor oughness o f  the preda t i on 

i nvo lved : An dr ew Car ne g i e  , who had , by the late 1 8 90's , ama ssed 

a for t un e  through his  inte l l i gence  as a compe t i t  i ve raw stee l 

producer and op t im i sm as a inve s tor , dec i ded to r e t i r e  from the 

r i gor s of bu s i n e s s  by se l l  i n g  hi  s company . H i s  of f e r  of 320 

m i  l l  i on dol l a r s  in Mar c h  1 9 0 0  to var i o u s  fabr i c ator s  and hor i ­

z on t a l  comp e t  i tor s through J .  P .  Mor gan and var i ou s  other stock 

promo te r s  att r a c t ed l i t t l e  inter e s t  . The n  Carne g i e  announced a 

p l an to bu i l d h i s  own , g i an t  , stee l fabr i  c at i ng plan t s  . H i s  

e x tr eme l y  opt im i s t i c  pre s i de n t  , c.w. Schwab , wen t  to work acqu i r ­

i n g  the pr oper ty and dr aw i ng s  su f f i c i en t  t o  bu i ld the plan t s  and 

made the announ ceme n t  of the rea c t  i on fun c t  i on to the in i t i a l ly 

i ncredu l ou s  Mor gan , who repre sen ted seve r a l  stee  l fabr i c a t or s  : 

E i ther the fabr i cator s  wou l d  j o i n  in buy i n g -ou t Carneg i e  and he lp 
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form a g i an t  , integrated , ste e l  con s o l  i da t  i on or Car neg i e  woul d  

f lood the i r  mar k e t s  . Mor gan's respon s e  wa s s imp ly to have 

Carn e g i e  name h i s  pr i ce; the bi gge s t  s i ng l e  dea l  in u . s .  hi stor y  

was struck wi thout a bi t of hagg l  i n g  . Mor g an's group wound up 

pay i ng a lmost  $ 6 0 0  mi l l  i on to the Car n e g  i e  Company j u s t  months 

a f ter re j e c t i ng the of f er of S320 mi l l  i on and Morgan wou l d  later 

a dm i t  to Carn eg i e  that they wou l d  have read i ly pa i d  a pr i ce tha t  

w a s  $10 0 mi l l  i on h i gher . Schwab's fabr i ca t  i ng p l a n t s  wer e  never 

bu i l t  . What exp l a i n s  th i s  appr ox ima t e  doubl  i n g  in stock va lue in 

l e s s  than a year , whe n  other , much sma l  l e r  , acqu i r e d  f i rms bar e l y  

ma i n t a i ne d  the i r  mar k e t  va l ue s  , i s  the forma t i on o f  the above , 

predatory react  i on fun c t  i on .  Morg an , be ing  the on ly mi d d l eman 

who coul d  be tr u s t e d  to eva l u at e  the Carneg i e  reac t i on funct i on 

f or the fabr i c ator s  ( w i th whom he shared a subs t an t  i a l  equ i ty 

i n tere s t  ) reaped a ne t promo t  i on a l  pro f  i t  of ove r  60 mi l l  i on 

dol l ar s  . The non - f abr i cat i n g  f i rms in the merger  for ming u .s. 

S te e l  wer e  a l s o  thr ea t ened w i t h  a nar r ow l y  irr a t  i on a l  rea c t i on 

c omm i tme n t  . The other large integrated raw stee l producer , 

Feder a l  Stee l  , wa s fac ing  the pr ospect of Car n e g i  e's exer c  i s  ing 

h i  s contr a c t  w i th Roc k e  fe  l l e r  assur i ng Carn e g i e  of essen t  i a l ly 

a l l  the iron or e he cou l d  use over the ne xt f i  f ty year s at abou t 

h a l f  i t s  mar k e t  pr i ce . I f  Feder a l  pa i d  enough for par t of 

Carneg i e  Stee l ,  the la tter woul d  combine w i t h  the Rock e f e l  l e r  

i n te r e s t  t o  pre vent th i s  pre d a t or y  over -exp l o i t a t  i on the ir on ore 

r e  serve . Fede r a l  j umpe d  at the chan c e  and the merger formi n g  

u . s. Ste e l  w a s  ach i eved . 
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Al so in  l ine with our gene ra l mode l ,  the great conso l i d a t  ion 

wave was brought to an abrupt halt in  19 0 4  by a Supreme Cour t  

d e c  i s  ion ( Northe r n  Sec ur i t i e s  Co . v .  u.s. , 19 3 u.s. 19 7 )  e stab­

l i  s h i ng the app l  i c ab i l i ty of sec t  ion 2 of the She rman Act to 

monopol i z  i ng me rg e r s  . Th i s  dec i s  ion comp l e t e d  the bas i c  form of 

e x i s t  i ng u.s. ant i  t ru s t law by add i ng an ant i -monopo ly component 

to the ant i -c a r t e  l component  estab l i  shed in  18 9 8  . 

C .  The Modern Era : A Te s t  Of Our F i r s t  Approx ima t  ion 

Our f i r s t -approx imat i on mode l  of the e f  f e c t  of ex i s t i ng 

ant i t r u s t  law imp l i e s  , as demons t r a t ed i n  Sec t i on I I  B ,  a 

h ie rarchy of mak e r s  in  wh i c h  each of the make r s  pre s e n t s  the 

i nd u s t ry with a f i xed long -run output for a g iven leve l of market  

demand and ind u s t r y  cos t s  . Emp i r  i c a l l y , th i s  means that the 

l arg e r  f i rms in  an ind u s try can be expe c ted to comm i t  themse lves 

in  sequence to announced share s  of  the expe c t e d  , so lu t  ion , market  

output and ret a i n  the f i xe d outpu t s  ne c e s  sary to  generate  the s e  

s hare s regard l e s s  of the pec u l  i ar econom i c s  of ind i v i dua l f i rms . 

That large f i rm s  in  the u.s. have typ i c a l ly come to de t e rm i ne 

the i r  outpu t s  in  th i s  way rather than comp u t  i ng the i r  own deman d  

a nd supp ly curve s has , in  e f f ec t  , bee n  c l a imed by nume rous modern 

b u s i n e s s  hi stor i an s  ( e  . g . ,  Chand l e r )  . 

Ev i dence  for the corre spond i ng s i ze d i s t r  i bu t  i o n  of f i rms 

d e r i ve d  in  Sec t i on II C was obt a i  ned f rom obs e rva t i ons on re l a ­

t ive f i rm s i z e s  wi t h i n  se l e c t ed u.s. i nd u s t r i e s  . O u r  hypot he s  i s  , 

f rom equat i on ( 18 )  , imp l i e s that 
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log Xm- j = K1 + b1 • j ,  j = 0 ,  l ,  •  •  •  , m-1 , ( 23 )  

whe re = log 2 for each indu s t ry . The hypothe s i s  re l a t  i ng f i rm b1 

outpu t s  to rank dom i  n a nt in  the l i terature ( S i mon , and Simon and 

Bon i n i  ) has bee n  : 

log Xm- j + l = K2 + b2 l og j + l  , b2 < 1 ( 24 )  

Th i s  hypothe s i  s , wh i c h  has l i  t t l e  theore t i c a l  rat i ona l e  , i s  

c le a r l y  con t r a ry t o  our s  in  that our s  , as repr e s e n t ed in  equat ion 

( 23 )  , has  f i rm s i z e  incre a s  i ng more than in  propor t i on to a 

f i rm '  s ord i na l  s i z e  i n  the indu s try , j ,  wh i le ( 24 )  has f i rm s i z e 

i nc re a s  i ng l e s s  than i n  propor t i on to the f i rm's ord i n a l  s i z e  . 

We obt a i ne d  our in i t i a l data from St andard and Poor • s " Compu stat  " 

t ape for 197 1 ,  wh i c h  has data on a l l  of the re l a t  i v e l y  large u . s  . 

compan i e s  w i t h  i n  i ndu s t r i e s  d i s aggregated to the four-d ig i t  

i nd u s t ry leve 1  . 12 Th i s  data was used to gene r a t e  leas t - s quares 

12 We on ly inc luded an indu s t ry when i t  ( 1 )  i n c l uded 4 or more 
compan i e s  ( f or stat i s t  i c a l  re asons ) ,  ( 2 )  had a f i rm produc i ng 
over 50  m i  l l  ion do l l a r s  of sale s ( to avo i d  the exc lu s  ion of larg e 
produ c e r s  due to the i r  be i ng a subs i d i  ary of a d i ve r s  i f  i e d  f i rm )  , 
( 3  ) sol d  i t s  prod u c t  in  a nat i o n a l  market ( to avo i d  loca l 
monopol y  e f f e c t s  and inte rac t i ons wi th f i rms i n  fore i g n  markets  ) ,  
( 4  ) sold i t s  prod u c t  to econom i c  age n t s  wh i c h  are not sub s t an t  i ­
a l ly larg e r  than i t s e  l f  ( t o avo i d  inc lud i ng i ndu s t r  i e s  i n  wh i c h  
some of the outpu t s  a r e  produc e d  by ve r t i c a  l ly integrated f i rms , 
wou ld not be coun t ed as part of the indu s t ry ) ,  ( 5 )  and marketed a 
re l a t  ive l y  homoge neou s commod i ty . Th i s  i s  a h ig h l y  sub j e c t  i ve 
s e l e c t  ion of indu s t r i e s  , but we know of no be t t e r  way to prov ide 
a fa i r  te s t  of  the hypot he s i s  with so much of  the data obv i ou s ly 
i r re leva n t  . 



f i t s  of the two hypoth e s e s  . l 3  The regr e s s  i on s  for equat i on ( 24 ) 

pr oduced coe f f i  c i  e n t s  l e s s  than un i t y  in  on ly thr e e  industr i e s  . 

I n  each of the se indu s tr i e s  ( c eme n t  , roof and wa l l boar d  , and 

s a v i n g s  and loan s  ) i t  appeared that we had erre d  in con s  ider ing  

the mar k e t s  for the i r  produc t  a nat i on a l  rather than a local  

mark e t .  I t  i s  not surpr i s  ing  that equa t  i on ( 24 ) f i ts be t t er than 

( 23 )  for local indus tr i e s  as it is we l l  known ( c f  . S i mon ) that 

c i  ty s i ze s  fol  l ow a d i s tr i bu t  i on such as ( 24 )  . 

For the rema i n  i n g  th i r t y -e i gh t  indu s t r  i e s  , the f i t  of equa ­

t i on ( 23 ) was be t t er ( h  ighe r  R2 ) than ( 24 )  in over 9 0  per c e n t  of 

the case s  . The regr e s s  i on e s t  ima t e s  of equat i on ( 23 )  are de s ­

cr i be d  i n  Tab l e  1 .  The aver age e s t  ima t e d  rat i o  of each f i rm '  s 

s i  z e  over the ne x t  smal l e s t  f i rm '  s s i z e ( the aver age of the an t i -

l og s  of the e s t  i -mat e d  coe f f i c i e n t s  i n  ( 23 )  ) was 1 .  8 6  , wh i c h  was 

l e s s  than 1/ 4 of the stan dard dev i a t  i on of the es t ima t e s  fr om the 

theor e  t i  c a l  va lue of 2.  0 0  . Never the l e  s s  , a l i  t t le mor e  than ha l f  

o f  the indu s tr i e s  had b-coe f f i c  i e n t s  s ign i f i cant ly d i  f f e r e n t  than 

the theor e t  i c a l  va lue of . 6  9 at the 5 per c e n t  leve l  . Further ­

mor e  , an analy s i s  of covar i an ce reve a l s  s i gn i f  i c an t d i f f er e n c e s  

among the se coe f f i c  i e n t s  a t  the 5 per c e n t  leve l ,  lead i ng u s  to 

13 We had dat a  on bot h  curr e n t  sal e s  and as s e t s  as me asur e s  of 
s i  z e  , as s e t s  be i n g  perhaps be tter than cur r e n t  sa l e s  as a measure 
o f  fu tur e sale s  . We ran regr e s s i on s  for bot h  me asur e s  of s i z e  
and chose the measure for each hypothe s i s  that y ie lded Dur b i n  ­
Wat s on stat i st i c s  c l os e s t  to 2. The rat i on a l e  her e  i s  that we 
wan ted to be as gener ou s as we cou l d  to each hypothe s i s  regar d  ing  
wh i c h  me asure of s i z e  wou l d  con f orm the  be s t  to the curvature 
as sump t i ons of the hypothe s i s  . 
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r e  j e c t  the hypothe s i  s tha t the true va l u e  of i s  the same forb1 

unsy s t ema t i c  . That i s  , we 

e ac h  indu s t ry . On the othe r hand we d i d  not rea l ly expe c t  th i s  

hypothe s i s  to be true . D ev i a t  ions from ou r l i near i ty as sumpt ion 

produce dev i a t  ions  in  the theore t i c a l  coef  f i c i  e n t s  . Bu t webl 

d i d  expec t  the dev i at ions  to be 

e xpected the ave rage of the s e  coe f f i  c i e n t s  to be not s i gn i f i  c ­

a n t  ly d i f  f e r e n t  than . 6 9  . I ndeed , the ac t u a l  average of the b1 

c oe f f i  c i e n t s  was . 5 8  , l e s s  than ha l f  of a s tandard dev i a t  ion away 

f rom its  expe c t e d  va lue . 

Encouraged , we dup l i c ated the above pa ir  of reg r e  s s  ions  on 

an FTC samp l e  of 6 9 7  5-d i g i t  indu s t r i e s  f rom a 1 9 5 0  survey of the 

1 ,  0 0 0  larg e s t  f i rms in the coun try . Be s i  de s the adv a n t age of a 

h igher leve l of d i  saggreg a t  ion , the samp l e  was ba s e d  on e s t  imates  

by the f i rms of the i r  plant capac i t i e s  in  the var i o u s  indu s t r i e s  

a nd the re fore d i d  not have to be ad j u s ted for d i f  f e re nc e s  in 

product mi x e s  among the samp led f i rms ( a s in  footnote  12) • 

Moreove r ,  as the samp l e  con ta i ned large as we l l  as sma l l  numbe rs 

of f i rms i n  each ind u s  try , a far supe r i or con t r a s t  be tween 

i nd u s  try-type s was prov i  ded  . The re su l t s  of the s e  nume rou s f i t  s 

o f  equa t i on ( 23 ) are summa r i  zed i n  Tab l e  2 .  
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Indu s t ry 

Table  2 .  Ave rage ebl Coe f f i c i en t s  Us i ng the FTC Samp l e  


Numbe r  of F i rms 
i n  Ind u s try 

n < 20 2 . 4 7 1 . 9 5  

( n = 7  ) ( n= l l  ) 

n l 20 1 .  3 0  1 .  23 

( n =24 ) ( n =23 ) 

The o l i gopol i s t i c  indu s t r i e s  ( those w i t h  n < 20 ) fo l lowed 

t he same theore t i c a l l y pre d  i c te d  pat t e rn as  in  the above samp l e  , 

wh i le the comp e t  i t i ve ( t hose with n l 20 ) i ndu s t r i e s  d i  s p l ayed 

e bl coe f f i c i e n t s  tha t  we re cons i s te n t l y  way be low theore t i c a l  

o l  igopo ly va l ue s  . 

Al though the R2's for the ol i gopo l i s t i c indu s t r  i e s  , ave rag­

i ng . 9 1  , we re s l  i g h t l y  be t t e r  than the R2's for the corre s pond i ng 

Pareto-d i s t r i b u t  i on reg re s s  i o n s  de sc r i be d  i n  equa t  ion ( 24 )  , wh i c h  

averaged . 8 9  , we expe c t ed ou r form to show a great e r  deg ree of 

Below 
Med i an 

Above 
Med i  an 

Si z e  Indu s t ry S i z e  

supe r i or i ty . Howeve r ,  sub s e quent work on more re c e n t  FTC , plant ­

by-p lant , data has reve a l e d  a large - f i rm s i z e d i s t r i bu t  i on that 

i s  very s i g n i  f i  c a n t ly more skewed ( i .  e .  , more in  ou r d i  rec t i on )  

t han S imon ' s  Pare to-d i s t r i bu t  ion ( Kwok a  ) .  

Also somewhat encourag i ng i s  the rec e n t  con f i  rma t i on of ou r 

s em i  l ogar i thm i c  form prov i d e d  by a 1 9 8 0  survey of 20 0 large 

corporat i on s  produc i ng in  1 ,  2 1 8  marke t s  ( Bu z ze l l )  . W i t h  an 

ave rage repo r t e d  share of the i r  marke t's tota l ou tpu t equa l to 3 3  

pe rcent for the top f i rm ,  1 9  pe r c e n t  for the second - l a rg e s t  f i rm ,  
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1 2  per ce n t  for the th i r d - l ar g e s t  f irm , and 7 per c e n t  for the 

f our t h - l ar g e s t  f irm , our con s t ancy of the rat i o  of succe s s  ive 

f irm s i ze s  i s  c lear ly in e v i dence . Wh i l e the med i an va lue of 

e b l ,  s l  i g ht ly l e s s  than 1 . 7 ,  was s i gn i f i  c a n t l y  l e s s  than its  

t he or e t  i c a l  leve l of 2 . 0  the  d i s crepancy can be  exp l a i ne d  , we 

s ha l l  ar gue in the ne x t  subs e c t  i on , thr oug h a gener a l i  z a t  i on of 

our s imp l e  mod e l  encomp a s s i ng shor t  -ru n  in f lu e nc e s  . Note that 

t he 1 .  7 e s t i ma t e  is our on ly e s t  imate ba s e d  sole ly on curr e n t  

output dat a ,  cap a c  i ty dat a  be ing  ent i r e ly abs e n t  fr om the samp l e  

produ c i ng th i s  re l a t  i v e l y  low est ima t e  . 

D . Other Ev i de n c e  

Fur t her , le s s  d i r e c t  , econome tr i c  ev i de n ce for our gener a l  

mode l is  the s i m i  l ar i ty of ol i g opol  i st i c  s i ze d i s tr i bu t i on s  

across  reg ions w i t h  gr e a t l y  di f fer ing  mark e t  s i z e s  ( Pryor , 

S cherer , pp . 7 0- 7  4 ) and the near -norma l i ty of the pr of i t  rates 

char a c te r  i z  i ng mos t  ol i gopol  i s t  i c  indu str i e s  , with mor e  con c e n ­

tr ated indu s t r  i e s  do i ng on ly sl  i g h t l y  be tter than the le s s  con ­

c e n tr a t e d  one s  ( Sc herer , p .  92 ) . 

A d i r e c t  t e s t  de t ermi n i ng whe ther dev i a t  ions  of b 1 about its  

theor e t  i c al va l u e  ar e due  sol e ly to  non -l i near i t i e s  rather our 

l e g a l  con str a i nt s  is pos s  i b l e  by comp l emen t i ng the above t e s t  

w i t h  a d i r e c t  f i t  o f  t h e  under l y i ng reac t i on funct i on s  , a s  spe c  i ­

f i ed in equa t i on s  { 1 0  ) , ( 1  3 )  , ( 1  4 )  , et c .  , Thompson , Fa i t h  , ( c  . f .  , 
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and Roone y  ) .  I t  i s  impor tant  to note that , oue to the recur s i ve 

n a ture of our mode l ,  our reac t i on func t  i on s  ar e extreme ly easy to 

f i t  stat i s t i c a l ly wh i le the oppos i te is true of re ce i ve d  theory , 

wh i c h  al lows every f i rm '  s ou tp ut to depe n d  upon every other 

f i rm's ou tpu t ,  there by pr e s en t  ing an imme n s e  s imu l t a ne i ty pr oblem 

( Iwat a ) .  
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IV . THE EFFECT OF ANT I - CARTEL LAWS--A SECOND APPROX I MAT I ON 

A .  Cap i t a l  Re act  i on Func t i ons 

The above , f i rs t  approx imat ion of our ant i -c a rte  l laws-­

be i ng based on a con s t a nt -cost techno l og y  and a s i ng le cho i ce 

va r i ab l e -- i s  su i t ed on ly to app l  i c at i o n s  conc e rn i ng long - run , 

s i ng l e -p o i n t  cho i c e s  . Thu s  , in our hi  s tor i c a l  examp l e s  , we had 

S tand ard Oi l and Carneg i e  St e e l  comm i  t te d  to pre d a tory reac t i ons 

to the one - shot , cap i t a l  dec i s  ions of ce r t a  i n  r i v a l  s .  

Laws e l im i na t i ng one - s hot , predatory cap i t a l  reac t  i on s  , and 

there by cre a t  i ng a cap i t a l  s i  ze d i s t r  i bu t  ion appro x  ima t i ng our 

s impl e  4 :  2 : 1  so l u t  i o n  , nee d  not d i re c t l y  ou t l aw preda t i on .  The 

pr ivate cos t of predat ory rea c t  ions  to the cap i t a l  cho i c e s  of 

one's riva l s  i s  sub s t an t i a l ly lowe r whe n the predator can absorb 

r i val  cap i t a l  stoc k s  . The r e f ore , ou t l aw i ng large - f i rm acqu i s i ­

t i ons of r i v a l  cap i  t a l  stoc k s  many , as a by-produc t ,  e l  im i n ate 

mos t  comm i  t ted , pre d a t o ry re spone s  to r i v a l  cap i t a l  cho i ce s  . 

Thu s  , sec t  i on 2 o f  the She rma n Ac t and sec t i on 7 of the Cl ayton 

Ac t ,  by e f f e c t  ive ly e l  imi nat  i ng large - f i rm acqu i s i  t i on s  of rival 

c ap i t a l  s toc k s  , may we l l  have s imu l t aneou s ly e l  im i na t e d  mos t  

c a s e s  of long - ru n  , cap i t a l  predat ion and le f t  us w i t h  a s imp l e  , 

s eque n t  i a l  , Stac k e  lberg- type , capi t a l  i n t e ra c t  ion and he nce ou r 

app rox imate 4 :  2 : 1  cap i  t a l  s i z e  d i s t r i bu t  ion in mo s t  ol igopo l i s t i c  

i nd u s t r  i e s  . The cor re spond i ng organ i z at iona l ad j u s tme nt wou ld be 

the ob serve d  , rap i d  evo l u t  ion away from the pe rsona l i  ty-domi nated 

long -run dec i s  i on s t r u c  ture  of closed , fami ly-run orga n i  z a t  ions 
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and toward the ra t i ona l  i ty -dom i  nated long -run dec i s  i on struc ture 

impos e d  by the s toc k ho lde r repre sen t a t  ive s of mode rn , wide ly-he l d  

corpora t  i ons ( Chand l e r  ) .  The ah i l  i ty o f  our mode l t o  pred i c t  

t h e  obs e  rved change to the typ i ca l  , mode r n  cap i  t a l  s i z e d i s t r i bu ­

t i on and the corre spon d i ng orga n i  z a t  i on a l  ad j u  s tme n t  shou ld not 

be su rpr i s i ng to be l i e v e r s  in the e f f e c t  ivene s s  of sec t i on 2 of 

the She rman Ac t and sec t  ion 7 of the Clay ton Ac t .  I t  shou ld also  

not  be  surp r i  s i ng that the s e  two sec t  ions of  our an t i  t ru s t  laws , 

s e rv i ng both an t i  -monopo ly and long -run ant i -c a r t e  l func t  ions  , 

have bee n  so freque n t l y  emp loyed . 

The above argume n t  sugge s t s  that the 4 : 2 :  1 cap i t a l  s i z e 

d i  s t r i bu t  ion prov i d e s  a struc t u r a l  te s t  for the abs e nce of cap i ­

t a l  preda t  ion . A top f i rm tha t i s  much more than tw i c e  a s  large 

a s  the second - large s t  f i rm in  its indu s ty i s  suspe c t  . l 4  Whe n  the 

i nd u s t ry also  reve a l s  monopo ly pe rforma nce char a c t e r i  s t i c s  and 

the top f i rm exh i b i t s  notor i ou s ly agg re s s  ive , ma tc h i ng - type 

c ap i t a l  re ac t i ons desp i te the leg a l  con s t ra i n t s  on i t s  ab i l  i ty to 

buy-ou t i t s  v i c t  ims , the n  the top f i rm shou ld he pros e c u te d  for 

monopo l  i z a t  ion und e r  Sec t  ion 2 of the She rma n Ac t .  l 5  

14 S i ze d i s t r i bu t  ion ev i d e nc e  i s  not su f f i c i e nt . The f i r s t  
s t ra tegy ma k e r  i n  a h i g h -p ro f i t  , ent ry-threatened indu s t ry wou l d  , 
a s  shown i n  Sec t i on I I E  , expand to whe re the pot e n t  i a l  entrants  
f aced a non -po s  i t  i ve pro f  i t  ra te . Th i s  wou l d  create a s i z e 
d i s t r i bu t i on in  wh i c h  the larg e s t  f i rm was somewhat larg e r  than 
twice  the s i z e  of the second - l arge s t  f i rm ,  a l though the rema i n i ng 
f i rms wou l d  re ta i n  the i r  4 : 2  : 1 cap i t a l  s i z e d i s t r i bu t  ion . 

1 5  I BM come s to m i nd . ( See , e .  g . ,  Te lex  Corp . v .  IRM , 3 6 7  F 
Supp . 2 5 8  ( N . D .  Ok la  . ,  1 97 3 )  and Memorex Corp . v .  I RM ,  4 5 8  F 

( f ootnote cont i nued ) 
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Compe t i t i ve -type 

I f  we cou l d  assume technolog i c a l ly con s  tant cap i t a l  -output 

r a t i os , our ana l y s  i s  wou l d  be f i n i s hed . Bu t we shou ld recogn i ze 

i n  th i s  more rea l  i s t i c , se cond appr ox imat i on , th at ou tput may 

vary sub s t an t  i a l  ly in the shor t -run and fur ther tha t  f i rms cannot 

typ i ca l ly observe the shor t -r un ou tput or var i ab l e  input leve l s  

r e q u i r e d  to app l y  our bas i c  mode l .  

B .  Shor t Run In tera ct i on 

l .  In t er a c t i on s  

Seve r a l  k i n d s  o f  shor t -r un inter a c t  i on e x  i s t  , each de f i ned 

by its  un i que techn o l ogy . F i r s t  , when the so l d  output is dur a b l e  

( footnote con t i nu e s )  

Supp . 423 ( N  . D  . Ca l .  197 8) . )  Wh i le IBM even t u a l  ly escaped 
pr osec u t  i on , the f i n an c i a l  cos t to I BM of "w i n n  i n g "  the i r  case s  , 
a s  mos t  econ om i s t s  know , were ex tr eme ly high . I BM's legal  
v i c t or i e s  wer e  large ly the re su l t  of  the above -d i  s c u s s e d  , 
u n  for tu na te trend in  legal  thoug h t  --ba s e n  no dou bt on an over ly 
l i t e ra l read i ng of e leme n t ary econom i c s  te xt s -- i n  wh i c h  pre da t  ion 
h a s  come to mean " s e  l l  i ng be l ow or d i nary pr oduc t  i on cos t s  . "  I t  
i s  l i k e l y  tha t the s e  dec i s  ion s  wou l d  have gone the other way i f  
the "cos t s  " re f e r r e d  to were fu l l  oppor tun i ty cos t s  rather than 
or d i n ary pr odu c t i on cos t s  , in wh i ch ca se " se l l  i n g  be low cos t s  " 
mer e ly mea n s  se l l  i n g  an irr a t  ion a l ly large ou tput ( u s  i ng the term 
" i rrat i ona l "  in the nar row se nse . )  As po i n t e d  ou t in I I F  above , 
our simp l e  , power f u l  , ant i -car t e l  law of Se c t i on I I R  , wh i ch 
proh i b i t s  al l pos i t  i ve output re s pon s e s  to r i va l ou tpu t 
i n cre a s e s  , equ i v a l e n t l y  proh i b i t s  al l unamb i gu ou s l y  " ir ra t i ona l "  
output re spon se s  to r i v a l  output incr e a se s .  We be l i eve tha t  
prev iou s  gene r a t  i on s  imp l i c i  t ly had our de f i n i t  i on in mind . 
U s  i n g  the mor e  re ce n t ,  ove r l y  nar r ow , de f i n i  t i on of pre dat i on , 
whe r e  a pr edator y  f i rm is one that ra t i ona l ly at temp t s  to lower 
pr i ce s  su f f i c i ent  ly  to induce compe t i t or s  to ex i t  the indu s tr y  so 
i t  can incr e a s e  pr i ce s  in the mor e  d i s tant fu tur e  , modern author s 
have ignor ed the pos s  i b ly lar ge pro f  i t  to e s t a b l  i s h  i ng a react ion 
f un c t i on comm i  tme nt to per f or m  a nar r.ow ly irr at i on a l  act i on in 
c a s e  a subsequent maker de v i a te s  from the pr imar y maker's 
announced plan . 
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and homogeneous with the stoc k s  of used outpu t s -- p r imary comod­

i t  i e s  suc h  as pr ima ry me t a l s  are an examp le - - i t  is  na t u ra l  to 

a s s ume compe t i t  i ve pr i c e - tak i ng behav i or on the par t  of current 

produc e r s  , who s e  short -run dec i s  ions  have no s i g n  i f  i c a n t  

i n f  luence on the s e  pr i ce s  . 

S im i  l a r  , e s s e n t  i a l ly compe t i t  ive , pr i c e  ou tcomes ge ne ra l ly 

ar i s e in the abs e n c e  of stra teg i c  commu n i  c a t  i on even whe n  cu rre n t  

outpu t s  are not c l o s e  sub s t  i tu t e s  for ex i s t i ng stoc k s  of marketed 

du rab l e  good s .  I n  part i c u la r  , whe n rival  pr i ce s  as we l l  as out ­

outpu t s  are not ob s e r v ab l e  , then a Be r t rand assump t  ion app l  i e s so 

that eac h f i rm wi l l  shade i t s  r i va l s  ' s  expec t ed pr i ce to marg i na l ,  

i n f ormed buye rs down to whe re the s e  pr i c e s  are once ag a i n  equal  to 

marg i na l  cos t s  . And when r i v a l  pr i c e s  are obs e rvab l e  , the ab i l i ty 

o f  unc omm i  t t e d  , la t e r  pr i c e - se t t e r s  to shade the e f f e c t  ive pr ice 

of the f i r s t  pr i ce se t te r -- the conve nt iona l Stack e l be rg pr i c e  

leade r-- and the reby se l l  a l l  they de s i re a t  the s e  re ad i ly obs e rv ­

a b l e  pr i c e s  me a n s  tha t the Stac ke l b e rg pr i c e  leade r mu s t  abs orb 

the en t i re Wa l r a s  i an exce s s  supp ly at i t s  cho s e n  pr i c e  . As the 

re s u l  t i ng , " dom i  nant f i rm"  solu t i on ha s a l l  f i rms bu t one be hav i ng 

as  pure , pr i ce - t ak i ng compe t i tors  wh i le the larg e s t  f i rm ,  the 

pr i ce lea d e r  bec au s e  i t  rece i ve s  the gre a t e s t  ga i n  from be i ng the 

leade r ( se e  Appe nd i x )  , f a c e s  a dema nd e l a s  t i c i t y we l l  ove r  tw ice 

the mark e t  dema nd e l a s t i c i ty ,  the indu s t ry ou tpu t i s  aga i n  c lose 

to per f e c t l y  compe t i t  i ve . Because the large s t  f i rm is  cut -back 

re lat  i ve to its sma l le r ,  pri c e -ta k i ng r i va l s  ; the e qu i  l i  b r  i um 
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Monopoly -type 2 .  Inter ac t i on 

s i  z e  d i s tr i but ion of ou tpu t s  be come s le s s  skewed than the equ i l i ­

br ium s i ze d i s t r  i bu t  i on of cap i t a l  stoc k  s ,  a theor e t i c a l  r e su l t  

which may we l l  exp l a  i n  the corr e spond i ng emp ir i c a l  di f feren ces 

n oted above in Sec t  i on I I I C . 

A h i gh l y  ine f f i c  i e n t  , monopo ly -type , shor t -r u n  inte r a c t  ion 

i s  a l s o  pos s  i b l e  . Th i s  occurs  whe n f i rms can pre c omm i t  them­

s e  lve s to shor t -r u n  , reac t  i on func t i on s  of the type char a c t er i z ­

i ng our bas i c  mode l of Sec t  i on I ,  al though the rea c t  i on fun c t  i ons 

o f  our ba s i c mode l shou l d  then be re i n terpr e ted to adm i t  pr i ce ­

and -qua l i ty ,  rather than s imp l e  ou tpu t  , rea c t i on func t i on s  

be cau se nomi na l pr i ce s  and qua l i t  i e s  are typ i c a l ly mor e  eas i ly 

obser vab l e  than r i va l ou tpu t s  in the shor t -r u n . 

The s e  pr e commi t t ed , pr i ce -and -qua l i  t y  , rea c t  i on func t i ons 

i mp l y  con t r ac t - l i k e  , match i n g  reac t i on commi tme n t s  of  the form : 

" I ' l l ra i s e my pr i ce or lower my qua l  i ty by Sl i f  you ra i se your 

pr i ce or lower your qua l i ty by $ 1  . "  S uch func t  i on s  obv i ou s ly 

y i  e l d  mon opoly -type so l u t  i on s  and are the appropr i a te tar ge t of 

our an t i  -car t e l  laws . But th i s  e f f e c t  ive pr i ce coope r a t  i on is 

d r ama t i c a  l ly d i f  f er e n t  , from a we l f ar e  standpo i n t  , th an nom i na l  

pr i c e  cooper a t i on , wher e  qua l i ty is  not par t o f  the r e a c t  i on 

func t i on . 

( a  ) S imp l e  , Nom i n a l  , Pr i ce Reac t i on Fun c t  i on s  . S imp le 

" pr i ce -f i x i ng "  or " t ac i t  pr i ce col l u s  i on "  , whe r e  the reac t i on 

f unc t i on s  con c e r n  on ly nom i n a l  pr i ce s  and not qua l i t  i e s  , mer e ly 

s e t  a nom i n a l  pr i ce for the indu s t r y  . Oua l i ty compet i t  i on then 
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proceeds to cre a t e  a non coope r a t  i ve , compe t i t  i ve -type equ i l i ­ 


br ium . The impor t an t  , lar g e l y  unr e c ogn i z e d  , va l u e  of such 

n om i n a l  pr i ce cooper a t i on is that it enhan c e s  the abi  l i  ty of 

s e  l l e r s  to mak e  f irm pr i ce commi tmen t s  . W i  thou t  such pr i ce 

c omm i tme n t s  , aggr e s s i ve ly shop p i ng buyer s cou l d  eas  i ly cr e a t e  a 

" ru i nou s ly compe t i t  i ve " buy i ng env i r onme n t  , wher e i n se l le r s  

i ne f f i c  i e n t ly pr ov i d e  n o  buyer -spec i f i  c , pre -con t r a c t  ser v i ce s  

a n d  buye r s  ove r  -devo t e  resour c e s  t o  shopp i ng and negot i a t  ing  in 

order to buy the good at i t s  gene r a  l ,  increme n ta l ,  produc t i on 

cost  . ( Thomps on , 1 9 8 3  a .  ) In con tr a s t  , coope r a  t i ve ly en forced , 

n om i n a l  pr i c e s  wou l d  ena b l e  se l le r s  to col l e c t  for the i r  buyer ­

s pec i  f i c  , pre -con tr a c t  , serv i c e s  and permi t the ach i eveme nt of an 

e f  f i c i e n t  compet i t ive e qu i  l i br i um wi th per s on a l  i z e d  serv i ce s  

( Makows k  i ,  v .  Thomp son ) .  

For examp l e  , suppose that the gener a l  cost of pr oduc i ng a 

u n i t  of ou tpu t of opt ima l qua l i ty i s  S l  . O O and the cos t of pro­

duc i ng the corre spon d  i n g  , opt ima l leve l of tr an s ac t i on -spec i f i  c , 

pre -con t r a c t  serv i c e s  , -- i . e  . ,  the opt ima l spe c  i f i  c se l l i n g  cos t -­

i s  2 5 ¢  . A f i xe d  nom i n a  l pr i c e  of $ 1  . 2 5  per un i t  wou l d  i nduce 

Ber trand-compe t i ng se l le r s  to pr ov i d e  the op t ima l qua l i t i e s  of 

both the gen e r a l  and spec i f i c ou tpu t s  . ( Any s i mp l e  qua l  i ty 

r e du c t  i on wou l d  obv i ou s ly leave the se l l e r  w i th no bu s i n e s s  wh i le 

any equa l -c o s t  subs t i tu t  i on of one form of qua l i ty for the other 

wou l d  make buye r s  wor s e  of f and the r e by also leave the se l l er 

w i th no cu s t omer s  . ) An d th i s  zero-prof i t  equ i l  i br i um is  clear ly 

s uper i or to the la i s s e z  - f a ir e  compe t i t  i ve equ i  l i br i um , wher e i n  
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t he one -do l l a r  pr i c e  cov e r s  on ly gene ra l un i t  cos t of produc t i on , 

b uye r-spec i f i c i nve s tme n t s  by se l le r s  are non-e x i  s te n t  , and 

b uye rs are induced to agg r e s s  i v e l y  ove r - shop i n  ord e r  to obta i n  

t he one -do l l a r  p r i c e  . The op t ima l  , $ 1  . 2 5 ,  nom i na l  p r i c e  leve l 

may eas i ly be the leve l ach i eved by pr i c e  ( bu t  not qual i ty ) 

c o l l ud i ng f i rms . ϻa i s i ng the col l u s  ive pr i c e  to a monopoly leve l 

w i thou t augme n t  i ng th i s  wi th corre spond i ng qua l  i t y  reac t i on 

f unc t i ons wou l d  me re ly ra i s e the Be r t rand-compe t i t  ive qual i t  i e s  

to new , highe r  , zero-pro f  i t  leve l s  . ( To see why the co l lu s  ive 

nom i na l  p r i c e  so l u t  ion approx ima t e s  a soc i a l  op t i mum , note th at 

t he cho i c e  is  , i n  e f f ec t  , of a qua l i ty that max imi  ze  s the 

compet i t  i v e  re nt s of the own e r s  of ex i s t i ng cap i t a l  . As sum i ng 

d ema nd and cos t  func t i o n s  tha t are add i t i ve in  qua l i t y and 

quan t  i t y  , qua l i  t y  i s  rat ion a l  ly expanded whenever the demand­

p r i c e  incre a s e  exc e e d s  the ma rg i na l  cos t inc r e a s e  , i .  e .  , wheneve r 

the soc i a l  va lue of the qua l i  ty incre a s e  exceed s i t s  soc i a l  

c os t  . )  

Whe n  the f i rms in  an indu s tr y  : ( 1 )  Inc u r  sub s t  ant i a l  spe c i  ­

f i e se l l i ng cos t s  , ( 2 )  tran s a c t  with large , i n f re que n t  buye rs so 

that  pr i c e  comm i tme n t s  are ve ry d i f f  i c u l t  to e s tab l i s h ,  and ( 3 )  

p roduce outpu t s  that are homogeneou s  in  produc t i o n  , then we wou l d  

e xpec t  the above , e f  f i c i en t  form o f  pri c e - f  i x  i ng to eme rge . I n  

f ac t  , the two indu s t r i e s  whe re pri c e - f  i x i ng has been mos t  

f reque n t l y  found , heavy e l e c t r i c a l  equ i pme n t  and who l e s  a l e paper 

p roduc t s  , are bo th exc e  l l e n t  examp l e s  of suCh indu s t r i e s  . Wh i le 

i t  i s  theo re t  i c a  l l y pos s i  b l e  that there ha s a l so bee n  comp l e t e  
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qua l i t y coope rat ion in  the s e  i ndu st r i e s  , the large abs o l u t e  s i ze  


non - spec i f i c 

pr i c e  on thes e  

spec i f i c be ne f i t s 

a nd large spec i f i c serv i c e  component of the transac t i ons invo lved 

s hou l d  serve to pre c  lude r i va l s  from form i  ng comm i t t ed react i on 

f u nct ions  to the buye r-spec i f i c qua l  i t  i e s  . ( Coope r a t  i on 

r e s t r i c t i ng the qua l i ty prov i de d  by the se l l e rs at a 

g i ven nom i n a l  good s wou l d  mere ly inc r e a s e  the 

qua l i ty of the de l iv e r e d  to the buye r  . )  So i t  

i s  a pr i o r i  unl i k e l y  that the re has bee n  any monopo l i z  i ng 

c a r te l i  z at ion i n  the s e  he av i ly prose c u t e d  ind u s t r i e s  . I n  fa c t  , a 

c a re f u l  s tudy o f  Su l t an ' s  thorough h i s tory of ou r heavy 

e le c t r  i c a l  equ i pmen t  indu s t ry fa i l s  to turn up a s i ng l e  examp le 

of monopo l i s t i c  st ruc ture , conduc t  , or pe r f o rma nce by th i s  

i ndu s t ry ( we ' re spar i ng the reader the de t a i l s  of our cr i t i c a l  

s tudy of th i s  leng thy work ; we ' l  l send a summary o n  reque s t  ) .  

Re i n f orc i ng th i s  conc l u s  ion , the c l a s s  i c  study o f  p r i c e - f  i x i ng 

ag reeme n t s  o f  Hay and Ke l ly te l l s  us that mos t  of the usu a l  , 

re asonab l e  pre d i c tors  of carte l i z  i ng co l l u s i on are unsuc c e s s  f u l  

i n  forec a s t  i ng the pre s ence  of de t e c t e d  , prosec u t e d  pr i c e  - f i  x i ng . 

Rathe r  , con s  i s t e n t  w i t h  our theory , the ma i n  de t e rm i n a n t s  of 

observed , pro s e c u te d  , pr i c e - f  i x i ng ag reeme n t s  ( be s  i d e s  sma l l  

n umbe r s  ) are , ( l )  the homog e ne i ty of the ba s i c produc t ,  and ( 2 )  

the i n f r e qu e nc y  and lump i ne s s  of the tran s ac t i o n s  . Furthe rmore , 

the s tudy of Ph i l l i p s  shows us tha t  p r i c e - f  i x i ng has on ly a mi nor 

e f fe c  t on long - ru n  , ac coun t  i ng pro f i t  ra te s  . 
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We con c lude from a l l  th i s  tha t  ant i -c a r t e  l law i s  probably 

w or k  i ng poor ly with respect to pr i ce - f i x  i ng . Pr i ce - f  i x i ng shou l d  

n ot be a per s e  v i ol a t i on of t h e  ant i tr u s t  laws . Our Supreme 

C our t pr obab ly err e d  in u .s .  v .  Socony-Vacuum Oi  l Co . 3 1 0  u .s. 

1 5 0 ,  2 2 4 - 2 6  , n .  59  ( 1  9 4  0 )  . A r u l e  of reason shou l d  pr obab l y  be 

appl i e d  to pro s e c u te on ly those pr i ce -f i xe r s  a l s o  involved in a 

r e s tr a i n t  of trade . Th i s  wou l d  ha l t  the whol e s a l e  out l aw i n g  of a 

potent i a l ly very use f u l  econom i c  ins t  i tu t i on . 

Some "pr i ce f i  x i ng " case s have inc luded char g e s  of mar k e t ­

s p l  i t t  i ng , where re a c t  i on func t i on s cover read i ly observab l e  , 

l ocat  i on a l  outpu t s  an d the r e by have pr odu c e d  genu ine  ly 

monopol i s t i c  sol u t  i on s  of the type de scr  i be d  i n  Sec t  i on I and the 

Appen d  i x .  Many of the ear ly ant i -car te l case s  , i n c lu d i ng the 

l andmar k  , Addy ston P ipe cas e  , wer e  of th i s  var i e t y  . The re lat  ive 

e ase of governme n t a l  de te c t i on of mos t  mar k e t - sp l  i t t i ng so l u t  i on s  

h a s  appare n t ly tur n e d  them i n t o  a rar i t y  and prov i de d  a me asure 

o f  succe s s  for ex i s t  i ng an t i  -cart e  l law to we i gh ag a i n s t  the 

appar e n t  fa i lure of the pr i ce - f i x  i ng por t i on of the law . ( The 

a ppearance of some mar k e t -sp l i  t t  i n g  in re cent  t ime s ( Kol  ler ) i s  

probably what exp l a i n s the s l i ght pos i t  i v i ty o f  Ph i l l i p s  ' 

measured e f f e c t  of "pr i ce f i x i ng "  act i v i t  i e s  on long -run 

a ccoun t  ing  pro f  i t s  . )  

( b )  Pr i ce and Qua l i  ty Rea c t  i on Fun c t  i on s  . The on ly case 

i nvo l v i ng genu i n e  ly monopol i z ing , pr i ce -and-qu a l  i ty re a c t i on 

f unc t i on s  that we have foun d - - the la ndmar k ,  Ame r  i c an Tobac c o  Co . 

v .  Un i t e d  S t a t e s  , 3 2 8  u .s. 7 8 1  ( 1  9 4 6  ) --occu r s  in the are a  of 
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i n forma l ,  or " tac i t "  , col  l u s i on . The amorphous state of the 


theory de sc r i  b i ng th i s  "consc  iou s ly para l l e l "  form of co l l u s  ion 

is  ev i dence for the lac k of a coh e re n t  , pre-ex i s t  i ng theory of  

s hort run , non-comp e t i t  i ve interdepende nce . I t  also g i ves us an 

opport u n i  ty to i l  l u s trate the work i ng s  of our own , hope f u l  ly 

cohere n t  , theory i n  a s hor t-run sett ing  . 

The re we re two key econom i c  obs e rv a t  i on s  le ad i ng to the 19 4 6  

tobacco dec i s  ion . F i  r s t  , the big -thre e c i gare t t e  manu f a c t u re rs 

substant i a l l y  ra i se d  the i r  ϼ f fec t ive pr i c e s  in  1 9 3 1  , a f te r both 

demand and cost had fa l le n  . Th i s  obs e rva t  ion sugge s t s  e i  ther an 

i nc rease in  the c i g a re t te man u f a c t u re r s  ' deg ree of monopo l y  i n  

1 9 3 1  o r  a pr i c i ng erro r  that the leade r o f  a car t e l  cou ld 

plaus  i b ly ma ke but ind e pe ndent compe t i  tors  cou l d  not . I n  e i  t her 

c a s e  , monopo ly pe r formanc e  was reve a  l e d  . Second , a f i xed , 

s equent i a l  pa t t e r n of equ a l  nom i n a l  pr i c e  ch ang e s  evo lved by the 

ear ly 1 9 2 0  ' s  fo l low i ng the forma l bre a k -up of the o r i g  i na l  

Tobacco Tru s t  i n  1 9  1 1  . Reyn o l d s  Tobac co wou l d  i ntroduce a chang Ͻ 

i n  the pr i c e  of Came l s  ; then Ame r i c a n  Tobacco wou l d  fo l low w i th 

an equ a l  pr i ce change for Lucky Str i k e s  ; and f i n a l l y  the sma l l e r  

L i gge t t  and Mye r s  Co . wou l d  g o  a long b y  chang i ng the p r i c e  of 

Che s t e rf i e l d  by an equ a l  amount . The usu a l  inte rpr e t a t  ion of 

th i s  sequ e n c e -- the one used by the Cou rt to " ex p l a  i n "  the pr i c e 

i nc r e a se of 1 9  3 1  and conv i c t  the Tobac co comp an i  e s - - i s  that the 

p r i ce le ade r s imp ly le ad s  the na rrow ly ra t i ona l rema i nder of the 

group to a monopo l y - type solu ton . 
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But suc h a pr i ce leader is  on ly a dom i n ant f i rm and , as we 

h ave a l r e ady not ed , wi l l  not le ad narr ow l y  ra t i on a l  fo l lowe r s  to 

a monopo l y  sol u t  ion as its  r i va l s  wi l l  s l  i g h t ly shade its ef  f e c ­

t i ve pri c e  , say with qual i ty or adve r t  i s i ng inc r e a s e s  , s o  a s  to 

f orce the le ade r to absorb the ent i re Wa l r a s  i an exc e s s  supp ly 

h imse l f  as he move s to supracompe t i t iv e  pr ic e s  . l n Th i s  d i f f i ­

c u  lty  wi t h  the usual  " consc  ious  par a l e  l l i sm"  arg ume nt has 

appare nt l y  neve r bee n  c le a r e d  up . App ly i ng our mod e l ,  one of the 

f i rms wou ld  have to have a comm i  t t ed , narrow ly i rr a t  iona l  , 

react i on func t i on to the othe r s  in order to gene rate a monopo ly­

type solu t i on . I ndee d  , N i  chol l s  ' deta i l e d  h i s t ory of pr i c i ng in  

the Tobacco ind u s t ry reve a l s  ( p  . 4 9  ) that Ame r i  c a n  had evo lved a 

domi nat i ng leade r ,  George Was h i ngton H i  l l  , w i th a pr i c e - a nd ­

qua l i  t y  reac t i on func t  ion h e  pe rsona l ly desc r i b e d  as  one i n  wh ich 

he set "a  l i t t l e  h ig h e r  pr i c e  on Luck i e s  than on Came l s  • • • • 

bec a u s e  of • • • • nat i ona l adve r t  i s  i ng •  •  • we needed a l i t t l e  more 

money to spe nd pe r thou s a nd • • • • than they req u i red . "  Thu s  , i f  

Reyn o l d s  ra i s ed the pr i c e  o f  Came l s  , Hi l l  wou ld ra i se the pr ice  

o f  Luc k  i e s  by  the  same amoun t  and s imu l t a neou s l y  ma i n t a i n  the 

s ame adve rt i s  i ng ( qu a l  i ty ) d i f f e re n t i  a l  . L igge t t  wou l d  go along 

too , pre s umab l y  be c au s e  i t s  adve rt i s i ng prog ram had long bee n a 

Regard i ng the good s as non- homoge neou s  , d i f  fe r e n t  i a ted , sub­
s t  i tu t e s  , the po i n t  is that subseque n t  , nar row l y  rat ional  , p r i c e  
s e  l e c t o r s  wou ld change the i r  pr i c e  s l e s s  tha n  t h e  f i r s t  pr i c e  
s e l e c tor and the reby p i c k  up some ext ra bu s i ne s s  at the expe nse  
o f  the in  i t  i a t i ng , Stacke lbe rg- leade r  . The re s u l  t i ng , 3- f i rm 
S t acke lbe rg solu t i on gene r a l l y yi e l d s  pr i c e s  that are mu ch lowe r 
t han monopo ly pr i c e s  . 
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low-key appea l to the " d i s c r im i n a t i n g "  segme n t  of the mark e t  , 

c l a im i ng that it had a supe r i o r  c i g a re t t e  but was c i v i l i z ed 

e noug h not to charge a h igher pr i ce for i t  ; pr i c e  d i s counts  and 

p remi ums , toge the r w i t h  large var i a t  ions  in adve r t i s  i ng , we re 

t here fore incons i s te n t  w i t h  i t s  mark e t i  ng s t r a t eg y  . The resu l t ­

i ng int e rac t i on yie  lded a pure monopo ly so l u t  ion . When Reynolds 

r a i sed the pr i c e  of Came l s  , it s r iva l s  wou l d  ma tch the inc rease , 

w i thou t any se r i ou s  at temp t to shade the e f fe c t  ive pr ice  incre ase 

t o  expand its share of the mar ke t  . And the pecu l i  a r  pr i c e  

i ncrease  o f  1 9  3 1  c a n  be di rec t ly und e rs tood by app ly i ng th i s  

t heory . I t  was based on an e rror by Reyno l d s  , wh i c h  ra i sed the 

p r i c e  of Came l s  in mid- 1 9 3 1  th ink i ng tha t  i t s  new hum idor ( wa t e r ­

p roof ce l lophane ) pack wou l d  a l  low i t  to comma nd a re lat  ive pr i c e  

prem i um . I n  f ac t  , the mar k e t  was not impr e s s e d  w i t h  the pack and 

t he re l a t  ive dema nd for Came l s  d i d  not sub s ta n t  i a l ly inc r e a s e  . 

H i l l  , see i ng only a h ig h e r  pr i ce for Came l s  and no re lat  ive 

d emand shi  f t ,  fo l l owed his  f i rmly comm i  t t e d  reac t  ion func t ion and 

r a i  s e d  the pr i ce of Luc k i e s  ; and Che s te rf i e l d pr i ce s  had to 

f o l  low su i t  to protec t  its  adv e r t  i s e d  image ( N  i ch o l l s  , pp . 8 5- 8 6  . )  

That the group had ove r done i t  was soon appare n t  as a f lood of 

t i ny compe t i tors expanded beyond the f r i ng e  in 1 9 3 2  . ( As our 

mode l sugge s t s  , th i s  fr  i ng e  Ͼexpan s  ion led Ame r i c a n  Tobacco , the 

o n l y  f i rm w i t h  a nar row ly i rr a t i on a l  re ac t  ion func t i on , to reduce 

i t s  pr i ce s  in  ear ly 1 9  3 3  to where i t  unde r -c u t  both the f r i nge and 

i t s  usu a l  " compe t  i to r s "  , e xpa nd i ng i t s  own ou tpu t and se l l  i ng 

L uc k  i e s  at a lo s s  ( i  n the conve n t  ion a l  sen s e  ) u n t  i l  1 q 3 4  , when 
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mos t  of the fr i nge f i rm s  had fal len  bac k  to the i r  trad i t  i on a l  , 

i n s  ig n i f  i c an t  place s i n  the i ndu s t r y  ( N i cho l l s  , pp . 1 1 4 - 1 2  2 )  ) .  

Desp i te a wide s p r e ad be l i e f  that the Tobacco dec i s  ion , wh i c h  

d i d not of f e r  an exp l i c i t  remedy , had l i t t le e f f e c t  on the indus ­

t ry in tha t  pr i c e  leade r s h  i p  rema i ned , the indu s t ry pro f  i t  ra te 

a f te r  the dec i s  i on qu i c k l y  fe l l  from its  h i s tor i c  leve l of about 

tw i c e  the ave rage ma nu fac tur i ng pro f i t  rat e  to r i g h t  around that 

ave rage and st ayed the re de s p i t e  the rap i d ly grow i ng demand 

dur ing the f i rs t  ha l f  of the Pos t  Wor l d  War I I  per i od ( Te nn a n t  ) .  

Th i s  obse rva t i on can also  be exp l a  i ned with i n  our mode l .  The 

mod e l  imp l  i e s  that the indu s t ry wou ld become an ord i nary , 

compet i t  i v e - t ype , Stac k e  l b e rg i ndu s t ry i f  Ame r i c a n  , the on ly f i rm 

w i t h  the narrow l y  irra t  i o n a l  rea c t  i on func t i on , be came the pr ice  

l e ade r  . Th i s  wou l d  me an tha t  on ly nar row ly ra t i ona l respon s e s  

wou ld fol low a change by the le ader s o  that a noncoope rat i ve 

S t a c ke lberg so lu t i on wou l d  emerge . Th i s  i s  , in  fac t  , what 

happened : Ame r i c a n  , show i ng an und e r s tand i ng of the source of 

the monopo ly far supe r i or to tha t  of i t s  pro s e c u t or s  , bec ame the 

p r i ce le ader imme d i  a t e  ly a f t e r  the 19  4 6  dec i s i on ( N  i c ho l l s  , 

p .  1 6 4  , Te nnant ) .  As a r e su l t ,  c i gare t t e  pr i ce i n c re a s e s  we re 
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sma l l  and gre a t e r  fr  i ng e  growth was permi t te d  ( e spe c i a l ly by 

P h i  l l ip Morr i s )  . l 7  

c .  Br i e f  Summar y  

A br i e f  summary of our comp l e x  , second appr o x  imat i on i s  that 

u . s .  ant i tr u s t  l aws s imu l a te our f i r st approx ima t i on oesp i te an 

a lmos t  comp l e t e  lack of unde r s tan o i n g  by our lawyer s ,  judges and 

e conomi s t s  of what compr i s e s  mon opo l  i s t i c  con du c  t .  Th i s  is  done 

by : ( 1 )  Har s h ly app ly i ng our ant i  -merger law s to subs t an t i a l ly 

r e duce the re tu r n  to cap i  t a l  pr e d a t  ion and ( 2 ) pr osecu t in g  

i ndustr i e s  e xh i b  i t i ng mon opoly per f orma n c e  char a c te r i s t i c s  in 

r e spon d i ng to shor t -run shoc k s  even thoug h the leg a l  argume n t  

purpor t  i ng t o  ou t l aw monopol i s t i c  conduct typ i c a l ly repr e s e n t s  

s u ch a gro s s  v i o l a t  i on of rat ion a l  econom i c  thou g h t  that it a l s o  

ou t l aws , a t  sub s t an t i a l  leg a l  cost , some h i g h ly e f f i c i en t  , non ­

monopol i s t i c , arra ngeme n t s  be twe en hor i z onta l comp e t  i t or s  . 

1 7  A f i n a l  s tr u c t ur a l  an oma l y  was tha t  Amer i ca n  and Reyn o l o s  had 
a bout the same aver age marke t shar e  dur i n g  the " g o l d e n  , "  inter ­
war year s  . Why di dn ' t  Ame r  i can choose a reac t i on fun c t i on g iv i ng 
i t  a domi nant , r obber -bar on pos i t i on in  the indu s t r y ?  The 
a n swer , we be l i  e ve , is that the compan i e s  , be i n g  f orme d at the 
s ame t ime , in  i t  i a l l y  engaged in a d ir e  ct compe t i t i on to be the 
pr imary make r  . Ame r  i c a n  , ther e for e  , cou l d  redu c e  the cos t  of 
be com i ng maker by of f e r i n g  a k i nder r e a c t  ion fun c t  i on ( i  . e .  , 
organ i z at i on a l  f orm ) to i t s  r i v a l s  . As the mod e  l of the Append i x  
shows , w i t h  on l y  two ser i ou s  compe t i tors  to be mak e r  , the 
r e s u l t  ing solut i on rea c t i on fun c t  i on y i e l ds a s imp l e  , j o i n t ­
prof i t  -ma x im i  z i ng set of ou tpu t s  . The obse r ved , mat c h  ing 
behav i or i s  su f f i  c i e n t  to ach i e ve such a solu t  i on as long as the 
r e  levan t  , shor t -run , cost curve s ar e i de n t i c a l  as we l l  as 
i n cr e a s  i n g  . We have , howeve r ,  bee n  unab l e  to ' f i  nd su f f i c i e n t ly 
d e ta i l ed de s cr i p t  i on s  of the 1 9  1 1  d i s  s o l u  t ion negot i a t  ion s  to 
d i r e c t  ly te s t  th i s  hypothe s i s .  
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Compe t i t i v e  Str at egy 

APPEN DIX 


The Determ i nat  i on o f  Pr i or i  t i e s  i n  Se l ec t  i on 

For our mode l in wh i c h  strat egy se lect  i on pr ior i  t i e s  are 

d e termi n e d  in a comp e t  i t i ve fash i on ,  a f irm , in ord e r  to exh i b i t  

a re ac t i on fun c t  i on ,  mu s t  estab l i sh a commi tme nt thr oug h its  

" manager " ,  whos e  serv i ce s  , wh i ch have no  alter n a t  i ve va lue , are 

obta i ne d  v i a  compe t i t  i ve b i dd i ng by the f irms . We sha l l  g i ve one 

i nd i v id ua l  , ca l l e d  the " top manager " ,  the ab i l i  ty to en f or c e  a 

f irm '  s commi tment pr i or to al l other f irms ' manage r s  . For the 

t op manager , each f i rm subm i t s  m- 1 b i d s  , each b i d  repr e s e n t  i n g  

t he amoun t  the f irm is  wi  l l  i ng t o  pay to be the f i r s t  str a t egy 

s e lec tor in pl ace of a spe c i f i ed ,  a l t e r na t i ve f i rm .  A winn ing 

b i dder is  a f i rm whose bid  aga i n s t  h i s  lea s t  pre f erred , alter n a ­

t i ve ,  f ir s t  str a tegy se l e c t or is  no le s s  than the max i mum o f  the 

b i ds aga i n s t  h im . The reason a w i n n  i ng b i dder mu s t  b i d  as if the 

w or s t  pos s  i b l e al ternat i ve is the ac tua l alternat  i v e  is tha t  the 

manager is free to choose the bidder ' s  alternat  ive and wi l l  

r at i on a l  ly choose an a l t er n at i ve wh i ch wi l l  max i m i z e  the b i d  of 

t he winn ing  b i dde r  . The winn i ng bidder , howe ver , doe s not 

g enera l l y pay h i s  b i d  to the manager ; he matches the second 

h ighest bi d .  Subsequen t pos i t  i on s  in  the m- 1 f i r m  h i e r ar chy of 

r e act  i on func t i on s are de term i  ned  in  a s imi lar  fa sh i on . Our 

auct  i on is unusua l in  that the bi dder s have d i f f e r e n t  payo f f s  , 

a n d  ther e f ore d i f  f e r e n t  b i d s  , depend ing  on who wou l d  other w i se 

w i n  the auc t  i on and on wha t  he wou l d  do as the w i nn ing bi dder . 
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S i nc e  the rea c t i on func t i on chos e n  by the manage r  depe nds on the 

i nc e nt ive sys t ems he i s  g ive n by h i s  f i rm ,  i f  n f i rm pres e n t s  an 

i n c e n t  i ve sys tem wh i c h  le ad s  to a re l a t  ive ly ge ne ro u s  reac t io n  to 

the f i rm wh i c h  i s  the c los e s  t compe t i  tor for the top manager , i t  

w i l l  f a c e  a lowe r compe t i ng b i d  for t h e  manag e r  and thereby 

obt a i n  the manag e r  fo r a lowe r s a l a ry . 

We have bee n  care f u l  not to g i ve to our man age rs too muc h  

i n f  luence on the b i dd i ng proc e s s  . I t  wou l d  be unre a l i s t i c  , for 

e xamp l e  to a l  low a manage r to encou rage b idde r s  to exh i b i t  

reac t i on fun c t  ions  tha t  ra i s e  the winn i ng b i d  . I t  wou ld be 

s im i  l a r l y  unrea l i  s t i c to al l ow a manag e r  to requ i re payme n t s  from 

los i ng bi dde r s  for not se le c t  ing an even wor s e  ma k e r  f rom the i r  

po i n t s  o f  v i ew . 

Ove ra l l  j o  i n t  prof i t  max im i  z a t  ion i s  not a gene ra l solu t  i o n  

on ly because s i de payme n t s  a r e  d i s a l  l owed . Tha t  ove ra l l  j o i n t  

prof i t  max im i z a t  ion ( a nd Pa reto opt ima l i  t y  u nde r pe r f e c t  pr i ce 

d i sc r  i m i n a t  i on )  resu l t s  when the re are s i de payme n t s  and an 

absence o f  t ran s a c t  ion co s t s  in a l l  pos s  i b l e  trans act  i on s  is  

s hown in Thomp son- F a i  th , 19  B O  . 

Part I of the fo l low ing d i  scu s s  ion con t a  i n s  , for the 

uncon s tr a  i ne d  monopo l y  case , a spe c  i f  i c a t  i o n  of the cost of be i ng 

a pr i or stra tegy s e l e c to r  , a de r iv a t  ion of the ide n t i ty of a 

p r i or strategy se l e c tor , a charac t e r i  z a t  i on of ge ne ra l equ i  l i ­

b r i um so l u t  i on s  , and a proo f of the ex i s  t e n c e  of equi  l i b r  ium 
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sol u t i on s  under some add i  t i o n a l  re s tr i c t  i ons . Par t I I  con ta i n s  a 

s imi  l ar ana ly s i s  when the pr oduc e r  s are cons tr a  i ne d  by our ant i ­

t r u s t  laws . I n  bot h  case s we show th at the quan t i ty sol u t  ion s 

a r e  close to the so lu t i on s  in  the te x t  when the number of f i rms 

i s  not ver y  sma l  l .  

62--



I .  EQU I L I BR I U M  WI TH UNCON STRA I N ED MONOPOLY 


A .  The Ex i st e nc e  of Pun i  s hme n t  Ou tpu t s  

We sha l l  assume that for each f i rm , the re ex i s t s  a "pun i s h­

me nt set of ou tput s  . "  More forma l ly ,  
I

( a  . l )  For each i ,  the re ex i s ts an X i , say X i , suc h  that 

n j ( Xj i X l • • •  X j - l , x j + l  t • • •  x i , • • •  xm ) < 0 for a l l  x _ i w i  th Xj > 0 and 

a l l  j * i .  

I f  f i rm i i s  the f i r s t  strategy se lec tor , i t  c a n  make a 

c omm i tme n t  wh i c h  wi l l  induce each f i rm to produce i t s  spec i f  i e d  

o u tput . Faced w i t h  f i rm i '  s comm i tmen t  , e a c h  o f  t h e  rema i n  i ng 

m - 1 f i rms wi l l  rat i on a l ly choose to produce the i r  re spe c t  i ve 

p ro f i t -max im i z i ng 	 outpu t s  , the outpu t s  spe c i f  ied by f i rm i .  

i iMore forma l l y ,  le t x .  and x . be solu t i o n  va lu e s  to the1 - 1  

p rob lem , 

max [ n i ( X  ) - C i ( x )  ) subj e c t  to Ti f > 0 for a l l  f * i ,  ( 2  5 )  
X 

whe re = 0 i f  Ti f ( X f ) < 	 0 for a l l  > 0 ,  and whe r e  i s  theXf Xf C i 

c o s t  to i of becom i ng the f i r s t  strategy se l e c to r  , or the 

" s  trat egy maker . "  Thu s  , 	 x� i s  the ou tput of the ft h  f i  rm wh i ch 

max im i  z e s  the ne t mak e r  prof i t  of f i rm i sub j  e c t  to the non ­

nega t  i v i ty o f  pro f  i ts of each of the othe r f i  rms , who are 

" s  trategy tak e r s  . "  The ra t i ona l reac t  ion fun c t  i on for f i rm i i s  

then : 

= i 	 = i x .  whe n  X- i  X1 	 - i  x i ( x _ i ) } ( 2 6 )  
= x .  othe rw i se . 1 
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I
The comm i tme n t  made by i guarantees that i wi  l l  produ c e  x .1 

w hen f i rm f dev i at e s  from prod uc i ng x! even i f  it imp l i e s  lowe r 

p rof i t s  to i than some a l te r n a t  ive va lue s of X i g i ven Xf * x ! . 

Such appare n t l y  irrat iona l behav i o r  by f i rm i i s  rat i ona l by 

v i  rtue of our assump t  ion of pro f i t -ma xim i z i ng beha v i o r  of a l l  

f i rms , wh i c h  imp l  i e s tha t  f i rm f w i l l  produ c e  x� i n  equ i l  i b r  i um 

rather than an a l t e r n at i ve out put . 

A strategy-t ake r ,  any f i rm j * i ,  face s the p rob lem : 

i ' f  i 
= x _ j 1 Xj = xj , an 

I
X .  , • • • , Xm ) 1 

xk = 
k 
i , . .d x a l 1 k * ] , 1  

( 27 ) 
oth e rw i se . 

T h i s  leads  the j t h  f i  rm , know i ng the ra t i on a l  re spon s e s  of the 

io the r take r s  , to choose Xj = X .  • We have as sumeo th i s  ho l d s  even 
J 

i f  n j  ( X  � ) = 0 for x� > 0 .  Th a t  i s  , the take r  wi l l  choo s e  to 

p roduce the mak e r  ' s  opt ima l ou tpu t c ho i c e  even thoug h h i s  prof i t s  

there are zero and h e  has the equ a l l y  prof i t able  pos s i b i  l i ty of 

qu i t t  i ng bus i ne s s  . 

G i ve n  our as sumpt i on on the ex i s te nce of a pun i  shme nt out ­

put , the p robl em o f  the ex i s t e nc e  o f  an uncon s  tra i ne d  monopoly 

e qu i l  i b r  i um when the re is  an arb i  t r a ry de t e rm i nat ion of the 

s tr a tegy mak e r  ( a nd thu s when Ci ( x  ) = 0 )  thus red u c e s  to a 

prob lem of the ex i s t e n c e  o f  an x wh i ch max i m i z e s  f i rm i '  s pro f  i t  . 

Th i s  ex i s t e nc e  fo l l ows imme d i  ate l y  f rom the mi nor , add i t  i o n a l  
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as sump t  ions  tha t  i s  a non -empty , compact  set for each f andX f 

( x )  is a con t  i nuous func t ion . The ex i s t e n c e  of ann i 

uncontro l  led monopo ly equ i l i b r i um unde r our compet i t  ive b i dd i ng 

p roce s s  wi  l l  be es tab l  i s hed in  subsec t i on E be l ow , after  we have 

spec i f  i e d  the nature of the C i ( x )  func t i on unde r compe t i t  i ve 

b i dd i ng and exam i ned the so l u  t i on charac t e r i s t i c s  of the two 

mode l s  i n  both sma l l  and large numb e r s  c a s e s  . 

Note that d i s re g a rd i ng the cos t  o f  becom i n g  a make r  , no f i rm 

i s  eve r worse-o f f  by be i ng the strategy-ma k e r  a s  opposed to be i ng 

a strategy- take r  . Th i s  is  because an i nd iv i du a l  f irm c a n  alway s 

do as we l l  by choo s  i ng i t s  own output as hav i ng i t  chos e n  by 

a nothe r  . Hence  , each f i rm wi l l  have non -neg at ive b i d s  for the 

top mana g e r  ' s  serv i c e  s rega rd l e s s  of whom he is b i dd i ng aga i n s t  . 

B .  The Two - F i rm Case 

Con s  i d e r  two f i rms , i and j .  The amoun t  f i rm j i s  wi l l i ng 

t o  of fer  to the top man a g e r  equa l s  the d i  f fe re n c e  be twe e n  j ' s  

prof i t  as a mak e r  and j ' s  pro f  i t  as a taker . S i nc e  j ' s  pro f  i t  as 

a take r  depe n d s  on i '  s cho i ce of ou tput s  as a mak e r  , the cos t  to 

i of be i ng the mak e r  , wh i c h  i s  the cos t  of j u s t  beat i ng j ' s  b i d  , 

i s  a fun c t  i o n  of the x that i wou ld choos e  as make r .  He nce  , we 

c an wr i t e  : 

( 2 R )  

a nd , us i ng ( 5 )  , de scr  ibe  f i rm i '  s max imum make r  prof i t  as : 

M1r i = m8x [ n i ( x )  
. 

- ( rr j ( x J ) - Tr j ( X  ) ) l  sub j e c t  to IT j ( X )  2_ 0 ,  ( 2 9 )  
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where n j ( x j ) is  the va l u e  of n j imp l  i e d  by the solu t i on to : 

max 
X 

[ n j ( x )  - ( n i ( x i ) ­ n i ( x )  ) ]  sub j e c t  to n i ( x )  ȹ O ,  ( 3 0 )  

where 1T i ( x i ) i s  the solu t i on va lue of Ti i imp l  i e n  by ( 9 )  . 

S o l u t  ion s  to ( 2 9 )  and ( 3 0 )  , i f  they ex i s  t ,  y i e l n  exp l i c i t  

v a lues of rr i ( x  i ) ,  n j ( x  j ) ,  n i ( x  j ) ,  ann rr j ( x i ) from wh i c h  we obt a i n  

t he va l ue of each f irm ' s  h i n  . Thes e  va l u e s  are interpr e t e r'!  as 

i '  s and j '  s oper a t i n g  pro f  i t  as a maker , and i ' s  and j '  s 

oper a t i ng pr o f  i t  as a take r  , respec t i ve ly . 

iNot i ng that x i s  innepe n n e n t  of Ti j ( X j ) ,  we see from ( 29 )  

t ha t  f irm i i s  max imi  z i ng i t s  with f i rm j .  

S im i l ar ly , from ( 3 0 )  , f irm j i s  max imi z i n g  i t s  j o i n t -prof i t s  w i t h  

f irm i .  I f  we a s s ume that t h e  j o i n t -prof i t  max i mi z  i ng ou tput i s  

u n  i que , then the same output vec t or wi l l  b e  chos e n  rega r n l e s s  of 

wh i c h  f irm is the str a t e g y -maker . Hence , eac h  f irm '  s b i n  for the 

r i ghts  to he mak e r  wou l n  equa l zero s i nce its  pr of i t  as a maker 

is  the same as i t s  prof i t as  a taker . I n  th i s  case  , the f i n a l  

d e t e rm i  n a t  ion o f  the strategy mak e r  i s  ar b i t r ar y  . 

I f  the j o i  n t -prof i t  max imi  z ing  ou tpu t i s  non-u n  i q ue , the two 

f i rms ' b i d s  wi l l  st i l l  he equa l  , hut tltey may then he pos i t i ve .  

F or examp l e  , at xi , le t n i ( x  i ) = 5 0 ,  n j ( x  i ) 40 , and at xj , let= 

n j ( x j ) = 6 0  , n i ( x j ) = 3 0  . N ot i c e  that both i '  s and j ' s  h i rl  wi l l  

equal  2 0 .  S i n c e  the b i d s  are equa l  , the se l e c t i on of str ategy 

make r  is  s t i  l l  arb i t rary . 

The j o i n t -prof i t -max imi z i n g  solut  ion whe n  the r e  are two 

f irms con t r a s t s  shar ply with  the solut ion whe n  ther e i s  no 



c ompe t i t  i on to de term i ne a make r  . In  the l a tt e r  case , the 

a rb i t rar i ly se l e c t e d  mak e r  s imp l y  det e rmi nes  a set of outp u t s  

w h i c h  max im i z e s  h i s  own pro f  i t  and app l i e s  h i s  pun i shment i f  the 

t akers do not ob l i ge h im .  Th i s  is ge nera  l l y  far f rom a j o  i n t ­

p rof i t -max imum . 

G i ve n any numb e r  of f i rms wh i c h  produce a s i ng le out put , a n  

a r b i trar i ly se l e c t e d  make r prod u c e s  a s imp l e  monop o ly out pu t  , 

f lood i ng the ma rket  w i t h  an output wh i c h  wou ld enf o rce ne gat ive 

p rof i t s  on a l l  oth e r  ac t i ve f i  rms in  the indu s t ry if any of them 

p roduced a pos i t  i v e  ou tpu t .  Th i s  pred a t o ry , " robb e r-baro n "  

s t rategy ho l d s  reg a rd l e s s  o f  the natu re o f  produc t ion cos ts and 

d ema nd , and reg a rd l e s s  of the numbe r  of take rs , g i v i ng us a 

s i ng l e -ac t i ve -monopo l y so l u t  ion among any group of interac t  i ng 

f i rms se l l i ng a homoge neous produc t .  We sha l l  soon see , howeve r ,  

t hat th i s  robbe r -b aron solu t i on i s  a l so approached i n  the case of 

c ompe t i t  ive bidd  i ng for h i e r arch i a l  pos i t io n  as the numb e r  of 

f i  rms incre a s e s  beyond two . 

C .  Compe t i t i ve B i d s  to be Mak e r  i n  the m- F i rm Ca s e  

W i t h  m f i rms , m   3 ,  a l though there are m- 1  comp e t  i ng b i d s  

w i th wh i c h  a pros pe c t  ive strategy mak e r  mu s t  c o n t e nd , any 

p rospe c t  i ve mak e r  need only be conce rned with the h i g he s t  of h i s  

r i va l s  ' b i d s  . Th i s  highe s t  r i v a l  b i d  is  the expl i c i t  co s t  to i 

o f  becom i ng the make r .  Thu s  , ( 2 8 )  be come s :  

C i ( X ) = rna X 
f t i  

( If f ( X f ) - 1T f ( X ) ) • ( 3 1  ) 
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i The m- 1 oppo s  i ng bi dde r s  are eac h rat i ona l ly assum i n g  tha t f i rm 

w i l l  be the strategy ma ker i f  they are not . The re su l t i ng b i d  o f  

e ach f i rm then meas ure s how much a f i rm i s  wi l l i ng to pay to be 

maker instead of be i ng a take r of i ' s  re a c t  i o n  func  t i on . We can 

n ow de scr  i be f i rm i '  s max i mum mak e r  prof i t  , as : 

M
'IT .1 = max 

X 
[1T 1• ( X ) - rna X 

f * i  
( 1T f ( X f ) - 1T f ( X ) ) ] subj e c t  to 'TT f Ͽ 0 ,  ( 3 2 ) 

whe re 'IT f ( x f ) i s  the ope ra t  i ng prof i t  to f i rm f whe n f i s  solv i ng 

f or its  max imum mak e r  pro f i t  . 

F i rm i '  s a l t e rnat  i ve mak er is that f i rm wh i ch wi l l  be the 

maker i f  i is not . F i rm i ' s  b i d  whe n  j i s  h i s  a l te rnat  ive mak e r  , 

t he d i f f e re n c e  be twee n  i '  s prof i t  as make r and i '  s pro f  i t  as 

t a k e r  of j ,  i s  

·q ( X  i ) - 1T i ( X j ) = Bi j ( X j ) , ( 3 3 )  

where j i s  i '  s a l t e r na t  ive make r  . 

By comp u t  i ng max imuϹ maker ope rat i ng pro f i t for a l l  m f i rms , 

i f  the s e  pro f  it s  ex i s t  , and take r prof i t  in  a s imi l a r  fas h  ion , we 

c a n  compute eac h f i rm '  s b i d s  from the exp l i c i t  va lues  of maker 

and  tak e r  pro f  i t s  . 

D .  Charac t e r i z  i ng an m- F i rm Equ i l i br i um 

D i s t i ng u  i s h i ng fe ature s of the m- f i  rm case ( m  > 3 )  unde r 

c ompe t i t  i v e  b i dd i ng to be maker are that at a so lut i o n  the re is 

more than one h i g he s t -b i dd i n g  take r  , that the sol u t i on is  not a 
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j o i n t  -pro f i t  max imum and tha t the solu t ion appr oach e s  the 

ar b i tr ar y  maker solu t i on as m i n cr e a se s  . 

At any cho i ce of output al  l ocat  ion se t of the maker , i ,  

ther e i s  e i ther a d i s t i n c t  f i rm de t erm i n  i n g  i ' s  man ager i a l  

cos t  -- i  . e .  , a n  un ique f ,  solv i ng ( 3  1 ) ,  or there is  a t i e  hid  

betwee n some of  the taker s .  Suppose there i s  an  un i que max imum 

in ( 3  1 )  . S i n c e  the mak er is respon s  ive on ly to change s in the 

b i d of the s i ng l e  highe s t -b i d d i n g  taker , say , j ,  the maker and 

t h i s  taker wi l l  adopt a j o i n t -pr of i t  ma x i m i  z i n g  re l a t  i on s h i p as 

in  the two -f i rm cas e  . The r e f ore , i f  the output cho i ce of i i s  , 

i n  f a c t  , a solut i on ,  it a l s o cor r e s pon d s  to a j o i n t -pro f i t  

max i mum be twe e n  i and j .  I f  the j o i n t -pr o f i t  max imi z i n g  outpu t 

i s  un i que , j ' s  b i d  aga i n s t  i is  zero . S i n ce the rema i n  i n g  b i d s  

a r e  non -negat i ve , such an output cho i c e  i s  unat t a  i n a b l e  because  

the a l t er n a t i ve maker ' s  zero b i d  is  the n not h igher than the 

othe r taker s  . 

I f  the j o i n t -pr of i t  max im i z  ing  out pu t  of i and j i s  non ­

un ique , the same re s u l t  obt a i n s  . Suppose tha t j o i n t -prof i t s  

xib e twe e n  i and j are max imum and ther e f or e  equ a l  a t  both and 

x j xi j. 	 Then the di f f e r e n c e  betwe e n  i ' s  ma ker pr of i t  at a n d  x , 

1T i ( X  i ) - ( 1T j ( X j ) - 1T j ( X i ) ]  - 1T i ( X j ) + ( 1T j ( X j ) - 1T j ( X j ) ]  

= 1T i ( x i ) + 1T j ( x  i ) - [ 1T j ( x j ) + 1T i ( x  j ) ]  = o . 

i jThu s  , i i s  ind i f  f e r e n t  betwe e n  x a n d  x wh i c h  impl i e s  tha t  i ' s  

b i d i s  zer o .  Aga i n  , an incon s i s te n c y  re su l t s  as the ot her b i d s  

are non -negat i ve .  Thu s  , the equ i l  i br i um solu t i on i s  incon s i s  ten t 

w i th the ex i s t e n c e  of an un ique max i  mum in the a l te r n a t  i ve b i d s  . 
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the taker s .  

A solu t  ion oc c ur r  i n g  at th i s  corr e spond to a 

j o i n t  -pr o f i t  max imum . A l though the to a 

c h ange i n  the b i d  of any one of hi s 

t a k e r s  , he i s  not con ce r n e d  w i t h  the bi d s  , wh i c h  i 

r e qu ir e s  for j o i n t -pr o f  i t  max i m i  z a t  i on . Thu s  , the sol u t  i on is 

not  a jo i nt -prof i t  max imum .  l 

po i n t  doe s not 

maker i s  re spon s i ve 

seve r a l  max imum-b idd i ng ­

sum of the i r  

The r e f ore the opt ima l output cho i ce of the strategy-ma ker 

o c cur s where the r e  ex i s t s  a tie  in  the  max i mum bids  of some of 

The gre a t e r  the number of f irms , the " c l o s e r  " the solut ion 

i s  to the arb i  t r a r y  maker solu t i on in the fol l ow i n g  sen s e  : W i t h  

a gre ater number of f i rms , the r e  i s  a gr e a t e r  numbe r  of take r s  

whose bi d s  are equ a l  t o  or a gr e a t er number whose b i d s  are less 

than the max imum b i d  of the taker s  . If  the r e  is  an expan s i on of 

those whose bids ar e le s s  than the max imum , the r e  are mor e  f irms 

whose non -ne g a t  i ve pr of i t  var i a t  i on s  are of no con ce r n  to the 

maker and thus more f i rms whose ou tpu t is de termi n e d  j u s t  as it 

i s  in the case of an ar b i  tr a r  i ly sele c ted maker . I f  the r e  i s  an 

e xpan s  ion of take r s  whose b i d s  are ma x ima l ,  the n the mak e r  i n ter ­

n a l i ze s  l e s s  of the var i a t  ion i n  the tot a l  pr of i t s  to the s e  

A n  m- f irm j o i n t -pr o f  i t  ma x i mum wou l d  mean that t h e  maker ' s  
mar g i n a l  pr o f  i t  ( a s s um i ng d i  f fe r en t  i ab i l  i ty ) equa l s  the sum of 
the other f i rms ' marg i n a l  pr of i t s  . I n  our case  , the mar g i na l  
prof i t  of the maker i s  equ a l  to each f irm '  s mar g i n a l  prof i t .  Let 
t he re be an m- f i rm tie where m = 3 .  If  marg i n a l  prof i t  to i ,  the 
maker , equa l s  $ 1  ( thu s , marg i n a l  pr of i t  equa l s  $ 1  a p i ece to the 
t a k e r s  ) ,  the n  marg i n a l  j o i n t -pr o f i t  equa l s  mi nu s $ 1  , r ather than 
o .  
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Equ i l i br i um 

taker s ,  mov i ng towar d the extreme in  wh i c h  he i s  arb i tr ar i ly 

s e le cted and ther e f or e intern a l i z e s  none of th i s  var i a t  i on .  

I n  both the two and m- f ir m  case s  , s i n c e  the solut  i on maker 

need  on ly match the h i g he s t -b i dd i ng r iva l f irm ( s )  , the amount 

g o i n g  to the man a ger wi l l  equ a l  the va l u e  of the se con d  h i g he s t  

b i d  ove r  al  l f irms . Bu t ,  wher e a s  the manager ' s  fee is  always 

z ero in the two-f irm ca se whe n  the j o i n t  pro f i t  max imi  z i n g  output 

s e t  is un i que , i t  may be pos i t  i ve in  the m- f irm c a s e  . 

A Theorem on the Ex i s t en c e  ofE .  

We wi l l  be wor k  i n g  in  Eu c  l i dean  space , RY ;  the d ime n s i on ­

a l  i t y  y of the space equa l s  the number of commod i t  i e s  ( n  ) t ime s 

t he number of f i rms ( m  ) , or nm . 

Let  X ,  a subse t of RY , equa l the feas i b l e  ou tpu t set . Ϻn 

e leme n t  , x ,  of th i s  fea s i b l e output set i s  a y-d ime n s  i on a l  ve ctor 

o f  outp u t s  of each commod i ty by each f irm . 

From the above d i s cu s s  i o n  , for each f irm the r e  i s  a prof i t  

f un c t i on , 1r f ( X ) ,  f= l ,  . • • , m ;  de f i  ned on X .  S im i  l ar ly de f i n e d  on X 

i s :  

ith( d  . l )  	the f irm '  s maker prof i t  , 


n i ( x )  - max [ 1r f - n f ( x )  ] f = l ,  • • • , m  ; f * i 
 ( 3 4 )  
f 

where IT f i s  f ' s  operat i ng pr o f  i t  as a make r  , a g i ven number to i ;  

and 

( d .  2 ) the i th f i rm '  s b i d  fun c t  i on , g i v e n  that f ,  who 

d i c t a t e s  output x ,  is the altern a t  i ve maker , 

- 7 1 ­



equ i l i b r i um 

- -

l. ma Ϸ e r  

( 3 5 )  

An 	 i s  ( a )  a s e t  of output al  l o c a t  ion vec tors , 

m x l , x 2 , • • • , x , xf j xf , such tha t each x i max imi  z e s  the maker m 

p rof i t  of f i  rm i g i ven Ti f = Ti f ( x f ) ,  a l l  f * i  , and ( b )  a w i nn i ng 

b idde r ,  a f i rm ,  i ,  such tha t  max B i f  ( Ⱥf ) ȹ max Bk i  ( Ⱥi ) .  
f k 


We now ma ke the fo l l ow i ng assump t  ions : 


( a . 2  ) X is a non - emp t y  , comp ac t  , conve x set . 

( a  • 3 )  Ti f ( X )  i s  a cont i nu ou s  , rea l -va l ue d  funct i on , 

f = l ,  • • • , m  . 

( a .  4 )  

there is at mos t  one va l u e  of xf . ( Th i s  is sl  i g ht l y  

weake r than the s t r i c t  conve x i ty o f  t h e  s e t  , 

Theorem : G iv e n  as sumpt i on s  ( a  . l )  - ( a . 4 )  , there e x i s t s  an 

e qu i l  i b r  i um . 

The proo f wi l l  con s  i s t  of two part s  . Part  1 wi l l  prove that 

there ex i s t s  a se t of ou tp u t s  x l , x 2 , • , xm . That is  , for any i ,• . 

he re ex 1 s t s  ma x 1 mum . 	 pro 1 t s  , k11 . . va 1 ues oft 	 . f . n .  , w1 th cons 1 s t e n t  

Ti f , for 	 a l l  f * i .  Part 2 wi  l l  prove that the re i s  a lways at 

l e a s t  one f i rm wh i c h  is  a w i nn i ng b i dd e r  , i .  e .  , one f i rm whose 

max imum bid ag a i n s t  h i s  a l t e rn a t  i v e  mak e rs is no l e s s  than the 

max imum of the b i d s  aga i n s t  him . 
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Proof : 


P ar t  1 .  

F ir s t  we show tha t  for g ive n va l u e s  of maker prof i t  of other 

f i  rms , f i rm i has a max i mum maker pr of i t  . To do th i s  we wi l l  

emp loy the we l l k nown theorem in an a lys i s  tha t  a con t i n uou s  , rea l ­

va lued func t  i on de f i ned over a c losed and bounded set at t a i n s  a 

max imum a t  some po i n t  in the set . Let 

Q i ( x )  = max [ n f - 1T f ( X ) ]  f = l ,  • • • , m  : f * i ,  ( 3 6 )  
f 

i = l ,  • • • , m .  

That is , gi ( x )  i s  the fun c t  i on de s cr i b i n g  the max i mum b i d s  


aga i n s t  i for each po int  i n  X se l e  c t e d  b y  i .  S i n c e  n i ( x  ) i s  


cont i nuou s by ( a .  2 ) and the sum of two cont i nuous fun c t i ons is 


con t i  nuou s ,  f ir m  i ' s  maker pr of i t  in ( 3 4 )  is  con t i  n uou s if g i ( X )  


i s  cont i nuou s .  


Lemma : The fun c t  i on _g i ( x )  i s  con t i n uous . 


At any po int  "in X ,  and any i ,  ther e is  e i  ther ( a  ) an un i que 


ma x imum b i d  in ( 3  6 )  , or ( b )  ther e  is an equa l i  t y  he twe en the 


h i ghe s t  two , or mor e b i d s  in ( 3 6 )  . 


( a )  I f  there is an un i que max imum in  ( 3  6 )  at some po i n t  in 

X ,  then s in c e  each bi d func t i on ,  Bf i  ( x )  , is con t i n u ou s  ( the 

d i f fe r e n c e  of two con t  in ous fu nc t i on s  is con t  i n u ou s  ) ,  ( 3 6  ) i s  

cont i nuou s a t  such po i n t s  i n  X .  

( b )  Le t x5 b e  a po i n t  i n  X wher e B j i  ( x 5 )  = Bk i  ( x 5 )  = 

g i ( x  5 )  , j * k .  Suppose , for any 8 > -0  , there  i s  an c:: < 8 , t: > 0 ,  

such tha t 
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an<i 

j ,  k= l ,  • • .  , m ;  

( 3 7 ) 


g i ( Xs + 8 ) = B j i ( X s+ 8 ) < Rk i ( X s+ 8 ) 


g i ( x s - 8 ) = B j i  ( x s - t: ) > Bk i  ( X s - 8 ) 


j :t: l ,  j ,  k :t:  i .  

I t  i s  obv i ou s  tha t  s i nce  each b i d  funct ion is  con t i  nuou s  and 

e qu a l  at Xs , g i ( x 5 )  is con t  inuou s  at Xs • 

I n  the case where the secon d  re l a t  ion in  ( 3 7  ) doe s not hol d  , 

t he b i d  of j i s  a max ima l b i d  over the ent ire a-ne i g hborhood so 

t he con t i nu i ty of g (  x s ) f o l l ows fr om the con t  inu  i ty of Bj i  ( X s ) .  

I n  the on ly rema i n  i n g  case , where on ly the f ir s t  re l a t i on i n  

( 3 7 ) does not ho l d  , Bj i  ( x  ) = Bk i  ( x ) about an a -n e  i ghbor hood of 

x s , the n  e i ther bid is ma x ima l in that ne i ghbor h ood . S i n c e  the 

b i d  funct i on s  ar e cont i nuous at al l po i n t s  in X, then g i ( x )  , 

i = l  , • • •  , m  , i s  cont i nuous over al  l of X .  

I t  f o l  l ows from the lemma and the we l l  -know n  theorem in 

ana l y s  i s  stated above that n71 and x i e x i s t  for any set of va l u e s  

{ n f } and thus for any set of ve c t or s  { x f } ,  f * i .  

N ow one f i rm '  s opt ima l make r  output vec t or dep e n d s  upon the 

opt ima l make r  outpu t ve ct or s  of other f irms . Th i s  le ads  to the 

que s t i on of whet her the opt ima l ou tput ve ctor s of the var iou s  

f ir ms are mutua l ly con s i s te nt .  Prov i n g  t h i s  es t ah l  i shes  the 

e x  i s te nc e  of a set of out put ve c t or s  , (ϸl , • • •  , xm ) ,  suc h  that , for 

x f xie a ch f ,  y ie l d s  max imum maker pr of i t  to f i rm f f or the of 

a l  l i * f ,  i , f  = l ,  • . •  , m .  Con s  i de r  m fe a s i h le set s  of nm out ­

p u t s  , eac h  repr e se n t i n g  an outpu t a l l ocat ion . ve c t or arh i  t r a r  i ly 

se l e c t ed by eac h  f ,  or ( x l O  , • • •  , xm O )  . G i ve n  the va lu e s  of 



• • 

( x 2o , • • • , xm 0  ) ,  the va lue of x max i m i  z i ng f ir m  l ' s  mak e r  pr of i t  , 

x l l  , is  c a lc u l a t e d  . U s i ng x ll  and x3 o , • • • , xm0 , the value of x 

2 1max im i z i n g  f irm 2 ' s  max i mum mak e r  pro f  it , x , is  c a l c u l a ten . 

C on t  i n u i ng in th i s  manne r  , the output se t , ( X 1 1  , • • • , Xm l  ) is 

a t ta i ned . 

The re s u l t  ing tr ans f ormat i on ,  

( X 1 0  , • •  • , Xm O  ) + ( X 1 1  , X 2 1 , • • • , Xm l  ) , ( 3 8 )  

t hen is  a tr an s f orma t  i on from a set of  outpu t s e t s  , xm , into 

i t se l f  . To show that there ex i s t s  a con s i s ten t se t of ma ximum 

maker pr of i t  ove r  a l l  m f i rms , it is su f f i c i e n t  to show tha t 

t here ex i s t s  a set of outpu t s  , (ƻl , • • • , xm ) ,  wh i ch rema i n s  

unchanged over the tr an s f ormat i on ( 1  8 )  . By the Kaku tan i f i xed 

p o i n t  the or e m  , the set , (ƻ1 , • • • , ÷m ) e x i s t s of xm is a compac t  , 

c onvex set , and the comp l e t e  trans forma t  i on ( 3 8  ) i s  con t  inuou s  . 

By as s ump t i on ( a  . l  ) --and the fac t  that the Car t e s  i a n  prod u c t  

o f  c lose d  , boun d e d  , and con v e x  se t s  i s  i t se l f  closed , hounded , 

xmand convex--we know that i s  closed , ϶ounded , and con ve x  . 

S i nce  each tran s f or ma t i on i n ( 3 8  ) is  a ca l c u l a t  ion of some f irm '  s 

prof i t s , it is su f f i c i e n t  to show the cont i nu i ty of ( 3 R )  hy 

s how i ng the cont i n u  i ty of x i a s  a fun c t  i on of 

x- i  = ( x l , • • , x i - 1 , x i + l , • • , xm )  ( 3 g )  

f or any i ,  i= l ,  • • • , m .  S uppose the fun c t  ion ,  

x i = x i ( x- 1  ) ,  ( 4 0  ) 

x- ii s  not con t  inu ou s  at some . Th i s  imp l i e s  that the r e  is an 

i n f i n  i t e  seque n ce , { x - i  } ,  appr oac h i n g  )(- i  s u c h  th a t  
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x 

- i  

- l  ' 

( 4 3 ) 

x = ϴi ( x- i  ) * l im 

( The exi s tence of th i s  l im i t  is imp l  i e ct  by the boun dedn e s s  

a s sump t i on in  ( a .  2 ) an d the \'Ve i er s t r a s s  Theorem . )  S i n ce each 

f i rm ' s  pr o f  i t  i s  a con t i n uou s fun c t  i on of ( x l , • • • , xm ) ,  there i s  

a l so an in f i n i t e  sequ e n ce , 

( 4 1  ) 

X 
- i 

= x i ( -:;.....;, ' . ) 
 * 
 l i m 


No'.'' tlJ<=> 1 1n t que n e  s s  of x i  ( -:;_ i  ) expr e s s e c'l  in  ( 8 .  4 )  i1"1p l i e s  tha t 

there is a o (  € ) , 8  > 0 ,  su ch tha t  for any xi € x  not i n  an 

- i  
€ -ne i ghbor hood of , 

( 4 2  ) 

wher e 1r i i s  f i rm i '  s make r  prof i t .  Then , fr om the 1 inear  man n e r  

i n  wh i ch TI- i  e n t e r s  i ' s  make r  pr of i t  fun c t i on ( 3 4 )  , there i s  an 

w > 0 suc h  that for a l l  s a t  i s f y  ing  I n _ - I < w ,  and forTI - i  i n _ i 

- i  
a l l  x i €X not in an €-ne i ghbor hood of x , 

- i 
n i ( ƻ  , n _ i ) - n i ( x  i , n _ i ) > o (  € )  

Cons i der the €-ne i g hborhood of 

l im x i , 
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( 4 4 )  

and se l e c t  an € s u f f  i c i e n t ly sma l l  that the i n ter s e c t  i on of th i s  

- i 
x in e i ghbor hood and the €-ne i g hborho od of x i s  empt y .  I f  the 	 i n  

x it he former ne i g hbor h ood ar e i n de e d  pr of i t  max imi z i n g  , for a l l  

i n  that ne i g h bor hood , 

- i. M . • M 
n l  ( x , n  ) - n 1 ( x 1 , n ) < 0 , 


- i  - 1 

- . 

M -M 
f or a l l  n + n gener a t i ng the €-ne i g hborhood of 

- i - i 

il im x . 

M 

TI

M 
+ TI 


- i - i  


Th i s  i s  a d i r e c t  con tr a d i c  t i on o f  the imme d i a te ly pre c e d i n g 

i nequa l i ty ( 4  3 )  . 

i 	 x- iHence , x i s  a con t i n u ou s func t i on of a nd l i k ew i s e the 

t r a n s f orma t i on ( 3 8 )  is con t i n u ou s .  Th i s  is su f f  i c i e n t  for the 

Kaku tan i f i xe d  poi n t  theor em to app l y ;  an d the r e  f or e  , the set 

·( ö1 , . • • , xm ) ex 1 s t s . 

Par t 2 . 

We sha l l  now pr ove that --g i ven the ar r a y  of ma x i mum mak e r  

p r o f  i t s  in ( 3 4 )  , and ther e  for e an ar r a y  of b i d s  ag a i n s t  a l  l 

a l t e r n a t  i ve mak e r s de s c r  i bed in ( 3  5 ) -- a w i nn i n g b i dder ex i s t s  . 

Con s  i d e r  the ma t r  i x  B ,  repr e s e n t  i ng the b i d s  of each f irm aga i n s t  

the other s ,  w i t h  zeros al ong the ma i n  d i ag on a l  : 
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! 

! 

of 

i s  

0 R 1 2  R 1 3  8 1 ml 
B 2 1  0 B 2 3  B 2m J 

l
I • 

j0 

de f i  n i t  i on of a s o l u t i on ma k e r  , i i s  a s o l u t i on 

> ma x Bk i  ' tha t  i s  , i f  the ma x imum b i n  

( 4 5 )B = 

. 

F r om the 

mak e r  i f  max B i j  by i 
j k 

e xc e e d s  the ma x i mum of the b i n s  ag a i n s t  i .  	 I n  B ,  i i s  a solu t  i on 

i t hmaker if  the max imum of the e l e me n t s  in the r ow exce e d s  the 

max i mum the e l eme n t s  in i ththe column . L e t  h e  a ma x ima l Bqr 

e l eme n t  of B .  The n  , Bqr > ma x Rl< q so that q i s  a ma k e r  . Hence , 
k 

there alway s a w i n n i n g  b i d d e r  . 
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I I  . EQU I L I BR I UM WI TH ANTI TRU ST POL I C Y  

Th i s  par t o f  the Appe n d i x  show s  th a t  the in t r od uc t  i on of 

c ompet i t  i on i n  ma k i ng comm i  tme n t s  , and thu s  of compe t i  t i ve 

b i dd i  ng for each pos i t  i on in the h i e r ar chy , make s the mode l of 

e qu i l  i br i um w i th an t i  t r u s t  po l i  c y  in the text de c i  d e d l y  mor e  

c omp l e x  hu t doe s not subs t a n t  i a l l y a l t e r  i t s  con c l u s  i on s  a s  long 

as the number of f irms is not ver y  sma l  l .  

Re f e r r  i n g  to the mode l w i th an t i tr u s t  po l i  cy i n  the te xt , 

wh i l e compe t i t  i ve b i dd i ng for h i e r ar c h  i a l  pos i t i on may incr e a s e  

t he cos t s  to al l f ir ms , i t  doe s not , o f  cour s e  , incr e a s e  the 

cos t s  of the pur e taker . S i n ce al l f ir ms have the same var i a b l e  

cos t func t i on s  , the var i a b  l e  mak e r  pr o f  i t  o f  each f i rm i s  , in 

e qu i l  i br i um ,  equ a l  to the s imp l e  var i a b l e  pro f i t  of the pure 

t ak e r  . I t  al  so fol l ow s  fr om the equ a l  i ty of var i ab l e  cos t s  

betwee n our f i rm s  tha t  eve r y  f i r m  i s  in d i f  fer e n t  t o  any pos i t i on 

i n  the h i e r ar chy so that a l l  bi d s  f or each pos i t  i on in the 

h i er ar c hy are ide n t i c a l  . One ' s  pos i t i on in the h i er ar c hy is 

d e t e rm i n e d  by the pr ior i ty of h i s  comm i tme n t  . H e n c e  , the f i r  s t  

auc t  i on i s  for the pos i t  i on of pr imary mak e r  , the second f or the 

s ec on dary ma k e r  , etc . I n the f i r s t  au c t i on , the r e  are m b i d d er s  , 

i n  the s e c ond there are m- 1 ,  and so on un t i l  , f i n a l  ly in the 

m- l s t au c t  i on , ther e are on l y  two b i d d er s  . Let us see how the s e  

auc t  i on s  a l te r  the r a t  i on a l ly cho s e n  ou tpu ts from those se l e c t ed 

i n  the mode l  w i t h  no compe t i t  i on for h i er a r c h a l  pos i t i on .  

The pur e  ta ker obv i ou s ly has the same outp u t  cho i  ce fun c t i on 

a s  in the mode l w i t h  no compe t i t  i ve bi d d i n g  f or h i e r a r c h a l  



n-c 6 ·  

pos i t  i o n s  , so ag a i n  

a-c-b rnƟ l x · 1
* i = l  p -c 


X = = , 
 ( 4 6  ) rn 2 b  b 

* 
where X .

1 
i s  the so l u t  i on ou tpu t of f i rm i in  the pre s e n t  mode l .  

But the ou tput of the rn- l s t f i rm i s  now sens i t  i ve to a b i d  o f  the 

thro f i rm for his h i e r a r c h a  l pos i t  i on . The bid of rn for pos i t  i o n  

m- 1 equa l s  

where nrn , rn- 1 i s  the ope r a t i n g p rof i t  rn wou l d  mak e  i f  he we re the 

rn- 1 s t  ma ker . F i rm rn- l  the re fore s e le c t s  an w h i c h  ma x im i z e s  Xrn- l  

nM = nrn- 1 -rna x  [ O  , nrn , rn- 1  - nrn ( Xrn- l  > ]  sub j  e c t  to ( 3  6 )  and them- l 

g i  v e n  va l ue s  , X l r • • •  , Xrn- 2  • ( 4 7 )  

I f  the sol u t  i on Xm- 1 were su ch tha t  Brn , m- 1 < xm- 1 > > 0 ,  the n the 

outpu t that sat i s f  i e s  ( 4 7  ) wou l d  be a j o i n t  pro f i t  ma x imum sub j  e c t  

t o  ( 4  6 )  and X l r • • •  r Xm- 2  • Th i s  j o i n t  pro f i t  i s  ( p -c )  ( Xm- 1 + Xm ) 

w h i c h  , as above , re a c he s i t s  ma x imum at Xm- l +Xrn = Bu t the n  , 
* 

f rom ( 4 6  ) , x wou ld equ a l  zero . S i  nce var i ab le pro f i t s  exce e d  
m- l 

z e ro at some pos i t  i ve ou t pu t s  , f i rm rn- 1 wou l d  do be t t e r  a s  the 

* 
pure take r .  H e n c e  , Brn rn- 1  < x rn- 1 ) = 0 . But i f  so , the var i ab l e  , 

p ro f  i t s are equ a  l for bot h  f i  rm s  m and rn- 1  . There fore . 

* * 
Xm- l 

= Xrn ' ( 4 8 )  

a nd u s i ng ( 3 6 ) , 
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( 4 9 ) 

m- 2 ·a - c - b  . � x 1* * 1 = 1
X + X = 

m- l m 3 b / 2  

Th i s  so l u t  i o n  may be con s truc t e d  b y  s t a r t  i ng f i rm m- 1 a t  i t s  

o u tput i n  the prev i ou s  mode l ,  an ou tpu t wh i c h  ma x im i z e s  i t s  

opera t i ng prof i t  and exc e e d s  xm , and the n mak i ng i t  pay m '  s b i d  

t o  be ma k e r  to a manag e r  . I t i s  the n obv i ou s  f rom ( 4  7 ) t h a t  i t  

p ays m- l to re duce h i s  ou tput i n  ord e r  t o  re duce m '  s b i d  ag a i n s t  

h im .  Th i s  occu r s  un t i l  = xm , a t  wh i c h  po i n t the b i d s  become Xm- 1 

z e ro .  I t then no long e r  pays m- l to reduce h i s  ou t pu t for the r e  

i s  no fu r t h e r  reduc t i o n i n  m ' s  b i d  th a t  i s  poss i b l e  . To compu t e  

m- 2 ' s  op t i ma l ou tpu t ,  we ne ed the pro f  i t  of f i rms m a n d  m- 1 a s  a 

f u nc t  ion of Xm- 2 • U s i ng ( 4 9 )  , 

m- 2a - c - b  . � x · 1 21 = 1  )= ( • ( 5 0 )1Tm- l 9 b  

F i rm m- 2 ' s  mak e r  pro f  i t s can now be wr i t t e n  , us i ng ( 4 9  ) , 

( 5 1 )  

* 
As sume that nm , m- 2  - nm ( Xm- 2  ) > 0 .  The n  , u s i n g  ( 5  0 )  and ( 5  1 )  , 

m- 2 m- 2 
a - c - b  . � X i a - c - b  . � x ·  2( 1 = 1  ) 1 = l  1 ) -

Xm- 2 + ( nm , m- 2  •
3 9 b  

M a x i m i  z i ng th i s  pro f i t  , we f i nd 
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1 6�
= l 

1 6�= 1 
m- 3 

m- 3 
* 	 a-c-b i ŗ lx i 

= ' and ( 5  2 )Xm-2  4b 


m- 3 

* a-c -b l: X i 2. 

) 	 ( )Tim- 2 ( x = 	 ( 5  3 )  m- 2 

* 
Subs t i  t u t  i ng x i n to ( 4  9 )  , m- 2 

* * * 
X = X = X 	 ( 5 4 )  m- 2 m- l m 

* 
The assump t i on that Tim m- 2 - nm ( x  ) > 0 i s  s at i s f i  ed , for at' m- 2 

* 
x the bid  of m ( and of m- l )  i s  zero . m- 2 


S im i  l a r  ly , i f  the ou tpu t so lu t ion to the prob lem , 


max ( ( p - C ) X i - ffi'7X ( 1T j i- 1T j ( X i ) ) 1 , i < m , ( 5  5 )  

X i J 

exceed s Xm r then , bec a use b i d s  are pos i t i ve i n  such a so lut i on , 

th i s  ou tput so l u t  i o n  i s  a l so the so l u t  ion to the gene r a l 

prob lem : 

max [ ( p-c ) x i -mϵx [ 0 , n j i - n j ( x i ) 1 • ( 5 6 )  
X i J 

Pe rform i ng the max im i  z a t  i on in  ( 5  5 )  for f i rm m- 3 ,  u s  i ng ( 5 2 ) ,  

( 5 3 )  and ( 5  4 )  , we max imi z e  

m- 3 	 m- 3 
( a-c-b l: x ·  ) Xm- 3 - 3/ 4 ( a-c-b l: X i ) Xm- 3 + (

i = l 1 i = l 

a-c-b . z  X i 2 
) 
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i ķ l X i i ķ l x i 

= TI M* = ( a-c-b i ķ l x i ) 2 
m- 3 

i ķ l x i 

i ķ l x i 

) 2 

w i th re s pe c t  to The solu t ion ou tpu t can be wr i tte n  : Xm- 3 • 

a-c-b m- 3 
m- 4 
a-c-b 
=Xm- 3 

* ( 5 7 )  
= 2 b3 b  


Th i s  output is  tw i ce the ou tput of f i rm m- 2 and thus is also a 

s o lu t i o n  to ( 5 6 )  . We a l so f i nd , u s i ng ( 5 2 ) ,  ( 5  4 )  and ( 5 7 )  tha t  

v a r i  a b l e  pro f  i t s for each f i rm are : 

m- 4 

Thus pro f  i t  to the m- 4 t h  f i rm i s  

m- 4 

3 6 b  

var i ab le mak e r  

( 5 8 )  


[
9a-c -b 


M aximi z i ng th i s  w i th re spe c  t to we f i nd Xm- 4 , 

m- 5 l: 
= 

m- 4 

3 b / 2  

a-c-b 
a-c-b 
 x 1· 
* 
 .1 = 1 ( 5 9 )  
=Xm- 4 5b/2  


T h i s  is  tw i ce · the ou tpu t o f  f i rm m- 3 and fou r t ime s the ou tpu t s  

o f  f i rms m ,  m- 1 ,  and m- 2 . We a l so f i nd that 

m- 5 
( a-c - b* = n M * nM * 1. ķ 1 x i 

= = =nm- 2 m- 3 m- 4  l O O b  

The s e  pro f  i t s  f orm the b i d s  for the m- 5 th pos  i t  ion in the 

h i e r a rchy , and the proc edure con t  i nu e s  unt i l  we reach the top 

p os i t  ion . The d i s t r i bu t  ion of outpu t s  , mov i ng on to m- 5 ,  m- 6 

a nd m-7 and ag a i n  inde x i ng the ou tput of the mth f i rm to u n i ty , 

i s  e as i ly seen to be 

1 ,  1 ,  1 ,  2 , 4 ,  8 ,  1 6  , 3 2  . 
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"X ' 
t.. 

The obv ious gene ra l  i z a t  ion i s  that 

* * * * 
x = x a nd X = x 2 i , i = 0 , 1  , • • • , m- 3 .  ( 6 0 )  

m rn= l rn- 2 - i m 

To prove that th i s  gene r a l i  z a t  ion i s  , i n  fact , the solu t i on 

d i s tr i bu t  ion of f i rms , we prov i d e  an i nduc t ive proo f  . I n  part i ­

c u l a r  , we sha l l  prove t h a t  i f  the hypothes i ze d  d i s t r  i bu t ion ho ld s 

f or i = r ,  i .  e . ,  i f  = 2 for any i suc h thatXrn- 2 - i /Xrn- 1- i 

0 < i < r ,  then it hol d s  for i r 1 ,  i .  e . ,  = 2 .= + Xm- 3- r/Xm- 2 - r  

To do th i s  , we f i rs t no te tha t  var i ab l e  prof i t  to the rn- 3 - rth 

f i rm i s  

rn 

nm- 3 - r  = ( a-c-b i ȸ l x i ) 


B y hypothe s i s  , for the f i rms f rom rn to rn- 2 - r  we have : 

m- 3 - r  a-c-b i ŗ l X i 
= ( 6 1 ) Xm- 2 - r  b (  2 r+ l  ) / 2 r- l 

and 

m- 3 - r  
m a - c - b  i ȸ lx i 

= r > 0 ( 6 2 )
1• =rn-1 2 - r  b 

U s i ng ( 5 2 )  , 

rn- 3 - r  m 
nrn- 3 - r  = ( a-c-b Ƽ x ·1 - b . Ƽ X i )

i = l 1 =m- 2- r  

rn- 3 - r ( a-c -b . Ƽ x ·1 ) 
2 

1 rn- 3 - r  1 = 1 = [ ( a-c - b  i ŗ l x i ) Xm- 3 - r  + 
( 2 r +l + 2 ) 2 b 

. ] 
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Xm- 3 - r  = 

Xm-3- r 

= 

( m- 3 - r  )a-c-b i ŗ l X i 

m- 3 - r
a-c -b iŗ l x i 

b (
2 r+ l  )

2 r 

Max im i z  ing th i s  expre s s  i on w i t h  re spe c t  to Xm- 3 - r  r 

u s i ng ( 5 1 )  , we see that 

( 2 r + l ) / 2 r - l  
= = 2 • Xm- 2 - r  ( 2 r+ l ) /  2 r 


T h i s  estab l i s hes the theorem . 
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