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Exam~.,.- Cont,nued 
Cou rnot-Revi.;1e<1 

CournotCompetition 

• Nident1talfirm,competingonthe .. memarke\ 

CournotCompetition 

• N,den\1talfom,compet,ngonthe .. memarket 

• Ma<g,nalcostiscon,tantandequaltoc 

CournotCompetit,on 

• N ident ical fom< competing on the .. m• market 

• Marginalcootiscon,tantand,qualtoc 

• Aggregate inw=demand i, 

Cou,notCompetit,on 

• N ident ical fom< competing on the .. me market 

• Marginalcootisconotantand,qualtoc 

• Aggregate inw= dem and ;, Q.. ,~,-fJ 
• Bel>Cfitsol firmjare 

? 
CournotCompetit,on 

• T,,c,-..,--,,. 
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Cournot Competition 

• The FOC fo,agiven firm i• 

Cournot Competition 

• TheFOCforagivenfirmjs 

• - l>~q' - t,q; - c=O 

• Thesymmet6c Nashequil it.,ium isgi,enb)' 

CournotCompetition 

• TheFOCfor a givenfirmio: 

~ - t,~q' - bq; - c=O 

• Thesymmetric Nashequil it.,ium isgi,ent,y 

CournotCompetition 

CournotCompetit,0,1 

q'=1,1,~-/11 

f_tt = ~ 
; z i b(N + l} 

P - a -N(z~~) o 

n-i - ~ 
b(N + ljl 

t.qi = ;~~:/ 

P - a-N(z:~) o 

ni - ~ 
b(N+\)2 

t.~ = ;~~~/ 
p - a- N(z~~ ) o 

ni =~ 
b(N + J)l 

• A,N _.ocwegetdo,etope,fectcom petition 

• N - l wegettl>emonopolycase 
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& amples -Continued 

Bert randC<>rn~itioo 

Bertrand Competition 

• Con,ide r thea ltem atiw,model inwh ic h firm,., t p,ices 

• lnoligc>polistic m<>deis , this di<tinctioo i<w,ryimpo,tant 

Bemarn!Competition 

• Eachfirm<imultan..,.,slyc~apricep, <:: (O,+oo) 
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Bertrar1d(ompetitior1 

.- Assumethatthemar&inalrc,,o:nue fur.ct>Oni,,tr ict lyd« rea,ing(MR'{p;} < O}· 

R(p,) = (1) 
MR(p; ) • (2) 

"' 

Bertrar1d(ompetitior1 

.- Assumethatthemar&inalrc,,o:nue fur.ct>Oni,,tr ict lyd« rea,ing(MR'{p;} < O}· 

R(p,) = 
MR(p; ) • 

.- Let p'" > c <!: O be the monopoly pr.Ce wch that MR(p'") = c 

Bertrar1d(ompetitior1 

,,, 
"' "' 

.- A..umethatthem• r&inal-=enue fur.ctK>ni,, t rict lyd«reasing(MR'{p;} < O} 

R(p; ) = 
MR(p,) -

.- Letp'" > c <!: Obetl>ernono~ypr>Ce ,uchthat MR(p'") = c 

.- Ther1 
MR(p; ) - c > Oifp,< p"" . MR(p;) - c < Oifp;> p'" 

Bertrar1d(ompetitior1 

.- The t>e<tre<p0n.,. funct ion i• 

!,. ,,,_,,,. 
BR;(p_; ) - P- ; - c .'.fc < p_, :-:; p"' . 

[c. -+- oo ) ,f c - p_, 

(c. + oc) ,f c > p_,. 

Benrar1dCompetition 

Case l :pj > p'" 

.. ,>;=p'" 

BenrandCompetition 

Case l :pj > p'" 

.- Pi=P'" 

Benrar1dCompetition 

Case l :pj > p'" 

.. ,,; - p'" 

.- BR,(p"') • p'" - ~ 

.- BR,(p"' - d =p'" - 2' 

Bertrar1d(ompetitior1 

Case l :pi > P'" 

.- Pi - P'" 

.- BR, (p'") = p'" - ~ 

.- BR,(p"' - E)=p'" - 2' 

.- Soth iscann<>t bea Nas.h equilibfium 

Bertrar1d(ompetit,on 

Case 2:pj <-:: (c.p'"I 

.- BR,(pj) • pj- c 
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Bertrand Competition 

Case 2: pj€(c,p"'J C 
"' BR,(pj) - pj- < 

B,nrandCornpetition 

Case 2: PiE(c p"'] 

"' BR, (pj - • ) - pj - 2, 

BertrandCornpetit,on 

l C-

\ I ) 
rn,u.J 

~nA)( 
Case 2: pj.::(,,P"'I 

"' BR,(pj) - pj- < 

"' BR, (pj - • ) - pj _ 2~ 

"' Sothi<canoot l>,a Na<h equil it.,ium fc0 ..__ (_V1-:=Lf -PL ::cc_) 
Bertrand Competition 

Case 3: pj < c 

"' BR, (pi) E (pi+ <,oo) 

B, nrand Competition 

Case3: pj<c 

"' BR,(pj) E [p; +,,oo) 

"' Sothi<cannotl>, a Na, h equil it.,ium 

B, nrand Competition 

Case 4: pj - c 

"' BR, (pj) = (c.+oo) 

Bertrand Competition 

Case 4: p; - c 

"' BR2(Pi)=(c, +oo) 

"' Th, uniqu, pur,,trategyNa<h0<1u il it.,ium ispj - P:i - c 

Bertrand Competition 
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Examples-Continued 

BertrandCorn~itioo-Differenteo<t< 

BertrandCompetition-diffe,entcosts 

., SuWo<"thatthe marginalcostoffirm lisequal to c, andthe margin al costof 
fi,m2 isequa l toc,;wher,ci < c:t 

., The b.est r,spons,for eachfi,m: 

!
p' ifp_;> p;,, 

BR;(p_; ) - p: , -e if c; < P~; S p;,, 
[c;, + oo ) ifp 
(p_,, + oc) ifp_1 < c; 

BertrandCompetit,on - d,ffe,entcosts 

., lfpj=pi=c, ,thcnfirm2would bcm• king a loss 

BertrandCompetition - d,ffe,entcosts 

., lfpj = pi = c, ,thcnfirm2would bcmaking a loss 

., lf/>i • pj • c:, ,then firm l wouldcu t prices toke,pthe whol,marl<ct 

BertrandCompetition-diffe,entcosts 

., lfPi=Pi=ct ,thcnfirm2"°"1d bc mak inaalos, 

., lfpj • pi • c:t , then firm lwouldcutpric.,. tokecpthewholc marl<ct 

., Any purestratogyNEmusthavepj S ci, Otherwi.,,if pj > ct thenfirml cou ld 
undcrcutpj andgct a posit iseprolit 

BertrandCompetition-diffe,entcosts 

., lf/>i = Pi = ct ,thenfi,m2"°"1d bc mak ina a los, 

., lfpj=pi=ci ,thcnfirml would cutprices to kecpthewhol,marl<ct 

., Any pu restratogyNEm ust h•""Pi S ci . Otherwi.,_if pj > <1 then firm ! cou ld 
undercutpj andgetapositi.eprofit 

., Firm l "°"ldr,allylikc topriccatsomepricepjjustbclow thcma rgin alcostof 
firm2, butwheneverp, is"'1: , Fi,m l"°"ldtrytoiocreas,pric,s 

BertrandCompetition - d,ffe,entcosts 

., lfpj • pj • c, , thcnfirm2wouldbcmaking a loss 

., lfpj=Pi = ci ,thenfirm l "°"ldcutprices tokecpthewhol,market 

., Anypu rc,trategyN Emu>t ha,,.,pj S c1. 0therwi..,,ifpj > c1 thcnfirm l cou ld 
underc ut pjandget a positi.eprofit 

., Firm l "°"ldreallyl ike topriceatsome pricepjjustbclow the ma,ginalcostof 
fi,m2, butwhe,cvcrp, i>><t, Fi,m lwouldtrytoiocrea><pric,s 

., NoNE bccau.,ofcont inuousprices 

Bertrand Competition - ~ 

BertrandCompetit,on - d,sc,e,tpnces 

., Su P!>O"'ci • O < c:t • IO 

., Fi,msconon ly...i integerprices 
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Bertrand Competition - d,sc,eet prices 

• Su~ct - O < c:, - 10 

• Fi,mscan on ly set in!cge< price:1 

Bcnrand Competition- disc,eet prices 

• Su~,c. - O < c:, - 10 

• Firm<can on ly set in!eger pric,. 

• Suppo<ethat (pj , />:i)is a pure mategy Nashequili brium ... 

Bertrand Competition - d,sc,eet prices 

Case I : Pi - 0 

• ~t ,espons,offirm2i< tochoo5'«>me P;i > pj 

BertrandCompetition - d,sc,eetprices 

Case I : Pi - 0 

• ~t ,espons,offirm2i< tochoo5'«>me P;i>pj 

• pj canno!be a best,,.ponse toP;i sincebys,tting P1 - Pi firm I wou ld get 
mict lyp,ositi..,.profits 

Bcnrand Competition - disc,eet prices 

Case2: pj E{ l.2 ..... 9) 

• ~t responseoffi,m2is tosetanypriceP;i> pj 

BcnrandCompetition-disc,eetprices 

Case2: pj E{ l.2 ..... 9) 

• ~t ,espons,offi,m2i< to setanyprice P;i > pj 

• lf/>:i > pj + l, thenthisca nnotDe a Nashequil ibriumsince thenfirm lwou~ 
ha..,.a n incentisetorais,theprice 

BertrandCompetition - d,sc,eetprices 

Case2: p; E{l ,2 . .. . 9} 

• ~ trespons,offi,m2 i, tos,t anypric•P;i>pj 

• lf/72 > pj+l . then th is ca nnot Dea Nash «1uilibrium since t hen firm I wou~ 
ha..,.an incenti..,.torais,theprke 

• Thconlyequilibriumis(pi,Pi + l) 

BertrandCompetition - d,sc,eetprices 

Case3: pj .. l0 

• ~ trespons,sof firm2 i> tosetanypricc P;i ?: pj 



Bertrand Competition - d,sc,eet prices 

Case 3: pj - 10 

• Bestrosponsesof firm 2 isto setanypncep; :::,_ p;_ 

BenrandCompetition-disc,eetprices 

Case 3: p;=IO 

• 8est rospon..,. offi rm2isto~ anypric• P;i ::=-. pj 

• W• must have P;i = p; + 1 since oth• rwise, fi,m I W01J ld have an incentive to 
raise the pricehighu 

BertrandCompetit,on - d,sc,eetpr,ces 

Case 3: pj - 10 

• 8est rosponsesoffirm2 is tosetanypricep; :::,_ p;_ 

• W• must have P;i = p; + I si ne,: ot herwise, firm I W01J ld have an incentive to 
raise the price higher 

• (p;.P;i)=(IO,ll)isaN,.hequil ib,ium 

BertrandCompetition - d,sc,eetpr,ces 

Case 4: Pi - 11 

• Best ,osponse offirm2is to ~ p; ~ u 

Benrand Competition- disc,eet prices 

Case 4: Pi - 11 

• Best,ospons, offi,ml is to ~ p; - 11 

• Firm ! W01Jldnot h, h,st,ospond ingsinceb)lsett ing a price ofpi - lO,it l',QIJ ld 
get m.ct typosit i,e pro/its 

BenrandCompetition-disc,eetprices 

Case5:pj ::=-_ l2 

• Fi rm2 'sh,stresponse istoset 0<t he, P;i pj - lorP;i=Pi 

BertrandCompetition - d,sc,eetprices 

Case5: p; :::,_ 12 

• Firm2 ',t..strosponsei• to set eithe, P;i = pj lorP;i = pj 

• : :~ ~ is notbestre'!"'fldingsinceb)l lowering theprice it anget the whole 
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&am~es-Continued 

Benra nd Competition - 3Firms 

BertrandCompetit,on - 3/i,ms 

• Symmetric marginal costs model but with 3 firms 
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B• nrand Competition- 3/i,ms 

• Symmetric marginal costs mod•I b<rt with 3 firm, 

• Bestro,pon,.offirm iisgi••nb\l 

Bertrand Competition - 3/i,ms 

• Symm•tric margi nal costs model but with 3 firms 

• Bestro,pon,.offi,m iisgi••nb\l 

BR,(p,,,P,)= min{p,, .P,)- • [,· 
(c.+oo) 
(min{Pi.P,} ,+oo) 

• (c . c . c)isindeedapurestrategyNa,hequilibriuma, inth•ty,<>fi,mca,. 

B• nrarn:!Competition-3/i,ms 

• lf(P1,P,,P,)wa<a purestra1'gyNashequi librium.itcan n•,,,rb,th• ca,. that 
min{P!,Pl,P.l} <c 

Bertrand Competition - 3/i,ms 

• lf{Pl · Pl,P.l)wa,a purestrategyNashequi librium, itcan neverb,t h• ca,.that 
min{P!,P,,P,} < c 

• lf(P1- Pl · P.l)wa,a pure strat•gyNa,hequilibrium.itcan neverb,t he ca.., that 
min{P!,Pl,P.l} > c 

Bertrand Competition - 3/i,ms 

• lf{P, .P,,P,)wa,a purestrategyNa,hequi librium.itcan neverb,t he ca,. that 
min{P!,Pl,P,} < c 

• lf(P1- Pl · P.l)wa,a pure ,tratogyNa,hequi librium.itcan neverb,t he ca.., that 
min{P!,Pl,P.l} > c 

• Womustha,,., min{P!,Pl,P,) • < 

Bertrand Competition - 3/i,ms 

• lf{P1,Pl,P.l)wa,o1 purestra1'gyNa,hequi librium,itcan neverb,t h•ca,.that 
min{ Pl- Pl · P.l} < c 

• lf(Pl · Pl,P.l)wa, a purestrategyNa,hequi librium,itcan neverb,t he ca,.that 
min{P! ,Pl , P,} > c 

• Womustha,,.,m in( Pl- Pl ·P.l)=c 

• Canthe,eb,apu,emat•gy Nashequilibriuminwhichjust onefi,m..,tsprice 
equ altod 

B•nrandCompetition-3/i,ms 

• lf(P1,Pl,P.l)wa,a purest ra1'gyNashequi librium, itcan n-rb,theca,.that 
min(P!,Pl,P.l} <c 

• lf(Pl,Pl,P.l)wa,a pure strategyNashequi librium, itcan n-rb,theca,. that 
min{Pl -Pl,P.l}>c 

• Can th.,e b,apure,trategy Nashequilibriuminwhichjustonelirmsetsprice 
equal toe' 

B• nrarn:!Competition-3/i,ms 

• lf(P1,P,,/>.l) wa<a purestrat•gyNashequi librium.itcan n-rb,th•ca,.that 
min{P!,Pl,P.l} <c 

• lf(P1,Pl,P.l)wa,a pure st ra1'gyNashequi librium, itcann- rb,the ca,. that 
min(P!,Pl ,P.l } >c 

• W, mustha,,.,m in(P! , Pl , P.l) • c 

• Canth.,eb, a pure <trategy Nashequilit.,iu m inwhichju<t onelirm'"1Sprice 
equ al toe' Nosincethatfirm,.,.,.,ldwanttc raise hi,priceabit artdget strictly 
b,tterprofits 

• Theremustb,at leasttwofamsthatsetpr,ceequaltomargina l c-,,\ 

-.d/KIJ\/lV,,P~,f\)='C... 
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Bertrar1d(ompetitior1 - 3/i,ms 

• lf{Pl-Pi,Pl) was a pure strategy Nash equi librium, it can n_, be t he case th at 
min{p,.p,i . PJ} < c 

• lf{P1 -P1,Pl)wasa purestrategyNashequi librium,itcan n-rbethe casethat 
min{P1 -P> ,PJ} > c ~ 

• Wemustha,..,m in(p,. p,i .PJ)=c 

• Canthe,ebeapure S\fategy Nashequ ilib,ium inwhichjostooefirmsetsprice 
equ al toe? No,ince thatlirmwooldwanttora i .. hispriceabit andgetstri<tly 
better profi t, 

• There must beatleast two firmsthat'"1priceequaltomarginal cost 

• S.tofa ll pu restrategyNa,hequi libria arei 

{(c.c,c +e): e;;: O} U{(c,c +e, c): e;;: O} U {(c +e, c.c): e;;: O) 
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E><.1mplM - Cont inued 

Hote lling and Voting Mod~, 

Hotelling 

• T= firm,i= l. 2 decide toprod uaheterogeneou,products x1,x:,E [O.I] 

Hotelling 

• T=fi rm,i ~ l.2 decide toproduce heterogentoosproductsx:i,x:, E [0,I] 

• x, ,x:, repr=tsthecha,acteristicol the product 

Hotelling 

• T=fi rm, i ~ l.2 decide toproducel>eterogentoosproductsxi,x:, E [0,I] 

• x, ,x:,repr=tsthe cha,acte,isticoltheprod uct 

• Fo,exa mple , thi,cou ldbeinterprettda,amodelinwhichtherei,a 1 inearcity" 
repre,enttdbythe inter'lal[O,I J 

Hotelling 

• T=fi ,msi - l.2decide toproducel>eterogentoosproductsx1,x:, E [O, l] 

• x,,x:,representst he characteristicol the prod uct 

• Fo, exa mple , thiscouk!beinte,pretedasamodelinwhichtherei,a '1inearcity" 
repre-senttdby the interval[O,I J 

• lnthisinterpretation , the firm,a reeachdedd in1wheretolocate onthislioe 

Hotelling 

• T=firm,i = l.2decide toproduceheterogeneousproductsx1.x1E [O.l] 

• x, , x:,repr..,ntsthe cha,acteristicofthe prod uct 

• Fo,example , thiscouk!beinterpreteda,amodelinwhichthereisa iinea,city" 
repr.,.ntedbythe interval[O. IJ 

• lnthisinter pretation , the fi ,msare eachdecid in&wl>ere to locate onthisline 

• Conwrner,;a,e unif.,..mlydist riboted onthe line[O. IJ, where OE [O,l[repr ... nts 
the conwmer,;ideal type ofproductthathewooldliketoconsume 

Hotelling 

• T=firm, i= l. 2 decide to produaheterogeneousproductsx1,xi E [0.1] 

• x, , x,repr..,ntsthe cha,acteristicofthe product 

• Fotexample,thiscoukl be interpreted asamodelinwhich tl>ereisa i inearcity" 
repr,...ntedbythe inter,,al[O,I J 

• lnthi,interpretation , the firms are eachdecid ingwheretolocateonthi, line 

• Conwmer,are uniformlydisttiboted ontheline[O,IJ, whe,eO E IO,l[repr..,nt, 
theconwmer,;idea l typeofproductthathewooldliketoconwme 

• lf the lirm,i - l.2=pect ivelyprodoceproductsofcha,acteristicx1 and x:,,then 
a consume,atOwooklconwmewhich""'erproduct isclosestto9 

Hotelling 

• T= firm, i= l. 2 decide to produaheterogeneousproductsx1,x:, E [0.1] 

• x, , x,repr=tsthe characte,i<ticofthe product 

• Fotexample,thiscouklbeinterpreted asamodelinwhichthereisa i inea,city" 
repr,...ntedbythe inter,,al[O,I J 

• lnthisinterpretation , the fi rms are eachdecid ingwheretolocate onthi, line 

• Conwrner,areuniformlydistriboted ontheline[O,IJ, wh,,e 9 E IO , l[repr..,nt, 
theconwmer,;idea l typeofproduct t hathewooldliketoconwme 

• lf the fom,i - 1, 2respect ivelyprodoceproductsofcha,acteristicx1 and x:,,then 
a consume,atOwooklconwmewh ich""'e,product isclosestto9 

Ji,-{10,11) 
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L----+--ri---~ 



• lnthisinte<p<etat>On, thefirmsa re cKhdecK! ;n,whe,etolocate onthislir,e 

• Consumer,;areu n;formlydistributedonthcline[0 . 1].whe,cO E I0,1[,cp<cscnt, 
thc coo<umerSKlea l typ,o/p<oduct thathe wouldlikctoconsume 

• lfthe firmsi=l.2respect;velyp,odoce p<oductsofcharactefi5tO: x1 and,., , then 
aconsume<atOwouldconsumowhO:heverproduct iscloscstto9 

• Thegame const>t<ofthetw<>play<erSi • l.2. each ofwhomchoo«,sapOint 
x, , xi E [O,i[S<multanooosly. 

Hotell;n, 

Hotell;ng 

~i:::.:~: r,:~ t hat acc rue to firm 1 is 1 ivcn I')' t he mass of consumer,; that .ore 

Simil a,ly, 

Hotell;ng 

ilx, < xi, 

ifx, • x:, 

ifx, > x:, 

ifx, < x:,, 

ifx,=x:,, 

ifx, > x:, 

~i:::.:~: r,:~ t hat accrue to firm 1 tS g iven I')' t he mass of consume~ t hat are 

s ;m;l ar ly, 

Hotell;ng 

(
"-P ifx, < x,. 

u1(<1 , 1<2)= ½ ilx, • x:,. 

l -'4"' ilx, > x:, 

11- '4"' ifx, < x:,, 

u:,(x,.xi) • ! ifx,=x:,, 

"43' ifx, > x:, 

Compute the t>cst rcspon., fur>etions 

• Case I : Supposefi~tthat x:, > 1/ 2. Then S<tt ingx1 ag•inst "'- y~dsa payoff of 

(
'!"' ;,,, <, . 

u:.(x, . x:,) • J ;f x, • xi . 

l-"43' 1f x1 > xi . 

Thisutilityfur>etionh asadiscont;nu ityatx,=x:, artdjumpsdown tol / 2at 
x,=x:,. The,ewill benobestrespon.,forfirm l(trytosetasclosetothe left 
the otherfirm asp<>W ble) 

Hotell;ng 

Compute the t>cst ,cspon., fur>etions 

• Case I: Supl>O'Cfi~tthat "'- > 1/ 2. Then .,tt ingx, • g•i nst "'- yields a payoff of 

This utilityfu nctionhas a discont inuityatx, • x, artdjumpsdown tol / 2 at 
x,=x,. Thercwill benobestrcsponscforfi,m l(trytosctasclosetothe left 
the other firm asp<>Wble) 

• Case2: Supl>O'Cnextthatx, < l / 2.Aga inthe,ewil lbenobest rcsponS<for 
firm I (try to s,ct as close to the right the other firm as p<>W ble) 

Hotell;ng 

• Case I: Supl>O'Cfirstthat "'- > 1/ 2. Then.,tt ingx, • g•i nstx,yields a payoffof 

This utilityfu nctionhas a discont;nuity at x, • x, artdjumpsdown tol / 2 at 
x,=x,. Thercwil l benobestresponscforfi,m l(trytosctasclosetothe left 
the other firm asp<>Wble) 

• Case2: Supl>O'Cnext thatx, < l / 2.Aga inthe,ewil lbenobest rcsponS<for 
firm I (try to s,ct as close to the right the other firm •• p<>W ble) 

• Case 3: Supl>O'Cnextthatx:, • l / 2. He,ethe,-,,wi ll be a best"'5p<>n.,l<:,firm 
latl / 2 

Hotelling 

Symm<trical ly. Mhave 

10 if,,, > 1/ 2 

BR,(,.,) - l / 2 ifx:, • l / 2 

0 if x:, < l / 2 

l~ if xi > 1/ 2 

BR,(x,) • 1/ 2 ifxt=l / 2 

0 ifxt < l / 2 

The unique Nash equ ilibriu m is fr:, e,>eh fi,m to choose (xt . "2) = (1 / 2. 1/ 2}. EKh 
fi,m..,.ntiallylocatesinthe,..mc placc 

Hotelling 

• Hotell ingcan alsobedone in a discreel s,ctt ing 

• Hotell ;n,can be applied to a variety ofs;tuat>Ons (~.g .. soling) 

• Butthisp,edO:tsthc opposit e of polarizat>On 

• Withth,ee cand id>tes , predO:tionsa,e quite different 

• AllcandidatesP,cking ½ isnolonger a Nashequili brium 

• What arethc ..,t ofpurestrategyequil ibria herc? (tht>t>ad ilficu ltp<oblem) 
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