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A bstract
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isthatprice-discriminationdrasticallyreducesaveragepricesandmay
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extractanysurplusgeneratedbythenetworke¤ectsbetweengroups.
Intheextremecaseofperfectprice-discrimination, theonlypurestrat-
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1 Introduction
W hilethereisalreadyasubstantiveliteratureoncompetitionwithnetwork
e¤ects (seeKatz andShapiro(19 9 4) andEconomides (19 9 6)), onefeature
ofmodernnetworksthathasnotreceivedconsiderableattentionisthatnet-
worke¤ectsareoftennotisotropic: membersmayjoinfordi¤erentreasons
andvalueboththeserviceandtheparticipationofothers inverydi¤erent
ways. Inconjunctionwiththat, andpartlybecauseofthat, mostsuppliers
ofnetworkgoods practicesomeform ofprice-discrimination. Forinstance,
telecommunicationoperatorsorsoftwaresuppliersdiscriminatebetweenres-
identialandprofessionalusers, aswellasgeographicareas. A s anotherex-
ample, considerthecaseofaproviderofintermediationservicesinavertical
industry. T hendownstream …rmscareabouttheupstream …rms inthenet-
workwhilethereverseholdforupstream…rms. T his issometimereferredto
asthe”chickenandeggs” problem, theissuebeingtobuildamarketstrat-
egythatconvincebothsides tojoin. M oreovertheintermediaries propose
verydi¤erentdeals tobuyers andsellers. A ttheconceptuallevelonemay
viewthese situations as involvingdi¤erentiated users ofthe networkand
price-discrimination. T his generalset-up covers awiderangeofactivities,
involvingeitherindirectnetworke¤ects, ordirectnetworke¤ectswithdi¤er-
enttypesofparticipants. Togiveafew, itincludesintermediationactivities,
telecommunication services, postalservices, multi-mediaservices, advertis-
ing, Internetservices, operatingsystemsandsoftwareapplications, research
centers,....

Itiswellknownthatinthepresenceofnetworkexternalities, consumers
faceacoordinationproblem intheirpurchasingdecisionthatmaygenerate
multipleequilibria(KatzandShapiro(19 85)).A keydeterminantoftheout-
comeofcompetitionistheconsumerscon…denceontheabilityofanetwork
togrow. Successfulentrythenrequirestopersuadetheconsumersofpoten-
tialofthenewnetworktoattractalargeclientele.1 W henconsumerstend
toperceiveestablished…rmsas focalandcoordinateon it, this e¤ect, that
canbeinterpretedas areputatione¤ect, creates barriers toentry. T his is
indeedthemainmotiveforfastentryandaggressivestrategies inbuildinga
customerbaseininfantstagesofnetworkindustries.

W hatseems less acknowledged is thatthecombination ofnetworkef-
fects and price-discrimination creates avery particularenvironmentas it
allows foraggressive strategies thatsubsidize someconsumers tojoin and
exploitthenetworkexternalitiestorecoverthesubsidyonotherconsumers

1See A rthur (19 8 9 ), D avid (19 85), Farell and Saloner (19 86), Katz and Shapiro
(19 86,19 9 2).
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(adivide-and-conquerstrategy)2. Suchastrategyallowsanetworktoover-
comethecoordination problem bypassingpartofthesurplus totargeted
customersandcreatingabandwagone¤ect. T his isthestaticversionofthe
dynamicmechanism thatleads anetworktosubsidizeearliercustomers in
anattempttobuildthecustomerbase.3 Becausethesestrategiesonlymake
sensewithnetworke¤ects, theimplicationsformarketconductarestilltobe
investigatedandmayleadtorevisittheconventionalwisdomonbothprice-
discriminationandnetworkcompetition. O neobjectofthispaperistoshow
thatprice-discriminationhasastrongpro-competitivee¤ect, andthat, asa
result, markets fornetworkgoodsmaybesubjecttoahighercompetitive
pressurethanmarketsforstandardgoods.

T hepaperstudiestheinteractionbetweenthereputatione¤ectsatwork
withnetworkexternalities andthenewcomplexmarketingstrategies that
emergewhenadi¤erentialpricetreatmentofconsumersispossible.Itexam-
inesacompetitiongamebetweenanestablishednetworkandachallenging
network, wheretheformerbene…tsfromastrongreputationaladvantage.T he
populationisdecomposedintogroupsandthirddegreeprice-discrimination
is possible. N etworke¤ectsmayoccurwithingroups (intra-group) andbe-
tweengroups (inter-group). D i¤erentgroupsmayhavedi¤erentvaluations
forthegoods, aswellasfortheparticipationsofothergroupstothenetwork.
Thisallowsforawiderangeofdi¤erentiation(bothhorizontalandvertical)
andofnetworke¤ects.

T hereputationoftheestablishednetworkismodeledbyselectingapar-
ticularequilibrium ofthesubgameplayedbyconsumerswhentheychoose
wheretobuy, whichcanbeinterpretedasaparticularchoiceofconsumer’s
equilibrium beliefs. W ithpositivenetworkexternalities, thereis awellde-
…ned selection criterion thatcaptures the ideaofareputation advantage
fortheestablishednetwork, whichamountstoimposethataconsumerwill
buyfrom theestablishednetworkwheneverthis is theoutcomeofatleast
oneequilibrium oftheallocationgame. T his is referredtoas D omination
in Beliefs and itmaximizes thedominant…rm marketshareforanyprice
con…guration.

T hepapercharacterizestheequilibriaoftheStackelberggameandofthe
simultaneous pricinggamewithadominantnetwork(theconsequences for
thecasewhereis nodominantnetworkarealsoderived). Itthendiscusses
the implications fortechnologicalchoices suchas compatibilityorquality,
andfore¢ciency.

2SeeInnesandSexton(19 9 3) forsimilarideasexploitingincreasingreturnstoscale.
3SeeB ensaidandL esne(19 96) andCabral, SalantandW oroch(19 9 9 ) applicationsto

dynamicmonopolypricing.
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Toovercome its reputationdisadvantage, anewcomerrelies on divide-
and-conquerstrategies as describedabove. T his means thatthenatureof
competitionischangedinanon-trivialmannercomparedtouniformpricing,
duetothepossibilityofcross-subsidizing. Firmswilltargetsomeconsumers
byo¤eringadvantageous conditions, andtheoutcomeofthemarketgame
mayexhibitasubstantiveamountofcross-subsidization ifthereareasym-
metries inthenetworke¤ects.

T hisforcestheestablished…rmtosetonaveragepricesatamuchlower
levelthanitwoulddowithuniformprices. Itturnsoutthatitis impossible
foranetworktocaptureinequilibrium thesurplusgeneratedbytheinter-
groupnetworkexternalities.

T heintuitionbehindtheresultisthefollowing. Considertwo…rms I and
C (withzerocost) competingfortwoconsumersA andB :SupposethatA
and B have identicalvaluations forthetwonetworkgoods, andthatthey
receiveanextravaluev iftheybothjointhesame…rm. W ithuniformprices,
thereisanequilibriumwhereone…rm(sayI )sellstobothconsumersatprice
v:T hereason is thatforanypositiveprice pC > 0 setby C , thevalueof
joining I togetheratpricev is higherthanthevalueofbuyingalonefrom
C atpricepC :N owsupposethatprice-discriminationisallowedandthatI
charges auniform pricep I tobothconsumers. T henthecompetitorC can
reactas follows: itcharges a pricebelow p I ¡v toconsumerB (divide)
andapricep I + v toconsumerA (conquer).W ithsuchapricestructure, B
joins …rm C irrespectiveofwhatA doesbecauseinrelativeterms, C o¤ers
him avaluelargerthanthevalueattachedtotheparticipationofA (itis
adominantstrategyforB tojoin C ):A mustthenchoosebetweenbuying
alonefrom I andjoiningB inthenetworkofC :H eisthuswillingtopaythe
premium v tojoin…rm C :N oticethatC achievestoservethetwoconsumers
irrespectiveofthenatureofthecoordinationprocessthatdeterminatesthe
allocationofconsumers, andthatitobtainsthepro…tthatwouldaccrueto
I ifthetwoconsumersjoined I :T heresultisthatequilibriumpro…tsvanish
inequilibrium.

Inparticularthisreasoningwillimplythatwithanhomogeneouspopula-
tionandperfectpricediscrimination, anypurestrategyequilibrium involves
ane¢cientallocationofconsumers, whichstandsatoddswith ine¢ciency
resultsthatemergewithuniformpricing.

Competitionisintensebecause…rmsattachapositivevaluetoeachcon-
sumerequaltotheextrapro…tthathis participationallowstogenerateon
otherconsumers. Inasense, withnetworkgoods, eachindividualisnotonly
aconsumerbutalsoan input. Itis an inputbecausethis is themerefact
ofconsumingthatcreatesvalueforotherconsumers. A s aninput, thecon-
sumerisascarceresource. Firmsthencompetetoselltoconsumersbutthey
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alsocompetetobuytheinputs, i.e. theparticipationoftargetedindividuals.
Price-discrimination exacerbates this dualnatureofcompetitionandas a
consequenceleadstoverylowequilibriumpro…ts.

T hee¤ectisevenstrongerwheninter-groupnetworke¤ectsareasymmet-
ric.Consumerswhovaluelesstheparticipationofothersthenbecomesthe
objectofanintensecompetitionastheyaremorevalue-enhancingrelatively
toothers. ToseethatsupposethatB doesn’tcarefortheparticipationof
A:T henthe…rm thatsucceeds toselltoB gains acompetitiveadvantage
onA;equaltoA0swillingnesstopaytojoinB :T hecompetitionforB then
dissipatesthepro…t, andmayevenpreventtheexistenceofapurestrategy
equilibrium.4

O neconsequenceofthis intensecompetitiveprocess isthat, whenintra-
groupnetworke¤ectsaresmallandinparticularwhenperfectpricediscrimi-
nationisfeasible, both…rmsarebettero¤ bymakingtheirnetworkscompat-
ible, evena…rm thatbene…ts from astrongreputationaladvantage. W ith
(almost) perfectprice-discrimination, acompetingnetworkcanbuildavery
aggressivestrategythatatthesametimesolves thecoordinationproblem
betweenconsumersandtransferstothemthevalueofthenetworkexternali-
ties. T hisleadsincompatiblenetworkstobeextremelyaggressiveinbuilding
marketshares, whilebeingenabletocapturetheextrasurplusgeneratedby
networke¤ects. Compatibility, bysuppressingtheinteractionbetweenthe
relativesizeofeachnetworkandthewillingnesstopayofconsumers, elim-
inates themotiveforcross-subsidization. Providedthatthenetworkgoods
aredi¤erentiated, even slightly, oncetheneeds toenlargea…rm’s market
sharedisappear, thebene…tsofdi¤erentiationarerestored, withaweaken-
ingofthecompetitivepressureandmarketsegmentation. U nless one…rm
canexploitlargeintra-groupnetworke¤ects, apeacefulexploitationofdi¤er-
entiationbycompatiblenetworksisthenmorepro…tablethanahead-to-head
confrontationtoconquerthewholemarketbyincompatiblenetworks.

T hesecondconsequence is thatprice-discriminationmaybethesource
ofexcessmomentum, withconsumersswitchingtothechallenger’snetwork,
whilethis is ine¢cient. T his is atodds with standardresults becausethe
modelis solvedunderassumptionsthatgenerateexcess inertiawhenprices
areuniform sincetheincumbentbene…tsfromthemostfavorabletreatment
byconsumers. Evenwhentheincumbento¤ers auniformlyhigherquality,
itmayfailtocoverthemarketwithprobabilityonewhennetworke¤ectsare
asymmetric. T hereasonisthatthechallengercancaptureapositiveshare
ofthevalueofnetworke¤ectswithadivide-and-conquerstrategies. Ifthe

4T his isoneofthereasonforwhichthepaperstudiesboththesequentialpricinggame
whereexistenceisgranted, andthesimultaneouspricinggame.
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qualitydi¤erentialin favorofthe incumbentis smallerthanthis share, it
willfailtocoverthemarket.

A secondtypeofexcessmomentumoccurswhentheincumbentisaStack-
elbergleader. Ifthetwonetworksarehorizontallydi¤erentiated, itmaybe
pro…tablefortheincumbenttoaccommodatesomechallenger’ssalesbynot
competingforsomegroup. Bygivingawayconsumerswithahighvaluation
ofthenetworke¤ects, theleaderreducestheaggressivenessofthechallenger
inthecompetitionfortheothertypesofusers, as otherwisethechallenger
would …ghtforthewholepopulation as awaytoattractthese particular
valuableconsumers. T hereisanexcessincentivetosegmentthemarket: the
marketmaybesharedbetweenthetwo…rmswhileitwouldbemoree¢cient
toregroupallconsumersinthedominantnetwork.

A …nalpointthatemerges is thatnetworks’qualitychoicesmaynotbe
e¢cient. A networkmayinparticulardegradethequalityito¤erstosome
targetedgroups (andnotforothers), as amean toincreasethedegreeof
horizontaldi¤erentiationandtoinducemarketsharing. T hiscanbeviewed
as acommitmentdeviceforthenetwork, whichdoingso, commits notto
competeforthisgroup.

T hepaperisorganizedasfollows. Section2 presentsthegeneralmodel
alongwiththenotionofreputationaladvantage. Section 3 presents some
preliminarykeyresults. Section4presentsafull-‡edgedanalysisofthecase
withtwogroups. Section5 discussestheresults, inparticularcompatibility
choices, qualitychoicesande¢ciency. Section6thenanalysesthesituation
wherethepopulationishomogeneous.

2 Themodel
2.1 A monopolynetwork
Consider…rstanincumbentsolesupplierofanetworkgoodwithaproduction
costnormalizedto0 ;denotedI :T hegoodisconsumedbyJdi¤erenttypesof
users, eachrepresentedbyagroupcomposedofacontinuumofhomogeneous
consumers withmass m j:T he setofgroups is denoted J :T heperceived
qualityofthegoodvariesacrosstypesofusers, denoteduIjfortypejusers
(intrinsicvalue). O nemay viewthe situation alternatively as onewhere
varioususersusesanetworkfordi¤erentpurpose, oroneinwhichthenetwork
candiscriminatebetweentypesofuserswithdi¤erentvaluationforthesame
service. N etworke¤ects areallowedtobeasymmetric, meaningthatthe
consumersofagivengroupmayvaluedi¤erentlytheparticipationofevery
othergrouptotheirnetwork. D enotingbyn Ijthemassofconsumersoftype
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jbuyingfrom I ; thevaluationofaconsumerjfortheparticipationofn Il
membersofgrouplis¯jln Il:T hecoe¢cients¯jlarenonnegativeandcapture
theinter-groupnetworke¤ects.T hereisalsoanetworke¤ectwithingroups
(intra-group), capturedbyanonnegativecoe¢cient®j. T hecase®j= 0 can
beinterpretedasasituationwherejis asingleindividual, andthusoneof
perfectpricediscrimination.5 O verallthegrossutilitythatatypejconsumer
derivesfromconsumptionofthenetworkgoodis

U I
j = uIj+ ®jn Ij+

X

l6= j
¯jln

I
l:

Firm I is abletochargeadi¤erentprice p Ij foreach group, and thus
chooseavectorofJ pricesPI = fp I1;:::;p IJg. G iventheseprices, eachcon-
sumerdecideswhethertobuyornot. W eassumethattheycoordinateon
arationalexpectationequilibrium ofthisallocationgame.6 D uetonetwork
e¤ects, theremaybeamultiplicityofsuchequilibria. Indeed, withnetwork
e¤ects, oneconsumer’sbehaviordependsonhisexpectationabouttheother
consumers’behavior. T hustheremaybesituationswherebothallconsumers
buyingandnoconsumerbuyingareequilibria.

T hemaximalpricethatcanbesetbyamonopoly…rm is

¹p Ij= uIj+ ®jm j+
X

l6= j
¯jlm l:

A ttheseprices, eachconsumeriswillingtobuyprovidedthatitanticipates
thatallothersdo. ¹p Ijisthemaximalvaluethataconsumercanexpect. Since
anypriceabovethislevelisjustequivalenttoit, I shallfromnowonimpose
thatpricesarebelowthemaximalmonopolyprice.

Ifbeliefs areextremelyunfavorable, themonopolists mustsetatleast
onepricep IjbelowuIj:T hisisbecausewhenallpricesareabovetheintrinsic
valueoftheservice, thereis anequilibrium marketallocationofcustomers
wherenoneofthem buy. Supposethatp I1 = uI1; thenamembergroup 1
buysirrespectiveofwhattheothersaredoing. G iventhat, I cansetaprice
p I2 = uI2 + ¯ 2 1m 1 andmakesurethatgroup 2 buysaswell. Indeedforthis
price, sincegroup1 joins, amemberofgroup 2 joinsirrespectiveofwhatthe
othersaredoing. U singthisreasoningrecursively, weseethatI canconquer

5T hemodelthus alsoaddresses thesituationwheretherearesomelargeusers along
with apopulation ofsmallusers. H owever, largeusers donotactstrategically in the
sensethattheydon’ttakeintoaccounttheimpactoftheirdecisiononthechoiceofother
consumers. T hiscouldbeaddressedbyusingasequentialprocessofchoiceforconsumers.

6Eachindividual’sconsumptiondecisionmaximizeshisutilitygiventhepricesandthe
equilibriumallocationofotherconsumers, inculdingothersmembersofitsgroup.
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themarketbysettingprices p Ij= uIj+
P

l< j¯jlm l; evenfacedwiththeleast
favorablemarketconditions. O bviouslythereasoningdoesn’tdependonthe
orderofthegroup sothat, if¾(:) denotes anorder(apermutation) onthe
setofthegroups, prices p Ij = uIj+

P
¾(l)< ¾(j)¯jlm l allowI toconquerthe

marketaswell.
Totalmonopoly pro…tis thus bounded above by

P
j¹p

I
jm j; and below

by
P

ju
I
jm j+ m ax¾(:)

nP
¾(l)< ¾(j)¯jlm lm j

o
:N oticethatevenintheworst

case, themonopolycan extractpartofthevalueofnetworkexternalities.
A s an exampleconsideramonopolistfacingJ identicalcustomers, which
correspondstom j= 1; uIj= uI ; ®j= 0 and¯jl = ¯:W ithauniform price,
theminimalmonopolypro…treducestoJuI . B utifthemonopolistisableto
discriminatebetweenconsumers, itcanchargepricesuI ;uI + ¯;uI + 2 ¯ ; ....
todi¤erentcustomersandraiseitspro…tby J(J¡1)

2 ¯; halfofthetotalvalue
ofthenetworke¤ects.

T hegeneralconclusionfromthissectionisthatprice-discriminationmay
servetwopurposesforamonopolynetwork. Firstitmayservethestandard
purposeofincreasingtherentextractedfromhighvalueusers, andofextract-
ingsomerentfromlowvalueuserswhowouldnotbuyunderuniformpricing.
A n indirectbene…tis thatbyinducingtheparticipationoflowvalueusers,
thenetworkenhances thevalueforotherusers. T hesecondbene…ts from
price-discriminationisthatitmayhelpsthenetworktoovercomeproblems
duetocoordinationfailure, whilecapturingpartofthesurplus.

2.2 A challengednetwork
SupposenowthattheincumbentI competeswithachallengerC forthepro-
visionofnetworkgoods. T hegoodsaredi¤erentiatedbylevelsofperceived
quality. D enotingbynCj themassofconsumersoftypejbuyingfrom C ;the
valuationofaconsumerjforgoodC isthen

U C
j = uCj + ®jnCj +

X

l6= j
¯jln

C
l :

W ithsuchaformulation, themodelis compatiblewithbothverticaldi¤er-
entiation(ukj > u¡kj forallj) andhorizontaldi¤erentiation(uIj¡uCj > 0 >
uIl¡uCl ).

T hispaperfocusesonthecasewherethenetworkexternalitiesatstakeare
nottoolargecomparedtotheintrinsicvalueoftheservice. M orespeci…cally
itisassumedthat:

A ssumption1: Forallj; minfuIj;uCjg¸
P

l6= j¯jlm l:
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Tointerpretthecondition, one shouldkeep in mind thatthenetwork
e¤ects inthemodelaremeasuredatthe…rm levelnotattheindustrylevel.
Togiveanexample, internetserviceslikeEmailorwebpagehostinginvolves
somenetworkexternalities atthe…rm level(therearesomebene…tsofbe-
ingbothmembersofYahoo) andothersatamoregenerallevel(theW orld
W ideW eb). H eretheintrinsicvalueshouldbeviewedas includingthenet-
worke¤ectsthatare…xedorglobal. A notherexampleisthecaseofmobile
telecommunication operators orinternetaccess providers competingon a
localmarket. T heintrinsicvaluethenincorporatesthevalueoftheconnec-
tivitytotheglobalmarket, whilethecoe¢cients¯jlcapturetheinteractions
atthelocallevel. T hesituationmayalsobe interpretedas onewithpar-
tiallycompatiblenetworksandimperfectinterconnection: ¯jl thencaptures
therelativebene…ts from beingin thesamenetworkanddepends on the
qualityofinterconnection.7

T hisassumptionensuresthat…rm I can’texpecttoselltogroupjata
priceaboveuIj+ ®jm j:IndeedifI sets p Ij> uIj+ ®jm j; themaximalutility
thatamemberofgroup jcan obtain with I is U I

j <
P

l6= j¯jlm l ·uCj:
Butthen C couldselltogroupjwithasmallpositivepriceandwoulddo
so. T hiswillunableustorestrictattentiontoprices belowuIj+ ®jm j; the
”stand-alone” valuethatgroupjobtainswith I whenitistheonlygroupto
join. Technically, theadvantageisthatatthesepricesagroupbuysfrom I if
notfrom C ;whichmeansthatwhendealingwithoutofequilibrium pricing
strategieswewillnothavetokeeptrackofthedecisionofconsumerstoleave
themarketorbuy, butonlyhavetoconsiderthechoicebetween thetwo
…rms. T hissimpli…esgreatlytheexposition.

Imusthoweveremphasizethatthisassumptionisnotonlyatechnicalone.
A lthoughthelogicbehindaggressivestrategiesexploitingcross-subsidization
isthesame, theequilibriumstrategies, pro…tsandtheeconomicconsequences
aredi¤erentwhentheintrinsicvalueissmallcomparedtothenetworke¤ects.
T hecaseisanalyzedinCaillaud-Jullien(2000b), anddiscussedinSection5.

Beforegoingtothepricinggame, letusdiscusstheallocationofconsumers
betweenthe…rms. FacedtopricesPI = fp I1;::;p IJg andPC = fpC1 ;::::;pCJg;
eachconsumerhastodecidewhethertobuyornot, andwhichgood.8 T hese

7 W ithtwopartiallycompatiblenetworks, consumersderivesexternalbene…tsfromthe
competingnetworkaswell.T heutilitythenwritesasukj+ ®jnkj+

P
l6=j¯jln

k
l+

P
l° jl(n

I
l+

nCl)and¯jlcapturestheextravalueattachedtobeinginthesamenetwork. Becausewe
willassumethatthemarketis covered (nIl+ nCl =ml);this is equivalenttohavingan
intrinsicvalueukj +

P
l° jlml: O bviously forthis case, themonopolyanalysis mustbe

adapted.
8 In this model, consumption is exclusive. See Caillaud and Jullien (2000b) foran

9



decisions areassumedtobetakensimultaneouslybyallconsumers, andas
above, consumerscoordinateonarationalexpectationequilibriumallocation
(R EA). W henthemarketis fullycovered(n Ij+ n Cj = m j) thisamountsto
thefactthat

nkj= m jif ukj+ ®jnkj+
X

l6= j
¯jln

k
l¡pkj> u¡kj + ®jn¡kj +

X

l6= j
¯jln

¡k
l ¡p¡kj :

D enotebyA(PI ;PC ) anallocationrulethatassigns toeverypricevec-
tors aR EA. D enoteby¦ k(PI ;PC ;A) thepro…tof…rm kwhentheprices
arePI andPC ; andconsumers areallocated accordingtoA:A n equilib-
rium consists inanallocationruleA;andequilibrium prices fortherespec-
tiveStakelberggamesandsimultaneous pricinggamewithpro…tfunctions
¦ k(PI ;PC ;A) T hechoiceoftheallocationrule is thenkeytothedeter-
minationofequilibrium prices. W ecaninterpretthis choiceas are‡ecting
theconsumers beliefs (theirconjectures aboutthecompositionofthetwo
networks), andthusasareputatione¤ect.

T hegeneralideaofthepaperis tocapturethefactthatI is dominant
throughanadequatechoiceofthesebeliefs. O neshouldthinkaboutI asa
wellknownestablished…rm, andaboutC asanewcomerthathasnoreputa-
tionintheparticulardomainofactivityconcerned. Insuchacontext, beliefs
shouldbebiasedinfavoroftheestablished…rm. Inasomewhattautological
way, theincumbentisdominantwhenallconsumersbelieveitis. T hisgener-
atesself-ful…llingbeliefsthatresolvethecoordinationproblemofconsumers
infavorofI . W hilethenotionoffavorablebeliefsmaybeambiguous ina
generalcontext,9 thefollowingresultshowsthatittakestheformofasimple
selectioncriteriawhentherearepositivenetworkexternalities.

L emma1 FixthepricesPI andPC ; andconsideralltheequilibriaofthe
allocationgameplayedbyconsumers choosingwheretobuy. D enoteK I the
setofgroups buyingfrom I inatleastoneequilibrium andK C thesetof
groups buyingfrom C inallequilibria. T hen there exists amaximalequi-
libriumDI (PI ;PE) suchthat: allgroups within K I buyfrom I , allgroups
withinK C buyfrom C , othersdon’tbuy.

analysisofnon-exclusiveconsumption.
9 W ithnegativeexternalities, consumerswilltendtoseparatefrom eachother. T hen

beliefsfavourabletoIwouldcorrespondtobeliefsthatothersjoinC:G iventhatexpecta-
tionsmustberationalinequilibrium, theymaynotbeasimpleandnonambiguousway
tode…nebeliefsthatfavorIoverC:
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Proof. Seeappendix.
T hekeyfeatureisthatthevalueofanetworkuniformlyincreaseswhen

newconsumers areaddedtoitscustomerbase. A ccordingtoabandwagon
e¤ect, displacingconsumers from C to I bothraises the incentives tojoin
I forallindividualsandreduces theincentivestojoin C :T husthereexists
auniqueequilibrium thatatthesametimemaximizesthemarketshareof
theincumbentandminimizesthemarketshareofthechallenger. Intechni-
calterms, therearestrategiccomplementarities intheconsumersallocation
game(seeTopkis(19 7 9 ), V ives(19 9 0), M ilgrom-R oberts(19 9 0)).

T heincumbent”dominates” ifforallpricesPI andPC , theequilibrium
allocationofconsumerscorrespondstothemaximalequilibriumDI (PI ;PE):
H owever, asusualwithpricecompetition, …xingtheallocationinatoorigid
waymaycreateinexistenceproblemsbecausethebest-responseofC maynot
existduetodiscontinuityatindi¤erencepointsofconsumers. Forexample
withonegroup, nonetworke¤ectsanduC1 > uI1, DI impliesthatC doesn’t
sellatpC1 = uI1 andp I1 = 0 ;whileitsellsforanypricepC1 < uI1:Soweassume
that…rm I dominatesthecoordinationprocessinthefollowingway, referred
toasdominationisbeliefs:10

A ssumption2 (D ominationinB eliefs):
Foralmostall(PI ;PC );A(PI ;PE) = DI (PI ;PE);
Forall(PI ;PC ); ¦ C (PI ;PC ;A)· lim

"¡! 0
¦ C (PI ;PC ;DI (PI ;PC ¡")).

N otice thatthedomination in beliefs implies thatconsumers willnot
always coordinateonaParetoe¢cientallocation(fortheconsumersonly).
T hiscontrastswithequilibriumconceptsusedinotherworksoncompeting
networkasforexampletherecentworkbyFudenbergandT irole(19 9 8) on
limitpricing. T hiswellknownnon-e¢ciencyis akeypropertyofnetworks
andwilloccurpreciselywhenonenetworkgoodis perceivedasdominating
themarketalthoughitislesse¢cientthananalternativenetworkgood.

The paperstarts byanalyzingthe Stackelberggames with price com-
petition. CombiningthetwoStackelberggameswillthen provideus with
equilibriaofthesimultaneouspricinggame. T hereasonfordoingsoisthat
thederivationofthestrategies intheStackelberggameshelpstobetterun-
derstandthenatureofthestrategicinteractions.

M oreover, theStackelberggamewith I beingtheleaderprovidesuswith
themaximalpro…tthattheincumbentcanobtainas longasthechallenger
isallowedtoreacttotheincumbentpricing. O nemaythusviewthemodel
alternativelyasawaytoassessthemaximalextentofmarketpowerthata

10T healternativeistorestrictattentiontoadiscretegridofprices.
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…rm mayderivefrom beingperceivedas ”focal”, oras arepresentationof
dynamicsshort-runcompetition.11

3 Preliminaryresults
Forthis …rstpartofthepaper, I shallfocusonthefollowingquestion: A s-
sumingthat…rm k sells toallgroups, within a subsetK ofgroups, what
areitsmaximalpro…tandpricingstrategy? R esultswillthenbeappliedto
variouscases.

3.1 Theincumbent’smaximalpro…t
Suppose that I is a Stackelbergleader, and wishes tocoverthemarket.
SinceI dominates inbeliefs, itwillcoverthemarketwheneveruIj+ ®jm j+P

l6= j¯jlm l¡p Ij¸uCj ¡pCj forallgroups. D e…nethequalitydi¤erential
includingintra-groupnetworke¤ectsas

±j= uIj¡uCj + ®jm j:

T heconditionwritesas:

p Ij¡pCj·±j+
X

l6= j
¯jm l for allj:

Itisthus immediatethatI mustnecessarilysetpricessuchthat

p Ij·±j+
X

l6= j
¯jm l = ¹p Ij¡uCj; (1)

whichensures thatthemaximalutilitythatatypejconsumercanderive
from I islargerthantheminimalutilityobtainedwhenbuyingfrom C ata
zeroprice. Ifitwerenotthecase, thechallengercouldattractatypejwith
apositiveprice. A smentionedabovethis impliesthatp Ij·uIj+ ®jm j;and,
givenourselectioncriterionfortheREA , ensuresthatgroupjbuysfrom I ;
ifitdoesn’tbuyfrom C :

11T hegamecapturesthemarketpositionofanestablished…rmfacedtopotentialentry
whenpricestakesometimetoadjusttoentry. Inthiscontexttherewillberoomforshort-
runpro…tableentrystrategies. G iventhatwithnetworke¤ects, themaincostofentry
is theloss incurredwhilebuildingacustomerbase, theabilityofanestablished…rm to
increasethiscostiscrucialtomaintainitsmarketposition. A lthough, thepresentmodel
isnotintendedtocapturethefulldynamicsofentryinnetworkindustries, itprovideskey
insights on howcross-subsidizationcan beusedbyentrants, andhowestablished …rms
should…ghtentry.
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Ifallpricesverifycondition(1), C can’tsellunless itchargesanegative
priceforatleastonegroup.12 B utonehastotakeintoaccountthepossibility
thatC favorsonegroupovertheother. C canchargealoworevennegative
priceforonegroup ifsellingtothisgroupallowstoselltoanothergroupat
ahighprice. Tofollowinsightsfrom InnesandSexton(19 9 3), onemayview
thesituationasoneinwhichC facesconsumerswhohavethepossibilityto
form acoalition (tojoin I ). Topreventtheformationofthecoalition, C
needs to”bribe” somegroups. H oweveritneeds notbribeallgroups but
onlyenoughofthem toensurethatthevalueofthesub-coalitioncomposed
oftheremaininggroupsisreducedtoapointwhereitbecomesunattractive.
T hechallenger’soptimalstrategyisthenbetosubsidizesomegroupsandto
chargehighpricesonothergroups.

T hekeyissueisthentounderstandhowtheincumbentshouldsetprices
whenitaccountsforsuch”divide-and-conquer” strategies.

Tostartwith, supposethatthereareonlytwogroups. U ndercondition
(1); I covers themarketunless C …nds apro…tablestrategythatattracts
allconsumers. Forthis, C needs tosetonepricebelowp Ij¡

¡
±j+ ¯jlm l

¢
.

A ssumethatitsets theprice pC1 justbelowp I1 ¡±1 ¡¯ 12 m 2 :T hengroup
1 buysfrom thechallengerirrespectiveofwhattheothergroup buys. T his
means thattoattractgroup 2, thechallengerneeds onlytoprice pC2 such
thatuC2 + ¯ 2 1m 1¡pC2 ¸uI2 ¡p I2 :T hemaximalpricethatC cansetongroup
2 isthus p I2 ¡±2 + ¯ 2 1m 1:Byattractinggroup1, thechallengerhasreduced
theattractivenessoftheincumbentby¯ 2 1m 1 forgroup 2, andincreasedits
ownattractivenessbythesameamount. T heoverallpro…tfromthisstrategy
is

¡
p I1¡±1¡¯ 12 m 2

¢
m 1 +

¡
p I2 ¡±2 + ¯ 2 1m 1

¢
m 2 : Iftheincumbentwantsto

selltobothgroups this mustbenon-positive, and itmustsetprices such
that:

p I1m 1 + p I2 m 2 ·
X

j

±jm j¡(̄ 2 1¡¯ 12 )m 1m 2 (2)

T hesameholdtrueforthesymmetrictreatmentofgroup 1 andgroup 2 :

Proposition1 W ithtwogroups, themaximalpro…tthatI can obtain by
sellingtoallconsumers is ¦ I

J =
P 2

j= 1 ±jm j¡j̄ 2 1¡¯ 12jm 1m 2 :

12G iventhatcostarenormalisedtozero, anegativepriceshouldbeinterpretedasaprice
belowmarginalcost. Ifthee¤ectis large, thepricecanbenotonlybelowmarginalcost
butindeednegative. T hebestinterpretationinthiscaseisthatthecustomerreceivesfree
access tothenetwork, and is subsidizedthroughadditionalfreeservices (gifts, lotteries,
...). T hiscanalsobeinterpretedastheresultofcostlyadvertisingcampaigns.
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Proof. A ssumethat¯ 2 1 ¸¯ 12 :W eneedonlytoshowthatI canobtain
this pro…t. Considerprices p Ij·±j+ ¯jlm l; satisfying(2 ):From above, C
can’tmakepositivepro…ts bysellingtoonegroup only, ortobothgroups
with aprice pC1 · p I1 ¡±1 ¡¯ 12 m 1:T he onlyalternative forC is toset
pC2 · p I2 ¡±2 ¡¯ 2 1m 1 and pC1 · p I1 ¡±1 + ¯ 12 m 2 ; which yields less than
¡2 (̄ 2 1¡¯ 12 )m 1m 2 ·0:

W eseethatthepresenceofinter-groupnetworke¤ectsreducesthepro…t
oftheincumbent, whileintra-group networke¤ects enhancethis pro…t(as
±jincludes ®jm j).

N oticethatanypairofpricesthatveri…es (1)andbinds (2 ) areoptimal
pricesforI . T husthemarketmay, butneednot, exhibitcross-subsidization,
with onegroup beingchargedalowprice (evennegative) whiletheother
receivesazerosurplus.

L etusnowgeneralizetheanalysistothecaseofJgroups.Supposethat
I triestoservesthewholemarketatprices p Ijverifying(1):SupposethatC
triestoselltoasubsetK ofgroups, andforconcisenesstakeK = f1;2 ;::::;Kg.
T hechallengerthensetshighpricestogroupsoutsideK , anddesignsapricing
schemeforthetargetedgroups.13 Itis somewhatinthesituationthatwas
describedforamonopolyfacingunfavorablemarketconditions. Inorderto
sell, ithas tosetatleastonepricesmallenough sothatuIj+

P
l¯jlm l¡

p Ij·uCj¡pCj;whichensuresthewillingnessofamemberofgroupjtobuy
alone. Saythatthis price is p I1:T heresultingprice is negative, butthen,
as above, this allows toinducegroup 2 tojoin C with aprice such that
uI2 +

P
l> 2 ¯ 2 lm l¡p I2 ·uC2 + ¯ 2 1m 1 ¡pC2 :T heprocess canthencontinue,

asgroup3joinsforapricethatmakesitmoreattractiveforitsmembersto
joingroups 1 and 2 ; asopposedtostayingwithgroups3andabove. T hus
groupjischargedthelargestpricethatensuresthatitsmembersjoingiven
thatgroups l< jjoin.

Fortheorder1;2 ;::::;weobtaintheconditions (hereequalitygenerates
themaximalpro…tbutoneshouldthinkofC assettingpricesslightlybelow
equality):

pC1 = p I1¡±1¡
X

l> 1

¯ 1lm l

pCj = p Ij¡±j+
X

l< j

¯jlm l¡
X

l> j

¯jlm l

13Itmayseem strangetoexcludeapriori groupsoutsideK withahighpriceas some
maybewillingtojoin, butthisisjustananalytictool. T hechallengerwilloptimizeonK;
sothatifattractingK implies thatsomeothergroupwantstojoinaswell, thetargeted
setwillbeextended.
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Summingupoverthegroupsweobtainthechallengers’pro…t:
KX

j= 1

pCjm j=
KX

j= 1

p Ijm j¡
KX

j= 1

±jm j+
KX

j= 1

KX

l= j+ 1

¡
¯ lj¡¯jl

¢
m lm j¡

KX

j= 1

JX

l= K + 1

¯jlm lm j

M oregenerally, thechallengerhas thechoiceofthesetofgroups targeted,
and oftheorderinwhich groups are subsidized. Indeed C would bene…t
from targeting…rstthegroupsvaluinglessthenetworke¤ects.Tocompute
equilibriumconditions, wemustthusaccountforanypossibleorderbetween
groups. D enote¾(:) apermutationonthesetofgroups, where¾(l) > ¾(j)
means thatjis rankedbefore l:T he interpretation is thatC sets aprice
pCj = p Ij¡±j+

P
¾(l)< ¾(j)¯jlm l¡

P
¾(l)> ¾(j)¯jlm l forgroup jsuchthata

memberofthisgroupiswillingtojoinprovidedthatitissurethatallgroups
rankedbelowjoinaswell. T hemaximalpro…tthatC cangetonasubset
K ofgroups is nowobtained by summingtheprices overthegroups and
optimizingontheorder. D e…ne

¦ I
K =

X

j2K
±jm j¡max

¾(:)

8
>><
>>:

X

j2K

X

l2K
¾(l)> ¾(j)

(̄ lj¡¯jl)m lm j

9
>>=
>>;

(3)

¦ I
K dependsonlyonthecharacteristicsofgroupswithinK andincludes

twocomponents. T he…rstcomponentcaptures theabsoluteadvantageof
I onthegroups targeted(±j), which includes thequalitydi¤erentialalong
withtheintra-groupnetworke¤ect. T hesecondtermcapturestheimpactof
theabilitytodiscriminatebetweengroups, themaximizationcomingfrom
theoptimalchoiceby C oftheorderoftargeting. T his term has avery
simpleinterpretation: whengroupjis attracted”before” group l; C must
leaveasubsidy ¯jlm l tothemembers ofgroup jtocompensatethen for
theopportunitycostofleavingl; butC canchargeanextra ¯ ljm jtothe
membersofgroup lcorrespondingtothevalueofjoininggroupj. T henet
e¤ectisthen (̄ lj¡¯jl)m lm j:

BysellingtothesubsetK , thechallengercanobtainatmost
P

j2K p
I
jm j¡

¦ I
K ¡

P
j2K

P
l=2K ¯jlm lm j:T heterm¡¦ I

K capturesthemaximalsurplusthat
itcanextractongroupK alone, towhichissubstractedtheadditionalvalue
accruingtoI duetothefactthatgroupsoutsideK staywith I .

T he incumbent I covers themarketwheneverthere is nosubsetK on
whichC cangenerateapositivepro…t. T hisamountstothefactthat:

forallK ;
X

j2K
p Ijm j·¦ I

K +
X

j2K

X

l=2K
¯jlm lm j: (4)
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T his provides us withasetofnecessaryand su¢cientconditions forI to
servethewholemarket, thatputboundsonthetotalpro…tderivedfromany
particularsubsetofgroups.

Clearlyanupperboundonthepro…tthatI canobtainbysellingtoall
groups is thebound¦ J obtainedforthesetofallgroups J :W hetherthis
upperboundcanbereachedornotdepends ontheabilitytodesignprices
thatverifyalltheconstraints. T henextresultsshowsthatthisis indeedthe
case.

Proposition2 T hemaximalpro…tthatI canobtainbysellingtoallgroups
whenitisleaderisequalto¦ I

J :

Proof. Seeappendix.
T hepricesthataredesignedtoreachthemaximalpro…tare

p Ij= ±j¡
X

¾(l)< ¾(j)

¯jlm l+
X

¾(l)> ¾(j)

¯jlm l;

where¾(:) is theorderthatyields ¦ J :T helastrankedtypereceivesadis-
counton±jequaltoitsvaluationofthetotalexternality. T henthediscount
isreducedaswemovedownalongtheorderandamark-upover±jis intro-
duced, the…rstrankedtypebeingchargedthefullvalueoftheexternality.
T hesepricesaredesignedinsuchawaythatifitwerethecasethatallgroups
rankedbeforejboughtfrom C ;thechallengercouldnotselltogroupjwith
apositivemargin. O neshouldbeawarethatthesepricesarenotunique(see
thecaseoftwogroupsabove) sothatthereisnoclearpredictiononwhich
group receives asubsidize. T hetheorysofarjustpoints tothefactthat
somepriceswillbesetbelow±jwhileothersmaybeabove.

L ookingatthisboundwecanextendtheresultsobtainedwithtwogroups.
In the casewhere the valuation ofnetwork e¤ects are symmetric (̄ jl =
¯ lj), thee¤ects ofintergroup networkexternalities canceloutsothatthe
maximalpro…tis ¦ I

J =
P J

j= 1 ±jm j:T henintroducingsomeasymmetrycan
onlyreduceI 0s pro…t.

L emma2 ¦ I
J ·

P J
j= 1 ±jm j;withequalityifandonlyifforallj;l; ¯jl = ¯ lj:

Proof. Seeappendix.
T hus, the presence ofinter-group network e¤ects hurts the dominant

…rm I , when…rmsareallowedtodiscriminatebetweengroups. D ivide-and-
conquerstrategies bythechallengereliminatethereputationadvantageof
theincumbent. T hereasonisthatthechallengercanchoosewhichgroupto
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subsidy. Itthentargetsthelowexternalitygroupswithnegativepricesand
morethanrecoups itslossesonthehighexternalitygroups.

A s a…nalremark, noticethatthesamereasoninggeneratesaboundon
theincumbent’spro…twhenitsellsonlytogroupswithinasubsetK:Indeed
supposethatI setprices insuchawaythatasubsetK ofgroupsstayswith
theincumbentandtheremaininggroupsbuyfromthechallengerinequilib-
rium. Thechallengercan…xthepricesforgroupsj=2K attheirequilibrium
valuesminusanarbitrarilysmallamount, andchangesthepricingforgroups
j2 K soas toattractsomeofthem. In doingsoitcan’tloose its initial
groups(j=2K ) becauseourcriterionfortheallocationofconsumersensures
thatbringingnewgroupstothechallenger(whichreducestheattractiveness
oftheincumbent)can’tinducethemtochangetheirbehaviorandbuyfrom
theincumbent(otherwisetheywouldhavedonesointheequilibriumcon…g-
uration). T heresultinggameisthusthesamegameasaboveplayedonthe
groupsj2K only, butwheretheintrinsicvalueofthegoodproposedbythe
challengeruCj isreplacedbyuCj + ¯

P
l=2K m l:

A nupperboundonthepro…tofthatI canderivebysellingtogroups
withinK isthusthemaximalpro…tofI whenitscoversamarketconsisting
ofonlygroups inK ;withthenew”stand-alone” valuedi¤erentialde…nedas
±j¡¯

P
l=2K m l insteadof±j:Itfollowsthatthepro…tisboundedaboveby

¦ I ·¦ I
K ¡¯

X

j2K

X

l=2K
m lm j; (5)

H owever, wewillseethatthisboundmaynotalwaysbeattainable, because
thechallengercanusemorecomplexstrategiesinvolvingareductionofsome
pricesforthegroups itsserves inequilibrium.

3.2 Thechallenger’smaximalpro…t
Tocontrasttheresults, letusexaminewhatoccurswiththereverseorderof
moves, sothatC setprices before I . N owthechallengeris inaveryweak
position, sinceI bene…tsnotonlyfromitsreputationadvantagebutalsofrom
thesecondmoveradvantage. T heformalderivationofprices andpro…ts is
donein A ppendix, theintuitionbehindtheresults is providedhere. L etus
considerthesituationwhereC tries toselltoallthegroupswithin K and
letI sellstothegroupsoutsideK . T hekeydi¤erencewithbeforeisthatI
cancaptureallthesurplusfromnetworke¤ects. Inequilibrium, I generates
asurplus from inter-group networke¤ects equalto

P
j=2K ;l=2K ¯jlm lm j:B y

sellingtoallgroups, I cancapturethefullvalueoftheinter-groupnetwork
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e¤ects
P

j2J ;l2J ¯jlm lm j; plus ±joneachgroupsjbelongingtoK:D e…ne

¦ C
K = ¡

X

j2K
±jm j¡

X

j2J ;l2J
¯jlm lm j+

X

j=2K ;l=2K
¯jlm lm j (6)

Then I canraisesitspro…twhencoveringthemarketbyanamountatleast
equalto

P
j2K p

C
jm j¡¦ C

K :T his mustbenonpositive ifC sells togroups
outsideK:ItisshowninA ppendixthatthis istheonlybindingcondition:

Proposition3 T hemaximalpro…tthatC canobtainbysellingtoallgroups
withinK whenitisleaderisequalto¦ C

K :

Proof. SeeA ppendix.
T hepro…tisthesameasifbuyingfrom C generatesnonetworkexternal-

ity. T hechallenger’spro…tisthedi¤erencebetweenthetotalintrinsicutility
ito¤ers toits customers and thetotalsurplus thatthe incumbentwould
generatebyattractingallofthem, whichincludes notonlythenetworkef-
fectsforC 0s customersbutalsotheincreaseintheutilityofI 0s customers.
InparticularC can’tcoverthemarketwithpositivepro…tunless thetotal
intrinsicutility itcan o¤eris largerthanthetotalsurplus thatwouldbe
generatedifallgroupsjoined I :

4 H eterogeneouspopulation
L etusnowfocusonthecasewherethepopulationiscomposedoftwogroups.
Forthesakeofpresentation, thegroupsareranked:

A ssumption3: J = 2 ; ¯ 12 ·¯ 2 1:

T husgroup1 isthegroupthatvalueslesstheexternality. A ssumption3
ismaintainedthroughoutthis section.

4.1 Sequentialpricing
L etusstartwiththesituationwhereI isleaderofaStackelberggame.From
above, I canobtain¦ I

J bysellingtobothgroups. T heotherpossibilityfor
I is todesignprices insuchawaythatitsells toonegroup andC sellsto
theothergroup.W eneedthustoassessthepro…tofI whenitsellsonlyto
onegroup.

W hen I givesupongroup 2 andservesonlygroup1, itmustsetaprice
highenoughsothatitispro…tableforthechallengertoattractonlygroup2.
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IntuitionsuggeststhatI shouldleaveC theopportunitytogainahighpro…t
ongroup2 aloneandthussetaveryhighpricep I2 . T hisistruehere, butwe
needtoconsiderthenecessitytoputthechallengerintheworstpositionif
ittriestocoverthemarket. Indeed ifp I2 > ¹p I2 ; group 2 neverbuysfrom I ;
andC canconvincegroup 1 tojoinwitharelativelyhighpricepC1 = p I1¡±1:
O n the otherhand ifp I2 · ¹p I2 ; adeviation ofC from equilibrium prices
inducesgroup 2 tojoingroup 1 in I 0s network. C mustthusundercutp I1 to
pC1 ·p I1¡±1¡¯ 12 m 2 tosecurethewholemarket. N oticealsothatsettinga
price¹p I2 justleavesazeroutilitytogroup2 consumers; sothatC canobtain
themaximalpro…tongroup 2 ;namely¦ C = uC2 m 2 :Itfollowsthat¹p I2 is the
optimalpriceforgroup2.T hebasicintuitionisthusthatI shouldsetahigh
priceforgroup2 butnotabovethemonopolyprice, maintainingapotential
participationofthisgrouptoitsnetwork. Thereremainsonlytodetermine
thepriceforgroup 1.

Proposition4 T hemaximalpro…tthatI canobtainbysellingonlytogroup
jwhenitisleaderis ¦ I

j= ±jm j¡maxf̄ jl;¯ lj¡¯jlgm jm l.

Proof. Supposethat I sells onlytogroup 1. Imposing p I2 · ¹p I2 ; the
equilibriumpriceofC is pC2 = p I2 ¡±2 ¡¯ 2 1m 1:

C willconformtosellingtogroup 2 onlyif

pC2 m 2 ¸ p I1m 1 + p I2 m 2 ¡±1m 1¡±2 m 2 + (̄ 12 ¡¯ 2 1)m 1m 2

pC2 m 2 ¸ p I1m 1¡±1m 1 + uC2 m 2 ¡maxfuI2 ¡p I2 ;0gm 2 + (̄ 2 1¡¯ 12 )m 1m 2

whichyields

±1m 1¡¯ 12 m 1m 2 ¸ p I1m 1

±1m 1 + maxfuI2 ¡p I2 ;0gm 2 ¡uI2 m 2 + p I2 m 2 ¡¯ 2 1m 1¡(̄ 2 1¡¯ 12 )m 1m 2 ¸ p I1m 1

T he L H S ofthesecondcondition is maximalatthemonopolyprice p I2 =
¹p I2 ;andyields:

±1m 1¡(̄ 2 1¡¯ 12 )m 1m 2 ¸ p I1m 1

¦ C = uC2 m 2 :

Inamarketsharingequilibrium, C sellstogrouplatapricepCl = uCl :A n
interpretation is thattheincumbentinduces cooperationbythechallenger
withsometypeof”stickandcarrot” strategywhichcanbestatedas: ”you
canserveonegroupwithhighpro…t, butdon’ttrytobeaggressiveonthe
othergroup, orI willtakeitback”.
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If¯ 2 1 > 2 ¯ 12 ; I mustsetapricestrictlybelow±1¡¯ 12 m 2 toselltogroup
1 only. T hereasonisthatatthisprice, C willstill…ndpro…tabletosubsidize
heavilygroup1 andtoraisethepriceongroup 2 :Inthiscase, irrespectiveof
whetherI coversthewholemarketorsellto1 only, themainlimitationon
I 0s strategyistheindirectpro…tthatC canobtainongroup 2 byattracting
group 1.

T heequilibriumallocationfortheStackelberggameisobtainedbycom-
paringthethreelevelsofpro…t:

¦ I
J = ±1m 1 + ±2 m 2 ¡(̄ 2 1¡¯ 12 )m 1m 2

¦ I
1 = ±1m 1¡maxf̄ 12 ;¯ 2 1¡¯ 12 gm 1m 2

¦ I
2 = ±2 m 2 ¡¯ 2 1m 1m 2 :

T he…rstpointisthatI maybeunabletosell, evenincaseswhereboth
±1 and±2 arepositive. Evena…rm thatdominatesbothintermsofquality
(uIj > uCj) andreputationmaynotbeabletogenerateapositivepro…ton
themarket. T hisisduetotheabilityofC toexploittheinter-groupnetwork
e¤ects.

SupposethatI sellstoatleastonegroup. A keypointisthatthepro…t
loss duetointer-group networke¤ects is always higherwhen I servesonly
onegroupthanwhenitservestotwogroups. A s aconsequence, I willnot
giveup onagroup thatitwould serve iftheywerenointer-group e¤ect.
Indeeditis immediatetoseethat

¦ I
J ¸¦ I

jif ±l¸0 ; l6= j:

T hemotiveforabandoningonegroup isthusgroundedintoaqualityadvan-
tageofthechallenger(seethediscussioninthenextsection). Inparticular
marketsharingcanonlyoccurwhenthereisasu¢cientdegreeofhorizontal
di¤erentiation.

M oreprecisely, I prefersnottoselltogroup 1 if±1 < ¡̄ 12 m 2:Itprefers
nottoselltogroup 2 if±2 < f̄ 2 1¡2 ¯ 12 ;0gm 1:

T hemarketshareoftheincumbentarerepresentedinthespace(±1;±2 );for
thecase¯ 12 < ¯ 2 1 < 2 ¯ 12 inFigure1, andthecase¯ 2 1 > 2 ¯ 12 inFigure2
(greyareasanddottedlineswillbeexplainedbelow).

Comparingwith thecasewherethere is nointer-group networke¤ect
(where I serves group jif±j¸ 0 ); we seethattherangeofparameters
forwhichthemarketis sharedbetweenthetwo…rms is reduced. B utthis
reductionofmarketsharingcanbetheresultofanincreaseoradecreasein
themarketshareofI :W hen I hasalargequalitydi¤erentialonsomegroup
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(±jhigh)andarathersmalldisadvantageontheother(±lnegativebutsmall
inabsolutevalue), I willcoverthemarket, inordertosecuregroupj:O n
theotherhand, ifthequalitylevelsaresimilar, I willnotbeabletoobtain
apositivepro…t.

W hen¯ 12 increases from 0 to¯ 2 1; ¦ I
J increases, while¦ I

2 is unchanged.
T hee¤ects on ¦ I

1 is twofold: itincreases up to¯ 12 =
¯ 2 1
2 ; thendecreases.

H owever¦ I
J ¡¦ I

1 evolvesasmaxf2 ¯ 12 ¡¯ 2 1;0gandisthusnon-decreasing.
O verall, increasingthevalueofthesmallestnetworke¤ectfavorsthesituation
whereI servesbothgroupsandraises I 0s pro…t.

R educe¯ 2 1 clearlyraisesalllevelsofpro…ts. A tthesametimeitdoesn’t
a¤ectthecomparisonbetween¦ I

J and¦ I
2 ;while¦ I

J raises fasterthan ¦ I
1:

A sageneralconclusionweobtain:
W henthevalueattachedtotheinter-groupnetworke¤ ects byonegroup

movesclosertothevalueattachedbytheothergroup, I 0spro…traises(weakly)
and I ismorelikelytoservebothgroups.

4.2 Simultaneouspricing
L etus nowturn tothecasewhere prices are setsimultaneously. B efore
statingtheresults, weneedtoexaminequicklythereversetimingwhereC
isaStackelbergleader.T henbysellingtogroupjonlyC wouldobtain

¦ C
j = ¡±jm j¡(̄ 12 + ¯ 2 1)m 1m 2

which is largerthan ¦ C
J if±l > 0:T his implies thatC prefers tocoverthe

marketwhenever±j·0 forbothgroups.
Forsituations where one …rm would coverthemarketin any ofthe

Stackelberggames, anequilibrium iseasytoobtainasthereissomefreedom
inthechoiceofthepricessetbytheother…rm.

Proposition5 Supposethatpricesaresetsimultaneously. T hereexistsan
equilibrium where…rm kcoversthemarket(withpro…t¦ k2 [0 ;¦ k

J ]) ifand
onlyif¦ k

J ¸0 and:

Ifk= I ; ±j¸¡
¡
¯jl+ 2 ¯ lj

¢
m lforbothgroups;

Ifk= C ; ±1 ·(̄ 12 + 2 ¯ 2 1)m 2 and±2 ·¯ 2 1m 1:

T heconditionsholdif…rmkchoosestocoverthemarketwhenitisaStack-
elbergleader.

Proof.Firsta…rmcan’tcoverthemarketinequilibriumunless¦ k
J ¸0:

Supposethat¦ I
J ¸0:Settheprices p Ij· ¹p Ij¡uCj suchthat

P
jp

I
jm j=

¦ I ·¦ I
J :T henC 0sbestresponseisnottosellatall. T hesmallestpossible
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pricesforC arepCj = p Ij+ uCj¡¹p Ij: attheseprices, eachconsumerisindi¤erent
between C and I . M oreover, itis impossibleforI tosellatagroup above
p Ij:T husthis is anequilibrium ifI prefers tocoverthemarketthantosell
toonegroup. Toselltogroupjalone, I mustsetaprice p̂ Ijsuchthat

uIj+ ®jm j¡p̂ Ij¸uCj + ¯jlm l¡pCj

whichamountsto p̂ Ij = p Ij¡2 ¯jlm l:T his is notpro…tableif¡2 ¯jlm 1m 2 ·
p Ilm l:T husanequilibriummustverifyp Ijm j+ p Ilm l¸p Ijm j¡2 ¯jlm lm jor:
p Il ¸¡2 ¯jlm j:Equilibrium pricesthenexistif¹p Ij¡uCj ¸¡2 ¯ ljm l forboth
groupsor±j¸¡̄ jlm l¡2 ¯ ljm l:

W hen ¦ I
J ¸ maxf¦ I

j;0g weknowfrom above that ¹p I1 ¡uC1 ¸ 0 and
¹p I2 ¡¹uI2 > 0:

Supposenowthat¦ C
J ¸ 0 . Chooseprices pCj · ¯jlm l¡±j(·uCj) such

that¦ C =
P

pCjm j · ¦ C
J : I can’tobtain a positive pro…tbecause its

pro…ts is themaximum between
P

pCjm j¡¦ C
J ;

¡
pC1 + ±1¡¯ 12 m 2

¢
m 1 and¡

pC2 + ±2 ¡¯ 2 1m 1
¢
m 2 ; and theyareallnonpositive. C can’tobtainmore

than¦ C bycoveringthemarketif
X

p Ijm j¡¦ I
J ·¦ C :

T heuniquepricesthatarecompatiblewiththefactthatC coversthemarket
andobtains¦ C arep I1 = pC1 + ±1 + ¯ 12 m 2 ; p I2 = pC2 + ±2 ¡¯ 2 1m 1:N oticethat
attheseprices, group1 buysalonefromC :SoC wouldcoverthemarketonly
ifpC2 ¸0:O ntheotherhand, C couldreduceitspriceby2 ¯ 2 1m 1m 2 andsell
onlytogroup 2 . SoC wouldcoverthemarketonlyifpC1 m 1 ¸¡2 ¯ 2 1m 1m 2 :

W ecan…ndsuchpriceswhenever±1 ·¯ 12 m 2 + 2 ¯ 2 1m 2 and±2 ·¯ 2 1m 1:

T he conditions in the proposition are necessary and su¢cient. T heir
purposeistoensurethatthepricessetbythe…rm coveringthemarketare
nottoosmall, sothatthis…rmhasnoincentivetoexcludesomeconsumers.

T heanalysisofmarketsharingismorecomplexasthereisless‡exibility
inthedesignofprices. M oreoveritmustbepossibleforeachthetwo…rms
toobtainapositivepro…twithmarketsharingwhen itis leader. Itis thus
clearlymoredi¢culttosustainmarketsharingwith simultaneous pricing
thenwithsequentialpricing.

Proposition6W henprices aresetsimultaneously, thereexistsanequilib-
rium where…rm I selltogroupjwithpro…t¦ I and…rm C sells togroup l
withpro…t¦ C if¦ C

l ¡¯jlm 1m 2 ¸¦ C ¸ 0 and¦ I
j¡X j¸ ¦ I ¸ 0 ; where

X 2 = 0 ; X 1 = inff̄ 2 1;2 (̄ 2 1¡¯ 12 )g > 0:
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Proof. Seeappendix.
Itisnotsu¢cientthattheStackelbergpro…tbepositiveforboth…rms

toobtain amarketsharingequilibrium. Pro…ts arereducedbecause…rms
shouldnotbetemptedtocoverthemarketwhichlimitsthesustainablelevels
ofprices.

T heglobalequilibriumcon…gurations isalwaysthesameandisdepicted
onFigure3forthecase¯ 2 1 = 3; ¯ 12 = 1:

In themiddlerange, apure strategyequilibrium failtoexists, and in
particularno…rmcancoverthemarketwithprobabilityone. W ecanalsosee
thatmarketsharingequilibriaandmarketcoveringequilibriahardlycoexist.
T heonlycasewherethis canoccuris whentherearetwoequilibria: one
in which C covers themarket, and one in which I sells only tothe low
externalitygroup 1:

5 D iscussion
5.1 Compatibilitychoice
Intheanalysis, thetwonetworksareassumedtobeincompatible. A natural
questioniswhether…rmshaveanincentivetobecomecompatible. W ithfull
compatibility, themodelamountstoaBertrandpricegamewithJdistinct
marketsasconsumerswouldignorethenetworke¤ectswhenchoosingtheir
supplier. T hepro…tof…rm I is then

P
jmax(u

I
j¡uCj;0 )m j, while C re-

ceives
P

jmax(u
C
j ¡uIj;0 )m j: W hether…rms prefers tobe compatible or

incompatibleturnsouttobeacomplexissue. T hereasonisthatwhennet-
worksareincompatible, theabilitytoexploittheinter-groupnetworke¤ects,
withdivide-and-conquerstrategies, strengthenscompetitionandisextremely
harmfulforpro…ts. W hiletheincumbentbene…ts from incompatibilitybe-
causethis allows ittocapturethevalueoftheintra-group networke¤ects,
ithas tobearthecostofthis exacerbation ofcompetition. W hetherthe
incumbentpreferstobecompatibleornotthendependsonthecomparison
betweentheintra-groupnetworke¤ectsandtheinter-groupnetworke¤ects.
W hen the lattere¤ects dominate, …rms willprefertobe compatible. To
illustratethis wefocus on thecasewherethere is nointra-group network
e¤ects (®j= 0 ):A smentionedabove, thiscasecorrespondstoperfectprice
discriminationaseachgroupcanbeinterpretedasasingleindividual.

Corollary1 A ssumeperfectpricediscrimination(®j= 0 );anarbitrarysize
ofthepopulation (J ¸2 )andasymmetricnetworke¤ ects (̄ jl6= ¯ lj):Sup-
posethatprices aresetsimultaneously, andthatapurestrategyequilibrium
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existswhennetworkareincompatible. T henboth…rmsprefertobecompati-
ble.

Proof. T he reasoning used toderive the bounds on …rm k0s pro…t
whenitisaStackelbergleadershowsthatifthereisasimultaneouspricing
equilibrium wherek sells toK with pro…t¦ k; then there exists a strat-
egy for its opponents thatallows itto coverthe marketwith an extra
pro…tlargerthen ¦ k¡¦ k

K :T hus ¦ k · maxK
©
¦ k
K
ª
:B utmaxK

©
¦ k
K
ª
<

maxK
nP

j2K (u
k
j¡u¡kj )m j

o
·P

j2J max(u
k
j¡u¡kj ;0 )m j:

A naturalconjectureisthatthisholdsalsowithmixedstrategyequilib-
riumasthereshouldinvolvezeropro…t.

N otice thatthe same reasoning shows thata Stackelberg leaderalso
prefers tobe compatible. O n the otherhand, a followerin the Stackel-
berggamemayprefertobeincompatible. T his holdsobviouslyforI as it
bene…tsbothfrom asecondmoveradvantageandfrom areputatione¤ect,
butalsoforC . IndeedwhenI actsasaleaderandthereisenoughhorizontal
di¤erentiation, theincumbentwillchoosetosharethemarket. Inthiscase,
thechallengerchargesthefullintrinsicvalueuCl toonegroup, whileitwould
chargeonlyuCl ¡uIl undercompatibility. T husthechallengerpreferstobe
incompatible.

5.2 W elfare: excess inertiaorexcessmomentum?
L etus comparetheequilibrium con…gurationwiththee¢cientallocation.
G iventhatthereisenough‡exibilityindesigningpricestotransferthesur-
plusfromonegrouptoanother, thewelfarecriterionusedhereistotalsur-
plus. Inwhatfollows, excess inertia refers tothecases where itwouldbe
optimaltoreducethemarketshareofI from awelfarepointofview. O ur
dominationassumptionfavoringtheincumbent, ittendstogenerateexcess
inertia, as itiswellknownwithuniformpricing. Inourmodel, theextentof
excess inertiaincreaseswiththesizeofintra-group networke¤ects. A s this
isastandardresult, wenowfocusonthecasewherethereisnointra-group
networke¤ects:

® 1 = ® 2 = 0:

W henthisisthecase, totalwelfareismaximalwithmarketsharingwhenever
(̄ 12 + ¯ 2 1)m 1m 2 issmallerminf±1;¡±2 gorminf¡±1;±2 g;whichcorresponds
toastrongpatternofhorizontaldi¤erentiationandsmallnetworke¤ects.
O therwise…rm I shouldcoverthemarketif±1 + ±2 > 0 ;while…rm 2 should
coverthemarketif±1 + ±2 < 0:D ottedlines inFigures1, 2 and3showthe
delimitationsofthevariousrangeofqualitydi¤erentials.
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L etusconsiderthegamewithsimultaneouspricing.T henFigure3clearly
showsthattherecanbeexcess inertiawhichcaneithertaketheformofthe
inexistenceofapurestrategyequilibrium implyingthatC can’tcoverthe
marketwithprobabilityonewhileitshould, ortheformofine¢cientmarket
sharing.

H owever, divide-and-conquerstrategies allowthechallengertocapture
partofthevalueofinter-groupnetworke¤ects. T hereisthenthepossibility
ofexcessmomentum, whichoccurswhenitwouldbeoptimaltoincreasethe
marketshareof…rm I :T he situations withexcess momentum correspond
thegreyareas inFigure3. Excess momentum cantaketwoforms. First,
I mayfailtocoverthemarketwithprobability1 whileitshould, because
there is nopurestrategyequilibrium. Second, C maycoverthemarketin
equilibriumwhileitwouldbemoree¢cienttosharethemarket.

Ifwe examine the gamewhere I is a Stackelbergleaderwe obtain a
newform ofexcess momentum (greyareas in Figures 1 and 2). W hen I
is aleaderandthereis enoughhorizontaldi¤erentiation, itmaychooseto
accommodatebyinducinganallocationwithmarketsharing, althoughtotal
welfaremaximizationrequiresthatbothgroupsbuyfrom I :

Toillustratethis e¤ect, supposethattherearetwoconsumers (®j = 0 ;
m j= 1)withvalues:uC1 = uI2 = ¯ 12 = 0 ; uI1 > ¯ 2 1 > 0 ; uC2 > 0:T heoptimal
strategyforI is togiveup ongroup 2 bysettingaprice ¯ 2 1 ongroup 2.
T his allows tochargeuI1 ¡¯ 2 1 to1; whileC chargesuC2 to 2 :Indeed, the
onlyalternativestrategyforthechallengerwouldbetosecure1 withaprice
p I1 ¡uI1 andtoraisethepricechargedto 2 by ¯ 2 1; which is notpro…table
when

p I1 ·uI1¡¯ 2 1: (7 )

T his conclusion holds even ifuC2 < < ¯ 2 1, despitethefact 2 wouldbe
willingtopayalargeramounttojoin I than tojoin C :Toseewhythis
occurs, considerwhatwouldhappeniftheincumbentattemptedtosellto2
byloweringitspricep I2 below¯ 2 1¡uC2 . C wouldhavenootheroptionifit
wantstosellthantoattractbothindividuals. T hesamestrategyasabove
wouldallowthechallengertogenerateapositiverevenueunless p I1 ¡uI1 +
p I2 + uC2 + ¯ 2 1 ·0 or

p I1 + p I2 ·uI1¡¯ 2 1¡uC2 : (8)

Comparing(8)with(7 ), weseethatI 0spro…tisreducedbyuC2 when I tries
toselltoboth individuals. T hereason is thatin theformercase, selling
to1 onlyallows C tocapturethenetworke¤ectof2 , while in thelatter
caseitallows ittocaptureboththenetworke¤ectandtheintrinsicvalue.
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T huswhen 2 buys from the incumbent, thenatureofcompetitionon 1 is
changedbecausethechallengercan’tsellto2 unless itsellsto1. Individual
1 becomes likeabottleneckwhoseaccess has valueuC2 forthechallenger.
T his valueadds tothe networke¤ects thatlimits I ’s prices in any case.
Bygivingaway 2 , the incumbentallows thechallengertoextractthefull
intrinsicvalueuC2 withouthavingto…ghtfortheotherindividual. T husthe
incumbentweakensthecompetition.

5.3 Strategicdegradationofqualityfortargetedcus-
tomers

O neofthegeneralprinciplethatemerges is thathead-to-headcompetition
toconquerthewholemarketisextremelycostlywhenprice-discriminationis
possible. A susual, onewaytoescapefrom suchsituationofintensecompe-
titionistoachieveenoughhorizontaldi¤erentiation. Inthepresentmodel,
thismeansshiftingtoamorepeacefulmarketsharingsituation. W hen…rms
cancontrolthequalityofthegoodattheindividuallevel, onewaytoreach
this objectiveis todegradethequalityforsomecustomers andtoprovide
thebestpossiblequalityfortheothers. T heconsumers targetedforqual-
itydegradationwillbethoseforwhichthenetworkcan’tproposeahigher
qualitythanitsopponent.

Toillustratethis phenomenon, considerthesimultaneous pricinggame
and supposethatI covers themarketin equilibrium withmaximalpro…t
¦ I
J = (±1 + ¯ 12 m 2 )m 1 + (±2 ¡¯ 2 1m 1)m 2 > 0:Supposeinadditionthat±1 +

¯ 12 m 2 < 0 (whichiscompatiblewithequilibriumconditions).Considerwhat
happens ifI succeeds indegradingqualityforgroup 1 (holdinguI2 constant)
uptoapointwherethenewqualitydi¤erential±̂1 < ¡(̄ 12 + 2 ¯ 2 1)m 2 :T hen
thenewequilibrium involves marketsharing: I sells togroup 2 onlywith
pro…t(±2 ¡¯ 2 1m 1)m 2 > ¦ I

J :Itisthuspro…tabletodoso. T hepointhereis
thatI wouldliketocommitnottocompeteongroup 1; becausethelackof
commitmentcreatesasituationwhere I is ’forced’toincludegroup 1 inits
networkdespiteacompetitivehedgeinfavorofC onthisgroup. A targeted
degradationofqualityisonewaytoachievesuchacommitment.

In a similarvein, ifwe startfrom an equilibrium where C covers the
marketand ±1 > ¯ 12 m 2 ; by degradingquality forgroup 1 up toapoint
where ±̂1 > (̄ 12 + 2 ¯ 2 1)m 2 ; C inducesamarketsharingequilibrium where
itspro…ts is¡±2 m 2 ¡(̄ 12 + ¯ 2 1)m 1m 2 ¡¯ 12 m 1m 2 > ¦ C

J = ¡±2 m 2 ¡(̄ 12 +
¯ 2 1)m 1m 2 ¡±1m 1:

M ore generallywhen anetworkcan choose the technology and a¤ect
perceivedqualities, andwhenitcan’tgainalargequalityadvantageonboth
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groups, itwillhave incentives toshiftits technologicalchoices towardthe
preferredtechnologyofonegroupandtheleastpreferredtechnologyforthe
othergroup. T his mayresultin ine¢ciencies in technologicalchoices and
even in thechoiceofadominated technology. Forexample supposethat
thenetworkhasaccesstotwotechnologies: onetechnologygeneratesu1 and
u2 ; theother¹u1 and ¹u2:Supposethatuj < ¹uj forboth groups, butthe
networkwouldserveonlyonegroupwiththeleaste¢cienttechnologyand
bothgroupswiththemoste¢cient. T henifthedi¤erencebetweenthetwo
technologies issmall, thenetworkmaychoosetheleaste¢cientone.

5.4 L argenetworke¤ects.
Inthepaper, networke¤ectsareassumedtobesmallcomparedtointrinsic
values, oratleastnetworksareassumedtobepartiallycompatiblesothat
thenetworke¤ectshavearelativelysmallimpact(A ssumption1). Forpure
networkgoodsthataretotallyincompatible, theonlysourceofvalueisthe
presenceofotherusers. T hentheassumptionwillnothold. T hesituation
wereuCj <

P
l6= j¯jlm l is dealtwith inCaillaud-Jullien(2000aand2000b),

alongwithotherissuesthatemergesinthecontextofintermediation. N oth-
ingischangedwhenthemarketisshared, buttheanalysisofmarketcovering
byI di¤ers. T hekeypointisthatI maysetapricep Ij> uIj+ ®jm jandstill
coverthemarket, providedthatp Ij < ¹p Ij¡uCj; whileinthepresentmodel
¹p Ij¡uCj < uIj+ ®jm j. T hismeansthatifC convincesgroup ltojoinwitha
lowprice, groupjstopstobuyfrom I :T hepricesetbyC forgroupjmust
thenbeuCj + ¯jlm l < p Ij¡±j+ ¯jlm l:T hechallenger’s abilitytocompete
isthusreduced. T hise¤ectworks infavorofthedominant…rmas itallows
I toextractpartofthevalueofthe inter-group externality thatC can’t
capturethroughcross-subsidization (thevaluevanishes as soonas group l
joins C ):Itis thenshownthat…rm I maximalpro…tishigherandexceedsP

j±jm jwhenintrinsicvaluesarelow.Thedominant…rmmaythusbeable
tocapturepartofthesurplusgeneratedbyinter-groupnetworke¤ects, and
therewillbemoresituationswhere itcovers thewholemarket. M oreover
theequilibriaexhibitamuchstrongerpatternofcross-subsidization.

5.5 Equilibriumanddomination
O neoftheproblem encountered is thatan equilibrium may failtoexist.
T he question is then whetherthis is due tothe assumption ofdomina-
tion in beliefs (A ssumption 2) thatgives toomuchweightto…rm I :Itis
clearthatifwedrop A ssumption 2 ; there is much more ‡exibility in as-
signingtheconsumers between thenetworks forout-of-equilibrium prices.
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Indeed, ifwede…neDC (PI ;PC ) as theallocationrulethatmaximizes the
marketshare ofC ; we can nowassume thatifany ofthe two…rms de-
viates from the equilibrium prices, consumers allocateon the leastfavor-
able R EA:T hus ifI deviates, theycoordinateonDC ; whileifC deviates
theycoordinateonDI :W hilethishelps toextendthesetofequilibriathis
willnotcompletelyresolve theexistenceproblem. Inexistence stilloccurs
ifthereis notenoughdi¤erentiationbetweenthenetworks. InparticularifP

j

¡̄̄
uIj¡uCj

¯̄
m j+ ®jm 2

j

¢
< minf̄ 12 ;¯ 2 1¡¯ 12 gm 1m 2 apurestrategyequi-

librium doesn’texistinthesimultaneous pricinggame. Inexistenceoccurs
whennetworksareofsimilarquality, withsmallintra-groupnetworke¤ects
andstrongasymmetryininter-groupnetworke¤ects. T hispointstothehigh
instabilityofsituationsofstrongcompetitionbetweensimilarnetworks.

T hesecondpointconcerningdominationisthatwhilebeingdominantis
clearlythemostfavorablecasewhenonecovers themarket, this is notso
whenthemarketis sharedbetweenthetwonetworks. Indeeda…rm may
gainsomeformofcommitmentifdeviationsfrom equilibrium strategiesare
costly, whichoccursifitloosesitsdominationoutoftheequilibriumpath. In
factthisremarkistrueevenifthedominant…rm I is aStackelbergleader.
T hereason here is thatdomination on theequilibrium path prevents the
opponentfrom capturingthevalueoftheintra-group networke¤ecton its
clients. Itthuslimitsthepro…tthatthechallengercanobtaininequilibrium
andraises its incentives todeviate. T hedominant…rm maythen bene…t
from leavingmorepro…ttothechallengerthandomination implies. W hen
thechallengeris allowedtocapturethevalueofthe intra-group e¤ecton
its clients, butconsumers coordinateonDI when itdeviates, thethreatof
loosingthisadditionalvalueprovidesadditionalincentivesforthechallenger
toconform totheequilibrium strategy. Inturnthis allows toraisethe in-
cumbent’s equilibrium prices. A formalanalysis ofthis pointis provided
inthelastA ppendix, althoughthetypeofequilibrium involvedis notvery
compellingbecauseitimpliesastrongdiscontinuityin C 0s payo¤ (itpayo¤
dropsdownby® lm 2

l assoonas itchanges itsprices, inanydirection).

6 H omogeneouspopulation
T hemoststraightforwardapplicationoftheresultsofSection3 is thecase
wherethepopulation is homogeneous. Considerapopulation ofidentical
individuals oftotalsize M , divided intoJ subgroups ofsize m j:Suppose
alsothatindividualscareonlyaboutthemassofconsumersbuyingthesame
goodasthem. Forthis situation, parametersare

A ssumption4 ®j= ¯jl = ¯; uIj= uI ; uCj = uC :
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T he…rstintuitivepointisthata…rm shouldselltoallindividualsorto
none. T his is immediatetoshowforthecasewherethechallengerisleader.
Indeedthepro…tofC whenitsellstoK is

¦ C
K =

Ã
uC ¡uI ¡¯M ¡¯

Ã
M ¡

X

j2K
m j

! ! X

j2K
m j;

whichifpositiveismaximalwhenC coversthemarketandtakesvalue

¦ C
J =

¡
uC ¡uI ¡¯M

¢
M :

T husaStackelbergleaderC wouldcoverthemarketifuC ¡uI ¸¯M ; and
notatallotherwise.

T his intuitionislessobviousfor…rm I becausewhenthequalityofC is
higherthanthequalityofI ; theremaybegroupsforwhichuI + ¯m j> uC

andgroupsforwhichthisisnotthecase:B ut, itisshowninA ppendixthatif
I canpro…tablyselltosomegroups, then I isbetter-o¤ sellingtothewhole
population.

T henwhen…rmkisaStackelbergleader, itsellstothewholepopulation
withpro…t

¦ k
J = (u

I ¡uC )M ¡¯
X

j

m 2
j

ifitisnonnegative, anditdoesn’tsellatallotherwise.
T hemaine¤ectofprice-discriminationinthiscontextistopreventthe

incumbentfrom appropriatingallthesurplus generatedbytheinter-group
networke¤ects. T heverysamelogicapplieswithsimultaneouspricing, and
thevarioustimingareeasilyrelatedtoeachothers.

Proposition7 A ssume 4 andthatprices are setsimultaneously. D e…ne
h =

P
j

¡m j
M

¢2 :Then:
IfuC ¡uI ·¯h M ; I coversthemarketwithpro…t¦ I 2 [0 ;¦ I

J ];
If¯h M < uC ¡uI < ¯M ;thereisnopurestrategyequilibrium;

If¯M ·uC ¡uI ;…rm C coversthemarketwithpro…t¦ C 2 [0 ;¦ C
J ]:

Proof. Seeappendix.
W henthechallengerhas ahigherqualitybutnottoohigh, thereis no

equilibrium. ThereasonisthatI canexploititsreputationadvantagewhile
C can always reacttotheprices setby I by exploitingthepossibilityto
price-discriminate. T hetwoe¤ectsgoinoppositedirectionsandpreventany
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stabilityofthecompetitiveprocess.Forveryhighlevelsofquality, C covers
themarket.

h isameasureoftheconcentrationofthegroups, similartoanH er…ndhal
index. T huswheneveruC > uI ; themoste¢cientnetworkmayfailtocover
themarketiftheconcentration is high enough. A s thenumberofgroups
increases, ormoregenerallyastheconcentrationdecreases, itislessandless
likelythattheleaste¢cient…rm servesthemarket. Foragiventotalpopu-
lation, thee¤ectismaximalwhenthesub-populationsareofequalsize. In
particulartheabilitytoseparateasmallgroup from therestofthepopu-
lationhas alowimpact. T hereason is thatitis extremelycostlyforthe
challengertopersuadethis smallgroup toleavethelargegroup. A ndthe
gainfromdoingsois smallasthepropensityofmembersofthelargegroup
tojointhesmallgroup isproportionaltothesizeofthisgroup.

N oticethattheinexistenceresultisduetotheassumptionthatassigns
I dominates in beliefs:Ifwedrop theassumptionofdomination, thenwe
arefreetoassigndominationatanypricestoany…rm, andanequilibrium
alwaysexists.

Corollary2 A ssumethatthepopulation ishomogeneous, pricesaresetsi-
multaneouslyandA ssumption2 isnotimposed. T henanequilibrium inpure
strategyexists. If

¯̄
uC ¡uI

¯̄
·¯h M anyofthetwo…rmscancoverthemar-

ketin equilibrium. If
¯̄
uC ¡uI

¯̄
> ¯h M , onlythehighestquality…rm can

coverthemarketinequilibrium.

Proof. Immediate, asa…rm cancoverthemarketinequilibrium when
itcandosowiththeallocationruleDk(PI ;PC ) thatfavorsit.

T hus, whenuI ·uC ;therealwaysexistsanequilibriumofthesimultane-
ouspricinggamewithnospeci…cdominant…rm, whereC coversthemarket.
T hereis alsoanequilibrium where I covers themarketifthedi¤erencein
utilityissmallerthantheconcentrationindex.

A tthelimitwhenthenumberofgroupsincreaseswitha…xedpopulation,
themodelconvergestothesituationofperfectprice-discrimination. A lter-
natively, perfectprice-discriminationisobtainedbysetting®j= 0 insteadof
¯ andm j= 1:T henthemodelisequivalenttoamodelwithJ individuals.
Inbothcases, the…rmo¤eringthehighestqualitycoversthemarket.

Corollary3 A ssumethatthepopulation ishomogeneous, pricesaresetsi-
multaneouslyandA ssumption2 isnotimposed.W ithperfectprice-discrimination,
thesetofequilibriageneratesthesameallocationandpro…tlevelsasifthere
were nonetworke¤ ects atall. In particularthe equilibrium allocation is
e¢cient.
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T heresultcontrasts heavilywiththecasewhereprice-discrimination is
notallowed.Indeedwithuniformpricing, I maycoverthemarketwhenuC ¡
uI < ¯M ;whichisthekeytothefactthatthemarketmayfailtocoordinate
onthemoste¢cientstandard.B utwithperfectpricediscrimination, a…rm
is able tocompletely overcome the coordination problem and topass to
its customers theresultinge¢ciencygain. T heuniqueequilibrium is then
e¢cient.

7 Conclusion
Itis commonlyadmitted thatnetworkexternalities aresources ofmarket
failures thatfavorincumbents andgeneratebarriers toentry. T his paper
pointstothefactthatwhencompetitivestrategiesexploitthepotentialfor
price-discrimination, thenatureofcompetitionismorecomplexandthecon-
ventionalwisdomneedstoberevisited.Inparticularwefoundthatwhenthe
scopeforpricediscrimination is high, thecompetitivepressure is stronger
inthepresenceofnetworkexternalities thanwithout. T his canbeseenas
asourceofinstabilityfornetworkindustries. W eemphasizedmostlytwo
consequencesofthis: thepossibilityofexcessmomentumandtheincentives
forcompatibility.

O nthepositiveside, itappearsthatnetworksarevulnerabletostrategies
thatbuildacustomerbasewithasubsidyandexploitthebandwagone¤ect
(seealsoFudenbergandT irole(2000) forarelatedidea). T his canexplain
veryaggressivestrategiesofexistingnetworkstowardsmallcompetitors, even
whenthesecompetitorsdonotstandasanimmediatethreatandspecialize
onasmallsegmentofthemarket.Inthiscase, whatisatstakeisthefuture
possibilitytoleverageexistingmarketsharestoconquernewmarketslinked
bynetworkexternalities.

O bviouslyourmodelofcompetitionis extremeanditsconclusionsneed
totempered forpracticalpurposes. W hetherbarriers toentryarelowor
notmaydependheavilyonspeci…cmarketconditions. T hemodelsuggests
thatitmaybeeasierthanexpectedforasuperiortechnologytoenter, pro-
videdthatthequalityimprovementislargeenough. O ntheotherhand, for
smallqualityimprovements, thefactthatcompetitionisintensemayactasa
strongerbarriertoentrythanreputatione¤ects. M ostofnetworkindustries
involvelargesunkcosts. W hilea…rmmayexpecttosucceedinbuildingits
reputationandconqueringthemarketinareasonabledelayunderuniform
pricing, thus recoveringits sunkcosts, theintensityofex-postcompetition
withprice-discriminationmayreduceitspro…tability. T heissuewillthenbe
similartotheoneinvolvedintheinnovationprocesswhereex-postcompeti-
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tionmayslowdowninnovation, andtheremaythenbeanoptimalbalance
betweenreputatione¤ectsanddiscriminationpossibilities.

T heresultsofthepapersuggestseverallinesofextension.
O necaveatontheanalysis is that, becauseofthestaticnatureofthe

model, itisnotabletoaddressed…nancialissues. V iewedinamoredynamic
context, divide-and-conquerstrategies requirehigh…nancialpossibilities as
they implynegativecash-‡ows forsomeperiodoftime. Firms mayhave
di¢culties in …ndingtherequiredexternalfundingforsuchastrategybe-
causetheanalysisalsosuggeststhattheprospectofconqueringthemarket
areuncertain. A moredynamicperspectiveis certainlycalledfor. Evenin
ourstaticcontext, thestrategiesmaybeveryriskyifdemandcharacteris-
tics areimperfectlyknown, becausea…rm faces theriskofattractingonly
unpro…tableusers.

W hile thepaperfocuses on third-degreeand perfectdiscrimination, it
wouldbeworthinvestigatingtheimplicationsofsecond-degreepricediscrim-
ination. T hisincludestheuseofnon-lineartari¤sthatproliferateinnetwork
industries, butalsomorespeci…cpricingschemesthatsucceedinlinkingthe
pricetothesizeofthenetwork. Caillaudand Jullien (2000b) shows that
allowingforsuchcomplexpricingschemes increases thecompetitiveness of
theindustry.

T hisincludesalsothechoicesofbundlesofservicesandoftechnologiesin
multi-attributenetworks. Indeedmostnetworkso¤ersvarious servicesthat
maybebundledincomplexways. T hepresentmodelcanbeinterpretedas
onewithmultipleservicesprovidedthateachindividualbuysonlyoneser-
vice. Itwouldbeworthextendingtheanalysistosituationswhereconsumers
canchoosevariouscombinationsofservices.

Itis alsoworthinvestigatingfurthertheimplicationsofcompetitionfor
technologicalchoices andcompatibilitydecisions. B asically, networks face
twopossibilities. T heycantrytodi¤erentiatetheirservicesundercompat-
ibletechnologies, ortheycantrytoconquerthemarketbyprovidinghigh
qualitywithincompatibletechnology. Inthisrespect, compatibilityorstan-
dardizationagreementsresemblecross-licensingagreementsinR &D .

A s mentioned inthepaper, theanalysis ofpurenetworkgoods (noin-
trinsicvalue) thatareincompatibledoesn’t…tintothepaper’s framework.
TheanalysisinCaillaudandJullien(2000aandb) showsthatreputationef-
fectsarestrongerandthatthecompetitivepressureisweakerinthiscase. It
alsoshowsthatmulti-homingpossibilities(thepossibilitytojoinseveralnet-
worksatatime)modifythenatureofthepricingstrategiesandstrengthens
competition.
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A A ppendixtoSection2
Proofoflemma1. Considertwocontinuationequilibriai= 1;2 , andthe
respectiveK I

i andK C
i. T hen

j =2 K C
i ) maxfuIj+ ®jm j+

X

l2K Ii

¯jlm l¡p Ij;0g¸uCj +
X

l2K Ci

¯jlm l¡pCj

j 2 K I
i) uIj+ ®jm j+

X

l2K Ii

¯jlm l¡p Ij¸0

N owsupposethatallgroups inJ nK C
1 \K C

2 don’tbuyfrom C , andthatall
groups inK I

1 [ K I
2 buyfrom I .Sinceforthe…rmsinJ nK C

1 \K C
2

maxfuIj+ ®jm j+
X

l2K I1[K I2

¯jlm l¡p Ij;0g¸uCj +
X

l2K C1 \K C2

¯jlm l¡pCj;

theminimalbene…tthatamemberofagroup in J nK C
1 \ K C

2 canobtain
whennotbuyingfrom C islargerthanthemaximalbene…titcangainwhen
buyingfrom C . T hereforetheoptimalstrategy is eithertobuyfrom I or
nottobuyatall.

M oreoverfora…rm inK I
1 [ K I

2 :

uIj+ ®jm j+
X

l2K I1[K I2

¯jlm l¡p Ij¸0:

T hustheoptimalstrategyis indeedtobuyfrom I .T hereisthusanequilib-
rium with K I

1 [ K I
2 ½K I and K C ½K C

1 \ K C
2 :Takingamaximalelement

completetheproof.

B A ppendixtoSection3
L emma3 G iven prices fp I1;:::;p IJg and ¦ ; theminimalpro…tthat…rm C
canobtaininacontinuationequilibrium issmallerorequalto¦ ifandonly
if

for all¾ and K ½J :X

j2K
p Ijm j·¦ I

K +
X

j2K

X

l=2K
¯jlm l:+ ¦ : (9 )

Proof. ItistrueifJ = 1:Supposethepropositionholdsupto#J =J¡
1 andconsider#J = J:Suppose…rstthatC decides toselltoonlyJ¡1
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group, leavingoutsideonegroup(sayj= J)bysettingp 2J high.G iventhat
groupJ staywith I , theproblemofattractK < J groupswithinJgroups
isthesameaswithonlyJ¡1 groupsbutwithautilityforgroupj:

uIj+ ®jn Ij+ ¯jJm J +
J¡1X

l= 1

¯jln
I
l

whenbuyingfrom I . Condition 9 forK < J thenensures thatattracting
lessthanJgroupcan’tyieldmorethan¦ :

Considernowattractingallthegroups. Foratleastoneofthegroupthe
pricepCj mustbesmallerthanp Ij¡(±1 +

P
l6= j

¯jlm l):L etussayitisgroup 1:

W ethensetpC1 = p I1¡
µ
±1 +

P
l> 1

¯ 1lm l

¶
andgroup 1 buysfrom C forsure.

H eretheproblem isreducedtoJ¡1 groups, butnowwithutility

uIj+ ®jn Ij+
JX

l= 2

¯jln
I
l

at…rm I , andutility

uCj + ®jnCj +
JX

l= 2

¯jln
C
l + ¯j1m 1

atC . T hetotalpro…tontheJ¡1groupsislessthan¦¡(p I1¡
¡
±1 +

P
¯jlm l

¢
)m 1,

whichispreciselycondition9 for¾(1) = 1. T hereforeC can’tgetmorethan
¦ intheworstcasefacedtothepricingstrategyof…rm 1.

Proofofproposition2. A s aconsequence, theincumbentservesall
themarketifandonlyif

for allK :
X

j2K
p Ijm j·¦ I

K +
X

j2K

X

l=2K
¯jlm lm j:

W .l.o.g. letusassumethat¦ I
J is obtainedfortheorder1; 2, ...J. Suppose

thatI setsprices

p Ij= ±j¡
X

l< j

¯jlm l+
X

l> j

¯jlm l:

T hen
X

j2J
p Ijm j= ¦ I

J
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N owtakeanysubsetKandlet¾ besuchthat

¦ I
K =

X

j2K
±jm j¡

X

j2K

X

l2K
¾(l)> ¾(j)

(̄ lj¡¯jl)m lm j

Supposethat
X

j2K
p Ijm j> ¦ I

K +
X

j2K

X

l=2K
¯jlm lm j

andletusshowthatitleadstocontradiction. T heconditionwrites

¡
X

j2K

ÃX

l< j

¯jlm l¡
X

l> j

¯jlm l

!
m j> ¡

X

j2K

X

l2K
¾(l)> ¾(j)

(̄ lj¡¯jl)m lm j+
X

j2K

X

l=2K
¯jlm lm j

D e…ne ¾̂ as theorderK is rankedbelowJ nK ; ¾ on K andthe increasing
orderJ nK:T hen

¡
X

j2J

X

l> j

(̄ lj¡¯jl)m lm j > ¡
X

j=2K

ÃX

l< j

¯jlm l¡
X

l> j

¯jlm l

!
m j

¡
X

j2K

X

l2K
¾(l)> ¾(j)

(̄ lj¡¯jl)m lm j+
X

j2K

X

l=2K
¯jlm lm j

> ¡
X

j=2K

X

l=2K
l> j

(̄ lj¡¯jl)m lm j¡
X

j2K

X

l2K
¾(l)> ¾(j)

(̄ lj¡¯jl)m lm j

+
X

j=2K

X

l2K
l> j

¯jlm lm j¡
X

j=2K

X

l2K
l< j

¯jlm lm j+
X

j2K

X

l=2K
¯jlm lm j

> ¡
X

j2J

X

¾̂(l)> ¾̂(j)

¡
¯ lj¡¯jl

¢
m lm j+

X

j2K

X

l=2K
(̄ lj¡¯jl)m jm l

+
X

j=2K

X

l2K
l> j

¯jlm lm j¡
X

j=2K

X

l2K
l< j

¯jlm lm j+
X

j2K

X

l=2K
¯jlm lm j

> ¡
X

j2J

X

¾̂(l)> ¾̂(j)

¡
¯ lj¡¯jl

¢
m lm j+ 2

X

j2K

X

l=2K
l< j

¯ ljm jm l

Butthis impliesthat

¦ I
J >

X

j2J
±jm j¡

X

j2J

X

¾̂(l)> ¾̂(j)

¡
¯ lj¡¯jl

¢
m lm j;
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acontradiction. T herefore, itmustbethecasethat
X

j2K
p Ijm j·¦ I

K +
X

j2K

X

l=2K
¯jlm lm jfor allK:

Proofoflemma2. Foranyorder¾ onJ thereis anexactreverse
ordering¾̂:B utthen

X

j2J

X

¾̂(l)> ¾̂(j)

(̄ lj¡¯jl)m lm j= ¡
X

j2J

0
@ X

¾(l)> ¾(j)

(̄ lj¡¯jl)m lm j

1
A :

H encethemaximum overallpermutations is non-negative. N ow, suppose
thatthemaximum is zero. T his means thatthesummationterm is 0 for
anypermutation. Considerapermutation ¾ suchthat¾(J¡1) = J¡1
and ¾(J) = J; andapermutation ¹¾ suchthat¹¾(j) = ¾(j) ifj< J¡1;
¹¾(J¡1) = J; ¹¾(J) = J¡1:W ehavejustreversedtheorderofthelasttwo
intheorder. T hen

0 =
X

j< J¡1

0
@ X

¾(l)> ¾(j)

(̄ lj¡¯jl)m lm j

1
A + (̄ J;J¡1¡¯J¡1;J)m J¡1m J;

0 =
X

j< J¡1

0
@ X

¾(l)> ¾(j)

(̄ lj¡¯jl)m lm j

1
A + (̄ J¡1;J¡¯J;J¡1)m J¡1m J:

Takingthedi¤erenceyields¯J¡1;J = ¯J;J¡1:Extendingthereasoningtoany
pairofgroups, weobtain¯jl = ¯ lj:

Proofofproposition(3). Inequilibrium I setspricesforj=2K at

p Ij= uIj+ ®jm j¡maxfuCj +
X

l2K
¯jlm l¡pCj;0g+

X

l=2K
¯jlm l

whichisthemaximalpricethatensuresthatamemberofgroupjbuysfrom
I whengroupsl =2K do. IfI decidestoattractgroupsinL½K = f1;:::Kg,
itcandosoby settingprices forallgroups outside KnL; includingthose
groups italreadyserves:

p̂ Ij= uIj+ ®jm j¡maxfuCj +
X

l2K nL
¯jlm l¡pCj;0g+

X

l=2K nL
¯jlm l
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T hegaininpro…tisthen
X

j2L
p̂ Ijm j+

X

j=2K
(p̂ Ij¡p Ij)m j

N otice …rstthatforj =2 K ; the price di¤erential p̂ Ij¡p Ij is largerthanP
l2L ¯jlm lm j; with equalitywhen pCj is high enough sothat I can cap-

turethefullsurplusofthetransaction. Itis thusoptimalforC tosetvery
highpricesforthesegroups.T hegaininpro…tisthen

X

j2L
p̂ Ijm j+

X

j=2K

X

l2L
¯jlm lm j

IfC wanttoselltoallgroups inK ; itmustthensetpricessuchthatforall
subsetL:
X

j2L
pCjm j·¡

X

j2L
±jm j+

X

j2L

X

l2K nL
¯jlm lm j¡

X

j2L

X

l=2K nL
¯jlm lm j¡

X

j=2K

X

l2L
¯jlm lm j

A nupperboundonthepro…tisthenobtainedforL= K ;

¦ C ·¡
X

j2K
±jm j¡

X

j2K ;l2J
¯jlm lm j¡

X

j=2K ;l2K
¯jlm lm j= ¦ C

K

It is easily seen thatitcan be obtained by setting prices pCj = ¡±j¡P
l2J ¯jlm l¡

P
l=2K ¯ ljm lm j; sothatthis is indeedthemaximalpro…t.

C A ppendixtoSection4
Proofofproposition6. A ssumethatI sellstogroup 1. Eachconsumers
should prefertostaywith its group ratherthan tojoin the othergroup.
U sing¦ I = p I1m 1and¦ C = pC2 m 2 thisyields

uI1m 1 + ® 1m 2
1¡max

©
uC1 m 1 + ¯ 12 m 1m 2 ¡pC1 m 1;0

ª
¸ ¦ I

uC2 m 2 ¡max
©
uI2 m 2 + ® 2 m 2

2 + ¯ 2 1m 1m 2 ¡p I2 m 2 ;0
ª
¸ ¦ C

Clearlytosustaintheequilibrium, thebestistoputpricespC1 andp I2 attheir
minimalvaluegivenpro…ts;whichyields:

¦ I = pC1 m 1 + ±1m 1¡¯ 12 m 1m 2

¦ C = p I2 m 2 ¡±2 m 2 ¡¯ 2 1m 1m 2
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EquilibriumconditionsthenwriteforC :

¦ C ¸ ¦ I ¡±1m 1¡¯ 12 m 1m 2

+uC2 m 2 ¡max
©
uI2 m 2 + ® 2 m 2

2 ¡p I2 m 2 ;0
ª
+ ¯ 2 1m 1m 2

¦ C ¸ ¦ I + p I2 m 2 ¡±1m 1¡±2 m 2 + ¯ 12 m 1m 2 ¡¯ 2 1m 1m 2

or

max
©
¡̄ 2 1m 1m 2 ;¦ C ¡uC2 m 2

ª
+ ±1m 1 + (̄ 12 ¡¯ 2 1)m 1m 2 ¸ ¦ I

±1m 1¡¯ 12 m 1m 2 ¸ ¦ I

ForI wethenget

¦ I ¸¦ C + pC1 m 1 + ±1m 1 + ±2 m 2 + (̄ 12 + ¯ 2 1)m 1m 2

or

¡±2 m 2 ¡(2 ¯ 12 + ¯ 2 1)m 1m 2 ¸¦ C

whichimplies ¡̄ 2 1m 1m 2 > ¦ C ¡uC2 m 2:O verallthisyields

±1m 1 + (̄ 12 ¡2 ¯ 2 1)m 1m 2 ¸ ¦ I

±1m 1¡¯ 12 m 1m 2 ¸ ¦ I

¡±2 m 2 ¡(2 ¯ 12 + ¯ 2 1)m 1m 2 ¸ ¦ C

T hiscanbewrittenas

¦ I
1¡X 1 ¸ ¦ I

¦ C
2 ¡¯ 12 m 1m 2 ¸ ¦ C

IfI sellstogroup2 theconditionsarethesameandyields X 2 = 0:
N owsupposethatthereexistsanequilibriumwithmarketcovering. T hen

ifI coversthemarket±j¸¡̄ jlm l¡2 ¯ ljm l forbothgroupswhichimplies
that¦ C

j ¡¯ ljm l · 0:IfC covers themarket, ±1 · ¯ 12 m 2 + 2 ¯ 2 1m 2 and
±2 · ¯ 2 1m 1; which implies ¦ I

2 · 0 . T heonlypossibility is thenamarket
sharingequilibriumwhereI sellstogroup1.

D A ppendixtosection6
L etus …rstshowthatI mustcoverthemarketifitsells as aStackelberg
leader.T hemaximalpro…titcangainbutsellingtoasubsetK ofgroups is

(uI ¡uC )
X

j2K
m j+ ¯

X

j2K
m 2

j¡¯

ÃX

j2K
m j

! 0
@X

j=2K
m l

1
A

43



whileservingthewholepopulationyields ¦ I
J =

¡
uI ¡uC

¢
M + ¯

P
j2J m

2
j:

T hedi¤erencebetweenthepro…twiththewholepopulationandthepro…t
withK isthus

(uI ¡uC )
X

j=2K
m j+ ¯

X

j=2K
m 2 + ¯

ÃX

j2K
m j

! 0
@X

j=2K
m j

1
A

Supposethatthis isnonpositivesothatI preferstoselltoK only. T hen

uI ¡uC ·¡̄
P

j=2K m
2
jP

j=2K m j
¡¯

X

j2K
m j:

T his impliesthat

¦ I
K · ¡̄

ÃP
j=2K m

2
j:P

j=2K m j
+

X

j2K
m j

! X

j2K
m j+ ¯

X

j2K
m 2

j

< ¡̄
ÃX

j2K
m j

! 2

+ ¯
X

j2K
m 2

j·0:

T hus I doesn’tsellatall. A s aconsequence I coversthemarketordoesn’t
sell.

Proofofproposition7 . SupposethatuC ¡uI ·¯
P

j®jm
2
j

M . Consider
equilibrium prices 0 ·p Ij·uI ¡uC + ¯m j; pCj = p Ij¡¯M : C doesn’tsell
andweknowthatitisplayingabestresponse. T hemaximaldeviationpro…t
thatI canobtainis

X

j2K
(p Ij+ ¯

X

j2K
m j¡¯M )m j

=
X

j2K
p Ijm j+ ¯

ÃX

j2K
m j¡M

! X

j2K
m j

·
X

j2K
p Ijm j:

Sothis isanequilibriumaslongas I obtainsapositivepro…t.
SupposethatuC ¡uI ¸¯M . L etp̂ Ijbethepricesexhibitedintheproof

ofproposition 2 thatallows I toobtain ¦ I
J : p̂ Ij = uI ¡uC + ¯

P
l·jm l¡

¯
P

l> jm l:L etp Ij = p̂ Ij+
¦
M ; pCj =

¦
M ; 0 ·¦ ·¦ C

J :A ttheseprices there
is aR EA whereC covers themarket(andanotheronewhere I covers the
market).C can’tobtainmorethan¦ becauseitsmaximalpro…tis

P
p Ijm j¡
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¦ I
J = ¦ :I can’tobtainapositivepro…tbecauseits pro…ts is boundedbyP
pCjm j¡¦ C

J ·0:T hereforethisanequilibrium. Itisalsoclearthatthese
aretheuniqueoneas I can’tsellatanonnegativeprice(C wouldattract
suchagroupforsurewithazeroprice).

Supposenow¯M > uC ¡uI > ¯
P

j®jm
2
j

M :SupposethatC selltogroups
within K with prices pCj: T hen I sells tothe others (since pCj ¸ uCj for
them,). I canleaveallitspriceunchanged, exceptthatitcharges pCj + uI ¡
uC + ¯M ¡" togroups in K:BecauseDI applies foralmostallprices, I
wouldthenselltoallgroups butthen itwouldincreaseits pro…tby¦ C +¡
uI ¡uC + ¯M

¢P
j2K m j> ¦ C :T hereforeC can’tsell.SinceC canalways

selltoacustomerjnotwillingtobuyfrom I atapriceuCj; I mustcover
themarket.B utI can’tcoverthemarketwithpositivepro…tsince¦ I

J < 0:
T husthereisnoequilibrium.

E D roppingA ssumption2 withanheteroge-
neouspopulation

T hispartdiscussestheconsequencesofdroppingA ssumption2 whilemain-
taining A ssumption 3. Firstitis immediate thatthe setofequilibria is
enlarged. In particulartherearemoreequilibriawithmarketcoveringby
one…rm inthesimultaneouspricinggame, althoughasdiscussedinSection
5, apurestrategyequilibrium mayfailtoexists. W efocus hereonmarket
sharing.

Themostpro…tablemarketsharingequilibrium
SupposethatI is leaderoftheStackelberggame. Clearly itis optimal

fromtheviewpointofI thatI dominates inbeliefs ifC deviatesfromequi-
librium prices. T huswecanimposeA(PI ;PC ) = DI (PI ;PC ) ifC deviates.
Butsupposeitis notthecaseontheequilibrium path. L etI selltojand
C selltol:

T hepricesforlmustverify:

uCl + ® lm l¡max
©
uIl + ¯ ljm j¡p Il;0

ª
¸pCl :

T heanalysisofdeviationsisunchanged, sothatincentivecompatibilitycon-
ditionsare(imposingp Il ·¹p Il):

pCl m l ¸ uCl m l¡max
©
uIlm l+ ® lm 2

l¡p Ilm l;0
ª
+ ¯ ljm 1m 2 + p Ijm j¡±jm j¡¯jlm 1m 2

pCl m l ¸ p Ijm j+ p Ilm l¡±jm j¡±lm l+
¡
¯jl¡¯ lj

¢
m 1m 2
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whichyields

max
©
uIlm l+ ® lm 2

l¡p Ilm l;0
ª
+ ® lm 2

l¡max
©
uIlm l+ ¯ ljm 1m 2 ¡p Ilm l;0

ª

¸ p Ijm j¡±jm j+ (̄ lj¡¯jl)m 1m 2

and

uIlm l¡p Ilm l+ 2 ® lm 2
l¡max

©
uIlm l+ ¯ ljm 1m 2 ¡p Ilm l;0

ª

¸ p Ijm j¡±jm j+
¡
¯jl¡¯ lj

¢
m 1m 2

Forbothconditions, theL H S ismaximalatuIlm l+ ¯ ljm 1m 2 = p Ilm l;where
theybecome

±jm j¡(̄ lj¡¯jl)m 1m 2 ¡min
©
¯ ljm 1m 2 ;® lm 2

l

ª
+ 2 ® lm 2

l ¸ ¦ I

±jm j¡¯jlm 1m 2 + 2 ® lm 2
l ¸ ¦ I

whichyieldsamaximalpro…tforI

¹¦ I
j= ±jm j¡max

©
(̄ lj¡¯jl)m 1m 2 + min

©
¯ ljm 1m 2 ;® lm 2

l

ª
;¯jlm 1m 2

ª
+ 2 ® lm 2

l:

N oticethatitmaywellbethecasethattheboundobtainedishigherthan
uIjm j+ ®jm 2

jif® lm 2
l ishigh, inwhichcaseI canonlychargeuIj+ ®jm j:the

monopolypro…tinamarketsharingequilibrium:T hemaximalpro…tisthus
thiscaseset

¦̂ I
j= maxfuIjm j+ ®jm 2

j; ¹¦
I
jg:

Itis immediatetoverifythat¦̂ I
j> ¦ I

j:

L emma4 A ssume3; simultaneouspricingbutnotA ssumption2. L et¦̂ k
jbe

themaximalpro…tthat…rmkcanobtaininanequilibriumwhereitisleader
butnotnecessarilydominant. T henthereexists X k > 0 ; suchthatanequi-
libriumwherekservesgroup 1 anditsopponentservesgroup2 exists ifand
onlyif¦̂ k

1 ¸X kand ¦̂ ¡k2 ¸0:

Proof. A ssumethatI sellstogroup 1.

¦̂ I
1 = min

©
uI1m 1 + ® 1m 2

1;±1m 1 + 2 ® 2 m 2
2 ¡maxfA1;¯ 12 m 1m 2 g

ª

w h ere A1 = (̄ 2 1¡¯ 12 )m 1m 2 + min
©
¯ 2 1m 1m 2 ;® 2 m 2

2

ª

¦̂ C
2 = minfuC2 m 2 + ® 2 m 2

2 ;¡±2 m 2 + 2 ® 1m 2
1 + 2 ® 2 m

2
2 ¡¯ 2 1m 1m 2 g
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T heR EA ofconsumersimpliesthateachconsumersshouldprefertostay
with its group ratherthan to join the othergroup and bene…tfrom the
inter-groupnetworke¤ect.

U sing¦ I = p I1m 1and¦ C = pC2 m 2

uI1m 1 + ® 1m 2
1¡max

©
uC1 m 1 + ¯ 12 m 1m 2 ¡pC1 m 1;0

ª
¸ ¦ I

uC2 m 2 + ® 2 m 2
2 ¡max

©
uI2 m 2 + ¯ 2 1m 1m 2 ¡p I2 m 2 ;0

ª
¸ ¦ C

A s before, thebestis toputprices pC1 and p I2 attheirminimalvaluegiven
pro…ts:

pC1 m 1 = ¦ I ¡±1m 1 + ¯ 12 m 1m 2

p I2 m 2 = ¦ C + ±2 m 2 ¡2 ® 2 m 2
2 + ¯ 2 1m 1m 2

with

uI1m 1 + ® 1m 2
1 ¸ ¦ I

uC2 m 2 + ® 2 m 2
2 ¸ ¦ C

Equilibriumconditionsthenwrite:

¦ C ¸ ¦ I ¡±1m 1¡¯ 12 m 1m 2

+uC2 m 2 ¡max
©
uI2 m 2 + ® 2 m 2

2 ¡p I2 m 2 ;0
ª
+ ¯ 2 1m 1m 2

¦ C ¸ ¦ I ¡±1m 1 + ¯ 12 m 1m 2

+ p I2 m 2 ¡±2 m 2 ¡¯ 2 1m 1m 2

¦ I ¸ ¦ C + ±1m 1¡2 ® 2 m 2
2 ¡¯ 2 1m 1m 2

+uI1m 1¡max
©
uC1 m 2 + ® 1m 2

1¡pC1 m 2 ;0
ª
+ ¯ 12 m 1m 2

¦ I ¸ ¦ C + ±2 m 2 ¡2 ® 2 m 2
2 + ¯ 2 1m 1m 2

pC1 m 2 + ±1m 1¡2 ® 1m 2
1¡¯ 12 m 1m 2

(N oticethatthe…rstconstrainforI is impliedbythesecond.)
R eportingthevalueoftheprices intotheconditionswe…nd:

max
©
2 ® 2 m 2

2 ¡¯ 2 1m 1m 2 ;¦ C ¡uC2 m 2
ª
¸ ¦ I ¡±1m 1 + (̄ 2 1¡¯ 12 )m 1m 2

±1m 1¡¯ 12 m 1m 2 + 2 ® 2 m 2
2 ¸ ¦ I

¡±2 m 2 + 2 ® 2 m 2
2 + 2 ® 1m

2
1¡¯ 2 1m 1m 2 ¸¦ C

47



D e…ne

X I = min
©
¯ 2 1m 1m 2 ;® 2 m 2

2

ª
+ min

n
¯ 2 1m 1m 2 ¡® 2 m 2

2 ;u
C
2 m 2 + 2 ® 2 m 2

2 ¡¦̂ C
2

o

N oticethatX I > 0:W ecan…ndnonnegativepro…ts ¦ kwhen

±1m 1 + 2 ® 2 m 2
2 ¡A1 ¸ X I

±1m 1 + 2 ® 2 m 2
2 ¡¯ 12 m 1m 2 ¸ 0

¦̂ C
2 ¸ 0

N oticethatthis impliesthat¦̂ I
1 > 0 . T heconditionforI holdsif

¦̂ I
1 ¸X I :

O ntheotherhandif¦̂ I
1 < X I ; itis impossibletoful…llthe…rstcondition.
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