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Abstract
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1 Intr oduction

“No musiciansarehurt in thewriting of thispaper” - Theauthor.

Themusicindustryis undergoingaprofoundchangenow. Thepenetrationof CD
burners,MP3players,broadbandandpeer-to-peer(P2P)networksacceleratedthe
writing of new rules.Theissueis interestingbecausemusicenjoys many unique
properties,andthesepropertieshavenotbeenthoroughlyaddressedby economic
theory. Theadventof theInternetfurthercomplicatestheproblem;music,origi-
nally akind of veryrepresentative informationgood,hasits economiesunleashed
by theInternet.

The tradeassociationrepresentingthe big labels,the RecordingIndustryAsso-
ciation of America (RIAA), hassuedand driven Napsterout of business.But
therearemany socalledNapsterClones�ourishing1, they donot rely onacentral
server, they occupy lessbandwidth,andcollectively they attractevenmoreusers
thanNapster. Major musiclabelsarealsochanging,they startedto testonlinemu-
sicdistributionbusinessmodels2, but sofar, they haveattractedfew consumers.

AlthoughaJupiterMediaMetrix reportexpectsonlinemusicsalestosoar3, RIAA's
mid-yearchartof 2002shows a gloomy picture4. Accordingto RIAA, the CD
shipmentsdropped7 percentin the �rst six monthsof 2002, this is on top of
2001'soverall 5.3%drop5.

After winning a lawsuit for $1 million with IntegratedInformationSystemsfor
allowing its employeesto accessanddistribute thousandsof MP3 �les over the
corporatenetwork, RIAA is warningmajor universitiesandbig companiesand
urgingthem“to ensurethattheirnetworksarenotbeingmisusedto infringecopy-
rightedworks”6. But thewarningis challengedby ElectronicPrivacy Information
Center(EPIC),whichpointsoutsigni�cant privacy andfreespeechconcerns7. A
proposalin Congressto legalizehackingof peer-to-peernetworks wasput for-
ward by California Rep. Howard Berman;onceenacted,it will let ownersof

1 Morpheus,KaZaA,Freenet,BearShare,Grokster, eDonkey, Gnutella,etc.
2 MusicNet,PressplayandRhapsody, for example.
3 Stone,M., 2001, “Online Music Salesto Hit $6B by 2006 - Jupiter. (Industry Trend or

Event)”, NewsbytesNewsNetwork, July23.
4 http://www.riaa.com/pdf/2002midyrchart.pdf
5 http://www.riaa.com/News_story.cfm?id=552
6 http://www.pcworld.com/news/article/0,aid,106959,00.asp,Nov. 14,2002.
7 Mark, R.,2002,http://boston.internet.com/news/article.php/1498081,Nov 11.
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copyrightedmaterialhackinto anddisruptpeer-to-peernetworks. The measure
attractedinstantcriticism from consumergroups,academicsandtechnologists8.

Dif ferentfrom previouspapersaddressingthe issuesrelatedto piracy, this paper
aimsto standon theviewpoint of a socialplannerandanalyzethewelfareimpli-
cationsof P2Pnetworksto themusicindustry. Therestof thepaperis organized
asfollows: In section2, we review the literatureconcerningcopyright law and
musicdistribution. We thenlay out a modelof traditionalmusicdistribution in
section3, andshow why RIAA wantedto sueNapster, andwhy smallerlabels
andnew artistswelcomedP2Pnetworks. In section4, we proposea new way of
leveragingthepowerof P2Pnetworksandachieving aParetoimprovementfor all
parties.

2 Literature Review

Oneof theearliestattemptsto look at theissueof economicsof copyright is Hurt
andSchuchman(1966). Frase(1966)notesthat Hurt andSchuchman's sugges-
tionsof tax relief anddirectpaymentmaynotbeappropriate.Breyer (1970),in a
framework similar to Hurt andSchuchman,improvestheargumentsby focusing
on author's right to bene�t from thework andsuggestsusingsomesortof social
welfaremodel in this context. Pethig(1988)examinesthe historicalchangesin
theinformationgoodsmarket. He shows in a Cournot-Nashgamewherepirates9

cancopy informationgoods,theresultis reducedpro�ts for thecopyright owner,
pro�t-sharing contractswith authors,andlessproductionof informationgoods.
A recentwork by Yoon(2001)speci�estheoptimal level of copyright protection
for an individual producerandthesocietyasa whole. He shows thatanincrease
in copyright protectionmay increaseor decreasethe socialwelfare lossdue to
underutilization,but it will alwaysdecreasethesocialwelfarelossdueto under-
production.Watt (2000)is anicerecentsurvey on theeconomicsof copyright.

Eachtime when therewas an advancein copying technology, therewould be
lobbying,proposals,oppositionsfrom contentproviders,andalmostalways,the

8 Bowman,L., 2002,“P2PHackingBill May BeAmended”,News.com,November10,2002.
9 Thesepiratesare different from later piratespeopleare talking about. Theseare pirating

companies,they piratethe goodsandsell to otherpeople,which is a typical caseof pirating of
books. Later papersare more and more focusingon individual pirates,especiallywhen legal
frameworkscandeterpiratingsellers,andtheInternetinfrastructureenableindividualspiratingof
softwaresandmusiceasily.
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contentproducerssufferedlosses.This is truein thecaseof introductionof Xerox
copierin 1959,in thecaseof Sony BetaVCR in 1974,andthedigital audiotape
(DAT) in the 1980s. Thereareseveral seminalpapersstartingto talk aboutthe
effects of copying and pirating (Novos and Waldman,1984; Liebowitz, 1985;
Johnson,1985; and Besenand Kirby, 1989). When software piracy becomes
prevalent,therearealsomany papersaddressingthis issue.

Novos andWaldman(1984)show that whenconsumershave differentcopying
costs,thereis no social welfare loss due to underutilization,and only tenuous
social welfare loss due to underproduction.Liebowitz (1985) concernsexclu-
sively on photocopying of journals.He shows thatunderindirectappropriability,
the purchaserof the original goodtakes the valueof copiesinto accountwhen
determiningtheir willingnessto pay for the original, hence,the producerof the
original goodcancapturesomeof the copying pro�t by charging a higherprice
for thegoodthanthey could in theabsenceof copying. He concludesthatunder
someconditions10, producerreturnscanincreasewith piracy. Liebowitz's model
is notsuitablefor softwareor musicmarketbecauseheassumesthatpiratecopies
canonly be madefrom originals. Johnson(1985)usesa spatialproductiondif-
ferentiationmodelto analyzetwo modelsof copying differing in characteristics
relatedto marginal costand�x edcost,heconcludesthatan increasein copying
hasuncertaineffectson the price the monopolistchargesfor his creative work,
but therevenuewoulddecrease;in thelongrun,socialwelfarewill dependonthe
numbersof peopleswitchingfrom buying to copying andtheelasticityof supply.
Theauthorsuggeststhatwhethersomeoneis buying or copying is determinedby
his valuation,his unit wagerateaswell ascostof copying. In themarket,people
areseparatedinto 3 segments:thosedon't care(very low valuation),thosepirate
(highervaluationbut lower copying cost),andthosebuy (highestvaluationbut
highercopying cost).Thissegmentationbringselegantmathresults,but it cannot
begeneralizedto thecurrentsituationfor analyzingmusicdistribution,becausein
therealworldpeoplewith low wageratecannotevenafford acomputer, they have
nowayto useCD burnersto piratemusic,andveryrich peoplemayaswell enjoy
a high cognitive surplusby pirating musiconline (to show “I cantrick the sys-
tem”). At leastin thecontext of musicdistribution, thedistinctionline between
buyersandpiratesshouldnot be onemonetarybut cognitive. BesenandKirby
(1989)analyze3 modelswherecopiesandoriginalsareimperfectsubstitutesand
marginal costof copying is constantbut greaterthanthemarginal costof produc-

10 Themostimportantconditionis thattheproducercanpricediscriminatebetweenconsumers
whocopy andnot.
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ing originals,wherecopiesandoriginalsareperfectsubstitutes,but themarginal
costof copying is increasing,andwherecopyright royaltiesareconsidered.They
show that long run welfarewould dependon how copying affectsthenumberof
worksproduced,socopying shouldberestrictedin thecasewhereconsumergains
arenotmuchlargerthanproducerlosses.This resultis very interestingif applied
to themusicdistributionindustry, awelfareanalysisof consumergainsin aworld
of freemusicwill shedlight on strategy andpolicy.

Takeyama(1994) points out that all theseprevious modelsfail to considerthe
possibilitythatconsumptionof illegal copiescangeneratesurplusfor consumers
of originals. Building on the works by Katz andShapiro(1985,1986)andFar-
rell andSaloner(1985,1986),Sheshows thatdemandnetwork externalitiescan
inducegreater�rm pro�ts relative to the casewherethereis no copying, it can
alsoleadto a Paretoimprovementin socialwelfare. Her paperhints that illegal
copying canfunction asa form of price discriminationamongdifferentclasses
of consumers.Connerand Rumelt (1991) and Shy and Thisse(1999) follows
thesamereasoningandconcludethatpiracy maypotentiallyraisetheproducer's
pro�ts.

Takeyama(1997)extendsher work to show piracy may raisethe legal demand
by enablingtheproducerto crediblycommit to not reduceits price in thefuture.
Similar to Takeyama'swork, DuchêneandWaelbroeck(2001)conductsawelfare
analysis,they show whennetwork externalitiessatisfysomeconditions,thelosses
generatedby illegal copiescanbecompensatedby theintroductionof new prod-
ucts.Alexander(2002)is arecentreview of therelationshipbetweendigital distri-
bution andmarket structurein themusicrecordingindustry. He �rst givesa very
brief historyof themusicrecordingindustry, thenintroducesrelevantdigital tech-
nologiesandrecentlaw suites.He concludesthat it is progressively morecostly
for the �rms in the industryto counteract�le sharingthroughlegal mechanisms,
andthemajor�rms in theindustryis likely to facesigni�cant dif�culties in con-
trolling the reproductionanddistribution of their products.Belle�amme (2002)
extendsa modelproposedby MussaandRosen(1978),he shows that whenthe
copying technologyinvolvesa marginal costandno �x edcost,producersact in-
dependently, whenthecopying technologyinvolvesa �x edcostandno marginal
cost,pricing decisionsareinterdependent.GayerandShy (2002a,2002b)show
thatit is not alwaysa goodstrategy to imposea hardwaretax to compensatesoft-
wareproducerswhenthesoftwaremustbeusedtogetherwith thehardware,and
it is possiblefor producersof digital information goodsto utilize the Internet,
suchasP2Psystems,to enhancesalesof their goodssold in store.Althoughthe
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authorswantto modelthebroadcaseof bothsoftwareandmusicpirating,theas-
sumptionsarenotsatis�edin softwarepirating.Many uniquepropertiesof music
distributioncannot bere�ectedby theassumptionseither.

ChenandPng(2002)summarizedthepreviousresearchon piracy andcopyright
enforcementinto threethemes:the impactof piracy on thelegitimateproducer's
salesandpro�t; theimpactof piracy onsocialwelfareandtheoptimalgovernment
policy; andhow the legitimateproducershouldrespondto piracy both through
conventionalbusinessstrategy, speci�cally pricing, andinstrumentsparticularly
directedatpiracy. In theirmodelthegovernmentmustconsiderhow thepublisher
adjustsprice anddetectionto changesin �ne, tax, andsubsidy, thekey resultis
thatincreasesin detectionaffectwelfaremorenegatively thanpricecuts,also,tax
is welfaresuperiorto a �ne, andsubsidyis optimal.

Therearefew empiricalattemptsin the literatureon this topic. Althoughfacing
strongcritiquesregardingthe methods,Holm (2001)appliesa contingentvalu-
ation approachto studywillingness-to-payfor originalswhenillegal copiesare
available. He shows that piracy is insensitive to price cuts,andmajority of the
subjectswantedto paya non-negligible amountfor theoriginal. Theresultscan
bebeusedin thecalculationof damagesof piracy. Usinginternationalpaneldata
for musicCDsandcassettes,Hui, PngandCui (2001)provideempiricalevidence
thatthedemandfor bothgoodsdecreasedwith piracy.

In summary, few worksaredoneto explicitly analyzetheeconomicsof musicdis-
tribution. Papersdiscussingsoftwarepiratingandcopyright protectionin general
canbedrawn upon,but cannot bereliedto addresstheproblemsof musicindus-
try. Especially, theoreticalandempiricalworks relatedto the speci�cs of music
distribution shouldbe doneto gain a betterunderstandingand then to provide
policy insightsto solvetheproblems.

3 A Model of Music Distrib ution

In this sectionwe considerthe questionof why P2Pnetworksarewelcomedby
many users11 aswell assomeartists,andwhy RIAA wantedto driveNapsterout
of business.Themodelshowsthatthecurrentmusicindustryis inef�cient in terms
of consumerwelfaregainedfrom music.P2Pnetworkscanprobablyaddressthe

11 60million in theheydayof Napster, probablymoretodayusingvarious�le-sharingsoftwares.
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problem,but in thelongrun,theoverallsocialwelfareis likely to decreasedueto
P2P's harmfuleffectson musicproducers.

3.1 The market

We collapsethe hierarchyof music distribution market to two setsof players:
the consumersandthe �rms. The �rms representthe artists,the producers,the
distributorsandtheretailers.Althougheachmentionedpartyhasdifferentpro�t
margin anddifferentcompetitionenvironment,we seethe �rms in the modelas
residualclaimantsof thevaluechain.

Building on Hotelling (1929),we seethe market ascomposedof two �rms lo-
catedat the two endsof the line [0,1] anda continuumof consumersuniformly
distributedalongthe line. Thedensityis normalizedto 1. We canaswell model
themarketasanin�nite line with many �rms or, followingSalop(1979)andJohn-
son(1985),aunit circlewith N �rms, but they donotaddinsightsto theissue.We
canseeour modelasonly analyzinga segmentof themarket wheremany �rms
compete,wearefocusingonany two of them.

Firmsarehorizontallydifferentiated,re�ecting diversityof creativeworks;acon-
sumer's distanceto the �rms measuresher taste,the nearersheis to a �rm, the
moreshelikesthework. Consumersdifferonly in tastes,andthey will buy atmost
onework from the two �rms. So thecustomersarecategorizedinto two groups
by their location,each�rm will have its own market niche(unlessthemarket is
dominatedby one�rm). Thelayoutof this modelhastwo implications:1. there
cannotbetwo �rms locatedatonelocation,sinceno two artistsareexactlysame
(actually, no two songsare exactly same);2. with scaling,we can model the
relationshipbetweenany two �rms in our framework.

3.2 Assumptions

ASSUM PTI ON 1: Both �rms chargethesameprice.
This is notsurprising,becauseCDshaveavery low pricedispersionacrosstitles.
Thepriceof musicCDsonly re�ects theaverageproductioncost(of course,plus
somepremiumfor eachof theparticipantsin thevaluechain). A goodmusician
getsbetterpaidby sellingmoreCDs,but hecannot chargemoremoney for each
CD.
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ASSUM PTI ON 2: Each�rm hasa uniquevalueto all theconsumers,designated
by v, so�rm 0 and�rm 1 eachhasvaluev0 andv1, respectively.
I usethis measureto modela baselinewillingness-to-payfor all consumers,with
v0 or v1 higherrepresentingthe musicis morevaluablefor all consumers.One
way to understandthis is that every musicianhassometalent which is exoge-
nouslydetermined.This valueis recognizedby everyone,but dueto transporta-
tion costs,someconsumerswill not buy from a musicianeven if shehasa high
talent12.

ASSUM PTI ON 3: Consumers'perceptionstowardgoodsareaffectedby advertis-
ing.

This modelsthe combinedeffectsof stardomandpersuasive advertising. I use
stardomto re�ect consumerinertia, Bain (1956)arguesthat consumerstendto
be loyal to pioneeringbrands,Shmalensee(1982)offers a modelshowing how
a high-quality incumbentcanearnsupranormalpro�t by deterringthe entry of
even high-qualityentrants.Due to extensive advertising,a consumermay have
a wrong perceptionof the quality (talent in this case)of the good. This is the
classicalassumptionin theliteratureof experiencegoods.

Supposetheadvertisinghasa scalingeffect on thevalue,we assumewith adver-
tising level a, consumers'perceivedvalueis changedfrom v to v� a, with a > 1.
Of course,the �rm incursan advertisingcostC(a), we assumedC(a)

da > 0, and
d2C(a)

da2 > 0. For the purposeof illustration,we will let C(a) = a2 � 1 in the rest
of thepaper. Further, we assume,without lossof generality, that �rm 0 doesnot
haveabudgetfor advertising13, and�rm 1 hasunlimitedbudgetfor advertising14.

ASSUM PTI ON 4: Consumers'incur lineartransportationcostt; t > 0.
Thisisastandardassumptionin thiscontext, wecanrelaxit andconsiderquadratic
costfunctions,it will notqualitatively changetheresultfrom themodel.

ASSUM PTI ON 5: Thetwo �rms cover thewholemarket.
Thisis alsoastandardassumption,if thetwo �rms cannotcoverthewholemarket,
thentherearesomeconsumersin themiddleof the line will not beserved, and
thetwo �rms eachform amonopolyaroundit.

ASSUM PTI ON 6: We assumetherearea proportiona of consumershave access

12 An exampleis that I admit Britney Spearshastalentin performance,but I maynot like her
typeof songs.

13 Thereis noqualitativechangeto themodelif weassume�rm 0 hasa limited budget.
14 Think �rm 1 asastarsupportedby big labels,and�rm 0 asa streetperformer.
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to peer-to-peernetworksandcanuseit to downloadmusic. Further, we assume
amongthesepeople,a proportionof b will eventually buy the CD from their
preferredartist.
This assumptionis different from that of previous modelsby Johnson(1985),
GayerandShy (2002)andsomeothers. In their models,costof makinga copy
is thedeterminingforceaffectingpeople's decisionto copy, soonly poorpeople
with low incomeandthosewith lower copying costwill copy. But in reality, the
setof copiersshouldnot bedeterminedeitherby theincomelevel (perunit wage
ratein Johnson's model),or marginal costof copying. First, thecostof copying
is reducedto a very low level nowadays.The two major sourcesof costsareno
longerbarriersfor mostof thepeoplewho wantto copy music:1. Searchcostis
reducedbecausetherearemoreandmoresongsavailablein P2Pnetworks,and
someof the P2PsoftwarescansearchotherP2Pnetworks for songs15; 2. With
moreandmorepeopleconnectedto broadband(the catch-phrasefor broadband
advertisementis usually“downloadingmusicandgames”).Second,really poor
peoplewhohashighvaluestowardmusicmaynotbeableto afford acomputerto
downloadandburn musicto CDs. In this regard,musicpiracy is totally different
from softwarepiracy. Sothetraditionalway of modellingpiracy cannot beused
in thecontext of music. Also, with a nearzerocostof copying, evenrich people
canenjoy apositivesurplusby copying; thedisutility of timeandenergy onegets
from pirating maynot be lower thantheunit wagerate,but heor shecanenjoy
a cognitive surplus16. I assumea uniform distribution of theseinnatecopyright
violators.

ASSUM PTI ON 7: WhenconsumersuseP2Pnetworks, they will learn the true
valueof the�rms.
This re�ects thefact thatmusicis a kind of experiencegood17, onceyou hearit,
youknow if you like it or not.

15 KaZaA allows usersto searchother�le swappingnetworkssuchasFileshareandGrokster,
which areall basedon FastTrak protocol. Thereareon averagemorethan3 million userscon-
nectedby KaZaAat any time,sharing600million �les with a total sizeof 4 million GB.

16 In otherwords,it is exogenouslydeterminedthat somepeopleenjoy from copying, andthe
othersnot.

17 asde�ned in Nelson(1970)
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3.3 The model of star dom

Giventheassumptions,we �rst show thecasewhenP2Pnetworksarenot avail-
able.

Firm 0 hasanemptystrategy setin this case,it hasno budgetfor advertising,its
valuev0 is exogenouslydetermined.It incursa �x edcostF0 in creatingthework
andamarginal costof c0 in distributing thework.

Firm 1 spendsadvertisingfeea to enhanceits popularity(or perceivedvalue),this
feewill shift theperceivedvalueto bea� v1. Firm 1 alsoincursa �x edcostF1 in
creatingthework andamarginal costof c1in distributing thework18.

Theconsumersarelocatedon theline uniformly, aconsumerata distanceof x to
�rm 0 is locatedat a distance1� x from �rm 1. A consumer's utility is givenby
thefollowing utility functions:if shebuysfrom �rm 0, thenUx;0 = v0 � p� t � x,
if shebuys from �rm 1, thenUx;1 = v1 � p � t � (1 � x). But since�rm 1 can
useadvertisingto shift consumers'perceived value,her expectedutility is then
E(Ux;1ja) = a� v1 � p� t � (1� x), beforeshebuysthemusic.

Firm'spro�ts aregivenby: p0 = (p� c0) � D0 � F andp1 = (p� c1) � D1 � a2 � F,
whereD0 andD1 aredemandsfor good0 andgood1.

CONDI TI ON 1: (marketcoverage)In orderto getthemarketcoveredasassumed
in assumption5, it mustbe

p �
v0 + v1 � t

2
; (1)

Proof: For �rm 0, theconsumerwhois indifferentbetweenbuyingandnotbuying
is locatedat x̄0, whereUx̃0 = v0 � p� t � x̄0 = 0, sowe have x̄0 = v0� p

t . Similarly,
we have thelocationof anindifferentbuyerfor �rm 1 at x̄1 = p+ t� v1

t . In orderto
cover themarket, it mustbex̄1 � x̄0, which givesthecondition:t � v0 + v1 � 2p.
�

CONDI TI ON 2: (naturalblockade)Withoutadvertisingeffects,�rm 0 is naturally

18 The�x edcostis relatedto thecreativeproductionof music,it is hardto measurein monetary
terms,but ouranalysisis notaffected,we treatit assunkcostin theanalysis.In thisspirit, wecan
write F = F0 = F1. In orderto makeanon-negativepro�t, werequirep > ci wherei = 0;1.
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blockaded19 from themarketwhen

t � v1 � v0

Proof: It is equivalentto saythat�rm 1 hasahighervalueevenat locationx = 0.
Sowe have conditionv1 � p� t � (1� 0) � v0 � p� t � 0, which canbesimpli�ed
ast � v1 � v0.�

Thecaseof condition2 is not an interestingone,becausethevalueof good0 is
solow thatit is notworthwhileto supplyit at all.

ASSUM PTI ON 8: Weassumethata�rm 0 is notnaturallyblockaded,in particular

t � v1 � v0 (2)

Now weaddthestrategic variablea for �rm 1, suppose�rm 1 usesadvertisingto
maximizeits pro�t in thismarket.

PROPOSI TI ON 1: Firm 1 will chooseadvertisinglevel

a� =
(p� c1) � v1

4t
(3)

andthe�rms' pro�ts are

p0 =
pv2

1(pc1 + c0 � p) + 4tv0(p� c0) + t2(4p� 4c0 � c0c1 � 8F)
8t2 (4)

and

p1 =
(p� c1)[v2

1(p� c1) � 8tv0 + 8t2] � 16(1+ F)t2

16t2 (5)

Proof: A consumerwho is indifferentbetweenthe two �rms is locatedat A =
D0(a); whereA is givenby equatingtheutility functions;i.e.,

v0 � p� t � A = a� v1 � p� t � (1� A):

19 In this case,�rm 1 doesnot needto take any strategic action(no advertisingis needed),�rm
0 cannotbepro�table whetherit choosesto enterthemarketor not. This happenswhen�rm 0 is
of very low valueto theconsumers.
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The�rm' s respectivedemandsare

D0 = A =
v0 � a� v1 + t

2t

and
D1 = 1� A =

a� v1 � v0 + t
2t

Firm 1 facesthemaximizationproblemof maxa p1 = (p� c1) � D1 � a2 � 1� F:
Taking�rst-order condition:

¶p1

¶a
=

¶[(p� c1) � a�v1� v0+ t
2t � a2 � F]

¶a
=

(p� c1) � v1

2t
� 2a = 0

andthesecond-orderconditionis satis�ed. We thenobtainthepro�t maximizing
advertisinglevel a� = ( p� c1)�v1

4t , andthepro�ts

p0 = (p� c0) � D0 � F = (p� c0) �
v0 � a� v1 + t

2t
� F =

(p� c0)[v0 � ( p� c1)�v2
1

4t + t]
2t

� F

=
4t pv0 � p2v2

1 + pc1v2
1 + 4pt2 � 4tc0v0 + pc0v2

1 � c0c1t2 � 4c0t2 � 8Ft2

8t2

=
pv2

1(pc1 + c0 � p) + 4tv0(p� c0) + t2(4p� 4c0 � c0c1 � 8F)
8t2

Similarly,

p1 = (p� c1) � D1 � a2 � 1� F = (p� c1) �
a� v1 � v0 + t

2t
� a2 � 1� F

=
8pt2 � 8t pv0 + p2v2

1 � 2pc1v2
1 � 8c1t2 + 8tc1v0 + c2

1v2
1 � 16(1+ F)t2

16t2

=
(p� c1)[v2

1(p� c1) � 8tv0 + 8t2] � 16(1+ F)t2

16t2 �

Althoughwehaveassumedthat�rm 0 is notnaturallyblockadedfrom themarket,
thereis a conditionsuchthatwith advertising,�rm 1 occupiesthewholemarket,
anddrives�rm 0 outof business.

PROPOSI TI ON 2: Competingwith a star, anentrantsuffersunderthe following
conditions:
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1. �rm 1'sdistributioncostis lower, or

2. theCDs' marketpriceis higher, or

3. the transportationcost is lower (peoplearemorewilling to try something
they don't like),or

4. �rm 1 hasahighervalue(morepopular),or

5. �rm 0'svalueis lower.

Exceptfor the last two reasons,all otherreasonsareunfairly disadvantageousto
thenew entrant.In particular, Firm 0 is forcedoutof businessif

(p� c1) � v2
1 � 4t2 + 4tv0 (6)

Proof: Similar to theproof of Condition2, we arelooking for a conditionwhere
anā is largeenoughto drive �rm 0 outof business

ā� v1 � p� t � (1� 0) = v0 � p� t � 0

which gives ā � v1 � v0 ) ā = t+ v0
v1

. If the pro�t maximizing advertising level
a� in (3) is greaterthan ā, then the �rm won't bother to advertisemore than
ā, because�rm 0 is alreadyunableto make any salesnow. So the conditionis
( p� c1)�v1

4t � t+ v0
v1

, which is (p� c1) � v2
1 � 4t2 + 4tv0. Theconditionsfollow from

simplecomparativestatics.�

PROPOSI TI ON 3: Advertisingcampaigndistortsthedemandandsupplyof music
in favor of stars.
Proof: The demandfor good0 is D0(a) = v0� a�v1+ t

2t , ¶D0(a)
¶a = � v1

2t < 0 8v1 > 0
andt > 0. Sothemore�rm 1 advertise,thelessgood0 is demanded.Indeed,in
theextremecase,if condition3 holds,�rm 0 getsnodemandatall. �

Fromequation(3), weseethatalthoughthestar(�rm 1) is notstrategically deter-
ring theentryof theentrant(�rm 0)20, it doesreducethedemandfor good0. This
is a sourceof social inef�ciency, becausetherearesomeconsumerswho might
haveboughtgood0 andenjoyedahighersurplus.

20 The pro�t maximizationlevel of advertising is not a responseto the valueof good0, it is
solelydeterminedby good1'svalue,distributioncostandtransportationcost.
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We now calculatethe welfare loss inducedby advertising. In Figure1, due to
theadvertisingandstardomeffects,thedemandof good0 shiftsfrom A to B, the
indifferentbuyerfor good1 movesfrom x̄1 to x̄a. Theconsumerslocatedbetween
x̄1 andA switchfrom buyinggood0 to good1, althoughthey do notsuffer apure
lossfrom purchasingfrom �rm 1, they couldhaveincreasedtheirutility by buying
good0. TheconsumerslocatedbetweenB andx̄1 alsoswitch from buying good
0 to good1, they endup sufferinga lossfrom thisswitch.

Taking the �rst-best caseasa benchmark,we cancalculatethe welfare lossre-
sultedfrom advertising,which is thetriangularshadedareain Figure1.

Fig. 1: SocialWelfareChangewith Advertising

0 1

PSfragreplacements

v0

v1

av1

p

x̄a x̄ap x̄1 B Ax̄1p x̄0x̄0p

PROPOSI TI ON 4: Theconsumerwelfarelossresultedfrom advertisingis

DCS= �
v2

1 � (a� 1)2

4t
= �

v2
1 � [v1(p� c1) � 4t]2

64t3 < 0

Proof: In orderto calculatethe consumerwelfare loss,we needto �nd out the
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valuesof A andB. Fromtheproofof proposition1, wecansee

A =
v0 � v1 + t

2t

and
B =

v0 � a� v1 + t
2t

thechangein consumersurplusis simply thedifferencein utility, which is

DCS=
Z A

B
[v1 � p� t � (1� x)] � (v0 � p� t � x)dx

=
Z v0� v1+ t

2t

v0� a�v1+ t
2t

(v1 � v0 � t + 2tx)dx = �
v2

1 � (a� 1)2

4t

Sincev2
1 > 0; (a� 1)2 > 0; andt > 0, DCS< 0.

Also, ¶DCS
¶a = � v2

1�(a� 1)
2t , sincev2

1 > 0 ,anda > 1 (from assumption3), we have
¶DCS

¶a < 0, sothemore�rm 1 advertises,themoreconsumerssuffer from welfare
loss.�

3.4 The model of P2P market

We have shown thatadvertisingcampaignhasnegativeeffectson consumerwel-
fare,this conclusion,however, is not very plausibledueto the following reason.
We arecomparingthemusicindustrystructurewith the �rst-best casewhereev-
eryonehasa correctprior for thetalentof each�rm. In reality, this canhardlybe
true,becausebeforeyou buy thealbum, you canonly estimatethevalueof each
musicCD, sothe�rst-best outcomecannever bereached.Sincemusicis a kind
of experiencegood,if aconsumercanlistento themusicandthendecidewhether
to buy, theprior for thetalentof apieceof musicwork will bemoreaccurate.P2P
networksoffer sucha way.

While it is a fact thatP2Pnetworksareusedby somepeopleto freely exchange
MP3 �les andcopyrightedsoftwares,it is alsoa fact that P2Pnetworks arenot
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usedsolelyfor thatpurpose.Thecomputersciencetermfor P2Pnetworksis “dis-
tributedcomputing”,andP2Phasbeenprovedusefulin many exciting projects21.

In ourcontext, P2Phelpsto resolvetheinformationasymmetryproblemof music
as“experiencegood”. P2Pnetworksbring greatopportunitiesto lessfamousand
new artists.Theseartistsgetexposureif peopledownloadtheir works,andif the
b in assumption6 is suf�ciently high, they maybebetteroff.

In particular, assumingwhena consumerhasaccessto a P2Pnetwork, shecan
downloadsongsfrom both�rms, andexperiencethesongs.With a probabilityof
b, shewill purchaseoneof thetwo songsthatgivesherahigherrealutility 22.

PROPOSI TI ON 5: With P2P, �rm 0 canbebetteroff undersomeconditions,but
�rm 1 is losingfor sure.
Proof: As shown in Figure1, comparingwith thestardomcase,both �rms will
losesomesales(a proportionof a) dueto thepenetrationof P2P, both�rms will
gain from the extra salesto the proportionof b “honest” consumerswho buy
albumsafterexperiencingthesongswith P2P. A �rm' snetgaincanbede�ned as
netgaini = gaini � lossi ;wherei = 0;1: Speci�cally, thelossfor �rm 0 is loss0 =
a � B� (p� c0), thegainfor �rm 0 is gain0 = a � b� A� (p� c0). In orderto bebetter
off, �rm 0 hopesto havegainsbiggerthanlosses,which is a � b � A� (p� c0) > a �
B� (p� c0), sotheproportionof “honest”consumersneedto satisfy:

b �
B
A

=
v0 � a� v1 + t

v0 � v1+ t

Similarly, for �rm 1,wehavetheinequalitygain1 > loss1 :a �b� (1� A) � (p� c1) >
a � (1� B) � (p� c1), which is equivalentto:

b �
1� B
1� A

=
a� v1 � v0 + t
v1 � v0 + t

21 For example,in a researchprojectcalledPopularPower, P2Pis usedto improve in�uenza
vaccine;in SETI@home,peopleuseP2Pto enhancethecomputingpower to “Searchfor Extra-
TerrestrialIntelligence”; someonline contentprovidersare experimentingways to useP2Pto
broadcasta show to many people,the contentstreamcanleveragethe power of P2Pamongthe
viewers,sothatthenetwork bandwidthcanbeusedbetter.

22 Accordingto anRIAA reportdoneby PeterD. Hart ResearchAssociates,about14%of the
surveyedconsumerswill buy the album whenthey heara songthey like by an unfamiliar artist.
The sameresearchshows that about20% of surveyed consumerswill download for free from
�le-sharing service.http://www.riaa.com,2002Mid-yearSurvey Presentation.
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SinceB < A; 1� B
1� A > 1, soeven if all peopleusingP2Pwill buy thealbum he or

shelikes,�rm 1 will still losemoney aslongasB 6= A, which is thecaseif �rm 1
advertisesin themarket.

On theotherhand,it is easierfor �rm 0 to gainwith P2P, especially, when�rm 0
is forcedout of business.Soif condition(6) holds,B = 0, evenwith only a very
smallproportionof “honest”consumers,�rm 0 wouldbebetteroff. �

Proposition5 explainswhy RIAA hadto sueNapster, andfreedownloadingin-
deedhasa disruptiveeffecton theexistingmusicindustrystructure.

PROPOSI TI ON 6: Consumersarethewinnersof this transition. The morecon-
sumersuseP2Por the highertheprice of musicCDs, the moreconsumersgain
from P2P, speci�cally,

DCW =
a
4t

v2
1(a� 1)2 + (1� b)[(v0 + v1 � t)2 + 4t p] (7)

Proof: We �rst calculatetheintersections'locationin Figure1: It is very easyto
get,x̄a = t� av1

t , x̄ap = p+ t� av1
t , A= v0� v1+ t

2t , B= v0� av1+ t
2t , x̄1 = t� v1

t , x̄1p = p+ t� v1
t ,

x̄0 = v0
t . In termsof consumerwelfare,the1� a proportionof consumerswhodo

notuseP2Premainthesame.For thea proportionof consumerswhouseP2P, we
calculatethechangein welfarein thefollowing way:

First, we calculatetheconsumersurplusof the (1� b) proportionof consumers
whouseP2Panddo notpayatall:

CS1� b = (1� b)[
Z x̄0

0
(v0 � tx)dx+

Z 1

x̄1

(v1 � t(1� x))dx]

Thenwe calculatethe consumersurplusof the b proportionof consumerswho
useP2Pandpayfor thealbum:

CSb = b[
Z A

0
(v0 � p� tx)dx+

Z 1

A
(v1 � p� t(1� x))dx]

Thenwecalculatetheconsumersurplusbeforetheintroductionof P2P:

CSold =
Z B

0
(v0 � p� tx)dx+

Z 1

B
(v1 � p� t(1� x))dx

The total changein consumerwelfare is thenDCW = CS1� b + CSb � CSold, in
particular,
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DCW = a � f (1� b)[
Rx̄0

0 (v0 � tx)dx+
R1

x̄1
(v1 � t(1� x))dx]+ b[

RA
0 (v0 � p� tx)dx+

R1
A (v1 � p� t(1� x))dx] � [

RB
0 (v0 � p� tx)dx+

R1
B(v1 � p� t(1� x))dx]

= a[(1� b)( v2
0+ v2

1
2t ) � b4pt� v2

1� 2tv0+ t2� 2tv1+ 2v0v1� v2
0

4t + 4pt� 2v0v1+ t2� 2tv1� v2
0� 2av2

1� 2tv0
4t ]

= a
4t (v

2
0 + 2v2

1 � bv2
0 � bv2

1 � 4bpt + 2bv0t � bt2 + 2tbv1 � 2bv0v1 + 4pt � 2tv0 +
t2 � 2tv1 + 2v0v1 + a2v2

1 � 2av2
1)

= a
4t [v

2
0(1 � b) + v2

1((a � 1)2 + 1� b) + t2(1 � b) + 2v0v1(1 � b) � 2t(v1 + v0 �
2p)(1� b)]

= a
4t v

2
1(a� 1)2 + (1� b)[(v0 + v1)2 + t2 � 2t(v1 + v0 � 2p)]

= a
4t v

2
1(a� 1)2 + (1� b)[(v0 + v1 � t)2 + 4t p]

Weknow all thetermsin theequationarepositive,soconsumersenjoy anetgain.
�

Proposition5 andproposition6 re�ect thestatusquoof musicindustry. Big labels
cannot bring in thepreviouslevel of pro�t, while smallerproducersseeP2Pasa
big opportunityfor themto getknown. Theconsumersareunambiguouslybetter
off no matterwhat proportionof themwill purchasethe album eventually. The
overallsocialwelfarechangeis yet to beexamined.

Fromasocialplanner'spointof view, weanalyzetheoverallsocialwelfarechange
in termsof thecombinedchangesin �rm 0, �rm 1, andtheconsumers.In orderto
do this,we have to con�ne ourselveswith a lessdynamictime frame.In thelong
run,P2Pnetworkswill bemoresophisticated,technologymayadvanceto ensure
copyright protection;the proportionof peopleusingP2Pnetworks will change;
the proportionof “honest” P2Puserswill also change;big labelsand smaller
producerswill take strategic actionsto maximizetheir pro�ts; legislativeactions
may be introduced23. What we do now is to comparethe P2Pmodelwith the

23 RIAA is trying to eliminatemusicsharingon P2Pnetworkscompletely;Berman's proposal
aimsto getlegalsupportfor hackingP2Pnetworks.
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modelof stardom,strategic anddynamicinteractionsbetweenthe stakeholders
will beanalyzedin thenext section.

PROPOSI TI ON 7: WhenP2Pnetworksareused,thesocialwelfarechangeis

DSW =
a
4t

[v2
1(a� 1)2+ (1� b)(v1+ v0 � t)2+ 2t(c1+ c0)(1� b)+ 2(c0 � c1)(v0 � v0b+ v1b� av1)]

(8)

Proof: Denotethechangein socialwelfareasDSW, wehaveDSW = Dp0+ Dp1+
DCS. Fromtheproofof proposition5 andproposition6, weknow

Dp0 = a � b � A� (p� c0) � a � B� (p� c0)

Dp1 = a � b � (1� A) � (p� c1) � a � (1� B) � (p� c1)

DCW =
a
4t

v2
1(a� 1)2 + (1� b)[(v0 + v1 � t)2 + 4t p]

whereA = v0� v1+ t
2t andB = v0� a�v1+ t

2t .

Sowehave

DSW = a � b � A� (p� c0) � a � B� (p� c0) + a � b � (1� A) � (p� c1) � a � (1� B) �
(p� c1) + a

4t v
2
1(a� 1)2 + (1� b)[(v0 + v1 � t)2 + 4t p]

= a
4t [� 2c1v0+ 2c0v0+ 2c0t � 2bc0v0+ 2ac1v1 � 2bc1v1+ 2bc1v0 � 2ac0v1 � 2btc1�

2btc0 + 2bv1c0 + 2v2
1 � 2v0t + t2 � 2tv1 + 2v0v1 + v2

0 � bv2
0 � bv2

1 � bt2 + a2v2
1 �

2bv0v1 + 2btv0 + 2btv1 � 2av2
1 + 2tc1]

= a
4t [v

2
1(a� 1)2+ (1� b)(v1+ v0 � t)2+ 2t(c1+ c0)(1� b) + 2(c0� c1)(v0 � v0b+

v1b � av1)]
�

Equation(8) is a very favorablemessageto the useof P2Pnetworks. First, in
reality, thereis no evidencethat thedistribution costsincurredby starsandthose
by unknown artistsaredifferent,so the last term canbe taken aszero. All the
�rst several termsarepositive, showing a socialwelfaregain for the society. If
b = 0, whenno P2Puserspay for albumsat all, theconsumerwill enjoy all the
lossesincurredto the �rms, andtheoverall socialwelfarewill alsobene�t from
the saved distribution cost to the a proportionof P2Pusers. Even if b = 1, in
whichcase,everyoneusingP2Parepayingthealbums(eitherwillingly or forced
by law), thereis still a welfare gain of a

4t v
2
1(a � 1)2, which correspondsto the

consumerwelfaregainfrom betterchoice.
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4 A Win-win Market for All

In the short run, with P2Pnetworks, the total socialwelfarehasincreased.All
thelossesfrom the�rms aretransferredto bebene�tsfor consumers.For asocial
planner, it is wise not to banP2Pnetworks for now. P2P, like othertechnology
advancements,provesto bebene�cial to thesocietyasawhole.

In the long run, however, if the proportionof “honest” consumerscannot pay
enoughmoney to cover the �x ed cost of creatingmusic, musicianswould no
longerhave incentivesto produceasmany andasgoodworks,theoverall social
welfarewill decreaseasa result.

The solution is not to banP2Pat all asRIAA hasbeentrying, but to leverage
thepowerof this new technologyandimprove themarket for all theparticipants.
BanningP2Pwill resultin anarmsracebetweenlegal efforts from labelsandthe
consumerswho look for morefreedom,Napster's shutdown andmany otherP2P
�le-sharing softwares'risingprovesthis.

As shown in section3, P2Pis in favor of unknown artists,starsaredeprived of
somepreviousprivileges.I call this the“star'scurse”in musicindustry. Although
�rm 1 is losing market, its true valueis not discounted.Without the advantage
from advertising,it canstill earnapro�t if its talentis high.

In this section,we try to addressthis issueby proposinga speci�c market struc-
ture. Sincetheusageof P2Pby theconsumersis inevitable,we designa market
to leveragethepowerof P2P, sothattheoverall socialwelfareis improved.

I will only addressthecopyright infringementissuesbroughtaboutby P2P;cases
suchasa streetvendorselling pirateCDs or an offshorewebsiteoffering FTP
accessto MP3 �les will not beconsideredhere,theseproblemsarenot new and
they areeasierto addresswith legislativemeasures.

Observation 1: Comparingwith downloadingfrom FTPsites,P2Pmakesa con-
sumerbetteroff by giving hera wider choiceandpotentiallybetteranonymity.
P2Palsomakesherasourceproviding the�les for othersto searchanddownload
in thefuture.

Anonymity maybethebiggestreasonfor peopleto useP2Pnetworksto download
music. It is not alwayscomfortablefor peopleto askfriendsfor a copy of a CD,
sodownloadingfrom a stranger'scomputereliminatesthefeelingof guiltiness.

Observation 2: Connectingwith a friend throughP2Pis not asharmfulascon-
nectedto strangersthroughP2Pin termsof copyright infringement.
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Even beforeP2P�le-sharing softwaresare widely used,peoplecould be con-
nectedby P2Pthroughsoftwareslike Laplink, PC-Anywhere,or evenMicrosoft
HyperTerminalwhich is includedin every versionof MS Windows. Peoplecan
transferandsharemusic�les andcopyrightedsoftwareslongbeforethewide use
of P2P�le-sharingsoftwares,but �le sharinghasneverposedathreatto themusic
industryasNapsterandits clonesdo. Thebig differenceis thatnow peoplecan
beconnectedto strangers.

Observation 3: It is technologicallyfeasibleto monitor the�le transfersin P2P
networks.

Napsterlost its casebecausepeoplerely on a centralserver to searchfor songs.
But all P2Pnetworkshave somemechanismsto provide a menuof songsavail-
able.If built in theprotocolto doatransferaccounting,wecanhaveaveryprecise
pictureof whatsongsareexchanged,which artistsarethemostpopular, who are
thecontributorsandlurkers,whena songgetspopularin its S-curve of diffusion,
andhow peoplearesearchingfor songs.

Observation 4: Thereis no incentive for peopleto changethenameof thesongs
in P2Pnetwork.

Sincepeoplewill rely onasearchof thesong'snameor theartist'snameto locate
asong,if asong'snameor theartist'snameis changed,it will notbeeasilyfound
by others. If everyonechangesthe songs'names,the P2Pnetwork will not be
usefulat all to downloadsongs.

Observation 5: Somenetwork effectsrelatedto P2P:

1. Sarnoff 's law: namedafterthepioneerof thebroadcastindustry, abroadcast
network'svalueincreaseslinearlywith thenumberof participants.

2. Metcalfe's law: namedafterBobMetcalfe,theinventorof Ethernet,thelaw
saysthevalueof anetwork growsin proportionto thesquareof thenumbers
of users.

3. Reed's law: namedafter David Reed,who proposedthat group forming
networksscalesexponentiallywith network sizein a1999article24.

From n to n2 to 2n, P2Pnetworks' incrediblepotentialshouldprovide us with
somestrategy in building asuccessfulbusinessmodelfor musicdistribution.

24 http://www.contextmag.com/archives/199903/digitalstrategyreedslaw.asp
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Observation 6: P2Pnetworkshasatremendousadvantagein saving distribution
cost,serverhostingspace,andbandwidthto thecontentdistributors.

In themodelin section3, if a consumerchoosesto downloadmusicfrom a P2P
network, andif thereis a mechanismto pay the artistsin the P2Pnetwork, the
�rm actuallycansave the distribution costandthe marginal productioncostfor
theCDs,CD cases,booklets,etc.

Observation 7: Like in therevolutionof VCR to themovie industry, andradioto
themusicindustry25, P2Pwill not substitute themusicindustrycompletely.

Thereareonly aproportionof peoplewhowantto useP2Pnetworks,mostpeople
wouldstill enjoy buyingaCD andits well designedbookletwith photosof artists
andlyrics of songs.

Observation 8: It is feasiblefor anorganization(ASCAP, BMI, or SESAC) to do
the popularityaccountingandcollect royaltiesanddistribute themto musicians
andproducers.

Fromtheseobservations,weproposeamarket structurecombiningtechnological
capabilities,legalenforcementandeconomicfeasibilitiesthatimprovetheoverall
socialwelfarewithoutbeingharmfulto thecreativeworksof musicians.

In particular, considera P2Pnetwork that is specializedfor musicdistribution,
peoplecanuseit just asthey useNapster;but eachtimeauserdownloadsasong,
sheshouldpaya small royalty fee to theP2Pserviceprovider. TheP2Pservice
provider canthensplit the fee into two parts: 1. somecommissionfor the user
whouploadedthesongfor thisdownloader;2. therestto bedistributedby organi-
zationssuchasASCAP, BMI or SESAC to thecopyright owners.Thecommission
to theuploadergivesincentivesto sharemusicin thisnetwork insteadof otherfree
�le-sharing networksandat the sametime rewardsthe uploaderfor distributing
themusicto morepeopleandthuscreatingmorevaluebasedon themusic. The
proportionto be distributedby ASCAP, BMI or SESAC will work in a similar
wayasroyaltiesaredistributednow.

Thereareseveraleconomicadvantagesin this system:

1. It givesincentivesfor uploadersto usethissysteminsteadof othersbecause
they areawardedfor uploading.They canfurtherusethecreditto buy music
from others,andtheir uploadinganddownloadingwill belegal.

25 Both technologiescontributedgreatlyto thedevelopmentof theindustries.
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2. Whenuploadersshift to theproposedsystem,theprovisionof musicin free
�le-sharing networkswill decrease.If downloaderscannot �nd thesongs,
they will move to thenew network. Thereis no incentive for uploadersto
provide themusicin bothnetworksbecausethe free �le-sharing market is
cannibalizinghis for-pro�t market.

3. The precisionof popularityaccountingwill be greatly improved because
theP2Pnetworkscanmonitoreachtransaction.

4. It offers the copyright owner a betterway to price discriminateor to im-
plementverticalproductdifferentiationschemes.Comparingwith theorig-
inal market whereeveryoneis chargedthe sameprice, this canbe a great
opportunityfor sellers. Traditionalprice discriminationsuchas“quantity
discount”and“versioning”(in digital musiccontext, differentsamplingfre-
quency) canbeusedin P2Pnetworks. Thesemeasurescancompensatefor
thecopyright owners' lossesin thecurrentfree�le-sharing systems.

5. Fake songsmight be a problemin the system,a bad uploadermay just
upload�les of noisesdisguisedin thenameof verypopularsongs.Thiscan
beeasilyaddressedwith a reputationsystemsuchastheonein eBay.com.
Moreconveniently, eachsongcanbegivenadigital �ngerprint, sothatit can
be veri�ed beforedownload(MIT researchershave developedtechnology
to extract�ngerprint of audiowhich they call TunePrint,thisTunePrintwill
notchangeif themusic �le is sampledin differentfrequency, orcompressed
or translatedinto otherformats26).

5 Conc lusions

We have shown thatbeforepeoplecanuseP2P�le-sharing networks, thedistri-
butionof musicis inef�cient. On onehand,thedemandfor musicis distorted,on
theotherhand,somepeoplewho have lower valuationsaredeprivedof theright
to listen to the music. P2Pnetworks help to provide a betterinformationenvi-
ronmentfor musiclistenersto experiencethemusicworks; while smallerlabels
andunknown artistswelcomethenew technology, thebig labelsandstarssuffer
from the transition.Theoverall effectson socialwelfareis positive,but the it is
harmfulto themusicindustryif only asmallproportionof P2Pusersbuy albums.

26 http://www.tuneprint.com
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Thepaperalsoproposesa new market structurewhereeveryonecanbene�t from
P2Ptechnology, andturn it to beanew driverof musicindustrydevelopment.
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