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1 Introduction

“No musiciansare hurtin thewriting of this paper” - Theauthot

Themusicindustryis undegoinga profoundchangenow. The penetratiorof CD
burners MP3 players broadbandndpeerto-peerP2P)networksacceleratethe
writing of new rules. Theissueis interestingbecausenusicenjoys mary unigue
propertiesandthesepropertieshave not beenthoroughlyaddressetly economic
theory The adwentof the Internetfurther complicateghe problem;music,origi-
nally akind of very representatie informationgood,hasits economiesinleashed
by thelnternet.

The tradeassociatiorrepresentinghe big labels,the Recordingindustry Asso-
ciation of America (RIAA), hassuedand driven Napsterout of business. But
therearemary socalledNapsterClones ourishing?, they donotrely onacentral
sener, they occupy lessbandwidth,andcollectively they attractevenmoreusers
thanNapster Major musiclabelsarealsochangingthey startedo testonlinemu-
sic distribution businessnodel$, but sofar, they have attractediew consumers.

AlthoughaJupiterMediaMetrix reportexpectsonlinemusicsalego soaf, RIAA's
mid-yearchartof 2002 shows a gloomy picture’. Accordingto RIAA, the CD
shipmentsdropped7 percentin the rst six monthsof 2002, this is on top of
2001'soverall 5.3%drop.

After winning a lawsuit for $1 million with Integratedinformation Systemsfor
allowing its emplogyeesto accessanddistribute thousandof MP3 les over the
corporatenetwork, RIAA is warning major universitiesand big companiesand
urgingthem*“to ensurehattheirnetworksarenotbeingmisusedo infringe copy-
rightedworks™. But thewarningis challengedy ElectronicPrivagy Information
Center(EPIC),which pointsoutsigni cant privacy andfree speecttoncerné. A
proposalin Congresdo legalize hackingof peerto-peernetworks was put for-
ward by California Rep. Howard Berman;onceenacted,t will let ownersof

1 MorpheusKazaA, FreenetBearShareGrokster eDonkey, Gnutella,etc.

2 MusicNet,PressplayandRhapsodyfor example.

3 Stone, M., 2001, “Online Music Salesto Hit $6B by 2006 - Jupiter (Industry Trend or
Event)”, NewsbytesNews Network, July 23.

4 http://www.riaa.com/pdf/2002inlyrchat. pdf

S http://www.riaa.com/Na/s_storycfm?ic=552

6 http://www.pcworld.com/nevs/article/0,aidl,08959,00.asp Nov. 14,2002.

7 Mark, R., 2002, http:/boston.internet.com/mes/article. inp/1498081, Nov 11.
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copyrighted materialhackinto anddisruptpeerto-peernetworks. The measure
attractednstantcriticism from consumegroups,academicgandtechnologists.

Differentfrom previous papersaddressinghe issueselatedto piracy, this paper
aimsto standon the viewpoint of a socialplannerandanalyzethe welfareimpli-
cationsof P2Pnetworksto the musicindustry Therestof the paperis organized
asfollows: In section2, we review the literatureconcerningcopyright law and
musicdistribution. We thenlay out a modelof traditional musicdistribution in
section3, andshov why RIAA wantedto sueNapster andwhy smallerlabels
andnew artistswelcomedP2Pnetworks. In section4, we proposea nev way of
leveragingthe power of P2Pnetworksandachieving a Paretoimprovementor all
parties.

2 Literature Review

Oneof theearliestattemptgo look attheissueof economicf copyright is Hurt
and Schuchmar(1966). Frase(1966) notesthat Hurt and Schuchmars sugges-
tionsof tax relief anddirectpaymentmay notbe appropriate Breyer (1970),in a
framavork similar to Hurt and Schuchmanimprovesthe agumentsby focusing
on authors right to bene t from the work andsuggestsisingsomesortof social
welfaremodelin this context. Pethig(1988)examinesthe historicalchangesn
theinformationgoodsmarket. He showvs in a Cournot-Nastgamewherepirate$
cancopy informationgoods theresultis reducedoro ts for the copyright owner,
pro t-sharing contractswith authors,andlessproductionof informationgoods.
A recentwork by Yoon (2001)speci esthe optimallevel of copyright protection
for anindividual producerandthe societyasa whole. He showvs thatanincrease
in copyright protectionmay increaseor decreasehe social welfareloss dueto
underutilization but it will alwaysdecrease¢he socialwelfarelossdueto under
production.Watt (2000)is anicerecentsurey ontheeconomicf copyright.

Eachtime when there was an adwancein copying technology therewould be
lobbying, proposalspppositionsrom contentproviders,andalmostalways, the

8 Bowman,L., 2002,“P2P HackingBill May Be Amended”,News.com ,November10,2002.

9 Thesepiratesare different from later piratespeopleare talking about. Theseare pirating
companiesthey piratethe goodsandsell to other people,which is a typical caseof pirating of
books. Later papersare more and more focusingon individual pirates,especiallywhen legal
frameworkscandeterpiratingsellers andthe Internetinfrastructureenableindividualspirating of
softwaresandmusiceasily
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contentproducersufferedlosses.Thisis truein the caseof introductionof Xerox

copierin 1959,in the caseof Sory BetaVCR in 1974,andthe digital audiotape

(DAT) in the 1980s. Thereare several 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,therearealsomary papersaddressinghisissue.

Novos and Waldman(1984) showv that when consumerdave differentcopying
costs,thereis no social welfare loss due to underutilization,and only tenuous
social welfare loss due to underproduction. Liebowitz (1985) concernsexclu-
sively on photocoping of journals.He shows thatunderindirectappropriability
the purchaseof the original goodtakesthe value of copiesinto accountwhen
determiningtheir willingnessto pay for the original, hence the producerof the
original good cancapturesomeof the copying pro t by chaging a higherprice
for the goodthanthey couldin the absencef copying. He concludeghatunder
someconditions®, producerreturnscanincreasewith piragy. Liebowitz's model
is not suitablefor softwareor musicmarket becausdée assumeshatpiratecopies
canonly be madefrom originals. Johnson(1985) usesa spatialproductiondif-
ferentiationmodelto analyzetwo modelsof copying differing in characteristics
relatedto maiginal costand x ed cost,he concludeghatanincreasen copying
hasuncertaineffects on the price the monopolistchagesfor his creatve work,
but therevenuewould decreasen thelong run, socialwelfarewill dependnthe
numbersof peopleswitchingfrom buying to copying andthe elasticityof supply
Theauthorsuggestshatwhethersomeonas buying or copying is determinedy
his valuation,his unit wagerateaswell ascostof copying. In the market, people
areseparatedhto 3 sggments:thosedon't care(very low valuation),thosepirate
(highervaluationbut lower copying cost),andthosebuy (highestvaluationbut
highercopying cost). This sggmentatiorbringselegantmathresults but it cannot
begeneralizedo the currentsituationfor analyzingmusicdistribution, becausén
therealworld peoplewith low wageratecannotevenafford acomputerthey have
noway to useCD burnersto piratemusic,andveryrich peoplemayaswell enjoy
a high cognitive surplusby pirating musiconline (to shav “I cantrick the sys-
tem”). At leastin the context of musicdistribution, the distinctionline between
buyersand piratesshouldnot be one monetarybut cognitve. Besenand Kirby
(1989)analyze3 modelswherecopiesandoriginalsareimperfectsubstitutesand
maminal costof copying is constanbut greaterthanthe maginal costof produc-

10 The mostimportantconditionis thatthe producercanprice discriminatebetweerconsumers
who copy andnot.
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ing originals,wherecopiesandoriginalsareperfectsubstitutesbut the maginal
costof copying is increasingandwherecopyright royaltiesareconsideredThey
shaw thatlong run welfarewould dependon how copying affectsthe numberof
worksproducedsocopying shouldberestrictedn thecasewhereconsumepgains
arenotmuchlargerthanproducerdosses.Thisresultis very interestingf applied
to themusicdistributionindustry awelfareanalysisof consumepgainsin aworld
of freemusicwill shedlight on stratey andpolicy.

Takeyama(1994) points out that all theseprevious modelsfail to considerthe
possibility thatconsumptiorof illegal copiescangeneratesurplusfor consumers
of originals. Building on the works by Katz and Shapiro(1985,1986) and Far-
rell andSaloner(1985,1986), Sheshows that demandnetwork externalitiescan
inducegreater rm pro ts relative to the casewherethereis no copying, it can
alsoleadto a Paretoimprovementin socialwelfare. Her paperhintsthatillegal
copying canfunction asa form of price discriminationamongdifferentclasses
of consumers.Connerand Rumelt (1991) and Shy and Thisse(1999) follows
the samereasoningandconcludethatpiracy may potentiallyraisethe producers
pro ts.

Takeyama(1997) extendsher work to showv piracy may raisethe legal demand
by enablingthe producerto credibly committo not reduceits pricein the future.
Similarto Takeyamaswork, DuchéneandWaelbroeck2001)conductsawelfare
analysisthey shov whennetwork externalitiessatisfysomeconditionsthelosses
generatedy illegal copiescanbe compensatetly theintroductionof new prod-
ucts.Alexander(2002)is arecentreview of therelationshipoetweerdigital distri-
bution andmarket structurein the musicrecordingindustry He rst givesavery
brief historyof themusicrecordingindustry thenintroduceselevantdigital tech-
nologiesandrecentlaw suites.He concludeghatit is progressiely morecostly
for the rms in the industryto counteractle sharingthroughlegal mechanisms,
andthemajor rms in theindustryis likely to facesigni cant dif culties in con-
trolling the reproductionanddistribution of their products. Belle amme (2002)
extendsa modelproposedoy MussaandRosen(1978), he shavs thatwhenthe
copying technologyinvolvesa maginal costandno x ed cost,producersactin-
dependentlywhenthe copying technologyinvolvesa x ed costandno maiginal
cost, pricing decisionsareinterdependentGayerand Shy (2002a,2002b)shov
thatit is not alwaysa goodstratey to imposea hardwaretax to compensateoft-
wareproducersvhenthe software mustbe usedtogethemwith the hardware,and
it is possiblefor producersof digital information goodsto utilize the Internet,
suchasP2Psystemsto enhancesalesof their goodssoldin store. Althoughthe
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authorswantto modelthe broadcaseof both softwareandmusicpirating,theas-
sumptionsarenot satis edin softwarepirating. Many uniquepropertiesof music
distribution cannot bere ected by theassumptiongithet

ChenandPng(2002)summarizedhe previousresearchon piracy andcopyright

enforcemeninto threethemes:theimpactof piracy on thelegitimateproducers

salesandpro t; theimpactof piracy onsocialwelfareandtheoptimalgovernment
policy; and how the legitimate producershouldrespondto piracy both through
cornventionalbusinessstrateyy, speci cally pricing, andinstrumentsarticularly
directedatpiragy. In theirmodelthegovernmenmustconsidemhow the publisher
adjustsprice anddetectionto changesn ne, tax, andsubsidy the key resultis

thatincrease# detectiomaffect welfaremorenegatively thanprice cuts,also,tax

is welfaresuperiorto a ne, andsubsidyis optimal.

Therearefew empiricalattemptsn the literatureon this topic. Althoughfacing
strongcritiquesregardingthe methods,Holm (2001) appliesa contingentvalu-
ation approachto studywillingness-to-payfor originalswhenillegal copiesare
available. He shaws that piragy is insensitve to price cuts,and majority of the
subjectswantedto pay a non-ngligible amountfor the original. Theresultscan
be beusedin the calculationof damage®f piragy. Usinginternationalpaneldata
for musicCDsandcassetted;lui, PngandCui (2001)provide empiricalevidence
thatthedemandor bothgoodsdecreasewvith piracy.

In summaryfew worksaredoneto explicitly analyzetheeconomic®f musicdis-
tribution. Papersdiscussingsoftwarepiratingandcopyright protectionin general
canbedravn upon,but cannotbereliedto addresshe problemsof musicindus-
try. Especially theoreticaland empiricalworks relatedto the speci cs of music
distribution shouldbe doneto gain a betterunderstandingand thento provide
policy insightsto solve the problems.

3 A Model of Music Distrib ution

In this sectionwe considerthe questionof why P2Pnetworks arewelcomedby
mary userd! aswell assomeartists,andwhy RIAA wantedto drive Napsterout
of businessThemodelshavsthatthecurrentmusicindustryis inef cient interms
of consumemvelfaregainedfrom music. P2Pnetworks canprobablyaddresghe

11 60million in theheydayof Napsteyprobablymoretodayusingvarious le-sharing softwares.
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problem,butin thelongrun,the overallsocialwelfareis likely to decreaseueto
P2P5s harmfuleffectson musicproducers.

3.1 The market

We collapsethe hierarchyof music distribution market to two setsof players:
the consumersandthe rms. The rms representhe artists,the producersthe
distributorsandthe retailers. Although eachmentionedparty hasdifferentpro t
maugin anddifferentcompetitionervironment,we seethe rms in the modelas
residualclaimantsof thevaluechain.

Building on Hotelling (1929), we seethe market ascomposedf two rms lo-
catedat the two endsof theline [0,1] anda continuumof consumersiniformly
distributedalongtheline. The densityis normalizedto 1. We canaswell model
themarketasanin nite line with mary rms or, following Salop(1979)andJohn-
son(1985),aunitcirclewith N rms, butthey donotaddinsightsto theissue.We
canseeour modelasonly analyzinga segmentof the market wheremary rms

competewe arefocusingon ary two of them.

Firmsarehorizontallydifferentiatedre ecting diversityof creatve works;acon-
sumers distanceto the rms measure$er taste,the nearersheis to a rm, the
moreshelik esthework. Consumersliffer only in tastesandthey will buy atmost
onework from thetwo rms. Sothe customersare categyorizedinto two groups
by their location,each rm will have its own market niche (unlessthe marketis
dominatedoy one rm). Thelayoutof this modelhastwo implications: 1. there
cannotbetwo rms locatedat onelocation,sincenotwo artistsareexactly same
(actually no two songsare exactly same);2. with scaling, we can modelthe
relationshipbetweerary two rms in our framework.

3.2 Assumptions

AsSsSUMPTION 1: Both rms chagethesameprice.

Thisis notsurprisingbecaus€Dshave avery low pricedispersioracrosditles.
Thepriceof musicCDsonly re ects the averageproductioncost(of course plus
somepremiumfor eachof the participantsn the valuechain). A goodmusician
getsbetterpaid by sellingmoreCDs, but he cannot chage moremoney for each
CD.
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ASSUMPTION 2: Each rm hasa uniquevalueto all the consumersdesignated
byv,so rm 0and rm 1 eachhasvaluevg andvy, respectrely.

| usethis measurdo modela baselinewillingness-to-payor all consumersyith
Vo or vy higherrepresentinghe musicis morevaluablefor all consumers.One
way to understandhis is that every musicianhas sometalentwhich is exoge-
nouslydetermined.This valueis recognizedoy everyone,but dueto transporta-
tion C()zsts,someconsumergvill not buy from a musicianevenif shehasa high
talent.

AssSUMPTION 3: Consumersperceptionsowardgoodsareaffectedby advertis-
ing.

This modelsthe combinedeffects of stardomand persuasie adwertising. | use
stardomto re ect consumerinertia, Bain (1956) aguesthat consumergend to
be loyal to pioneeringbrands,Shmalense€1982) offers a model shaving how
a high-quality incumbentcan earnsupranormapro t by deterringthe entry of
even high-quality entrants. Due to extensve adwertising,a consumemay have
a wrong perceptionof the quality (talentin this case)of the good. This is the
classicalassumptionn the literatureof experiencegoods.

Supposéhe adwertisinghasa scalingeffect on the value,we assumewith adwer-
tising level a, consumerspercevedvalueis changedromvtov a, witha> 1.

Of course,the rm incursan adwertising costC(a), we assume% > 0, and
2
dé:a(za) > 0. For the purposeof illustration, we will letC(a) = a® 1 in therest

of the paper Further we assumewithout lossof generality that rm 0 doesnot
have abudgetfor advertising'3, and rm 1 hasunlimitedbudgetfor advertising*®.

ASSUMPTION 4: Consumersincur lineartransportatiorcostt; t > 0.
Thisis astandarc&assumptiofin this context, we canrelaxit andconsideiquadratic
costfunctions,it will notqualitatvely changetheresultfrom the model.

ASSUMPTION 5: Thetwo rms coverthewhole marlet.

Thisis alsoastandardassumptionif thetwo rms cannotcoverthewholemarket,
thentherearesomeconsumersn the middle of theline will not be sened, and
thetwo rms eachform amonopolyaroundit.

ASSUMPTION 6: We assumeéherearea proportiona of consumerfiave access

12 An exampleis that| admit Britney Spearshastalentin performancebut | may not like her
typeof songs.

13 Thereis no qualitative changeto the modelif we assumerm 0 hasa limited budget.

14 Think rm 1 asastarsupportedy big labels,and rm 0 asastreetperformer
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to peerto-peernetworks and canuseit to downloadmusic. Further we assume
amongthesepeople,a proportionof b will eventually buy the CD from their
preferredartist.

This assumptions different from that of previous modelsby Johnson(1985),
Gayerand Shy (2002)andsomeothers. In their models,costof makinga copy
is the determiningforce affecting peoples decisionto copy, soonly poor people
with low incomeandthosewith lower copying costwill copy. But in reality, the
setof copiersshouldnot be determineceitherby theincomelevel (perunit wage
ratein Johnsors model),or maiginal costof copying. First, the costof copying
is reducedo avery low level nowadays.The two major sourcesof costsareno
longerbarriersfor mostof the peoplewho wantto copy music: 1. Searchcostis
reducedbecausehereare more and more songsavailablein P2Pnetworks, and
someof the P2Psoftwarescan searchother P2Pnetworks for songs®; 2. With
more and more peopleconnectedo broadbandthe catch-phraséor broadband
adwertisements usually“downloadingmusicandgames”). Secondreally poor
peoplewho hashigh valuestowardmusicmaynot be ableto afford acomputerto
downloadandburn musicto CDs. In this regard,musicpiragy is totally different
from softwarepiracy. Sothetraditionalway of modellingpiracy cannotbeused
in the context of music. Also, with a nearzerocostof copying, evenrich people
canenjoy apositive surplusby copying; thedisutility of time andenegy onegets
from pirating may not be lower thanthe unit wagerate, but he or shecanenjoy
a cognitive surplus®. | assumea uniform distribution of theseinnatecopyright
violators.

ASSUMPTION 7: Whenconsumersise P2P networks, they will learnthe true
valueof the rms.

This re ects the factthatmusicis a kind of experiencegood'’, onceyou hearit,
youknow if youlikeit or not.

15 KazaA allows usersto searchother le swappingnetworks suchasFileshareand Grokster
which areall basedon FastTrak protocol. Thereare on averagemorethan3 million userscon-
nectecby KaZaA atary time, sharinge00million les with atotal sizeof 4 million GB.

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

17 asde nedin Nelson(1970)
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3.3 The model of stardom

Giventhe assumptionswe rst show the casewhenP2Pnetworks arenot avail-
able.

Firm 0 hasanemptystratgy setin this case,jt hasno budgetfor adwertising,its
valuevy is exogenouslydeterminedlt incursa x edcostFg in creatingthework
andamaiginal costof ¢y in distributing thework.

Firm 1 spendsdwertisingfeea to enhancats popularity(or percevedvalue),this
feewill shiftthepercevedvalueto bea vi. Firm 1 alsoincursa x edcostF; in
creatingthework anda maginal costof c,in distributing the work!,

Theconsumersirelocatedon theline uniformly, aconsumeat a distanceof x to

rm Ois locatedatadistancel xfrom rm 1. A consumes utility is givenby
thefollowing utility functions:if shebuysfrom rm 0,thenUyo=Vvo p t X,
if shebuysfrom rm 1,thenUy;=vy p t (1 x). Butsince rm 1 can
useadwertisingto shift consumersperceved value, her expectedutility is then
E(Ugijja)=a vy p t (1 x),beforeshebuysthemusic.

Firm'spro ts aregivenby: po= (p ¢o) Do Fandpi= (p c¢1) D1 a? F,
whereDg andD; aredemandgor good0 andgoodl.

CoNDITION 1: (marketcoverage)n orderto getthe market coveredasassumed

in assumptiorb, it mustbe

Vot+vp t
2 4 ( )

Proof: For rm 0,theconsumewhois indifferentbetweerbuyingandnotbuying
is locatedat xp, whereUgz, = vo p t Xp= 0,sowehavexg = M. Similarly,
we have thelocationof anindifferentbuyerfor rm 1atx; = M. In orderto
coverthemarlket, it mustbex;  xg, which givesthecondition:t vp+ vy 2p.

CONDITION 2: (naturalblockade)Without adwertisingeffects, rm 0 is naturally

18 The x edcostis relatedto the creatie productionof music,it is hardto measurén monetary
terms,but our analysiss notaffected we treatit assunkcostin theanalysis.In this spirit, we can
write F = Fp = F1. In orderto make anon-ngyative pro t, werequirep > ¢; wherei = 0; 1.
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blockaded® from themarket when

t vi W

Proof: It is equialentto saythat rm 1 hasahighervalueevenatlocationx = 0.
Sowehaveconditionvy p t (1 0 vy p t 0,whichcanbesimplied
ast vi V.

The caseof condition2 is not aninterestingone, becausehe valueof goodO is
solow thatit is notworthwhileto supplyit atall.

ASSUMPTION 8: Weassumehata rm 0is notnaturallyblockadedin particular

t vi (2)

Now we addthe strategjic variablea for rm 1, supposerm 1 usesadwertisingto
maximizeits pro t in this market.

PrRopPosITION 1: Firm 1 will chooseadwertisinglevel

_(p c) v

4= 4t ®)

andthe rms' pro ts are

_ pvi(pat co p)+4tvo(p o)+ t3(4p 4o oot 8F)
Po = 82 (4)
and
(p c))[Vi(p c1) Btvo+ 8t7] 16(1+ F)t?

P1= (5)

162

Proof: A consumemvho is indifferentbetweenthe two rms is locatedat A =
Do(a); whereA is givenby equatingthe utility functions;i.e.,

Vo p tA=awvy p t (1 A):

19n this case,rm 1 doesnotneedto take ary strateic action(no adertisingis needed),rm
0 cannotbe pro table whetherit choosego enterthemarket or not. This happensvhen rm 0is
of very low valueto theconsumers.
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The rm' srespectre demandsre

Vo avit+t
Do= A= o
and avy Vtt
1 0
Pr=l A==

Firm 1 facesthe maximizationproblemof maxa p1= (p ¢) D1 a 1 F
Taking rst-order condition:

Tp_ M(p c1) 959" &> Fl_(p c) v
fa Ta 2t

2a=0

andthesecond-ordeconditionis satis ed. We thenobtainthe pro t maximizing

adwertisinglevela = W, andthepro ts
(p c1) Vg
Vo avitt (P co)lvo L+t]
Po = (P &) Do F=(p Co) = F= T

_ 4tpvo P22+ peva+ 4pt?  Adtcgvp+ peoVi  cocit?  4cot?  8Ft2

8t2
_ p(patco p)+4tvg(p Co)+t3(4p 4oy cocp  8F)
= =
Similarly,
avy W+t
pr=(p c) Dy & 1 F=(p Cl)lTo a2 1 F
:8pt2 8tpvo+ p?vZ  2pcvi  8cit?+ 8tepvo+ cav2 16(1+ F)t2
16t2
_(p c)[Vi(p c1) S8tw+ 82 16(1+ F)t?
- 1612

Althoughwe have assumedhat rm 0 is notnaturallyblockadedrom the market,
thereis a conditionsuchthatwith adwertising, rm 1 occupiegshewhole market,
anddrives rm 0 outof business.

PROPOSITION 2: Competingwith a star anentrantsuffers underthe following
conditions:
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1. rm 1'sdistribution costis lower, or

N

. theCDs' marketpriceis higher or

w

. the transportatiorcostis lower (peopleare morewilling to try something
they don't like), or

N

. rm 1 hasahighervalue(morepopular),or

ol

. rm O'svalueis lower.

Exceptfor the lasttwo reasonsall otherreasonsareunfairly disadantageouso
thenew entrant.In particular Firm O is forcedout of businessf

(p c1) VB 4t%+ 4tvg (6)

Proof: Similar to the proof of Condition2, we arelooking for a conditionwhere
anais largeenoughto drive rm 0 out of business

avi pt@ 0=v pto

which givesa vi v) a= “% If the prot maximizing adwertising level
a in (3) is greaterthan a, thenthe rm won't botherto adwertise more than

a, becauserm 0 is alreadyunableto make ary salesnow. Sothe conditionis
W “% whichis (p c¢1) v% 4t2+ 4tvy. The conditionsfollow from
simplecomparatie statics.

PrRopPoOsSITION 3: Advertisingcampaigrdistortsthedemandandsupplyof music
in favor of stars.

Proof: The demandfor good0 is Do(a) = Y-+, ﬂDOéa) = %<08v>0
andt > 0. Sothemore rm 1 adwertise,thelessgoodO is demandedindeed,in
theextremecasejf condition3 holds, rm 0 getsnodemandatall.

Fromequation(3), we seethatalthoughthe star( rm 1) is not strateically deter
ring theentryof theentrant( rm 0)%, it doesreducethedemandor good0. This
is a sourceof socialinef ciency, becausahereare someconsumersvho might
have boughtgoodO andenjoyeda highersurplus.

20 The pro t maximizationlevel of adwertisingis not a responseo the value of goodO, it is
solelydeterminedby good1'svalue,distribution costandtransportatiortost.
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We now calculatethe welfare lossinducedby advertising. In Figure 1, dueto

theadwertisingandstardomeffects,the demandof goodO shiftsfrom A to B, the

indifferentbuyerfor good1 movesfrom x; to X;. Theconsumergocatedbetween
x1 andA switchfrom buying good0 to good1, althoughthey do not suffer apure
lossfrom purchasingrom rm 1, they couldhaveincreasedheir utility by buying

good0. The consumers$ocatedbetweerB andx; alsoswitchfrom buying good
0to goodl, they endup suffering alossfrom this switch.

Taking the rst-best caseasa benchmarkwe can calculatethe welfarelossre-
sultedfrom adwertising,whichis thetriangularshadedareain Figurel.

Fig. 1. SocialWelfareChangewith Advertising

avi

Vi

PROPOSITION 4: Theconsumewelfarelossresultedrom adwertisingis

Vi@ 12 v v(p o) 4

DCS= at 643

<0

Proof: In orderto calculatethe consumemvelfareloss,we needto nd out the
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valuesof A andB. Fromthe proof of propositionl, we cansee

Vo Vvit+t

A= 0 17°
2t

and V( awvyit+t
0 1

Bz 2 < 17~
2t

thechangean consumesurplusis simply thedifferencein utility, whichis
Z A
DCS= [vi p t (1 X] (v p t xdx
B
Z vp vitt V% (a 1)2
4t

Vo avptt (Vl VO t+ 2tX) dX =
2t

Sincev? > 0; (a 1)?> 0; andt > 0,DCS< 0.
Also, IISS = Vi (; D sincev? > 0 ,anda> 1 (from assumptior8), we have

Ta
ﬂ'%gs < 0,sothemore rm 1 adwertisesthe moreconsumersuffer from welfare

loss.

3.4 The model of P2P market

We have shavn thatadwertisingcampaigrhasnegative effectson consumemvel-

fare,this conclusion however, is not very plausibledueto the following reason.
We arecomparingthe musicindustrystructurewith the rst-best casewhereev-

eryonehasa correctprior for thetalentof each rm. In reality, this canhardlybe

true, becausdeforeyou buy the album, you canonly estimatethe valueof each
musicCD, sothe rst-best outcomecannever bereached.Sincemusicis a kind

of experiencegood,if aconsumecanlistento the musicandthendecidewhether
to buy, theprior for thetalentof a pieceof musicwork will bemoreaccurate P2P
networks offer sucha way.

While it is a factthat P2Pnetworks areusedby somepeopleto freely exchange
MP3 les andcopyrightedsoftwares,it is alsoa fact that P2P networks are not
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usedsolelyfor thatpurpose Thecomputersciencaermfor P2Pnetworksis “dis-
tributedcomputing”,andP2Phasbeenprovedusefulin mary exciting projects™.

In our contect, P2Phelpsto resole theinformationasymmetryproblemof music
as“experiencegood”. P2Pnetworks bring greatopportunitieso lessfamousand
new artists. Theseartistsgetexposuref peopledownloadtheir works,andif the
b in assumptior6 is sufciently high,they maybe betteroff.

In particular assumingvhena consumethasaccesgo a P2Pnetwork, shecan
downloadsongsfrom both rms, andexperiencehe songs.With a probability of
b, shewill purchas@neof thetwo songsthatgiveshera higherrealutility 2.

PrRoPOSITION 5: With P2R rm 0 canbe betteroff undersomeconditions,but
rm 1islosingfor sure.
Proof: As shaown in Figurel, comparingwith the stardomcase,both rms will
losesomesales(a proportionof a) dueto the penetratiorof P2R both rms will
gain from the extra salesto the proportionof b “honest” consumersvho buy
albumsatfterexperiencinghe songswith P2P A rm' snetgaincanbede ned as
netgain; = gain; loss;wherei = 0;1: Speci cally, thelossfor rm Oislosg =
a B (p c¢p),thegainfor rm Oisgailp=a b A (p ¢cp). Inorderto bebetter
off, rm 0 hopedo have gainsbiggerthanlosseswhichisa b A (p ¢p) >a
B (p ¢o),sotheproportionof “honest”consumerseedto satisfy:

B v aw+tt

b — =
A Vo Vi+t

Similarly, for rm 1,wehavetheinequalitygain; > loss:a b (1 A) (p ¢)>
a (1 B) (p cp),whichisequvalentto:

1 B_awvi v+t

b =
1 A Vi Vott

21 For example,in a researctprojectcalled PopularPower, P2Pis usedto improve in uenza
vaccine;in SETI@homepeopleuseP2Pto enhanceghe computingpower to “Searchfor Extra-
Terrestriallntelligence”; someonline contentproviders are experimentingways to use P2Pto
broadcast shav to mary people,the contentstreamcanleveragethe power of P2Pamongthe
viewers,sothatthe network bandwidthcanbe usedbetter

22 Accordingto anRIAA reportdoneby PeterD. Hart ResearchAssociatesabout14% of the
sunweyed consumerwvill buy the album whenthey heara songthey like by anunfamiliar artist.
The sameresearchshaws that about20% of surveyed consumerswill download for free from

le-sharing service.http://www.riaa.com2002Mid-year Surwey Presentation.
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SinceB < A; %—E > 1, soevenif all peopleusingP2Pwill buy the album he or
shelikes, rm 1 will still losemoney aslongasB 6 A, whichis thecasef rm 1
adwertisesn themarket.

Ontheotherhand,it is easierffor rm 0 to gainwith P2R especiallywhen rm 0
is forcedout of business.Soif condition(6) holds,B = 0, evenwith only avery
smallproportionof “honest’consumersym 0 would be betteroff.

Proposition5 explainswhy RIAA hadto sueNapster andfree downloadingin-
deedhasa disruptive effect on the existing musicindustrystructure.

PROPOSITION 6: Consumerarethe winnersof this transition. The morecon-
sumersuseP2Por the higherthe price of music CDs, the more consumergain
from P2R speci cally,

a
DW= pvi(a )%+ (1 b)(vo+va 1)+ 4tp] Y
Proof: We rst calculatetheintersectionslocationin Figurel: It is very easyto
g_et,fe: t tavl,)?ap: p+tt avl’A: Vo §1+t, B= Vo gtVlH’_)?l: t%,)?lp: p+tt vl’
Xo = ¥. In termsof consumewelfare,thel a proportionof consumersvhodo

notuseP2Premainthesame.For thea proportionof consumersvho useP2R we
calculatethechangen welfarein thefollowing way:

First, we calculatethe consumersurplusof the (1 b) proportionof consumers
who useP2Panddo not payatall:
Zg Z,
CS p=(1 b) . (vo tdx+ (v1 t(1 x)dx

X1

Thenwe calculatethe consumersurplusof the b proportionof consumersvho
useP2Pandpayfor thealbum:
Z A Z 4
CS = b . (Vo p txdx+ A (vi p t(1 X)dx]

Thenwe calculatethe consumesurplusbeforetheintroductionof P2P:
Zp Z4
CSig= (Vo p t)dx+ (vi p t(1 x)dx
0 B

The total changein consumemwelfareis thenDCW = CS; ,+ CS, CSyq, in
particulay
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DCW=a f (1 b)[R(fO(vo £X) dx+ Rxfll(vl t(1_ x))dx]+ b[RoA(vo p tx)dx+
AV p t(1 XA [gvo p tdx+ gvi p t(1 X)dx

2 2
a[(1 b)(V%;_ftVf) b 4rt V2 2tvo+t4t 2tvy+ 2Vovy v5+ apt 2vovp+t 2t4\I/1 Vi 2a 2tvO]

= 2(v3+2v7 bvi bvZ 4dbpt+ 2bvgt bt?+ 2tbv;  2bvovyi+ 4pt  2tvp+
t2 2ty + 2uovi+ a2Vv?  2avi)

= 2021 b)+v¥(a 1)2+1 b)+t%(1 b)+ 2vv(l b) 2t(vi+ Vo
2p)(1 Db)

= 3v2(a 1)%+ (1 b)[(vo+v1)?+t? 2(vi+Vvo 2p)]

= avi(a 1%+ (1 b)[(vo+vi 1)+ 4tp]

We know all thetermsin theequationarepositive,soconsumergnjoy anetgain.

Propositiorb andpropositiong re ect the statusquoof musicindustry Big labels
cannotbringin the previouslevel of pro t, while smallerproducerseeP2Pasa
big opportunityfor themto getknown. The consumersreunambiguoushpetter
off no matterwhat proportionof themwill purchasehe album eventually The
overall socialwelfarechangas yetto be examined.

Fromasocialplannerspointof view, we analyzeheoverallsocialwelfarechange
in termsof thecombinedchangesn rm 0, rm 1, andtheconsumersln orderto
dothis, we have to con ne ourseheswith alessdynamictime frame.In thelong
run, P2Pnetworkswill be moresophisticatedtechnologymay adwanceto ensure
copyright protection;the proportionof peopleusing P2P networks will change;
the proportionof “honest” P2P userswill also change;big labelsand smaller
producerswill take stratgic actionsto maximizetheir pro ts; legislative actions
may be introduced®. Whatwe do now is to comparethe P2Pmodelwith the

23 RIAA is trying to eliminatemusicsharingon P2Pnetworks completely;Bermans proposal
aimsto getlegal supportfor hackingP2Pnetworks.
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model of stardom,stratgic and dynamicinteractionsbetweenthe staleholders
will beanalyzedn the next section.

PrRopPoOSITION 7: WhenP2Pnetworksareused thesocialwelfarechangdas

DIV = %[v%(a 1)?+ (1 b)(vatvo t)%+2t(cr+ co)(1 b)+2(co Ca)(Vo Vob+vib awy)]
(8)

Proof: Denotethechangean socialwelfareasDSN, we have DSN = Dpg+ Dpp +
DCS. Fromtheproof of proposition5 andproposition6, we know

Dp=a b A(p c) a B (p co
Dm=ab (1l A (p c) a(l B) (p &)

poW= 2vi(a D2+ (1 B)(Vo+ vi 2+ 4tp]

whereA= Y 1l andB = Y0 St
Sowe have

DSN=a b A(p c aB(p c)+ab (@l A (p c1) a (1 B)
(p c)+ §vi(a 1%+ (1 b)[(vo+vi t)%+ 4tp]

= &1 2civo+ 2covo+ 2cot  2bcovp+ 2acivs  2bcivi+ 2bcivp  2acpvy  2btcy
2btco+ 2bvico+ 22 2upt+ 12 2tvy+ 2uovi+ V3 bva  bvZ  bt2+ adv?
2bvgvy + 2btv+ 2btvy  2av2 + 2tcq]

= 2a2(a 1)2+ (1 b)(vi+Vo t)2+2t(ci+co)(1 b)+2(co c1)(Vo Vob+
vib av)]

Equation(8) is a very favorable messageo the useof P2Pnetworks. First, in
reality, thereis no evidencethatthe distribution costsincurredby starsandthose
by unknown artistsare different, so the last term can be taken as zero. All the
rst severaltermsare positive, shoving a socialwelfare gainfor the society If
b = 0, whenno P2Puserspay for albumsat all, the consumemwill enjoy all the
lossesncurredto the rms, andthe overall socialwelfarewill alsobene t from
the saved distribution costto the a proportionof P2Pusers. Evenif b= 1, in
which case gveryoneusingP2Parepayingthe aloums(eitherwillingly or forced
by law), thereis still a welfare gainof 2vZ(a 1)2, which correspondso the
consumemvelfaregainfrom betterchoice.
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4 A Win-win Market for All

In the shortrun, with P2P networks, the total socialwelfare hasincreased.All
thelossedrom the rms aretransferredo bebene tsfor consumerskor asocial
planner it is wise not to banP2Pnetworks for now. P2R like othertechnology
advancementgrovesto bebene cial to the societyasawhole.

In the long run, however, if the proportionof “honest” consumersan not pay
enoughmone to cover the x ed cost of creatingmusic, musicianswould no
longerhave incentvesto produceasmary andasgoodworks, the overall social
welfarewill decreasasaresult.

The solutionis not to banP2Pat all asRIAA hasbeentrying, but to leverage
the power of this new technologyandimprove the market for all the participants.
BanningP2Pwill resultin anarmsracebetweeriegal efforts from labelsandthe
consumersvho look for morefreedom,Napsters shutdavn andmary otherP2P
le-sharing softwares'rising provesthis.

As shawn in section3, P2Pis in favor of unknown artists, starsare deprived of

somepreviousprivileges.l call thisthe“star's curse”in musicindustry Although

rm 1 is losing market, its true valueis not discounted.Without the advantage
from adwertising,it canstill earnapro t if its talentis high.

In this section,we try to addresghis issueby proposinga speci ¢ market struc-
ture. Sincethe usageof P2Pby the consumerss inevitable, we designa market
to leveragethe power of P2R sothatthe overall socialwelfareis improved.

| will only addresshe copyright infringementissuesroughtaboutby P2P;cases
suchasa streetvendorselling pirate CDs or an offshorewebsiteoffering FTP

accesso MP3 les will notbeconsideredere,theseproblemsarenot new and

they areeasierto addressvith legislatve measures.

Observation 1. Comparingwith downloadingfrom FTP sites,P2Pmakesa con-
sumerbetteroff by giving herawider choiceandpotentiallybetteranonymity.
P2Palsomakesherasource providing the les for othersto searcranddownload
in thefuture.

Anonymity maybethebiggestreasorfor peopleto useP2Pnetworksto download
music. It is not alwayscomfortablefor peopleto askfriendsfor a copy of aCD,
sodownloadingfrom a stranges computereliminatesthefeeling of guiltiness.

Observation 2: Connectingwith a friend throughP2Pis not asharmfulascon-
nectedo strangersthroughP2Pin termsof copyright infringement.
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Even before P2P le-sharing softwaresare widely used, peoplecould be con-
nectedby P2Pthroughsoftwareslik e Laplink, PC-Arnywhere,or even Microsoft
HyperTerminalwhich is includedin every versionof MS Windows. Peoplecan
transferandsharemusic les andcopyrightedsoftwareslong beforethewide use
of P2P le-sharing softwares put le sharinghasneverposedathreatto themusic
industryasNapsterandits clonesdo. The big differenceis thatnow peoplecan
be connectedo strangers.

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

Napsterost its casebecauseeoplerely on a centralsener to searchfor songs.
But all P2Pnetworks have somemechanismso provide a menuof songsavail-

able.If built in theprotocolto doatransferaccountingywe canhave avery precise
pictureof whatsongsareexchangedwhich artistsarethe mostpopular who are
the contributorsandlurkers,whena songgetspopularin its S-cune of diffusion,
andhow peoplearesearchindor songs.

Observation 4: Thereis noincentive for peopleto changehe nameof the songs
in P2Pnetwork.

Sincepeoplewill rely onasearctof thesongsnameor theartist's nameto locate
asong,if asongsnameor theartist'snameis changedit will notbeeasilyfound
by others. If everyonechangeghe songs'namesthe P2P network will not be
usefulatall to downloadsongs.

Obserwation 5: Somenetwork effectsrelatedto P2P:

1. Sarnof'slaw: namedafterthepioneerof thebroadcasindustry abroadcast
network's valueincreases$inearly with the numberof participants.

2. Metcalfe'slaw: namedafterBob Metcalfe theinventorof Ethernetthelaw
saysthevalueof anetwork growsin proportionto thesquareof thenumbers
of users.

3. Reeds law: namedafter David Reed,who proposedthat group forming
networks scalesexponentiallywith network sizein a 1999article?.

From n to n? to 2", P2Pnetworks' incredible potentialshould provide us with
somestratayy in building a successfubusinessnodelfor musicdistribution.

24 http://www.contextmag.com/archies/1®903/digitalstratgyreedslav.asp
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Observation 6: P2Pnetworkshasatremendousdvantagein saving distribution
cost,sener hostingspaceandbandwidthto the contentdistributors.

In the modelin section3, if a consumerchooseso downloadmusicfrom a P2P
network, andif thereis a mechanisnto pay the artistsin the P2Pnetwork, the
rm actually cansave the distribution costandthe maiginal productioncostfor
theCDs,CD caseshooklets etc.

Observation 7: Likein therevolution of VCR to themovie industry andradioto
themusicindustry?®, P2Pwill not substitute the musicindustrycompletely

Thereareonly aproportionof peoplewhowantto useP2Pnetworks,mostpeople
would still enjoy buying a CD andits well designedookletwith photosof artists
andlyrics of songs.

Observation 8: It is feasiblefor anorganization(ASCAR BMI, or SESAC) to do
the popularity accountingand collect royalties and distribute themto musicians
andproducers.

Fromtheseobsenations,we proposea market structurecombiningtechnological
capabilities)egal enforcemenandeconomideasibilitiesthatimprove the overall
socialwelfarewithout beingharmfulto the creatve works of musicians.

In particular considera P2P network thatis specializedfor music distribution,

peoplecanuseit justasthey useNapsterjput eachtime a userdownloadsa song,
sheshouldpay a smallroyalty fee to the P2Pserviceprovider. The P2Pservice
provider canthensplit the fee into two parts: 1. somecommissionfor the user
whouploadedhesongfor thisdownloader;2. therestto bedistributedby organi-

zationssuchasASCAPR BMI or SESAC to thecopyright owners.Thecommission
to theuploademgivesincentvesto sharemusicin this network insteadf otherfree

le-sharing networks and at the sametime rewardsthe uploaderfor distributing
the musicto morepeopleandthuscreatingmorevaluebasedon the music. The

proportionto be distributedby ASCAR BMI or SESAC will work in a similar
way asroyaltiesaredistributednow.

Thereareseveraleconomicadwantagesn this system:

1. It givesincentvesfor uploadergo usethis systemnsteadof othersbecause
they areawardedfor uploading.They canfurtherusethecreditto buy music
from others,andtheir uploadinganddownloadingwill belegal.

25 Both technologiesontritutedgreatlyto the developmenbf theindustries.
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2. Whenuploadershift to the proposedsystemthe provision of musicin free
le-sharing networkswill decreaself downloaderscannot nd thesongs,
they will move to the new network. Thereis no incentve for uploaderdo
provide the musicin both networks becausehe free le-sharing marketis
cannibalizinghis for-pro t market.

3. The precisionof popularity accountingwill be greatlyimproved because
the P2Pnetworks canmonitoreachtransaction.

4. 1t offers the copyright owner a betterway to price discriminateor to im-
plementverticalproductdifferentiationschemesComparingwith the orig-
inal market whereeveryoneis chagedthe sameprice, this canbe a great
opportunityfor sellers. Traditional price discriminationsuchas “quantity
discount’and“versioning”(in digital musiccontext, differentsamplingfre-
gueng) canbeusedin P2Pnetworks. Thesemeasuresancompensatéor
thecopyright owners'lossesn thecurrentfree le-sharing systems.

5. Fake songsmight be a problemin the system,a bad uploadermay just
upload les of noiseddisguisedn thenameof very popularsongs.This can
be easilyaddresseavith a reputationsystemsuchasthe onein eBaycom.
More corveniently eachsongcanbegivenadigital ngerprint, sothatit can
be veri ed beforedownload (MIT researcherbave developedtechnology
to extract ngerprint of audiowhichthey call TunePrintthis TunePrintwill
notchangef themusic le issampledn differentfrequeng, or compressed
or translatednto otherformat<9).

5 Conclusions

We have shown that beforepeoplecanuseP2P le-sharing networks, the distri-
bution of musicis inef cient. Ononehand,thedemandor musicis distorted,on
the otherhand,somepeoplewho have lower valuationsaredeprived of theright
to listento the music. P2P networks help to provide a betterinformation envi-

ronmentfor musiclistenersto experiencethe musicworks; while smallerlabels
andunknavn artistswelcomethe new technologythe big labelsandstarssuffer
from thetransition. The overall effectson socialwelfareis positive, but theit is

harmfulto themusicindustryif only asmallproportionof P2Pusersbuy albums.

26 http://www.tuneprint.com
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Thepaperalsoproposes nenv market structurewhereeveryonecanbene t from
P2Ptechnologyandturnit to beanew driver of musicindustrydevelopment.
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