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Abstract:s Ins P2Ps systems,s wheres cooperations mays 
incurs significants communications ands computations 
costss suchs rationals userss mays refuses tos contributes 
theirs fairs shares ofs resources.s Ass as results suchs 
individuals rationalitys iss ins conflicts withs socials 
welfare.s Ins thiss works wes haves develops as mats labs 
programs fors demonstratings thes behaviors ofs frees 
ridings phenomenons ins peers tos peers network.s wes 
haves considers s thats wes haves takens userss ofs 
differents types ons thes basiss ofs theirs decisions ofs 
theirs contributions tos thes systems s ares behavings ass 
as ‘frees rider’.s Wes haves showns as mechanisms thats 
providess as penaltys ands exclusions mechanisms ofs frees 
riders ifs theys dos nots changess theirs behaviors ons 
receivings repetitives warningss ofs theirs frees ridings 
behavior.s Wes haves considereds as thresholds values 
thats wills imposeds ons frees riders ifs anys users entereds 
ins thes network,s ass as frees riders mores thans ors 
equals tos threes times. 
 
Keywords:s P2P,s Frees Rider,s Penalty,s Networks Model 
 
1.s Introduction: 
Thes peer-to-peers (P2P)s communicationss models hass 
emergeds as widelys deployeds alternatives tos thes 
traditionals client-servers models fors manys distributeds 
systems.s Ins as typicals P2Ps system,s eachs nodes iss 
owneds ands operateds bys ans independents entity,s ands thes 
nodess collectivelys forms as self-organizing,s self-
maintainings networks withs nos centrals authority.s Ass as 
result,s P2Ps systems performances iss highlys dependents ons 
thes amounts ofs voluntarys resources contributions froms thes 
individuals nodes.s Traditionals systems designs assumess 
obedients userss whos adheres tos as specifieds protocols 
withouts considerations ofs theirs owns utility.s However,s 
thiss obediences assumptions appearss unrealistics ins P2Ps 
settingss wheres individuals participantss mays interacts withs 
ones anothers withs varyings degreess ofs collaborations ands 
competition.s Therefore,s researcherss haves turneds ins 
recents yearss tos as models ofs rationals userss -s userss whos 
acts tos maximizes theirs owns utility,s includings deviatings 
froms thes protocols specifications ifs theys coulds increases 
theirs utilitys bys doings so.s Ins P2Ps systems,s wheres 
cooperations mays incurs significants communications ands 
computations costs,s rationals userss mays refuses tos 

contributes theirs fairs shares ofs resources.s Thus,s 
individuals rationalitys iss ins conflicts withs socials welfare. 
Userss whos attempts tos benefits froms thes resourcess ofs 
otherss withouts offerings theirs owns resourcess ins 
exchanges ares termeds "free-riders."s Ins 2000,s as 
measurements studys ofs thes Gnutellas le-sharings networks 
founds thats approximatelys 70%s ofs peerss provides nos less 
ands thats thes tops 1%s ofs thes peerss provides 
approximatelys 37%s ofs thes totalless shared.s Similars 
patternss haves beens observeds ins subsequents studiess ofs 
Napsters ands Gnutellas networks.s Ins 2005,s founds free-
riderss haves increaseds tos 85%s ofs alls Gnutellas users. 
Thes free-ridings phenomenons iss bys nos meanss uniques 
tos P2Ps systems.s However,s thes characteristicss ofs P2Ps 
systemss presents interestings challengess ands opportunitiess 
fors thes designs ofs incentive-compatibles systems.s Somes 
ofs theses characteristicss include:s lacks ofs centrals 
authority,s highlys dynamics memberships,s availabilitys ofs 
cheaps identitiess ("pseudonyms"),s hiddens ors untraceables 
actions,s ands collusives behavior.s Thiss works surveyss 
differents approaches,s e.g.,s baseds ons paymentss ors 
reciprocity,s tos alleviates ors overcomes thiss free-ridings 
problem. 
Whiles free-ridings iss thes focuss ofs thiss work,s rationals 
behaviors manifestss itselfs ins manys others distributeds 
systems settings,s includings strategics networks formation,s 
selfishs routings ands interconnection,s congestions control,s 
multicasts costs sharing,s ands selfishs caching,s justs tos 
names as few.s Ats thes conclusions ofs thiss work,s wes wills 
outlines somes ofs thes importants opens questionss ands 
fruitfuls areass ofs researchs ins thiss area. 
Wes develops as models tos studys thes phenomenons ofs 
free-ridings ins peer-to-peers (P2P)s systems.s Ats thes hearts 
ofs ours models iss as users ofs as certains type,s ans intrinsics 
ands privates parameters thats reflectss thes user'ss 
willingnesss tos contributes resourcess tos thes system.s As 
users decidess whethers tos contributes ors free-rides baseds 
ons hows thes currents contributions costs ins thes systems 
comparess tos hers type.s Whens thes societals generositys 
(i.e.,s thes averages type)s iss low,s interventions iss requireds 
ins orders tos sustains thes system.s Wes presents thes effects 
ofs mechanismss thats excludes lows types userss or,s mores 
realistic,s penalizes free-riderss withs degradeds service.s Wes 
alsos considers dynamic 
scenarioss withs arrivalss ands departuress ofs users,s ands 
withs whites washers:s userss whos leaves thes systems ands 
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rejoins withs news identitiess tos avoids reputationals 
penalties.s Wes finds thats whens penaltys iss imposeds ons 
alls newcomerss ins orders tos avoids whitewashing,s systems 
performances degradess significantlys onlys whens thes 
turnovers rates amongs userss iss high. 
Whys iss free-ridings widespreads amongs userss ofs P2Ps 
systems?s Hows doess free-ridings affects systems 
performance?s Whats mechanismss discourages free-riding?s 
Hows doess white-s washings affects thes performances ofs 
P2Ps systems?s Theses ares thes questionss thats motivates 
us.s P2Ps systemss relys ons voluntarys contributions ofs 
resourcess froms thes individuals participants.s However,s 
individuals rationalitys resultss ins free-ridings behaviors 
amongs peers,s ats thes expenses ofs collectives welfare.s 
Empiricals studiess haves showns prevalents free-ridings ins 
P2Ps files sharings systemss [1].s Variouss incentives 
mechanismss haves beens proposeds tos encourages 
cooperations ins P2Ps systemss [4].s Ats thes sames time,s its 
hass beens suggesteds thats free-ridings cans bes sustainables 
ins equilibriums ands mays evens occurs ass parts ofs thes 
sociallys optimums outcomes [12]. 
 
2.s Relateds Work: 
Byungs Gons Chuns et.al.s (2004),s theys analyzes 
replications ofs resourcess bys servers nodess thats acts 
selfishly,s usings as game-theoretics approach.s Wes refers tos 
thiss ass thes selfishs cachings problem.s Ins ours model,s 
nodess incurs eithers costs fors replicatings resourcess ors 
costs fors accesss tos as remotes replica.s Wes shows thes 
existences ofs pures strategys Nashs equilibrias ands 
investigates thes prices ofs anarchy,s whichs iss thes relatives 
costs ofs thes lacks ofs coordination.s Thes prices ofs anarchys 
cans bes highs dues tos undersupplys problems,s buts withs 
certains networks topologiess its hass betters bounds.s Withs 
as payments schemes thes games cans alwayss implements 
thes socials optimums ins thes bests cases bys givings serverss 
incentives tos replicate. 
 
Nazarenos Andrades et.al.s (2005),s theys collects 
BitTorrents usages datas acrosss multiples file-sharings 
communitiess ands analyzes thes factorss thats affects users’s 
cooperatives behavior.s Wes finds evidences thats thes designs 
ofs thes BitTorrents protocols resultss ins increaseds 
cooperatives behaviors overs others P2Ps protocolss useds tos 
shares similars contents (e.g.s Gnutella).s Wes alsos 
investigates twos additionals communitys specifics 
mechanismss thats fosters evens mores cooperation. 
 
Alices Chengs et.al.s (2005),s Dues tos thes open,s 
anonymouss natures ofs manys P2Ps networks,s news 
identitiess -s ors sybilss -s mays bes createds cheaplys ands ins 
larges numbers.s Givens as reputations system,s as peers mays 
attempts tos falselys raises itss reputations bys creatings fakes 
linkss betweens itss sybils.s Manys existings reputations 
mechanismss ares nots resistants tos theses typess ofs 

strategies.s Usings as statics graphs formulations ofs 
reputation,s wes attempts tos formalizes thes notions ofs 
sybilproofness.s Wes shows thats theres iss nos symmetrics 
sybilproofs reputations function.s Fors nonsymmetrics 
reputations,s followings thes notions ofs reputations 
propagations alongs paths,s wes gives as generals asymmetrics 
reputations functions baseds ons flows ands gives conditionss 
fors sybilproofness. 
 
Joans Feigenbaums et.al.s (2005),s Thes routings ofs traffics 
betweens Internets domains,s ors Autonomouss Systemss 
(ASs),s as tasks knowns ass inters domains routing,s iss 
currentlys handleds bys thes Borders Gateways Protocols 
(BGP).s Ins thiss work,s wes addresss thes problems ofs inters 
domains routings froms as mechanism-designs points ofs 
view.s Thes applications ofs mechanism-designs principless 
tos thes studys ofs routings iss thes subjects ofs earlier.s Ins 
thiss work,s wes formulates ands solves as versions ofs thes 
routing-mechanisms designs problems thats iss differents 
froms thes previouslys studieds versions ins threes wayss thats 
makes its mores accuratelys reflectives ofs real-worlds 
interdomains routing:s (1)s wes treats thes nodess ass 
strategics agents,s rathers thans thes links;s (2)s ours 
mechanisms computess lowest-costs routess fors alls source-
destinations pairss ands paymentss fors transits nodess ons alls 
ofs thes routess (rathers thans computings routess ands 
paymentss fors onlys ones source-destinations pairs ats as 
time;s (3)s wes shows hows tos computes ours mechanisms 
withs as distributeds algorithms thats iss as straightforwards 
extensions tos BGPs ands causess onlys modests increasess 
ins routings tables sizes ands convergences times (ins 
contrasts withs thes centralizeds algorithms).s  
 
Nicolass Christins et.al.s (2005),s Ins thiss work,s theys 
proposes as cost-baseds models tos evaluates thes resourcess 
thats eachs nodes hass tos contributes fors participatings ins 
ans overlays network.s Suchs as costs models allowss tos 
gauges potentials disincentivess fors nodess tos collaborate,s 
ands providess as measures ofs thes “totals cost”s ofs as 
network,s whichs iss as possibles benchmarks tos distinguishs 
betweens differents networks architectures.s Wes 
characterizes thes costs imposeds ons as nodes ass as 
parametrizeds functions ofs thes experienceds loads ands ofs 
thes nodes connectivity,s ands expresss benefitss ins termss 
ofs costs reductions.s Wes discusss thes notionss ofs socials 
optimums ands Nashs equilibriums withs respects tos thes 
proposeds costs model.s Wes shows thats thes socials 
optimums mays significantlys deviates froms as Nashs 
equilibriums whens nodess values thes resourcess theys uses 
tos forwards traffics ons behalfs ofs others nodes.s Throughs 
analyticals ands numericals results,s wes thens uses thes 
proposeds costs models tos evaluates somes ofs thes 
topologiess recentlys proposeds fors overlays networks,s ands 
tos exhibits somes ofs thes challengess systemss designerss 
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mays face.s Wes concludes bys outlinings somes ofs thes 
opens questionss thiss researchs hass raised. 
 
3.s Methodology: 
Peer-to-peers (P2P)s networkss haves attracteds as significants 
amounts ofs attentions ins thes presss ass as populars networks 
architectures fors thes sharings ofs informations goods.s 
Populars P2Ps sitess fors sharings consumers informations 
goods,s includings Napster,s Kazaa,s ands Morpheuss Musics 
City,s haves attracteds millionss ofs globals userss tos shares 
theirs songs,s films,s software,s ands computers games.s Ats 
thes sames time,s as varietys ofs entrepreneurss ares 
developings commercials applicationss ofs P2Ps technology.s 
Notables exampless includes Allcast,s Blues Falcons 
Networks,s Kontiki,s ands Uprizers fors thes distributions ofs 
streamings medias content;s Grooves Networkss fors 
enterprises collaboration;s ands Bads Blues ands Nextpages 
fors enterprises informations sharing.s Whiles P2Ps networkss 
varys ins theirs architecturals designs ands applications 
domain,s ins alls P2Ps networkss filess ares transferreds 
directlys betweens thes computerss ofs userss (a.k.a.s peers)s 
connecteds tos thes network.s Further,s onces theses filess 
haves beens delivered,s thes users accessings thes files 
becomess as providers ofs thats contents bys default.s Thus,s 
ins ans ideals case,s thes provisions ofs contents ons thes 
networks wills scales tos matchs thes levels ofs demands fors 
thes content.s Thiss characteristics alsos meanss thats P2Ps 
networkss cans bes modeleds ins thes contexts ofs thes 
economics concepts ofs publics goods.s Ins contrasts tos 
privates goods,s publics goodss haves thes characteristicss ofs 
non-excludabilitys ins supplys (individualss can’ts bes 
excludeds froms consumings thes product)s ands non-rivalrys 
ins demands (ones individual’ss consumptions doess nots 
diminishs anothers user’ss values ofs thes product).s  
 
3.1s Steadys States Analysis: 
Wes presents thes steadys states analysiss ofs frees ridings 
problems ins P2Ps streamings systems.s Wes firsts considers 
thes scenarios wheres theres ares nos seederss ins thes 
system,s ands thens wes considers thes scenarios wheres 
theres ares seederss ins thes system.s Notes thats bys steadys 
state,s wes means  
lim௧→∞ݔℎ(ݐ) = ,ℎݔ̅ lim

௧→∞
(ݐ)݂ݔ = ,݂ݔ̅ s s ands lim

௧→∞
 s =s y̅s(ݐ)ݕ

exits,s thats is̶ 
 
A.s Withouts seeders 
Ins thiss scenario,s fors simplifyings thes model,s wes 
assumes thats thes downloaderss wills nevers leaves thes 
systems ands thes seederss wills leaves thes systems onces 
theys finishs downloading,s i.e.,s θs =s 0s ands s γs =s ∞.s 
Whens thes systems iss ins steadys state,s wes haves whens ts 
→s ∞,s ୢ୶୦(୲)

ୢ୲ୱ 
= 0s ,s ୢ୶୤(୲)

ୢ୲ୱ 
= 0,s ands ୢ୷(୲)

ୢ୲ୱ 
= 0s .s Thus,s 

bys applyings thes expressions ins (4)s unders thes conditions 
that 

s s s s s s s s s s s s s s s s s s s cpx̅̅hs ≥s (1-ρ̅)s ηupx̅h+s (1-k̅)uss 
ands cpx̅fs ≥s ρ̅ηupx̅h+s k̅uss s s s s s s s s wes obtain- 
s s s s s s s s s s s s s s s s s s s s s s s s s s 0s =s λhs –(1-s 
ρ̅)ηupx̅hs –s (1-k̅)us 
s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s 0s =s λfs –s 
ρ̅ηupx̅hs -s k̅uss s s s s s s s s s s s s s s s s s s s s s s (1) 
 
 
Wheres ρ̅s =s ଵ

µାଵୱ 
୶ ̅୤

୶ ̅୦ା୶ ̅୤ୱ 
s s iss thes equilibriums values ofs 

ρ(t)s s ands ρ̅s ϵs [0,1],s ands k̅s =s ୶ ̅୤
୶ ̅୦ା୶ ̅୤ୱ 

s iss thes 
equilibriums values ofs k(t)s ands k̅s ϵs [0,1],s s Solvings (5),s 
wes have 
s s s s s s s s s s s s s s s s s s s s s s s s s s s s s x̅hs =s s 
λ୦

η୳୮ୱ ୱ 
.s ଵ

ଵିαୱ 
,s x̅f=s λ୤

η୳୮ୱ ୱ 
. s ଵ

ୱ భ
µశభ౩ ିαୱ 

s s s s s s s s s s s s s s s s 

s s s (2) 
Wheres αs =s λ୤ି୳ୱ

λ୦ାλ୤ି୳ୱୱ ୱ 
s ands αs <s ଵ

µାଵୱ 
s ifs thes systems 

hass thes steadys states value. 
Bys applyings Little’ss Laws λିθ୶ ̅

λୱ ୱ 
xത = (λ − θxത)Ts s (Ts iss 

thes averages downloads time),s thes averages downloads 
times ofs honests downloaderss ands frees riderss cans bes 
computeds as 
s s s s s s s s s s s s s s s s s s s s s s s s s s s Ths 
= ଵ
η୳୮ୱ ୱ 

. ଵ
ଵିαୱ 

s , s Tf = ଵ
η୳୮ୱ ୱ 

. ଵ
భ

µశభ౩ ିαୱ 
s s s s s s s s s s s s s s s s 

s s s s s s s s s s s s s s s s s s s (3) 
 
B.s Withs seeders 
Ins thiss scenario,s wes assumes thats thes downloaderss wills 
nevers leaves thes system,s i.e.,s θs =s 0,s ands thes seederss 
leaves thes systems withs randoms aborts rates γ.s Whens thes 
systems iss ins steadys state,s wes haves whens ts →s 
∞,ୢ୶୦(୲)

ୢ୲ୱ 
= 0, s ୢ୶୤(୲)

ୢ୲ୱ 
= 0),s ands ୢ୷(୲)ୱ 

ୢ୲ୱ 
=0.s Thus,s bys 

applyings thes expressions ins (4)s unders thes condition 
cpx̅hs ≥s (1-ρ̅)ηupx̅hs +s (1-k̅)(upy̅s +s us)s ands cpx̅fs ≥ρ̅ηupx̅hs 
+s k̅(upy̅s +s us)s  
s wes obtains s s s s s s s s s s s 0s =s λh-s (1-ρ̅)ηupx̅hs -s (1-
k̅)(upy̅s +s us) 
s s s s s s s s s s s s s s s s s s s s s s s s 0=λfs -s ρ̅ηupx̅hs -s 
k̅(upy̅s +s us)s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s 
s s s s s s s s s s s s s s s s s s s s (4) 
s s s s s s s s s s s s s s s s s s s s s s s s 0=(1-ρ̅)ηupx̅hs -s (1-
k̅)(upy̅s +s us)s -s ϒy̅ 
Wheres ρ̅s s ands k̅s ares ofs thes sames meaningss ass ins 
(5).s Solvings (8),s wes have 
s x̅h=

λ୦
η୳୮ୱ 

s .(s ଵ
ଵିαୱ 

− ୳୮
ୱ ϒୱ 

s ),x̅fs 

= λ୤
η୳୮ୱ 

.

s ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ଵୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ 

ୱ భ

౩ భ
భషα౩ ౩ –౫౦౩ ౩ 

౩ ϒ౩ 
–(ଵିୱ భ

µశభ౩ ୱ )
s ,y̅s 

=s λ୦
ୱ ϒୱ 

s s s s s s s s s s s s s s s s s s s s s s s s s s (5) 
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wheres ߙ = λ୤ି୳ୱ

λ୦ାλ୤ି୳ୱୱ 
s s ands 1-s ଵ

ቀ౫౦ϒ ቁୱ 
<α<1-s ଵ

ቀ౫౦ϒ ቁାୱ µశభµ౩ ୱ 
s ifs 

thes systems hass thes steadys states value.s Alsos baseds ons 
thes Little’ss Law,s wes cans computes thes averages 
downloads times ofs honests downloaderss ands frees riderss 
as 
s s s s Th=

ଵ
η୳୮ୱ 

s .(s ଵ
ଵିαୱ 

− ୳୮
ୱ ϒୱ 

s ),Tfs 

= ଵ
η୳୮ୱ 

.

s ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ଵୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ ୱ 

ୱ భ

౩ భ
భషα౩ ౩ –౫౦౩ ౩ 

౩ ϒ౩ 
–(ଵିୱ భ

µశభ౩ ୱ )
s  

 
4.s Results ands Discussion: 
Ins thiss works wes haves developeds peers tos peers s 
networks model,s ans areas ofs 500*500s kmss havings abouts 
100s userss ofs onlines datas resources.(ass showns ins fig.1.)s 
wheres alls userss ares showns ass as circulars pointss havings 
randoms positions,s wheres X-axiss ands Y-axiss showns thes 
areas lengths ands blues circless ares thes networks user. 

 
Figs (1) 

 
Ideally,s theres ares onlys honests userss ands wes cans 
assumes thats 30%s ares usings thes networks ats thes times 
.Theses honests userss ares showns bys ‘yellows circles’.(ins 
figs .2.)s wheres wes cans seens thats 24,17,14,……s ares thes 
yellows circless representings 30s honests downloader,s 
usings thes peers tos peers network,s withs thes changes ins 
times ass somes ofs thes downloaders finisheds thes 
downloadings wills leaves thes networks ands works ass 
‘seeders’s ands somes news userss iss alsos addeds ins thes s 
network.s  
 

 
Figs (2) 

Ours algorithms iss runs fors 10s iterations tos checks thes 
statuss ofs users thats hows manys timess theys haves entereds 
ins networks ass as frees riders ands honests downloaders .Ins 
eachs iterations wes haves considereds news honests 
downloader,s ass as ‘delh’s addeds s ins thes particulars 
timeslots ands frees riders ares ‘delf’.s Wheres delh=6s 
maximums sixs honests users cans bes addeds ins thes 
networks ands ‘delf=delh/2’i.e.s maximums 2s frees riders 
cans bes addeds tos as networks ins everys times slots. 
Ins eachs iterations thes algorithms gives thes records ofs 
totals numbers ofs frees riders ands honests users ins thes 
givens peers tos peers network.s Ins thes presents cases wes 
haves nots considereds anys penalitys ons thes frees riders fors 
analyzings thes behavior,s times ofs utilizations ands numbers 
ofs frees ridings casess ins ours network.s Wes haves saveds 
thes totals numbers ofs honests users ass thes sum(sh)s ands 
totals frees riders ass as sum(sf)s ands upcomings figuress wes 
ares showns thes results fors 10s roundss withs thes networks 
bys networks diagrams ands numbers ofs honests userss ass 
‘blues line’s ands numbers ofs frees riderss ass ‘blacks line’s . 
 
Withouts penality: 
seeders ids honest:17s s 14 
Nones ofs thes users hass beens frees ridings fors as longs 
time 
seederidfs =s 4 
frees riders left:s 4 
news honests users id;s  
news frees riderss id:s 58s s 17s s 15 
seeders ids honest:17s s 10 
Nones ofs thes users hass beens frees ridings fors as longs 
time 
seederidfs =s 1 
frees riders left:s 1 
news honests users id;s 46s s 39s s 79s s 37 
news frees riderss id:s 72s s 88 
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Figs (3a) 

 

 
Figs (3b) 

5.s Conclusion: 
Wes haves showns as mechanisms thats providess as penalitys 
ands exclusions mechanisms ofs frees riders ifs theys dos nots 
changess theirs behaviors ons receivings repititives warningss 
ofs theirs frees ridings behavior.s Wes haves considereds as 
thresholds values thats wills imposeds ons frees riders ifs anys 
users entereds ins thes network,s ass as frees riders mores 
thans ors equals tos threes times.s wes sendss thems as 
warnings tos gives thems as chances ofs changings theirs 
behaviors ands triess tos molds hiss activitiess towardss thes 
users thats cans becomes as contributors tos thes datas 
resources ofs thes peers tos peers network.s Thoses userss 
whichs dos nots stopss theirs frees ridings behaviors ares 
blockeds froms thes networks usess ifs theys haves receiveds 
thes warnings mores thans ors equals tos warnings bys 
imposings suchs typess ofs exclusions mechanisms wes haves 

showns thats thes numbers ofs frees riderss cans bes 
successfullys reduces ins thes peers tos peers network. 
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