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Abstract—This paper introduces an operational monetary excessive amount of noise present in this data, which makes
system, the Sharing Mart system, for online content tradingand  the distillation of the data describing and explaining i
discusses what it can do with a toy experiment. Sharing Mart ;saractions from the noisy data a prohibitively difficuisk.

is a virtual-money-based file sharing system in which different S .
digital rights (e.g., view only, download and resell rights) of An alternative is to make use of advances in Web tech-

various file types (e.g.,video, audio, graphics and documents) Nologies and collect such data in a controlled manner by
can be traded by means of different transaction styles (e.g. designing virtual online experiments involving many human

marked price transactions and S-Mart auctions). Sharing Mart  subjects [7], [8] and [9]. In such experiments, we have the
is the content equivalent of stock exchange markets, eBay dn flexibility of controlling several design degrees of freeto

Amazon. The fully operational version has been used by50 . N .
students in the School of Engineering and Applied Science at and understanding their individual or collective effectstbe

Princeton University. After a quick introduction to Sharin g Mart, ~ final emerging global network behavior by adjusting them
its capabilities as a testbed are illustrated by means of a nitiple- one at a time or in groups. This further enables researchers

winner content auction experiment. Empirical data indicate that g analyze rare events, large groups and interacting factor

revenue eamed by selling content and probability of winnig an j, sqcjo-technological networks by means of online social
auction are maximized as seller/buyer strategies approaclthe experiments

Nash equilibrium. Content sellers and buyers lacking of stategic . . . .
thinking lead to revenue reductions and reductions in the sacess 1 his work introduces aronline content trading platform
rate to win an auction, respectively. which we call Sharing Mart (S-Mart), developed recently

at Princeton University to perform controlled experimeints
social file sharing systems constructed on top of techncédgi
The world has witnessed tremendous growth in both cometworks as overlays. S-Mart is artual moneybased file
munication and social networks over the last decade. Nowsharing system, in which different digital rights (e.giew
days many people around the globe, from teenagers to ehly, downloadand resell rights) of various file types (e.g.,
derly people and terrorists, are ubiquitously connectetth bovideq audio, graphicsanddocumentscan be traded by means
physically and virtually. The viral growth of social netviksr of different transaction styles (e.gnarked price transactions
is particularly impressive: Facebook currently has momsnthandS-Mart auctiony S-Mart is envisioned as being a content
150 million active users and has an average2df, 000 new equivalent of stock exchange markets, eBay and Amazon.
registrants per day, with an average3t§ weekly growth since Further details of the proposed system are provided in @ecti
January2007. This puts the networks, either social in virtuall. The current system [10] has been used259 students in
online space or technology networks among communicatithe School of Engineering and Applied Science at Princeton
devices, at the center of our society. Therefore, it is afniversity. We are also willing to open part of the developed
particular importance to understand and reveal undemeagl operational system to researchers interested in expetimgen
functional and topological interactions between sociatl ann file sharing systems with human subjects, similarly to tvha
technological networks. has been done with Planet Lab for communication network
To this end, fundamental research is promising to reveasearchers.
the structure of complex interconnected networks, and- vari S-Mart's monetary incentives together with user ratings
ous distributed processes running on them [1], [2] and [#liminate the free rider problem in file sharing systems. In
Mathematical models developed over the last decade hawve &sMart, end-users determine prices of their content items i
been justified with real human data to some extent, howevesrms of a virtual currency callddkensbased on the time and
there still remains an essential need to collect large atsouaffort needed to produce them. Therefore, initial file psice
of real human data to develop these models further, to tap S-Mart reflect subjective evaluations of their producers
into complex interactions between social-overlay/tetbgy We then let open market dynamics, competition from similar
underlay networks, and to advance the current knowledge basntent, and supply and demand forces determine final conten
in the field of socio-technological networks research. Suglmices.
real human data is available on the Web today, and it canS-Mart is more than simply a new approach to file sharing.
be collected from various online social networks [4], [SHanlt also serves as a powerful testbed to perform controlled
[6]. However, the biggest bottleneck with this approachis t experiments with human subjects to better understand human

I. INTRODUCTION



behavior in exchanging content under the guidance of gicin
signals, and other sociologically complex phenomena ssch a SgssiETALE:
time evolution of the popularity of a content item or a user. Temns B Vinie: Te Bty

To illustrate its usage as a testbed, we designed a toy auctio i 7ﬁ suecsogery: sesdmcErens )
based competition among seven graduate students in the Elec TS SR

trical Engineering Department at Princeton UniversityeTh Description:

purpose of this auction experiment is to understand stiateg

behavior (or the lack thereof) of users in online auctions. W Keywards:

solicited students to submit buyer and seller strategi¢satte . T

files through S-Mart. Then, the submitted strategies coetpet I s

against each other to garner the maximum number of points, R—

Link To:

which points were a combination of total seller revenue &ed t I External URL
number of auctions won. We observed that the revenue earned
by selling content and the probability of winning an auction
increase as seller and buyer strategies approach thelgocial
optimal Nash equilibrium of the designed experiment. Ferth
details of the experiment and initial results are provided i
Section IlI. e S s e Do o st
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[I. DETAILS OF THE SHARING MART SYSTEM ~
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Fig. 1. User interface for uploading ads.
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A. Ramping up Initial User Activity

The initial ramp up of user activity in S-Mart was achieved
by providing each new S-Mart member with initial start-up
funding (in terms of tokens) with which to begin file trading.
Therefore, the total amount of virtual money in the system
increases with user involvement, and more content trading| >«
activities are expected to appear with an increasing number
of tokens in the system. However, some users’ token balances Fig. 2. S-Mart's targeted ad mechanism.
may decrease over time if they cannot attract enough iriteres
in their content items from others. We support such users by

means of S-Mart's advertising mechanism, whose details are _ load d a brief d .
explained in the next section. Furthermore, such users ¢gMent items to S-Mart. To upload an ad, a brief description

also buy resell rights of popular content items in S-Marg arP! the ad, an ad budget, number of tokens to be paid per ad

start contributing to S-Mart's ecosystem by sharing thess fi VI€W: @nd the ad type need to be entered. Ads can also be
with others. This creates a liquid secondary market for eoint targeted to a specific group of users by using S-Mart's group

similar to stock exchange markets, with increased avdiiabi formation mechanism. The user interface for uploading ads i

of the same content from different users. In this ecosystefioWn in Fig. 1.

some content brokers are expected to appear that buy resellhe S-Mart advertising mechanism has rewards for both
rights to content when it is unpopular, and sell them for bighcontent producers and content consumers. By means of this
prices when it becomes popular. We also reward users wal mechanism, content producers are able to advertise their
tokens for their positive contributions to S-Mart such @ content to other members. Content consumers can consume

and reviewing files that they have bought. the ads recommended based on their empirical user profiles
o ] whenever they are short of tokens to buy their desired conten
B. S-Mart Advertising Mechanism items. Figure 2 illustrates the targeted ad action. Exasple

In the S-Mart ecosystem, there are two kinds of conteaf empirical human data for user profiling include users’tpas
items: (a) positive-valued content items an@b) negative- interests (e.g., content type and category), users’ pdslirg
valued content items. Positive-valued content items ayelae and buying patterns (e.g., the percentage of their net lwvealt
content items for sale whose values are paid to content prodused while buying a content item) and social graph data,(e.g.
ers by content consumers. Negative-valued content items social connections of users and what their friends are doing
advertisements whose values are paid to content consumerd bus, this monetary system for online content trading stvasp
content producers. An S-Mart user can upload both typeswsder profiling.



for lightweight system control related functions. The emtr

s implementation uses client-server technology at the datzep

Las s Such a two-layered system design is more scalable in terms
of potential future innovations.

The control plane serves four main purpoge3as a central

e bank (i.e., it adjusts the total token amount in the syst¢h)),
Media Type: @vides O Graphies O Audio O Document as a commercial bank (i.e., it updates user accounts aftér ea
Notification: [ Nofify me by email when responded. file transaction and generates monthly trading repoft3)as
a police station (i.e., it preserves different digital tiglvia
watermarking) andd) as an investment bank (i.e., it enables
a secondary market).

S-Mart’s incentive mechanism consists of monetary incen-
tives and user ratings. Monetary incentives eliminate -free
C. What Can Users Do in Sharing Mart? riders, and the currency-based system provides anyone -

There are two main types of users in S-Mdg) content anytime file trading capabilities for users. User ratingtede

consumers angb) content producers. Content producers aféS€rs from uploading corrupted or junk files.
the catalytic users with creative minds who are able to erea, Some Other Capabilities
interesting content items that attract attention fromotleers. ¢ o Giher functions of S-Mart are group formation, in-

Content producers can also be content consumers when tnﬁ)‘lal messaging, blogging and detailed reports about user

want .to_ buy _others_’ files. Th’e§e USers usually (.jo not ha¥?atistics. Further details about them can be found in the S-
any difficulty in buying others’ files since they typically V& Mart user manual [11]

enough tokens in their bank accounts.

Content consumers are the users who cannot contributéll. S-MART AS TESTBED. AN AUCTION EXPERIMENT
interesting popular content to the system. We support suchThe classical method used to discover the price of an item
users by means of start-up funds, the ad mechanism, thien a seller is uncertain about it is to let others submit the
token rewarding mechanism and the secondary content martels for this item (see [12], [13], [14]). With this motivati,
mechanism, as mentioned above. we have built an auction platform to enable content prodsicer

Content consumers can spend their tokens to buy variagssolicit bids from content consumers to discover fair neark
digital rights to content items at different prices via diff prices for their content items. In this part of the paper, we
ent transaction styles. S-Mart differentiates among Ve,  first describe the S-Mart auction platform and the multiple-
download and resell rights of content items. These righi@inner S-Mart auction. Then, we report our initial resultso
can be traded by using either marked price transactionstey auction experiment with human subjects for online conte
multiple-winner S-Mart auctions. If content consumersrezn trading.
find files that they are looking for, they can request the .
by using S-Mart's content request mechanism. To requ S-Mart Auctions
a file, a content consumer enters its brief description, file Selling a file is different from selling a tangible good via
type (document, audio, video ant etc.) and the tokens affer@n auction mechanism because multiple copies of a file can
to access its different digital rights. If a content producd€ sold in a single auction. Therefore, we implemented the
responds to the content request, the requester is notifeed fallowing uniform price unit demandand multiple-winner
e-mail, and she can access these responses whenever shefil§gguction in S-Mart. The seller enters the minimum price,
into the system. The user interface for requesting filesdsvsh auction start/end date and time, and digital rights and the
in Fig. 3. number of copies of the file), to be sold. Then, the file

S-Mart allows content producers to design their contei& Sold to the highest/ bidders at the price of theM + 1)*
stores, and trade different digital rights at differentcps by highest bid. If the number of unique bidders is smaller than
means of different transaction styles. We will mention thd/, the file sale price becomes equal to the minimum price,
details of S-Mart’s auction mechanism in Section III. Cante @and all bidders pay this minimum price. We first prove an
producers can also earn tokens by responding to contéfRportant property of this auction.

[ View Only
Usage Rights: [ Download

Repackage

{ Request )

Fig. 3. User interface for requesting files.

requests. Definition 1: An auction mechanism is said to becentive
) ) ) ) ) compatible if it induces each bidder to submit a bid that
D. Engineering Design and Incentive Mechanism sincerely reflects her true value for the item.
S-Mart consists of two main layer&) a data plane anfb) An incentive compatible auction is also an efficient (i.e.,

a control plane. The data plane can be implemented by usitgms are allocated to those who most value it) and standard
either peer-to-peer (P2P) technology or a classical sefient (i.e., items are allocated to the highest bidders) auction.
technology. The control plane is implemented by means of Theorem 1:S-Mart auctions are incentive compatible.

a central secure server. The data plane is responsible for Proof: Let v; bei*" bidder’s true valuation for the file),
data transfer and storage. The control plane is responsibteher bid, and**1) be the(M +1)* highest bid at the end



of the auction. First consides, > b(M+1) Submittingb; > v;
does not increase the bidder’s utility (i.e;,— b(* 1) when
compared with submitting a bit = v;. On the other hand, - : :
she can lose the item with positive probability if she sulsrait : A oraedERdg G
bid b; < v;. As a result, bidding; = v; is a weakly dominant | SMartb8 | S senet e
strategy for this case. The same is true fpr b(M+1),  m

An alternative for S-Mart auctions is discriminatory multi
unit auctions (i.e., the highest bidders get the file by paying
their bids) However, the revenue equivalence principles (se
[13]) states that the seller revenue tends to stay the sam % AURGERLer] PIcHiE Agere
for different auctions when some mild conditions are met.
Therefore, we have decided to implement S-Mart auctions in Fig. 4. Automated bidding agents.
the current operational version of the S-Mart system.

Content producers selling their files via S-Mart auctions The final score of studeritis calculated by normalizing his

now face a complex stochastic revenue maximization problegp .. point total with the maximum number of points. As a
over the optimization variables such as the number of COpil%Ssult student's objective function to maximize is

of a file to be sold, minimum asking price and the auction

®  Automated Bidding Agent 1

M

Automated Bidding Agent 3

duration. This optimization problem will be subject to our s; = L max — ,_pil 53 - (2)
auction experiment in the next section. {M??{};k:}lg’mi;kzl' max{p; :j =1,2,3,---,7}

i Tk=1""1
B. Auction Experiment Set-up given the bidding and selling strategies of other students.

Our experiment was @6-hour agent-based competition Note that leftover tokens at the end of the competition are

among seven graduate students at Princeton as a part diofcounted _toyvar(_jﬁi in (1) to prevent S_t“d_e”FS from haying
homework problem set. Our subjects were given a lectuP@rd upper limits (|.e.1_00_ tok_ens) in their bidding strategies.
on game theory and auction theory before the experiment.Even though the optimization problem faced by each student

Therefore, they were familiar with strategic thinking inange ' complex, the experiment was set-up such that it has a ejmpl
setting symmetric and socially optimal Nash equilibrium.

We formed a closed test group among seven students bglheorﬁm 2|:l;ll'hehabov_(la_bexperlrr:enr:_h;;kaf)émgftﬂclggd So-
using S-Mart’'s group formation function, and gave each st dy 0? ITal()()afs leiu',';'?rqi\g;cg @ at ' 6 9_6 '
dent 1800 tokens for file trading. Each student was request&f‘ Filt) = orl<i<71<k<3andt€[0,96].

to propose a seller strategy, and to set three S-Mart awction. Pro;)f: G|vent thte a[s)gllfrkstratggles tlr? the ,g]etordem’t file
according to his or her selling strategy. Each student wes af'rices stay constan oKens since there are students

requested to submit an automated bidding agent to bid f3 mpeting for_ea_ch auction. Therefore, a student can wip all
18 other auctions. The start time/date of all auctions was tté'Ctl'Don‘:' b/)r/] b'dd'ngloo tOk%nS forsgaqlh ?f them, :[:hlcé)hdljs'
same, but the end time/date varied according to selleegified € best s/he can do as a buyer. simiiarly, given tne biading

with the restriction that all auction durations were lesanth s’grateg|e§ of the otherg, a student.can $&Ibop_|es of three
96 hours. different files at three different auctions by setting theniver

Studenti, 1 < i < 7, got 100 points from each auction of gopigs per auction t6 and the minimum sale price )0,
s/he wins, and the total number of poiptsthat student got which is the best a student can do as a seller. .

. - Observe that all students colle¥t00 points, and therefore
was equal to the total revenue obtained from three auctmnsél score ofL00. at this Nash equilibrium
terms of tokens) plus00 times the number of auctions won. ' q '

Thereforep; is equal to C. Automated Auction Bidding Agents
3 7 3 In order to eliminate random factors (e.g., forgetting to
pi = fojv[f +100- 22551, (1) bid for an auction) in bidding, we developed a Java library
k=1 S k=1 to enable automated bidding for auctions. In addition, it is

hard for a student to remember all parameterd®bngoing

P - b . auctions and to bid on time manually. Java classes developed
M; > the number of copies in the™ auction from student, 5, their functions are shown in Table I. Students use these
anddy; is an indicator function that equalsif studenti Wins 55565 to program their automated bidding agents. These
the kth.aucuon from studenj, and equals 0 otherwise. Noteyigging agents run on students’ computers, connect to the S-
that p; is a complex function of\/F, the minimum sale price \art server, retrieve auction information to decide on a bid

R;, the auction duratiod“f,_ the bidding strategy;(¢), ¢ €  amount, and then submit the bids as shown in Fig. 4.
[0, 96], of student and the bidding strategigt (¢) of the other

students. In addition to the time the bidding strategies alsoD- Empirical Results
depended on other factors such the minimum and current pricén this section of the paper, we report empirical findings
of the file, which we do not show for notational simplicity. about the auction experiment. We start our analysis with

where f¥ is the final price of the:'" auction from student,



TABLE |
AUTOMATED BIDDING AGENT LIBRARY

[ Class Name | Function |
Auctioninfo.java Retrieves auction information such as number of copiesjmmuim price, current price,
start/end date/time, content ID and seller ID from the SiMatabase.
Bidder.java Submits bids to the server.

Balancelnfo.java Retrieves the bidder’s current balance information from $aMart database.
UserProperties.javd Sets user properties for secure authentication.

seller strategies, and observe that seller revenues oérstsid 2500

are maximized as their seller strategies approach the Nash
equilibrium seller strategy in Theorem 2.

The parameters for revenue optimization as a seller in S-
Mart are the number of copies of the file, the minimum sale
price, and the auction duration. Students employed differe
seller strategies by varying each one of these parameters. A
brief summary of student strategies is as follows.

« Auction Durations:Three students spread their auction
end times ovel96-hour period to gather funds earlier, 0
and then to use them for bidding in other auctions. The
others set their auction durations 36 hours.

o Minimum Prices:Six students realized that the rewardrig. 5. Change of seller revenues when the number of copiée told is
for winning an auction isl00 points, and therefore setS®! ©6:
their minimum prices to be less thatD0 to attract

enough interest from others. This created active bidding 4y ction tos. These findings are another justification for
wars among bidders. One of them set different minimugy,yjoying the Nash equilibrium seller strategy to maximize
prices, 70, 100 and 150, to explore weaknesses and thggier revenue.
lack of strategic thinking in bidder strategies. We can further analyze the average revenue per seller as
« Number of CopiesFour students tried to exploit the, fynction of the number of copies by using the statistics
trade-off between the number of copies sold and thg Taple 1| regarding the relationship between the number of
final sale price by setting the number of copies to smalhsies; the final sale price and the percentage of copies sold
numbers in the range of one to four with the hope thals shown in Fig. 6, the seller revenue peaks when the number
final price would go sufficiently up that the effect ofyt copies is around to 6, which is also in accordance with
selling a small number of copies would be compensatggh Nash equilibrium seller strategy. We expect that studen
by high final sale prices. Three students employed Qjier strategies would approach the Nash equilibriunesell
strategy close to the Nash equilibrium seller strategyaieqy more in terms of setting both the minimum price
proved in Theorem 2 by setting the number of copieghg the number of copies per auction with one piece of extra
to 5 and6. information: tell them before the experiment that empirica
We analyze the effect of each one of these parametersdata shows that setting the number copies per auction around
the final seller revenue by starting with the most intergstiré maximizes seller revenue. This point is subject to further
parameter: number of copies of a file to sell. study but clearly shows the power of information and leagnin
When averaged over the best three seller strategies, wegame theory and auction theory to design systems at
found that the average number of copies maximizing theguilibrium.
seller revenue i$.33, which is close to theé copies result  We next quantify the effects of the minimum price on the
suggested by Theorem 2. This further motivates us to afkal seller revenue. We first observe that the average mimimu
the following question: what happens if all students set thwice over all21 auctions wa$6.67 tokens, and the median
number of copies to be sold tbby keeping other parametersminimum price over the three best seller strategies %as
(e.g., auction duration and minimum price) constant? Is thiokens, which are close to the numbers suggested by the Nash
case, the file sale price stays the same at the minimum prezgiilibrium in Theorem 2. Secondly, we observe that a high
set in the beginning of an auction, and the total revenueinimum price decreases the percentage of copies sold (i.e.
equals the number of unique bidders times the minimuall copies are sold in all auctions if the minimum price is
price. Our findings are summarized in Fig. 5. Except for orless than80 tokens but none of the auctions have all copies
student, revenue of a seller summed over three auctiorfiystrisold if the minimum price is greater thatD0 tokens); a
increased. The average revenue increas®9. The student higher minimum price increases the final price in all auction
whose revenue stays the same already set the number of coaies also increases the total seller revenu&irv1% of all

2000

1500 M Original Number of
Copies

M Number of Copies Set

1000 to 6

Total Seller Revenue

500

1 2 3 4 5 6 7
Student ID



TABLE Il
RELATION BETWEEN THE NUMBER OF COPIESTHE FINAL SALE PRICE AND THE PERCENTAGE OF COPIES SOLD

[ Number of Copies | Final Price / Minimum Price [ Percentage of Copies Sold|

1 231.58% 100.00%
2 205.00% 100.00%
3 118.27% 100.00%
4 103.14% 95.00%
5 102.09% 97.14%
6 100% 71.43%
s - Princeton University. In Sharing Mart, different digitagts

(e.g.,view only downloadand resell rights) of various file
types (e.g.,videg audio, graphics and documents can be
traded by means of different transaction styles (entarked

450-

400+

i price transactionsand S-Mart auctions The second purpose

i is to present opening discussions regarding the capabiliti

g =Y of this platform as an experimental testbed in file sharing

§ 200 1 systems. To this end, a toy auction experiment and somaliniti

SREE 1 empirical findings backed-up with game theory and auction
100 1 theory have been presented. Selected parts of the developed
so , ] operational system can be opened to researchers intefasted

experimenting in file sharing systems with human subjects.

0 L L L ! L L L L L
1 15 2 25 3 35 4 45 5 5.5 6
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