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[. Introduction

At 4pm E.T. onOctober 3, 2012atrader orBetfair, aU.K. betting exchange, was
wilingt o s el | Asharesodo of Mitt ARwenwhe ggreéddothel 9. 6 ¢
price would give the sellehe$0.196andreceivein returnacontractual promise from the seller
to pay the buye$1.00if Mitt Romney wonthe2012U.S. Presidentiatlection The buyer, if she
held the contract until Election Day, would either lbse$0.196 if Obama won or earn-$1
$0.196 = $0.804 if Romney woAt the same tira, onlrish predictionexchange Intrad¢he
most aggressive buyers were willingtopayjtup 29. 8 cents for the same
contract.Obviously,bothexchangesould not be rightibbout the value of theontract More than
informational differenceghe contradiction represented free mareetyadercould buycontracts
on Betfairfor $0.196eachand sell identical contrazon Intradefor $0.298 pocketing$0.102
for each contraciminus transaction feedf Romney wonthe trademwould collecton Befair
and loseon Intrade $0.804- $0.702= $0.102 if Obama wonthe trademould collect on Intrade
and loseon Betfair:$0.298- $0.196= $0.102) How was this price misalignment occurringgda
what does it mean for markets and excha®hges

A canonical prediction market contract pays $1 if and ordypibutcome occursVe
examineactivity ontwo public exchanges offering such bingugyoff contracts for political
outcomes: Dublirbased Intrade and Londdrased Betfairin practice, the two exchanges,
thoughoffering mathematically equivalemtinary-payoff gamblesprovideuserswith
significantly differenttradinginterfacesl nt r ad e 0 s i rstock mérketctieelista-d el s a
or-nothing contractso buy or sell in a continuous double auct{@DA), thoughone shargays
$10,not$10n Bet fair, traders donét bulhoivmamar eso o
British poundghey are willingtai | ay 6 o n ant(2 theoodds oramaint returned if
t hey 0r epoundrigked that ghey are willing to accepgported inthedecimalformat
common among European bookmaké&usrther, for both exchangesamsaction costs,

opportunity cost, currency risk, and counterparty risk dilute the value afcartsact

Even under the weakest form of market efficierinyg arbitrage or a risk-free profit
after feesshould not existSome arbitrage occubetweerbookies and between bookiasd
exchangedargely due to the structurdifferencesbetween bookies and exchangase key
distinction is the ability of exchanges to abspdwinformationinstantaneously as bookpeices
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movemore slowly[Frand et al.2013 Strumpf2003]} Between exchangesymeone should buy

the cheaper contract, raising its price, and sell the higiegd contract, lowering its price, until

the pricedifferential is less than any fees and overhead. ¥gtdenmarketprice misalignment

exists for numeus contracts. & months leading up to the®) Presidential election, we
documentedchumerous opportunities tauy contracts in onexchangend sell the same contract

in anoher exchangér more money. We found occurrences in Higlidity markets, including

the major party nomination markets and general election markets, as wdlbadiquidity

marketdike the stateby-state primariesNe consistently observed executatug profits of

between 1 and 5 percent, even after reasonable estimation of the associated transaction costs and

risks

The order book does not d¢ape all of thedemand supporting a price misalignment, only
the publidy declared limit orders. Thus tleeder bookreflects a lower bound on arbitrage
profits: the trueopportunitymaybe severalimes higher ihidden demand what we call a
shadow order book exists in the form of traders or th@irogrammedgentsvaiting ready to
accept new orders at the margin or to refd thder book as it emptieNot utilizing the order
bookis the theoretically rational strategy in many situatiovisereatrader does not want to
leave an ordethat needlessly exposessomé t he t r ad e tha@aotherrtrbderr mat i on
with newer informatiorcan take advantage of 8ome exchanges actually allow explicit reserve
or hidden orders, which allow big traders to hide their strategy by placing orders that are only
partially revealed on the order bo¢krey and Sandas, 2008etfair and Intradelo not
explicitly support hidden orders; on these exchangesha@éw order book takes the form of
automated tradingots orhumantradersiwa i t i ng i n t he guiciygs 0 ready
conditions changeClearing out bottorder book to fully align prices (modulo transaction fees)
would yieldthe minimum amount of arbitrage gakor examplesupposéMarketA has5 shares
for saleat $0.10 and 5 moréor saleat $.12, and Maket B has bids to buy shares at(15 and
5 shares ath13. A trader can bujO contracts in Market A for an average &L and sell
them in market B for an average @.$4. But, what if, once the trader stas#dling in Market B
at $.15,newbidders emergelamoring to buy at@&14 or $.15?The profit per share could be
closer to $0.04 instead of $0.03, and the total profit could be much higher tHAx$#@e03 =
$0.30profit explicit in the order bookAlso note that the contract end datepur case Election

Day, representsnly the latest possible time after whithders can reclaimapital; if prices
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align any timdn the interimtraders can close oatbitrage positiondreeing upgnvested

capital.

We used aempirical approach tprobe for the existence and extent of a shadow order
book, findingthat the liquidity for any contract at any prisemany tmes larger than theublic
bids and asksnply. Thus we estimate the amount of money thdiitrageirs can extract is an
order ofmagnitude higher than what a purely observational study would ind&atdserving
the executiorof overthreethousand dollars in trades on the two exchangesconfirmed that
the price disparities represented real arbitrage opportunities, and werenaaifestation of
inaccurate or delayed price quotes, reasamsould not ruleut bysimply observing the order

books.

We hypothesize three main reasons that arbitrage persistetjsmall individual
investors wergleterred by the nenegligiblerisks, especially counterparty risk, combined with
higher costs. Second, despitear arbitrage gportunitiesJarger or institutional investe
concluded that a ortame profit of on the order déns of thousands of dollangas not enougto
warrant the resourcesThird, althoughtraders should close the gap for informational reasons
anyway, even if no one is profiting from the arbitrage find evidence that the gap was held

open byasingle largdraderin one of the exchang&gowas not maximizingprofit.

We also findprice misalignmenbetween contracts listed on th@meexchangewith
both mutually exclusive and conditionally related contragtsattribute this misalignment to
inefficient action in related contracts at times of higflormation flow We demonstrate where a
trader could sekbeveral candidates running for the same eleétiomore than $1otal, yet
know that he or she was obliged to pay out only $1 for at most one edrdelateswe found
conditional contracts whe the price for a candidate to win the presidential election was higher
than the price of their party to wiaven though the party camn a different candidatbut the
candidatevould not run without their partyror related contracts within markets tfbonutually
exclusive and conditional contracts, less salient markets became illiquid when the more salient
contracts were moving due to increased information flow. In some examples, traders withdrew
all bid and ask orders from contingent markets, evéreie were safe prices to leave the orders

regardless of the outcome of the other event.



We document additional evidence of wdakm inefficiency and bounded rationality.
First, ketween markets, Intrade was leading Betfair during the primary. A laggaddmirice of
12 hours was better indicator of the Betfair price than the Betfair price 12 hours previous.
Second, ltesum of all asks in complete sets of mutuabkglusive contracts amnsistently
further from $1 than the sum of bids. Thasnsistenasymmetry between buying and selling
across many exchanges, metirad, on average, traders will edrigher returns on sell orders

than buy orders.

To the extent that prediction markets seek to draw out information from a fEvuch
et al. 2007] our findings highlight shortcomings of existing exchange designs and standard
industry practiceFirst, theshadow order book represents@ve of informationhiddenbelow
the surfacgtraders, often viprogrammedobots,are watchingand waiting, ready toeact to
market changedut researchsicannot regularlgapture or understand tdegree of hidden
price support othe subjective expectations tfesewaiting traders Second, th@revalencef
arbitragemeanghattrading surplusego to uninformed participants wioechanically
implement logical propagationa task that can and should go twoaputerlf the goal is to
maximize information, gediction markets shouleserve the highest rewdiar the most
efficientinformation na thesneakiestfastestor most sophisticatecomputationsPrediction
markets should incentivize tradersfocus on providing information, in whatever form they find

convenient, ratér than extractingocial welfare through uniformed arbitrage

To address these shortcomingse advocate fothanges in prediction markets design
First,exchanges shoulthove beyondreating every binary outconas an independent, one
dimensionakontinuous double auction (CDAJhis practice fractures liquidity, linst
expressivenessolds more capital in reserve than necessarg,placesindue cognitive burden
ontradersOliven and Rietz [2004] show that, faced with multiple ways to invest in the same
predi ct i on  lwayschaaetheshedpestidntdefmg theories of rationality.
Exchanges shouldegin to enforce logical consistency among related conttantsar
programming is theight way to generalize a CD#f multipledimensiongBossaerts et al. 2002,
Fortnow et al2004. When the number ahutually exclusive outcomes is reasonahighe
hundreds or thousandiear programming is a fast, reliapndwell-understoogrocedureand

there is almost no disadvantage to adopting/lien the number ofuicomes is exponential, for



exampleg or 2 quadrillion stateby-state election outcometfie compuational complexity of
linear programmingor any market mechanisrbgcomes intractable, thougpproximation
schemesre possibl¢Dudik et al.2012 Chenet al.2008h Lahaie et al. 2033

Second, tradinwvizards should translate human judgmermtspressed simply and
naturally,into appropriatenarket ordersThe exchange interfacghouldemphasize its primary
functiond to reward informatiod andrescue users as much as possible from the swamp
financialor gambling numbers and jargoaommon todayWizards allow tradrs to focus on
estimating likely outcomeand ignorehe details oparticular market mechaniesid strategies.

For example, buying and selling are logically identical yet almost every exchange makes selling
more confusing; ideally, traders should see no differanvat-designedvizards that incentivize
timely informationmayencourage tradergaiting in the shada order book to reveal

themselves, capturing meaningful data currently lost in the market interface. Note that our two
suggestions complement each otttembinatorial exchanges using linear programming work

best when coupled with a wizali#te interface.

Efficient prediction markets ateeneficialfor all stakeholders. Investoastimately
benefit from the addeability to match whichever trades proegithem the most utility and the

added liquidity should allow them to use the markets more efficientigdge riskExchanges

profit from more volume; increased matching of orders supersedes any loses in arbitrage orders.

Finally, researchers benefit from maficient pricing on more questionshe realtime
forecass derived from prediction market data increasecedficy in manyomains Meanwhile,
the granulanature of the dat& a key ingredient in studying important questions in political
sciencgSnowberg et al. 2007iparketing, public policyWolfers et al. P09, employee
psychology Cowgill et al. 2008and many other domaiérrow et al. 2008.

[I. Estimation Strategy/Results

BetweenMarket Arbitrage

We start withthe most obvious type of price imbalancanave buy a single contract in
onemarket and selit in another markegbr more mone9We looked amatching contracts on

thetwo most liquid exchangdser politics: Betfairand Intradé8 et f ai r i s t he wor |l
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prediction market with FY2012 revenues of £389.7 million and single events that matched over
£50 million.! Intrade is the most watched and robust political predictiarket with ovei7.5

million $10 contracts on ObamaRobmneyto win the 2012lectionmachedduring the2012
electioncycle Frst, we verify that theontractdisted on the two exchangase indeed identical,
atleastfor practical purposesSecond, weatalogthe transaction and opportunity costs

associated with the contracts and the markets. Third, we follow the lowest buy price and the

highest sell price for these contracts in both markets and compare.

The two exchanges listed dows of related contracts tifeature various logical
implicationsand carried similar betweaxchangerice misalignmentsve focus on the most
liquid and visible contracts of Obama to win and Romney to 8ame relatedontracts include
ARepubl i can cfaRap u@dnidate o wivait least 270 Electoral College
v o t arsl similar contracts for the Democratic candidate, and other Electoral College
thresholds. For example, if Obama wins at least 270 Electoral College votes: he wins the
election, Romney loses the dien, and, after the formal nominating conventions, the

Democratic Party wins the election, and the Republican Party loses the election

Whether twocontractsare truly identical is a subtbnd difficultquestion as the
contractoften includecomplex ad detaied rules that address rare and varied edge ¢ases
thedeath of a candidateyet,we are confident thatll matchingcontracts noted in thisaper
werefor all practical purposesentical;the chances thattheir payoffs wouldliffer approached

zeroand were negligible given the other transaction costs and risks detailed below

Opportunity cost is the prevailing interest rate over the expected life of the contract on
the investment. First, the maximum amount of money that a tradés teepurchase the
contracts in both markets to attempt arbitrage is $1 per $1 payout. The cost of buying the less
expensive contract is the price $X. The more expensive contract is going to sell for $Y, where $1
> $Y > $X. The cost of covering that sasefili $Y; if the contract hits, the seller needs to cover
the difference between the price and $1. Thus, the trader needs to invést $85X. Since $1
> $Y > $X the cost of covering the two positions can, at most, approach $1 per $1 corttract. If
investor does not sdliecontracts, but holds everything for the duration, they will expire at the

1 http://media.investis.com/B/Betfair/PDFs/Annual -Reports/Betfair_Annual_Report_2012.pdf
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Conventions or Election Dagneyear of time, at most. With very low interest rates, the

opportunitycost on the investment wguite low during 2012.

Transaction costs are unique in this setup, because theybaéganced; Intrade has a
single upfront monthly costhile Betfair has a sliding scale onfarginal costs. Thusye
computethe final transaction cosh expectation. Firsthe trader coverall of the fixed feesfor
Intrade that includes a rate of $5 per mo&bcond, the marginal transaction cost is the
likelihood that the Betfair contract pays dimes the transaction fe€hetransactiorfeeis a
sliding scalethatstarts at 5% and eadt 2%;itd ecr eases wi th the?trader6
Thus, here is a meaningful distinction between the costs for institutional investdithe small
individual investorsFor examplejf a small investobuys 100 shares of a contract that would
pay $1 if it comes true in Betfair at $0.66r shareand sell 100 shares in Intrade f@. %0 per
sharethenhertransaction costs, in expectatjim65% * $10* 5% = $130. Of courseshewill
either pay $0 if the edract does not pay out o2 PO0if the contract pays outhehighest
possible transaction cost is if the contract
total. In summation, the maximum transaction and opportunityfaoatsmall investori s & 6 %
or 5% (transactiony} 1% (opportunity) Realistically, the less that can be gained from Betfair
the lower the transactiaost if the contracts are both ne0.50 per $1 payout and we assume a
short time periogthan the cost i& % 0or 0.5*5%.An i nst i t ut i o nsabstantialyv e st or

lower.

The currencyost and risk is very divergent for small and institutional investossnall
investor is |ikely to rWSaeaoltlhar £ uaBnt@ghnBet fraisko s
pounds while an institutionalinvestor with access to currency futures can hedge the risk at a
small costFurther, the cost of the initial conversion also depends greatly on the access to
currency of the traders, from little to nothing for large investwano hold foreign currency

already to rore costly for small investors.

The countgparty risk is nomegligible and hard to calculate. The traders cover all margin

calls at 100% with money in the exchange; by law, the money the exchanges hold is supposed to

2They also add additional penalties for highly profitable traders and traders active across many markets,
resulting in charges as high as 20% on big wins for frequentand successful traders on Betfair. See
http://www.betfair.com/aboutUs/Betfair.Charges .
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be held safely, sepdeafrom the dayto-day operationsf the company. Thus, treunter@rty

risk during the election was low, because an exchange would not only have to go under, but take
the money with itAnd, these exchanges are very visible amgHlasting institutionsBetfair is a
publically traded company founded in 2000 &mel popular press regularly quotes and
references Intradégunded in 1999Yet, Intradeis a smaller firm than Betfair; it runs more
informally and has undergone a number of changes, including shuttering its sports betting
operation TradeSports and logitts CEO in a tragic mountain climbigcidentWhen the

United States Commodity Futures Trading Commission (CFTC) went after Istiadéyafter

the 2012 electiorfprcing them to exit the 1$. market entirelythe company waableto quickly
refundall U.S.-based investors in fyulalong with any other investwmwho wished to cash out at
that time (In contrastwhen the US. governmentventafter Full Tilt Poker in 2011that
companywas unal® to pay back investors in fyllAfter the loss of a substantial portion of their
trader base, Intrade uncovered accounting irregularities in their bookis &atch of 2013

froze allaccountsvorldwide; they finally paid all accounts in full in November of 20@sile

any 2012 arbitrage vestor would have already moved her money out of Intrade, the risk of a
2012 arbitrage investment becoming stuck was obvioushinegtigible® Thus while the
absolute percentage failureis small,a smallrisk-aversenvestormay limit theirparticipation

as their investment becomsgbstantiain relation totheir wealth We estimate the currency and

counterparty risk to be low for institutionahvestors.

Theexchangesperate on different platforms, with different pricing schenmesather
obstacles that maketdaxingto investigate and close price misalignments between the markets.
Most of this cost is fixed, but since Intrade only sees major liquidity in political matiaters
cannot amortize the cogbr example byvriting a computer program that does the search
automaticallypover manyopportunitiesBecause of its size and diversitystitutionalaccaints
reside almost exclusivelyndBetfair.Intrade operateis U.S. dollars and caters to.8. users
while Betfair denominates tradesBritish pounds and explicitly baezcess from the United

States! There may béew people who regularly maintain accounts in betbhanges

31t is important to note that the action for the CFTC after the 2012 election and the subsequent freezing of
accounts in March of 2013 was a longtail event. We first presented this paper in October of 2012 and
audiences generally regarded the collapse ofintrade as a non-negligible, but low probability event.

4 Access for United Statesbased investors should decrease after the 2012 election due to the CFTC action.
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We pulled10 contracts witlinigh volumeduring the 2012 fesidential primaries that
were listed orboth Betfair and Intrademisalignment of prices occuns al 10 of these
contracts. The contracts are: Gingrich, Romney, and Santorum for the Republican nomination,
Obama ad Romney for president, and whether Reynwould win thdowa, New Hampshire,
South Carolina, Nevada, and Florida primafi&ore often than ngit was possible to sell a
contract in onexchangdor more than it cost to buy the same contract in anetharangelf
the markets are perfectifficient, this should never happérheleft side of Figure Shows both
the bid and the ask for the Betfair and Intrade contrac@b@ma to win the presidency across
the general electioonce per day for athf 2012. With the exception of just 2 degtghe
beginning of the yeathe bid on Betfair (i.e., the price someone is willing to pay) was greater
than the ask on Intrade (i.e., the price it would cost to [Aing.differences angersistent
between the two marke#s far back as March of 201An interesting phenomenos that the
size of the pricenisalignmengrows towards Election Day, when the markets are more liquid
and the opportunity cosf bolding the arbitrage shrinks, along with the associated. rigies

misalignment peaked at ove® percentage points at 8:05 PM ET on Election.Day
<Insert Figure 1 Here>

We conclude that there are real and persistéaitrageopportunitiesbetweerthe two
markets that outweigtie transaction and opgunity cost ofexploiting themFigure 1 shows
that there are points where the difference is greater than the theoretical macastah6%and
it is regularly greatethan the average cost of 3%he two Obama contracts were o%er
percentage points apart fof 6f last & days of theelection, a stretch starting jusefore the
conventions on 8/¥2012 through Election Day 11/6/2012.

The stated order book only providesower bound to the size of thepportunity we
explore the shadow order bottkmake a more accurate accountiRggardless of how the
market categorizes itpr easy comparison, waunt a share as a contract that pays $1 if it comes
true and $0 if it does not come true. At 1:45 PM ET on August 16,, 20t&der could buy on
Intrade 120 shares of Obama to win piesidency for $0.569 per share, then 4,944 shares at

5 These are the most consistently liquid contracts and the only contracts that span the entire timeframe.
61n 2008, Betfair was also more bullish on Obama over McCain by a similar magnitude, but that
difference did collapse by mid -October.
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$0.570, 210 shares at $0.571, etc. At the same time on Betfair a trader could sell 18,857 shares of
Obama to win the presidency at $0.633 per share, 1,858 shares at $0.629 per share, 1,349 shares
at $0625 per share, etc. The minimum amount of money that a trader could gain by closing this
price misalignment is to buy shares in Intrade and sell shares in Betfair until the difference
matches the transaction and opportunity costs; this assumes thénarmdéneady covered all of

fixed costs of being on both sites and finding the price misalignments. But, the order book is

only what is sitting visiblyd take; the shadow order book includlee e mar ket 6s r eact
trades. First, on Intrade thedbives $0.562 and the ask $0.5@@uld the trader get someone to

sell shares for a price in the middle? Second, there were 120 shares available at $0.569, what
happens if the trader puts in a buy order for 500 or 1,000 shares at that price, are there other
traders waiting tdakethe orders? If the minimum is clearing out the order book, the maximum

is an infinite money pit at the marginal differenoeeven aimorethanthe marginal differenge

by carving intasome portion of thei/ask spreads in both matke
<Insert Figure 2 Here>

Figure2 shows the actual order books from Betfaid &mirade referenced abovehdy
demonstrate the complexidf working in both markets Fi r st |, Il ntradeds cont
so each AQtyo cor r e shbkethar tades with odids) wherd Hodds squal tBee ¢ o n
cost per $1. The odds of 1.58 equate to 1/1.58 or $0.633 per $1. Third, Betfair trades in British
Pounds and it lists the amount of money someone is willing to wager at the current price. Thus,
at the exchnge rate of 1.5642 American Dollars per Pound someone is will to wager £7,630 or
$11,934.85 at $0.633 per $1 return. So, that bet equates to 18,857 shares that would be worth $1
each if Obama wins the election.

On any given day during the late fall, cdetely closing the stated order book would net
an investor between $1,000 and $5,06@rder to test the depth of the shadow order book, we
identified several price misalignments where there was arbitrage on the margin; we randomly
traded or did not traglin those contracts on any given day to test the cost of buying shares and
whether our playing affected the marginal values. First, we ftehtivo sets ofrelated
contracts where we ctilbuy the same contract ftass than we could sell it in a different
exchangend the difference was enough to cover all transaction and opportunity costs. Second,

every day for eight days we randomized whitérrketto enter at a random point during the day.
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We followed the marketahen we did not bidwe captured the order boekery 2 minutes

during the entire period. Third, if we entered the market we bought matching numbers of shares
on each side, to ensure an arbitra§eurth, when we bought shares we started bgrioff at tie
current bid + $0.01 per share and then moved upwards systematically until we acquired all of
the shares. For example if the current bid was $0a2@l current ask was $0.24@ would

attempt to buy at $0.231then $0232, then $0.232, etc

The shadoveorder book existsive consistently paid less for our contracts then the stated
order book indicated and there were more shares available than noted in the order book at the
stated prices. As an example, we went into the market shown by Bignckbought Shares of
Obama to win at $0.566 per share; that was $0.003 per share less than price in the order book.
Then, to match this arbitrage opportunity, we sold 5 shares worth of Obama to win in Betfair for
$0.637 per share, $0. 0 Rirdgpriooaf %0.633 pea shard. Bvery tine d e r
we entered the Intrade market there was evidence of the shadow order book. Six of the eight
times we enacted purchases there was space between the bid and ask price in the order book;
four of those six times we we able to purchase shares at less than the ask price. Two of the
remaining four purchases we bought more shares than were available in the order book at the ask
price.Both of those times, afteve cleaned out the shares available at the current ask thece

number ofsharesavailablerecovered \thin minutes to their original level

The evidence suggest ththe shadow order book multiplies the return from between
market opportunities many tim@ver. \¢ hadno measurablénfluence on the marketespite
investing $,686in arbitrage situations that pasditareturn of6.38% over 3 month& Over the
time period that we traded, we examined the starting bid and ask pnd quantities for each
day.The difference increasethy over dayn 6 of the 8 contracts we enet. More telling, after
trading for8 days, andspending 3,686buying arbitrages in the two contracts, tidest price

misalignmentgo that pointtame at midnight after we had finished.

Our field experiment shows thatilizing the shadow order boake can estimate a

conservative net &15-20,000 over the course of the last few months of the elethiisn

7 For simplicity, we occasionally exchanged buying the mutually exclusive counterpart for selling a
contract.
8 The return is including all transactions costs, but before any opportunity costs.
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estimate is at leastraagnitude larger thathe $15,000that could be gained by closing the
arbitrage in th@rder bookduringthe same time framé®n a daily basis we cleared$3$25
without making any impact on the markétVe did one large investment df,841.80 whib had
no lasting effect on the prigrisalignmenby the end of the dajor a postcost return of
$135.511f an investor wanted to invest daily, allowing the market to recover from the direct
impact of his investment, he coutdnservativelynet $150 to $20@aily for upwards of the last
100 daysWe had no method of invegtiting what would happen if an investor completely
closed the misalignmeand whether it might subsequently return

Theinvestment possibility falls into an awkward rsze spatit may be rational for
investorgsto notactivelyclose thgrice misalignment Small investors face higher costs and risks
in making this investment. With the proper level of f@slersionthey may choose not to invest
becaus®f high probability attached tapossible exchange closure dodeit of capitaland
curreng fluctuations Institutional investors have lower costs and risks and should be more risk
neutral. Yet, they may view this opportunity as too small for their capital investifensearch
cost offinding out abouthe arbitrage opportunity approached zdrois paper was presented at
aNation Bureau oEconomicsResearch meetinig mid-October 2012, several prominent
economics bloggers both tweeted and discussed this arbitrage opportunity, and several

mainstream natia articleshighlightedit as well.

Even without investors activebfosingthe price misalignment, it should closéh the
dissemination of the price tovestorsn each markefThe price on Betfair and the price on
Intrade are valuable data pointstbe likelihood of the election outcome that should influence
traders in each market to move their market in that directionInfedde operates with.S.
dollars andadvertisegsowards users in the United States and Betfair operates with British pounds
and advertisesowards users in Europe. It is possible that persistent informational diffex@nces
biasesoccur between the two geograpmdlyg distinct populationssimilar to the geographic bias
obseved in sports betting marketd/png 2001]° In another examplejuaklisted companies
have a rich history of maintamng different pricing on different exchanges, well beyamy

reasonable differences in valjiRosenthal and Young, 1990 and Froot and Dabora] 1894,

9 Although, in the sports wagering example, geographic differences rarely extend beyond the costs.
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some researchers suggest l@smtiment is a factoBut, there is a unique difference with these
stocks versus prediction contradtse strategy for closing thosepgais not entirely clear as the
duatlisted companies could persist in their differences/éars and margin calls could eliminate
all theoretical gains in buying aséllingin the two market§De Jbng etal. 2008] Yet,in our
example prediction contractwill expire at $0 or $1ri a matter of months, weeldays or in the

case oElectionDay, hours

This leaves a final concern owaanipulation of onenarket; arinvestorcould decide to
maximize something other than return amtificially keep the price up for one of the candidates
that wadikely the case in Intrade market in 2012the public and press consider the market
price valid, manipulating it can lzerationalstrategyas ncreasegberceivedikelihood of victory
for a candidatenaylead to increased support ardgagemertfor that candidate, thus actually
increasing theéruelikelihood of victory for that candidaf&imon 1954] Previous research has
shown this to be a very difficult task in prediction markets [Rhode and fftra608].To
explore this possibilitywe examinedntrade datan every sale afiObama to Wi or iRomney
to Wino contracts for the final two weeks of thkection from5:00 AM ET onTuesday, October
23 through9:00 PM ET orElection Day,TuesdayNovember 6, 2012During that time period,
one tradespent35.0% of all money that supportéddomney (i.e. eitherbuying Romneyo Win
or selling Obam&o Win). The amount of money is significant enough that we can assume that
the trader would have l@vcosts if s/he chose to enter Betfair rather than IntrEoke trader
could have made these purchases at ab202%5% discount on Betfa{lan average of about
$0.07 per share on $0.30 per share purchaskspassume if thpurchases were made on
Betfair, theywould have exacted upward pressure on the Romnegtpece; thus, you can

consider this a conservative estimate.
Within-Market Arbitrage

Within-market pricemisalignmenincludes two major categoriemutually exclusive
contracts (e.g., first, second, and third place in the samies} andconditional contracts (e.qg.,
victory in thefirst round and victory irthesecond roundVithin-marketprice misalignmenis
when you can buy a contract that is, by definitengast asaluableasanotter contract for less
money tharthat second cordct. Price misalignment imutually exclusive contractsccurs

when you carsellover $1 worth of contracts for an outae that can pay a maximum of, &it
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you can buy a set @xhaustivecontracs for less than $1 that must pay outbat Price
misalignmenin conditional contrastoccurs when something that is by definition more likely to

happen sells for less money.

Every question in a prediction market has a mijiexclusive list of outcomes. If the
guestion is about winning the presidenghdction, there is going to be a list of candidates and
only one contract can be worth $1 after Election Day and all other contracts will bep@orth
This is the easiest withimarket comparison to keep aligned, because the markets generally list
all of the contracts for one specific question together. Yet, price misalignment does occur with
within these markets.

<Insert Figure 3 Here>

There were two major price misalignmentd im t r a d e fordhe seaondkpkade
position in the New Hampshire primary on January 10, 2012. First, at some points, not only on
the day oflhe primary, as seen in Figuebutthroughout the previous week, a trader could sell
all the contracts on every possible caladé to finish seconfdr more than $1. That includes not
just Jon Huntsman and Ron Paul, but Mitt Romney, Rick Santorum, and Newt Gingrich as well.
This topped out at a possible sale price of $1.082 and, sihgeme candidte could capture
second placat wasworth $1, the sale of each shapendleguaranteed $0.082ofit. Second
right after the polls closetHuntsmanwho finished thirdplunged in both the bid and ask for
second, but Paul, who came in second, stayed steady. Thasefominutes trader could buy
all candidategor second placéor less than $1; it actually bottomed ou$at591.Since
someone had tfinish secondeach share bundle purchased for $0.591wath $1, for

momentary profit of $0.409 per share

On the margin, mutually exclusive price misalignmiesgpppens surprisingly often. Figure
4is a more common phenomenon where the market is just slightly misaligned. A seller could
sell 26 shares in each of candidate in the market for the 2012 presidget $1d003 for
something that will cost $1.00 by definition. Intrade makes this very clean by adding the final
contract of 2012.PRES.OTHER, making this a fully encompassing mBetédir does not

always include thateaving the possibly thall contrats for a questiorcould be losers

<Insert Figure 4 Here>
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A more hidden mutually exclusive situation is the set of contraatsther every
possible thing a candidate may do in a situation and we find price misalignment there as well.
For example, in the early hours after the polls closed on the lowa primaries, there were a few
minutes were peopleerewilling to buy Romney to firsh first for $0.900 and Romney to finish
second for $0.110. That was a guaranteed 1 percent return on somethirggsthaing tesettle
that day.On the other siden the New Hampshire primaryaul, who finished a convincing
second, had points in tinvehere a first, second, or third finish could be purchased for a total of
$0.598 this is illustrated in Figur. While that is not technically arbitrage, because he could
theoretically have not finigdin the top three, it was a dramatic prinesalignment for a
candidate that came in with 22.9 percent of the vote when the first candidate out of the top three

had just 9.4 percent.
<Insert Figure 5 Here>

We pulled all of the major candidates for
win the general election amk did not findpoints where you could buy timeto winthe
nomination (round 1) for less than you could sell tliewin the general election (round 2), but
we dofind evidence of price misalignmettBarack Obama needed to whretDemocratic
nomination to run for presidem 2012 andas the sitting presidettiere was a very high
likelihood of him winning thenomination If he did not run as the Democratic candidate he
would have zero likelihood of winning the election, the DemocratidPartycould still win the
election; thus, Democratic Party to Win is more valuable than Barack Obama tb Y.
there arananytimes when the price of the Democrd®artywinning the election was less than
the priceof Obama winning the el&on. For example, on the morning of September 18, 2011
you could buy Democratic Party to Win the Election for $0.491 and sell Barack Obama to Win
the Election for $0.501

Market Inefficiencies

10With the exception of Ron Paul, who was the only major party candidat e with a non-negligible

x OUUPEPOPUaA WOl wUUOOPOT WEUWEwWUT PUEWxEUUAWEEGEPEEUT whi wi |
11ntrade provides a little ambiguity in the case of death. The contracts on the Parties would continue, but

the individual contracts would likely ET wUUUx1 OEl EWEOEwWUI UUOT wEUwWUT T wx Ul YDPOL
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Mutually exclusive and conditional contracts both have less salient markets become
illiquid when the more salient contracts are moving due to increased information. For mutually
exclusive contracts that means markets for first or second place in a banviagtrobust trading
while a third place market develops a large bid/ask spread. Similarly, for conditional contracts, it
is means later rounds become illiquid while information is coming in for earlier rounds. Eigure
shows a very dramatic illustratiarf this phenomenon in NCAA basketball. The figure charts
both the likelihood of Kansas and Ohio State winning their semifinal game in the 2012 NCAA
tournament and winning the final gapom Betfair By definition, if a team loses its semifinal
game it canat win its final game. In the hours before tipoff all contracts are very liquid with
tight bid/ask spreads. A little time before tipoff all bids are removed from the contracts for the
finals and do not return until after the game is finistiedould be ational toleaveask offers at
the value they would be if the team won the ganging the semifinal game there are
extremely liquid contracts for the outcome of that game. Several hours after the game is over the

market for the final game becomes ligaidyai n f or t he gameds winner,
<Insert Figure 6 Here>

This saliency issue is critical in times of lower information flow as vi&tile neither
shuts down,tere is an unnaturdiegree of noise, and occasionally dubious relationship, between
first and second round contraatspolitical eventon Intrade The price ofacandidate to win the
general election divided by the price of the candidate to win the nomination is the conditional
price of the candidate winning the elections should the candidathe nomination. Figuré
illustrates this noise by mapping this conditional price for Mitt Romney along with the contract
for the Republican Party winning the general election. Qaydo-daybasis the underlying
conditional value should berelativey st abl e, a si mil ar magnitude
contract, as the likelihood of nomination was stable from day to day, but it bounces around by
several points. This is much more extreme on the bottom chart, which shows Newt Gingrich
during the priod when his likelihood of being the nominee was-negligible.This conditional
value is a very importamssuefor political scientists and thigolatility and noisemakes it much

harder to track withhe precisionneeded to make strong inferences.

<Insert Figure 7 Here>
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A subtle inefficiency occurs with the imbalance in the bid and ask spread; the sum of asks
is consistently further from one dolldran the sum of all bid¥Ve see a similgpattern on
several exchanges, including Betfair, Intrade,lthwa Electronic Market, and even virtual
exchanges like the Hollywood Stock Exchangerjnock et al. 20Q01We conjecture this
imbalance occurs because people better understand and thus prefer to buy shares rather than to
short sell, exacerbated by tbien-confusingways that exchanges implement selligr
example, we sampled the contracts for the winning party in the 2012 election every day at noon
from January 1, 2012 through September 30, 2012 and thefsalhbids was further from one
dollar 100times relative to 153 times for the sum of all asks. This imbalance is systematic and
especially acute in times of rapid trading. For example, we captured-tfa@ni@ snapshots for
the Kansas andl@io State game shown in Figureld the sum of the asksfurtherfrom one
92 times.Like all of the withinrmarketinefficienciesthis becomes more extrenmetimes of high
informationflow. We show an illustrative exampile Figure 8 wherethe marginal order book
for the2012Indiana senate race the day after the Republican candidate said some controversial
remarks in a debat&he bids are placed up to $0.970 per $1.00, but the asks linger at $1.147.

<Insert Figure 8 Here>

Thesetwo inefficiencieshelp explain the whin-market pricemisalignmentve catalog in
this paperFirst, snceusers are unable sxcuratelywork in related markets concurrentipey
triage contracts that are more secondary, whether they occur later or have Jésereal
information at that point in timéluch of the price misalignments described above occurs during
times of rapid information, like the hours after the pollsetbs a primaryas shown in Figures
3 and %the misalignmentlapperbecause focus is temporary dropped on secondary or tertiary
related contractsSecondtraders focus on the bid pricing, more than the ask pricing, because it
is harder to think in tersnof sales price. Thus, the average of the bid/ask may not be the most
efficient price in all contractand if the ask is moving a little more arbitrarily the midpoint will
show inefficient volatility These twanefficiencieshelp explain the volatility rmd occasionally

suspect relationships between conditional contracts shofigure 7

This is a satisfying explanatidar within-market pricemisalignmentinsofarasit is

reasonable that the limits of humamuautation and multiple screerestrict the ability of
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people keep too many gwacts consistent at any time and the unique nature of Intradsesrd
prediction market exchangeasske it inefficient to payhe fixed costs of overcoming these

inefficiencies with customized programs.

During the primaryBetfair consistently laggeoehind Intrae, a violation of the efficient
market hypothesis thought not strictly an arbitrddging the same 10 elect®noted earlier, the
five biggest primary contests and the five biggest general aedidntracts, we ran a simple set
of regressiond  © 1 O I 0 I 0 r 0 r 0 0 ,where
O is the price in market fAao at time Ato. We u
many variations of the lag, but the results are all strikingly the same. Tabteo ws t hat | nt |
first | ag has a huge c ®etfairchhsa smalb correlation with Bet f ai r
Il ntradeb6s price. |If we were asked to forecast
this dataset for any given contract, we should say the approximately the current Intrade price;
that is efficient. flwe wer e asked to forecast Betfairds pr
this dataset for any given contract, we should say the approximately the current Intrade price*0.6
+ the current Betfair price*0.4; that is not efficiehhere is a similartery if when we regress
changes over timey regressing the change in the price in the current time period on the two
previous changes in pricée@ Q' QQ & 1 QQQQ I QQQQ
[ QQQQ [ QQQQ . I nt r adehasa smdlldutfpesitive and significant
correlation with movement ithe previous two periods bbth markets. This represents the
underlying drift in prediction market prices as time runs out on losing candidatesramdgvi
canddates run down time (i.e., if nothing happens, the candidates will drift to nearly $1.00 and
$0.00 as Election Days approach&stfair has massive, significant correlations with difference
from the pevious time periods in Intrade. &hange in Intradenia previous period is a strong
indicator of change iBetfairin the current period. Further, Betfair has a negative correlation

with its own previous periodény way we slice the data Betfair is trailing Intrade.

<Insert Table 1 Here>

Thisis not anexplanation for the price misalignmenitst occur between exchanges

because the lagging market could close the gamitastaously (or within second#ys we
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discuss aboveey information,n the form of the current prican the otheexchangeis ready

available to traders in bo#xchanges

[1l. Designing Better Prediction Markets

Industry wide, from the lowa Electronic MarK&terg et al. 2008}o the Chicago Board
Options Exchange, frofoas Vegas bookmakets the Kentucky Derbyacetrackrelated
outcames aresold as independent instruments with their own order flow and processing
B et f kanssOlEo State market in Figukeis a good example. The two outcomes are
mutually exclusive and exhaustive: buying Kansas is equivalent to selling @kédRanning
separate auctions for both outcongesedundantl n t r sew efpresidential electiomarkets
andcandidateanking makets, like Figure Shave moreéhantwo outcomegsyet the argument
against operating each outcome independently still applies, perhaps even more forcefully. There

arefive reasons.

1. Splitting up a market can hurt liquidity. In a split market, there are effectively two ways
to do everything (e.g., bing the Denocratic candidate equadgllingthe Republican
and thirdparty candidatgsso traders may not see the best price for what they want to
do, and orders may not fill at the best price availf®lezen and Rietz 2004]There may
even be orders that tether constitute an agreeable trade, yet are stuck waiting in
separate queues.

2. Splitting the market limits expressiveness. For exangpigtural prediction, common at
the racetrack, is that a candi dat ecewi | |

3
©

Expressing this on trade requires two transactiomscreasing the implied bidsk

spreadand introducinganexecution risk that prices will shift the interim. (Conversely,

you canot directly bet on a horseAto finis
common fix is to open yet anothedependent market in each popular derivative;

however this limits choice and exacerbdtesotheproblems listed hereBundling is

especially useful with interval bets. For exampdegredict that a stock will fall witim a

certain range at a future date requires four options trades;alled butterfly spread

When outcomes are disjoiran intervalbet may rguire dozens of trades to acqualée

outcomes in the intervalFor example, if the outcomes are the numbggstoral
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3.

4.

Collegevotes the Democratic candidate might accrue in a Presidential election, the bet

ADemocrat to win lbedtwereanl 2WdAt easndlorle@efu ier e s 1

traders must sum the intervening prices manually to compute a price quote.

A split market mayslow information propagation. Price changes in one outcome do not
directly affed prices of other outcomes; itleft to arbitrageurs to propagate logical
implications.As our analysis shows, arbitrageurs are not always instant or efficient.
Anapve i mplementation of a split market
aside more money than necessary to completeda sades. For example, on the lowa
Electronic Marketshort selling one share at $0.99 requires that you have $1rin you
account, even though the most you could possibly lose in this transaction is $0.01. The
reason is that to short sell on IEM you must first bigytibndle of all outcomes for $1
andthes el | off the outcome that you donodt
Simplelnternet searclgereveal dozens of companies that peddle programs for users to
capitalize on ptential price misalignments on prediction markatduding he simplest
mutually exclusive contract$he price misalignments still exist despite these programs
because there i®rturnkey solution to the close all of the price misalignments in the
constantly evolving set of contracts on a given exchange. Once preggdein these
programsthey need to invesurtherconsiderabldime, effort, thoughtand money in
detecting anatapitalizing on thgrice misalignmentsThis costwvould be more

efficiently spent investigating new contracts and marlaten when arbitrageurs are

effective, they draw rewards away from participants who actually provide information.

The solution is tdreat multiple disjoint outcomes holistically rather than separately. The

naturalgeneralization of the continuous double aucfl@®A) to multiple outcomes i® use
linear programmingas several authors have not€de mebanism has been calledmbined
value trading [Bossaerts et aD0J, a parimutuel call markefBaron andLange2005 Lange
andEconomide005 Peters et ak00§, and a combinatorial call markgortnow et al2004.

The underlying principle is straightforwardet mbe a set of disjoint exhaus future

outcomes, say all possible numberg&tidctoral College votethatthe Democratic candidate
might receive: that is, all 539 integers between 0 andEdBwing standard industry practice, a

betting exchange mighist 539 separat€DAs, or partitionthe outcomes into a few course
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grained ranged/Ne will instead describe a generalized betting exchange that operates over all

539 outcomes simultaneousiynd allows traders to price or buy any set of outcomes they want i
asingle operatan We refer to the operator oHerjolhe bett
is to collect orders from trads, therclearthe market bynatchng acceptable trades together

The audbneeruses linear programmingo compute which subset ofdersshe can accept and

fill. The program optimizes a linear objective function subject to a set of linear constraints or

inequalities. We will define the constraints and objective in detail below.

Traders submit their ordets the auctioneeEachorder 0 has three components: the
maximumpricen) that the trader is willing to pay, the maximum number of shargaamtity
r that the trader is willing to purchase, and the acuahtO or proposition that the trader
wants to bet orO encodes subsebf outcomes$ N m For example
o={270,271,272, ¢é, 330} Deovorce aagornds wtin thled weetn

el ector al vot eso

The auctioneer scans the ordersystematicallydetermine which, if any, she céasfill.
How does she decide? An auctioneer is a neutral third party: her only job is to match willing
traders together. She cannot and should not participate in any gamble herself. (In contrast to an
auctioneer, anarket nakerdoes take on risk of hmwn.) So the auctioneer seeks to find a set of
orders such that any tisawdysfrulsl yg ab anl a mc eadh yb yo ust ocno
lossesThe auctioneer cannot accept any set of orders that collectively exgraseaHoss, even

a potential los#n a single outcome

The auctioneer maintairssdecision variable> for each order. The linear program will,
in the end, assign a real number between 0 and 1 toredablew . The decision variable tsll
theauctoneer whether to fill therder. If @ 1, the auctioneer must be reject the orfder
now. If ®  p, the auctioneer can accept the order in full and grant the tradfersilares they
requestedlf w is something in between, say Q8 auctioneer can accdpeorder only
partially, granting the tradehe specified fraction of shares, in this c86&6of what they

requested
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Theauctioneer addsonstraintst @  p to the linear program, bounding eadh
between 0 and 1. She alsdds ondudgetconstraintper outcomg to encode the requirement

that she not take on any risk of Ids=rself Each constrainboks like

®n pv AT

wherep . is the indicator funion that equals 1 ithe eveniO is true inoutcomé (i.e.,O
contains theutcomé ), and equal0 otherwiseTheleft-hand sideof the inequality is the total
net paymenthe auctioneer makes to traders in outcom&ogether, the budgebnstrants
ensurghatthea u c t | oet pagmersalwayseitherzero or negative in every outcongé.
negative net payment means the auctioneer eamphus She can either keep tharplus as

profit or returnit in full or in part totraders.)
The auctioneer specifies an objectivactionthatshe wants to maximizé natural

objective functions volume of trade, or w1 8Another isfill fraction, or w .A

third natural objectivevorstcase auctioneer profit, or the minimum profit across all outcomes

ensuring that regédless of the outcome the auctioneer does not fare too lf&dlgode this,
replace the 0 on the righiand side of each budget constraint equation khdthenmaximize
k.) Ultimately, the auctioneer can choose whatéineear) objective functiormakes sense

depending on her goals

The auctioneer feeds the objective and constraints into a linear pradraprogram
finds the optimabalues forw that maximize the objective subject to the constrairtis.
auctioneer can implementall marketby running the program in batch mode, clearing the
auctionafter waiting tocollect a number of order®r the auctioneer can implementantinuous
auction (anal ogous )tyrunhirgé¢he mrdgramninediately ak mew 6 s

orders arrive

Traders can bet on any propositiowhether a single outcome, a negation of an
outcome, or an arbitrary bundle of outcofes a single transaction Méry order goes into the

same pool of liqudity.
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Note that, if traders are allowéalplace allor-nothingorders énforcinge N 1ip ), or
more generallyllowed tospecifyany minimum fill constrainttheprogram becomes an integer
program, not a linear program, and thearing problem becomes Nfard Bossaerts et a002
Fortnow et al2004.We dondét beli eve t he absmorbariecd i | |
trade.We expect many tradevélling to risk $50 to win $100vill also behappy to risk $25 to

win $50, for example.

For reasonable numbersdi§joint outcomessay 539 usinglinear programming is fast,
reliable, and well undetsod. We sealmost no disadvantage using linear programming rather
thansplitting outcomes intindependent market¥et industrywide practiceis dominated by
independent market®ne exceptioms the now defunct economic derivatives markets run by
Longitude, Goldman Sachs, and Deutsche B&akon and Lang2009.

When the number of outcomes grows too massive, for examle alt 2 quadrillion
possible statdy-state election outcomesn explidt linear program becomes intractaplEhen
et al. 2007, Fortnow et al. 2004 this case, limiting the expressiveness of bigs, (restricting
what bundles are allowed)rcaecover tractable algorithmitough often the limits are severe
andimpractical[Agrawal et al. 208, Chen et al. 200%Chen et al. 2008a, Chen et al. 2008b, Guo
and Pennock 200%ennock and Xia 2011Alternatively, approximation schemes are possible
both stochastifChen et al. 200§kand deterministi¢Dudik et al. 202, Lahaie et al. 2013

Standard rarket interfacesreate and comgund inefficiencies that wizasstyle market
interfaces can corredtowering the barriers to entry in both the market and specific contracts is
useful for all stakeholderfnvestors have more liquidity amdarkets have more volume.
Researchers are likely to benefit from an increased diversity of the usewhzal interfaces
gather expectations and convert them into efficient purch@isesher and Rothschi[@012],

amorg othersshowthe advantage of wizardterfacescan bethredold.

1. They lower the barrier of entry by allowing people to provide information without
learning the ins and out of trading iparticularmarketor any marketMarkets currently
operate wth intricateinterfaces gee Figure Pthat require high fixed costs for uséos
learn Wizards can creamplerenvironments for traders where they can input their

expectations, in ways designed to make to be efficient for both lay traders.
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2. Traders can enter multipt®ntractswith just one expectation, raising the consistency and
liquidity of the overall prediction market. First, the purchases would be internally
consistent o t he us e.rSecondehevigaeddelps the usar operateower
liquidity markets where the trader may not otherwise bother investigating.

3. Although fully rational traders would not alter their behavior based on the market front
end, human traders, especially novices, will often provide more informatios pirocess
is simple and understandable. Thus wizard interfgaiser more datéan standard
interfacesincludingdata fromthe shadow order book, getting the subjectixpectations
of those who invest and those who do not invesh way, a wizardhterface is a cross
between a poll and a markét.liquid marketstraders are spending a lot of time and
effort to create continuously updated expectations of the outcomes. Yet, they rarely
provide this information to the market. A wizard invites tlaelér to continuously
provide their expectationa a setting where they are not necessarily exposing their
information to other traders (just the market) or exposing themselves by leaving orders on
the order bookThis information can be critical to undensding the efficiency of
markets and provide better estimations of the outcomes that we design prediction markets
to test.

Lowering the barrier to entry can haveascade effect for the markeksanson and
Oprea[2007]lays out the argument that manipulators can aid prediction markets by increasing
the returns for informed investors. Thigh& same principle in that new users, possibly less
informed users, will increase the return to informed users, thus creatisgaalicey effect of
even more expert users. This effect holds not just for the oveaallets but individual
contracts, which will be cheaper to enter because wizards can recommend many trades at once

from an individuad expectation.

Investors benefit fnm theability to matchmore tradesin whatever method is most
comfortable to themand the added liquidity should allow them to usentiaekets more

efficiently as a hedge on other investments

Their pricing schemes indicate that the exchanges areguitlitradearbitrage orders for

more matched expectation orddPgediction market exchanges do not consider the added trades
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from arbitrage traders a good thing. Intrade operates on a flat monthly fee, so it adds trades with
no additional transaction castBetfair charges high frequency traders a surcharge, a market

reaction to the exchange not viewing thenbaseficialto them.

Researchers benefit fromore informationn the market leading to mosdficient prices
on more question®rediction market prices are not alwayBcient; this pape shows that in
detail. Yet, the current state ioformation is still extremely useful to researchers in explaining
the effect of events on other events, and providing efficiency for decisioersndkore traders
containing more information can only make the markets more efficient and more useful in both

capacities.

V. Discussion

A meaningfulnetprofit can result in closingrice misalignmentsf the same contracts in
different exchangesdenticalcontracts on different exchangesn have differencagpresenting
between 1 and 5 percent net earnjigese areommon and can persist for months, even in the
face of high liquidity. Observing the tradingtbbusands of dollars @bntractsm a randomized
trial, wedemonstrate aignificant shadow order bodhkat indcates that the total possible
opportunity may be several times the magnitude observalderipty closingthe order book
Prices on one exchange have significant correlation 1@thour lagged prices on a second
exchange, but this és not explain the persistence. It is possible that thesinédarbitrage is too
risky for small investors and too small for institutional investors to close actinétymational
difference and/or biases betweawarketsand the size of thepportunitiescould keep the divide
open, be we conclude that there \maive manipulatiomo buoy the perceived likelihood of
victory for a chosen candidate.

While we can determenthat tle shadow order book is lai@et seems to accoumor at
least & order ofmagnitude more vaime than the stated order béole cannot give a concrete
measuremertf the shadow markstithout significantly more capitalt will vary considerably
basd on volume, prices, and timing. Further research will help create a more universal
understanding of its size.

Within-market price misalignmeniboth on mutually exclusive and conditionally related
contractspccurs due to several inefficiencies of tradeligh levels of activity and information
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on some contracts cause confusion on the related secondary cotidets unnecessarily
withdraw orderor respond too slowly to changes in the primary contFasther, here is a
consistent asymmetry between buying and selling across many exchanges, leaving the average
return for selling higher than for buyinBoth of these inefficiencies lead to shtatm price
misalignment and extra noise in the relationsgigéfween contracts.

Overall, the markets studid¢dnction well considering the sometimes complex and subtle
relationships among contra@sd that has proven to be true historicfithode and Strumpf
2004 Rothschild2009j} yet, changes in prediction makdesign caminimize withinmarket
inefficiency, provide more information to researchers, and provide more utility for both the
traders and exchang&&'e suggest wving the burden of finding and fixing logical
contradictions into the exchange, makingibgyand selling symmetric, and providing trading
wizards, thus freeing traders to focus on providing meaningful information in the form they find
most naturalThis wouldat leastliminatewithin-marketprice misalignmerst, allowingthe
marketto providemore useful informatioto both researchers and tradérsvould also bring
liquidity to contracts that currently lie fallgyroviding expanded opportunity for traders to trade
and profit for the exchange

There are two reasons that currenthangefawe not already adopted these logical
relationships between contracts. Fiteg market foprediction marketss an oligopoly,
dominated by a few major provideW/e firmly concludethat logically related contracts and
wizards will provide utility for investors, increase tipgantityof investors and make more
money for the exchangeget, there is no expectation that oligdists shouldbe rational once
they have consolidated matlshare Second, a properly logical market maker is very complex.
In a political market it would nainly tie mutually exclusive and conditional contracts, but all 51
Electoral College electionResearchs are very eager to learn about the relationship between
states in the same way that they are interested in to know the relationship between economic
indicators or product launchds. the case of elections,is a nm-trivial matter keeping over®2
contacts coherent, and whilew approximation techniqu¢Budik etal. 2012 Lahaie et al.
2013 are possible, theyeed moe time in the field beforor-profit exchangesitilize them.

Many researclstudies havehown that prediction market data carubbzed for
accurate forecasting,gardless oits inefficiencies [Rothschil@009] Yet, the data has limits.

First, when prices diverge between exchanges, the true best estimate is ihoiegrthe
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primary season of 2013s Table 1 showstradewasl eadi ng Bet fair, so
likely more efficientat that pointyet during the general election the relationship appeared to
reversewith Betfair leading Intraddn many situations, a simple average performs surprisingly
well. Second, wthin-marketinefficiencies are significant concerm times of high information
flow, especially if research includes secondartediarymarketsrelated to grimary
informationsource The midpoint of the bidask spreada good proxy for price in higlquidity
environmentscan become meaningless when liquidity dissolves in the face of a rapid influx of
information. The problem is exacerbated when compuwomglitional probabilitieshat involve

two or more securitiegsthe worstcase bound on eaafdividual pricemust berespected
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Contracts for Obama to Win Presidency A
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Figure 1: The difference between the priceé for Betfair and Intrade (left) lead to thenxre
misalignment (right) , which is the highest price to sell minus the lowest cost to buy the
same contractin the 2012 presidential election

Intrade Betfair
1.54 £9492 £44,612
2012.PRES.OBAMA e 26,573 £58,305
m nﬂ-'er 1.56 £3,999 £35,048
- - 1.57 £122,367
Qty Price | Price Qty 1.58 £7,630 £63,337
1 56.2 | 56.9 12 = == 264,47
51 56.1(57.0 454 1.60 £539 £70,414
156 56.0(57.1 21 161 £78 £63,195
1372 55.9|57.4 & 1.62 £121 £55,521
987 55.8(57.5 523 163 EE £58,138
26 55.7|57.9 45 £5d S5 £86,808
348 55.6(58.0 104 L83 ot £92,735
1.66 £2,673 £29,193
1050 55.5(58.5 133 e 1m0 e
600 55.4(59.0 100 s £30,6%0
500 55.2(59.2 &0 163 50 £41,203
500 55.2(59.5 100 170 £129 £25,480
625 55.1(59.8 100 171 £114 £16,005
1124 55.0 | 59.9 215 172 £50 £17,674
100 54.9 | 50.0 200 173 £2 £54,608
104 s4.8|60.2 207 1.74 £1,525 £71,804
175 £IR7 LR 11AR

Figure 2: The order books for the contract that paid out if Obamawon the presidency on
Intrade (left) and Betfair (right) , at 1:45 PM ET on August 16, 2012
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Figure 3: Intradeds bids and asks for Jon Hun
competitors for second place in thé&ew Hampshire primary

Figure 4: I ntradeds order book for the 2012 p

34



