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SUMMARY

In this Report, we examine the likely efficacy of SportradarOs Fraud Detection System (FDS),
which monitors betting markets for indications that a (football) match may have been
manipulated. As with any screening system, its efficacy is appropriately echlmareference

to its sensitivity (what proportion of manipulated matches does it identify?) and its specificity
(what proportion of matches identified as likely to have been manipulated are true cases of
manipulation?)

Our evaluatiorwas basegrincipally on analysing the reliability in construction and execution of
each component of the system, both those based on statistical algorithms and those where expert
analysts form a final judgement. We also considered case studies of matchesfiorawn

external evidengdo have been manipulated

Our conclusion isfirst, that, while the level of sensitivity cannot be evaluated precisely, the FDS
is likely to identify correctlya significant proportion of manipulated matches. Second, given the
quite high proportion of matches identified as potentially suspicious by the statistical algorithms
operated by the FD&nd the relatively low number of reports finally issued to client
organisations, we view analysas the FDSas beingboth thorough and cautious when the final
decision is taken on whetherdtassify a match as suspiciouBherefore we believe that the
specificity of the screen is likely to be high and that few falseipesiwill be presented.



1 INTRODUCTION

1.1 The purpose and scope of this Report

During the last five years in particular, there has been growing awareness of the scale and level
of threat to the integrity of organised spangluding from international organised cringeveral
significant Reports on the problem of match fixing have been progimeexample byOlnstitut

de Relations Internationales et StratZgi§aeslby the Sorbonne Universitylincreasingly,
governmentdave also recognised the need for protective measures to be developed, as
evidenced by the Council of Europe Convention on the Manipulation of Sports Competitions,
adopted by the Committee of Ministers in July 2014.

Against this background, Sportradaresf integrity services to sports federations and
competitionsand state and law enforcement agendisgraud Detection System (FDS)
monitors betting markets for abnormal activity with a view to identifyixigires where there is
evidence suggestive afanipulation of the event. Reports are then issued tepibies federation

or other partneas appropriate. Successful detection of match figimtgntiallyaids directly in
addressing the threat to integrity as it may lead to removal of corrupt personméhe sport
Strengthening the chanoédetectiormayalso serveas a deterrent to sports insiders agreeing to
participate in corrupt practices to begin with.

The present authors were contracted by Sportradar to provide an independent evaltregion of
efficacy and reliability of the FDS. Our investigation took place between March and May, 2015.
Methods employed included reviewsrotiltiple internal documents describing procedumes

place at Sportradapractical testing of systems for assemblinlgls data, theoretical and

empirical evaluation of the statistical modelsbextidedwithin the FDS, live observation of the
work of analysts as matches were played and data generated, and attendance at subsequent
meetings where Sportradaersonnel took desions as to whether to report a match as
suspiciousThough Sportradar operates the FDSckntainother sportssuch as handball and
cricket,our investigation was limited to its application to football. Sportradar monitors football
betting markets ondhalf of UEFA and several other soccer federations and competitions around
the World.

Naturally, our perspective and approactr@nfluenced by our academic background in
economics and statistickh carrying out the Evaluation, we were able to dravsulrstantial
experience in producing pesviewed papers and repods sports integritythe efficiency of

"IRIS, OSportsetting and Corruption: How to Preserve the Integrity of SportO, Paris, 2012.
2 UniversitZ Paris 1 PanchGorbonneNand International Centre for Sport Security, OFighting against the
Manipulation of Sports CompetitionsO, Paris, 2014



betting markets and tteatistical modelling of football matchds.the past, w havealso
advisedvarioussports federations and public bodiesrelevant related issues.

In this introductory section, we discuss the conceptual framework within which we approached
the Evaluation. Then we describe how we broke down our commission into steps such that all
the building blocks which make up the FDS weogered.

1.2 Conceptual framework

Forensic economics and statistics has been applied to sports datadmper ohuthors to

attempt to gain a general idea of the prevalence of corruption in various sports. For example,
Wolfers® estimated the proportion of college basketball matches which might have been subject
to point shaving (a practice of manipulating the margin of victory such that, while a team wins
on the court, wagers on its opponetin wn the betting market), Duggard Levitt' revealed

sumo wrestlers swapping wins across tournaments depending on when one competitor most
needed a win, and Minor and Brownodelled Otanking@alying withlow effort) in

professional tennis. All such papers may be argued to be informagjaeding the rough order

of magnitude of the prevalence of various corrupt practices. However, analysis of sports data
alone is unpromising at the micro level, i.e. for detection of individual cases of corruption,
because data are too OnoisyO. Datagtdigift instances where individuals or teams
underperform relative to OexpectationsO; but underperformance is common from the inherent
uncertainty of sporting contests atnelatinga surprise result, @ny underperformancas

potentially evidence of canption would produce a very high number of false positives.

For this reason, it appears a sensible course to sear8portradar doef®r evidence of

corruption by monitoring betting markets alongside sports data. Of course, fixdemay

instigated with a variety of motiveShere may be a Osporting® motivation, for example one team
needs to win to avoid relegation and the owéithe two teams involvedgree (for money or

for future return of favourthat an appropriate result be @ufacturedCr the motive for

ObuyingO a fix from players might simply be to enable winning money on the betting market. But
even in the former case, effects from the fix may be evident on betting markets because insiders
cannot resisseeking tgrofit from knowledge that a match will be manipulated. Thus a variety

of fixes, not just those initiated by exteripalrties purely for betting gaimight be detected by
procedures which includaonitoring betting markets on sports events.

3 J. Wolfers, OPoinhaving: Corruption in NCAA basketball@merican Economic Revie®006, pp. 27283.
*M. Duggan and S.D. Levitt, OWinning isnOt everything: Corruption in sumo wresttiregidan Economic
Review 2002, pp. 1594 605.

®>D. Minor and J. Brown, OSelectiig best? Spillovers and shadows in elimination tournaméiés@gement
Science2014, pp. 3088102.



Monitoring the flow of data fronbetting markets to detect fraud with the aid of statistical models
and algorithms falls within the general fiafistatisticstermedanomaly detectichln many
applications it is appropriate for the search to focu®outliersO, for exampla cases irdata

from medical screening where blood pressure is exceptionally high given a subjectOs age, gender
and weight. Such cases may then be selected for more detailed examination. However, the
literature notes that, whered reason for identifying anomalies is to detect possible malpractice,
it is very common to focuissteadon Obursts of activityO. For example, algorithms for detecting
credit card fraud are constructed to emphasise the significance of instances whasegther
sudden increase in the frequency with which a card is used. This does not necessarily indicate
abuse but triggers further inquiry because most cards appropriated by criminaidaciibe

used frequentlyto maximise returns quickly, before ttheeft of the cards discovered.

In its emphasion Obursts of activityO, the principles underpinning the FDS therefore put it
squarely in the mainstream tradition of forensic statistics. Bursts of activity aotiext of a
betting market may be captdrbey observinginusuakhanges in odds. Such changes will often
signify unusually heavflows of money which reflect thaertainbettors believe that the
previous odds were favourable to thessmetimes this wilbe becaustheythemselvesiad
arranged for the match to take a certain course. Chamayealso be observed where
bookmakersome toform an opinion that a matce beingsubject to manipulatigrior example
they may then respond by taking the odds into an untypically uncompeditige. Thus odds
changesapture both bettor and bookmakeowledge andhehaviour and algorithms tdentify
anomalous odds changes will therefore present a selection oidseresthe behaviour of
bettors and bookmakers indicates a needuidher investigation.

Perhaps the closest analogue to the FDS lies in the activity of agencies charged with detecting
insider trading on stock markets. Indeed the analogimsstperfect to the extent that fixeirs
sportarealsoseeking to trade on a financrabkrket (betting) to profit frorspecificprivate
information(for examplethat players have agreed to concadmertain number @joalg. Insider
trading watchdogen stock marketssimilar to Sportradar, Oprimarily look for suspicious trading
patterns, usally with a combination of sophisticated software systems, rules of thumb and
common sensé(The procedures described below picking out matches as suspiciandeed
embody use of both sophisticated computer algorithms and employment of judgement by
experienced specialists.

® A comprehensive survey is provided by V. Chandola, A. Banerjee and V. Kumar, OAnomaly detection: A surveyO,
ACM Computing Survey2009, Article 15.
IN. Mehta, OThe ins and outs of insider tradifig@ncial TimesJuly 7, 2013.



Butin some sensanalysts at Sportradar face a tougher problem ti@seof such ashe US
Securities and Exchange Commission (SEC).dally, national agencies such as the SE€
empowered t@btain information on the identity of traders in cases when anomalies such as
heavy buying before a favourable announcement are obggvikieceas this is not possible in the
betting marketwheretransactions oftetake place in regions with no effective regulation)
Further, the SEC igermitteditself to seek further evidenecsinglaw enforcement techniques
such as wirgapping. Nevertheless, an Oofficial® speech on behalf of theds&that it was

still rare to find a Osmoking gunOsm@insider trading is an extraordinarily difficult crime to
proveO because the evidence is very comnjostigircumstantial. The SEC used American
experience to argue the importance of legislatsgler trading as a civil as well as a criminal
offence, as America has don®therwise, deterrence of insider trading will fail because criminal
guilt beyond reasonable doubt will too often not be established vehiabaity in the civil

courts can badjudicated on the basis thie balance of probability. Thus SEC investigations
sometimes lead to criminal but more often to civil penalties. By analogy, screening for match
fixing will sometimes lead to criminal prosecution (as we will illustrate below)t is realistic

to expect that offences will more often have to be considered within the framework of
disciplinary proceedings within sport.

In any case, analysis requires not just data to identify bursts of activity oeldétentfinancial

market lut also detailed information on the real eveh&tprices orfinancial markets reflect.

Just as with sudden price movements on the stock mar&stsharp changes in odds may be

linked to events whicmake them Orational®. For exampleqateh odds on a football match

may shift abruptly an hour before kickf when team linaups are announcethd markets then
re-evaluate outcome probabilities because of surprise omidsmnsne of the teams

Therdore, b distinguish between OrationalO and OperverseO or OsuspiciousO price movements,
analysts need access to reliable sports data as well as sight of trends in the betting market. It is
also important that there is consistency in the t&t@nping of sprts and betting data. For

example, in the iplay market odds will normally shift substantially as soon as there is a goal
given that soccer is a low scoring sport and one goal is therefore tygicgiliffcantfor the
probabilities of final outcome# Onormald odds shift following a goal would not therefore be
suspicious whereas the same odds movement shortly before the goal may justify closer scrutiny.
For all these reasons, our review had to pay great attention to the quality of data flowing within
the FDS ando theconsistency of the timstamping of these datAgain these are precisely the
issues faced in the monitoring of other financial markets by such as the SEC.

8 Speech by T.C. Newkirk at the L éternational Symposium on Economic Crime, Jesus College, Cambridge,
retrieved from www.sec.gov



1.3 Ciriteria for assessing screening systems

TheFDS is a screen for identifying frauld tests whole populations (for example, all matches in

a given competition) and its outputdssentiallyto declare whicimatchedave tested positive

and which have tested negative. In the general literature on screening, it is conventional to judge
the usefulness @ny screetest against the criteria eénsitivityandspecificity These criteria

relate to the proportions in screen results of true positives, false positives, true negatives and
false negatives. Here:

A true positivavould be a matckvhich the FDS labelled as suspicious and which had indeed
been manipulated.

A false positivevould be a match which the FDS labelled as suspicious but which had not in fact
been manipulated.

A true negativevould be a match which the FDS had not labedleduspicious and where
indeed nothing untoward had taken place.

A false negativevould be a match which the FDS had failed to identify as suspicious but where
fixing had in fact occurred.

A screen is said thavehigh sensitivitywhen itclassifies as gtive a high proportion of cases
where the condition of interest is present, i.e. a sensitive screen does not miss out many true
cases.

A screen is said to havegh specificitywhen itcorrectly classifies as negative a high proportion
of cases where the condition of interest is absent. High specificity indicates a low probability that
a positive test result iacorrect.

Generally, there is a traddf between sensitivity and specific. Where there is a higheut-off
(or threshold) in the specification of criteria which determine whether the screen declares a
positive, this has the cost of raising the proportion of true cases missed by the exercise
(sensitivity is weakenedButa higher cutoff will normallyimprove specificity in that fewer
false cases willhenbe included in the set of cases subject to further investigation. In the general
case, the choice of coff will determine thaelativedegrees of sensitivity argpecificity
attached to the screeand in specifying the cdff users willneed toweigh therelativecoss
associated with false negatives avith false positives. For example, amedical applicatiorof
detecting a particular conditipit might be @cided that missing cas@alse negativesyas not
very costly because doctors could anywayoffer effective treatmerfor the particular
condition whereafalse positives wereostly because followp procedures to determine
whethera casevas a trugositive were invasive and traumatic for patients. In this sort of



circumstancethe cutoff would be set very high ar might evenbe decided that the screen
should not be used at all.

But, wheresensitivity and specificity are both judged importane@mmended approach to

avoid harm from tradingff between them is to introduce a tstage screenirigThe firststage
screen is constructed to exhibit high sensitivity (but consequently low specificity). This makes it
likely that few cases in the poptitan are missed. Cases testing positive at this staghee

subject to a secorstage screen designed with the emphasis on specifitigyintention is to
eliminate a high proportion of the false positives generated by thattgtscreenThe

combned result from the two screens should then satisfy botratéssriteria, sensitivity and
specificity.

In some applications, the sensitivity and specificity ohe or two-stagescreen can be
evaluated numericall\Bensitivity and specificity are #ntypically measured as:

Sensitivity= (# oftrue positives) / (# of true positives#tof false negatives)

= probability that a true case is classified as true

Specificity= (#of true negatives)/ (# of true negatives + # of fads#tives)

= probability that a false case is classified as false.

In some circumstancesifficient information emerges after testing for a precise numerical
evaluation othese probabilitieto be mad®n the basis of historic datior example, algorithms

to detect credit card abuse wdlil to identify some cases where a credit card has been stolen and
is currently being used by a criminal. But almost all cases of missing credit cards will eventually
be noticed and reported by the cusér and so the number of false negatives over a sample
period will become knowex postSensitivity andspecificity can thereforéhenbe precisely
measured to provide yardsticks by which ditiéty and efficacy of the screening procedures may
bejudged

In the present application, tbe FDS, suclprecisenumerical evaluation is not possible. In fact,
sensitivity appearsssentiallyjunknowablan this casesince any match fixing not revealed by the
screen isinlikely to be revealed subsequently. In phite, of course, there may in future emerge

° See, for example, A.G. Laikhen andMcCluskey, OClinical tests: sensitivity and specificl®ddtinuing
Education in Anaesthesia, Critical Care and Pa008, pp. 22:223.



a set of matches uncovered independently of the screen, for example if police stumble across a
criminal organisation with records of which matches it had fixed. It could then be ascertained
whether those matchésad tested positive or negative in the FDS. This would be a fair test of the
sensitivity of the FDS always providing that the sample size was adequately large. But to date
there do not exist sufficient numbersimfiependently discoverdgshown proven mattes from

the limited period for whiclthe FDS has perated for any measurement to be treatedndsody
statistically valid estimate.

Nevertheless some indicative evidence was available to us in the form of case studies where law
enforcement had been wived in investigation of match fixing.here were some cases where

police had requested information from Sportradar regarding matches where fixing had been
verified in independently initiated investigations and to the point of criminal proceedings being
considered. If the FDS had in fact flagged up such matches at the time they were played, this
would be suggestive of OgoodO sensitivity even if the sample size was too small to make a serious
numerical estimate of the sensitivity index.

Similarly, regardirg specificity, elatively few reports from Sportradar lead to prosecution but
this does not imply that they were not true caSpertsfederaionsor law enforcementor their

own reasons, may not take any folloyy actionFor example, the federation may be nervous of
reputational damage to the sport or police and prosecutors may operate in a jurisdiction where
there is no clear offence with which to bring chardéss is an obstacle to calculation of a
specificity index. Bit, if a national federation does pass on reports to the police and these do
result in verification of malpractice, this would be at least suggestive of OhighO specificity

Even where empirical evaluation géfnsitivity and specificitys not feasiblethe conceptshould
notsimply be ignored. They are the essential conceptual criteria by which the efficacy of any
screen should be judged. Our strategy for assessing sengitidigpecificitywas tomake use of
case studies to provide indicative evidemhat also tanvestigatecloselyissues such as the
coverage of the data and the choices ofofiipoints inthe systendd specification. For example,
it is intuitive that the FDS would be insensitive (i.e. would often miss cases of fraud) if it
monitoredonly a narrow range of betting platforms or if it monitored only wwedjulated betting
environments where criminals would be unlikely to place [Sisilarly, classification of
matches as suspicious would be unlikely to be adequately reliable if therdployed in the
testing procedure contained significant errors. Therefore examining thp séthe FDS in
terms of detailed specifications and reliabilityigfuts also makes it feasiltie form an

informed view of how confident clients can be in semsitivity and specificity of FDS systems.

In general, we shall report below that the FDS breaks down into a number of consecutive stages
and that pagof the system emphasise sensitivity andggariphasise specificitylhis is



consistent with thereference derived from the medical literature for the use ottage testing
procedures as noted above.

1.4 Structure of the Report

Following an initial inspection of the FDS internal documentation, we determined that
Sportradar had implicitly adopted appaopriatetwo-stageprocedure leading to final decisions

on classification of some matches as positive (i.e. suspiciousie first stagevhich is

automated, screening yieldkertsfor a relatively high proportion of matcheghich makes it
plausiblethat sensitivity will be high. In the second stage, which is broken down into two parts
(hotlistingandescalation) judgemental evaluation is applied in a systematic way to discard
evident false positives with the goal of assuring high specificity wasascare finally classified
as positives (suspicious matches).

1. Throughout the betting period for each match, betting odds are olahimeth frequency

from many platforms. iyorithmsdevelogd by Sportradar triggermail OalertsO to be
considered Y one of the duty analysts in the London (or Hong Kon§ydney office. These

alerts can be considered as the fatsige screern the prematch betting market, alerts are
mostlylinked to changes in odds above a thresotcutoff) specified for tle relevant football
leagué® (®@ddsO in thFDS algorithmsare expressed as a statistic ternmetvdn®). For a

subset of leagues, alerts may additionally be triggered by deviation (beyond a threshold) of
observed odds from OtrueO odds where true odds are generated from a Sportradar probabilistic
forecasting model based on Elo ratings of tedmthe inplay market, alerts are linked to
significant deviation of odds from those predicted (Ocalculated probabilitiesO) by a statistical
forecasting model where outcome probabilities depend empteh odds, the current scptiee
time remainingand whether teamseacurrently shorhanded because of red carddditional
criteria foralersto occurinclude withdrawad of marketby bookmakers and unexpectedly high
volume on Betfair.

To test the reliability ofhese components of the FBuired us to consider whedr the
coverage of the betting market was adequeteerify the accuracy of the proces$or
collecting data from both the bitty market and the sports evettd;check forappropriate
synchronisation of the timing of data on odds and scorel;mexamine backip procedures to
be used in the event of failure of the automated procedures for collectingalakesck the
validity of defining odds by the statistic Onetwim&ssess whethéme threshtus set for alerts

Y Thresholds are higher in lestatus leagues where the liquidity in the associated betting market is typically lower
and thus even relatively small money flows may shift odds markedly.

INetwinis the profit that would accrue to the successful bettor for a one unit stake. To illustrate, suppose the
bookmaker quoted Odecimal oddsO (now the conventional way of quosingfddd. This means that a successful
bettor would have a claim to 1.5 units of money per unit staked. But part of this is return of stake: the profit or
OnetwinO is only 0.5 money units per unit staked. Thus netwi= lod@ct, it is also the numbéhat used
traditionally to be quoted by British bookmakers who would express the odds as 1/2 (=0.5).



are sensibleto consider whther the specification of the statistical mat@nformwith best
practice in the fieldand to test the empirical performance of the statistical nsodel

2. Where an alert or multiple alerts on the same event are generated, the analyst sees the
OdevianO in odds in tabular and/or graphical féatso information on whether any
bookmakers have withdrawn coverage of a mat&hjhis stage, the system gives him access to
anyadditional informatioravailable for example on latest sportiigta, such as team newasd
any relevant recent reports from cependents (OfreelancersO) engaged to report significant
football stories to Sportradar on a routine basis. The analyst may also use online sources to
research possible factors triggerihg talert. Thethe analyst must use skill, knowledge and
experience to judge whether the alert can be dismissdtbatdremain under active
consideration in the FDS. Knowledge of both sport and betting has to b ussisiontaking.

For examplein the inplay market, a deviation from the calculated odds might be explained by a
red card having been awarded to an unusually influential member of théheastatistical

model takes account of the award of a red card but not of the identity of theé pkger);and
whether bookmakers failing to offer-play betting on a match is significant depends on what is
the usual commerdigractice for those bookmakers for that Leadilee analyst therefore needs
to draw on his knowledge of sport and of bettimgrkets Having reached pudgementbased on
such considerationseasons must be logged in #BS. If the analyst cannot find adequate
legitimate reason for the alert asdistill finds the matctpotentiallysuspicious, then, subject to
agreement by supervisor, the match is OhotlistedO for further consideration in the FDS. This
processan be interpreteds thefirst part of thesecondstage screeffiltering out false positives
from the firststagethat can be judged as such by appropriagperienced personnel aided by
appropriate collated information.

We obtained documentation of the career paths of each analyst to inform our judgement of
whether their background and skills equipped them for the task of accurately weeding out false
positives.We observethemat work to help us understand this stage in the operational process
and form a view on how effectively and reliably it was carried daew information source not
covered at stage 1 was the system of freelancers employed by Spddrem\zer each country

where it has a client competition. We reviewed the procedures used by Sportradar to control the
guality and relevance of information flows from freelancers.

3. Details ofanymatch which habeen hotlisted arkagged up in the FD® allow other

analysts to consider the case. Meanwhile, the supervisor sends questions seeking further
information about the matdhom the freelancer in the relevant country. The questions broadly
follow a set pattern but are moditlin each cas® be made specific to the match under

suspicion. Responses are expected within 24 hours. In some cases, questions are also sent to the
OscoutO who attended the game (Sportradar has a swtragtches, with therimary

responsibility & supplying reliable sports data, suchtiage of kick-off and principal match

event3. Sports data are validated and further analysis of personnel in the match is conducted.

10



Once all the relevant documentation has been assembled, normally on the dag afizich,
analysts and supervisor compare the facts against a Osuspicious betting checklistO. They debate
the circumstances of the match and reach a consensus on whether Sportradar should issue a
warning to the client sports federation or competitiore mamber of personnel involved in this
debate varies according to duty periods but at least three analysfemmadly agree for the
process to move towards a warningngessued, which would signify that the evidence

indicated strongly that the matbhd beemmanipulatedNormally many more than three are
involved in decisiortakingand sometimes opinions are sought from other officethe event

that a decision to escalate is takdgreteamwill allocate one of three warning levdfer use
internaly) and the analysesponsible for the matahill write a full report, which is gbject to a
checking process. In the alternative case wilergudgement reached is that there are
insufficiently strong grounds for concluding that the match had been vhatei@, the analyst

writes a detailed statementitdgerpret/ explairwhat was observed in the betting data. This
statement is checked by the supervisor and then referred to the weekly OEscalation ReviewO,
which has the option to report the match adér

Our review of thisecond part of the secosthge screeningermed the Oescalation processO by
Sportradar, included attendancetat discussios on four hotlisted matches (for two of which it
was decided to issue warnings, i.e. two Opositha@est results were declared) as well as
interviews with analysts and inspection of internal documents describing the procedures to be
followed. We also inspected a sample of questions sent to freelancers and their replies. Other
documents subject to rewencluded the manual setting out how a report on a suspicious match
should be written and whatformation it shouldnclude.We obtained data otihe number of
matches which triggereaerts,the number which wetotlisted andhe number for which a
warning to the football authority wassued We used all these sources to form a judgement on
the efficacy of the procedures followed foride@ on which matches from the previateps in
thereviewprocessverefinally to be categorised as positives aatiog to the FDS screen.

We have provided here a basic outline of how the FDS works (more detail will be presented
below) in order to draw out some of the key tasks which we judigett have to be included in
our Evaluation. Subsequent sections of the Report will focus closglgrooularcomponerg of
the overall task.

Thus, Section 2 covers all issues related to the range and quality of data coruetining

betting markeaind the sportSection Joresents a formal review of the statistical models
embedded within the FDS. Section 4 examines the alerts process including alert logic and rules
The next stage in the FDS is for an analyst to decide whatimetch subject to alert or alerts

merits more detailed consithtion: thisDhotlistingO stage is disd and discussed in Section 5,
which alsoreports on th@ext stage, thescalation process. Sectiéreonsiders case studies of
matches where there is police or judi@aidence of manipulation and how the FDS performed
with respect to those match&ection 7 offers some reflections on our exercise and Section 8
summarises our conclusioAppendices presetgchnical details anddiagrammatic

representation of FDS processes to assist readers further in understanding how the FDS works.
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2 THE QUALITY, SCOPE AND RELIABILITY OF THE DATA USED IN
THE FDS

2.1 Introduction

The essence of the FDS is to monitor for irregular (and potentiapicaus) activity in betting

markes where what is to be regarded as irregular cannot be defined independently of the

situation in the sports eve(ibr example, the strength of the teams for therpa¢ch market, the

latest score for the iplay market)lt is therefore a necessary condition for the efficacy of the

FDS that appropriate data are collected from both the betting and sports sectors and that there be
adequate assurance that all the data input into the FDS are reliable. In this sectiorewve revi

first theassemblyof bettingdata, then thassemblyof sportsdata and, finally, the important

process of ensuring consistency between them in respect of the timing ofe@aemtsg in

each sector.

The emphasis in this section is on data collectiod processing prior to and during the match.
These data feedirectlyinto Stage 1 of the FDS where algorithms identify circumstances where
what is observed justifies tlsports event being moved irtteefirst part(and then possibly the
second pajtof Stage 2where it will begiven further consideration by analyatsa potentally
manipulated evenDuring thestage 2 procedurgadditional information may be sought by
analysts to inform their judgement. We will comment on the quality aupplementary
information gathered at those points in later sections.prasensection focuses on the data
collected before and during the match and fed directly into the system, to be used by the
algorithms in automatically creating aleatscording tqparameters setithin the FDS.

2.2 0dds Data

The scope of the data

Steadily, since thMillennium, and in response tevelopmenbf technologyconducive to

remote gamblingthe sports betting market has evolvei a truly global financial market. For
example, betting on any football match in Europe will be offered by bookmakers located all over
the World and by many different types of bookmakech aguropean or Asian, licensed or

illegal, stateowned or privatesector.In the contemporary globaliserld, whichever waythe
marketis segmentedne sectodoes nobperate in isolatiofrom the restFor example, a surge

of money on one side of a bet in Asia will shift odds in Asia, Blibwing the odds shift

triggered by weight of new money in Asgophisticated private trademerhaps using

automated tradingnayseek tcexploit any resulting gap in odds between Asia and Europe
(arbitrage) where the odds shift is large, European bookmakers may proactively adjust their own
odds to close down atbage opportunities and to reduce ri8k.a consequence of these
activities,significantodds movements in Asia will typically be echoed on European markets
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very quickly afterwards. The process is the same as in any other financial market where
technologypermits traders in one region to access markets in another régimomething is
happeningO, ripples will be observed in manyssators even if the relevant initial trades were
all executed in one centr@onsequently, suspect matches in FDS ofigger multiple alerts
(across bookmakerand alerts maglsooccur in response to flows of tainted money whigre
initially placedwith nonobservedperators. Complete coverageatifbookmakers is not
therefore a preequisite for the efficacy of the FDS.

In fact, he number of bookmakers operating in the World is unknowable sinceldloasedin
countries where betting is illegal (for example, China, India, U8A)not registeredith any
authority. Any monitoring exercise must therefore rely on observing odds movements in only a
observablesubset of bookmakewghich offer wagers on a particular event. Inevitably thiss

the risk thasome smaitkscale homanade fixeswill escap detection. However, any resulting
weakening of the sensitivity of the monitoring is likely in practice to be slight and not to affect
the ability of the system to detect significant fraudulent acti¥itye FDS brings togethéiata

from (currently) 286 biéing websiteglisted in AppendixA) located in AsiaAustralasiathe
Americas, Africa and Europe. Its coverage in terms of types of operator is equally
comprehensive, including state lotteries in Europe which offer sports hettingte sector
providers of both landhased and remote betting in Europe, all major treat®nal operatora
number of unambiguously illegal operators which are not licensed anywherBetfait?, by

far the dominant Obetting exchangeO. Crucially, coverage alsts texthe largest Asian
bookmakersncluding SBABET and MAXbet.

SBOBET and MAXbetre licensed in Cagayan, Philippines and are the largest bookmakers in
the World, each with several times the annual sports betting turnover of major European
providerssud as William Hill. These are legal operatarghe jurisdiction where they are based
but are often described as occupying Ogrey marketsO because they draw in money from the illega
markets across Asia: local bookmakacsoss Asiare unable to bear liability risks associated
with large bets and risk is managedrisk pooling which in practice meansssing orsuch

bets upwards through a hierarchy of sports books and agents such that, eventually, a large
proportion of illegal betseaches the Cagayan operators ngynitoringSBOBET and MAXbet,

and other significant transational operators which serve a similar functibieeffective

coverage of th&DSis therefore extened acrossalargeregion where bets amadeillegally
andwhereg in fact a high proportion o¥Vorld stakes on (say) European and Australian football
matches are placeBrom the criminal trial®f match fixerswe know that betting associated

with largescale fixing is in practice nearly always channelled through Asia because larger bets

*I1An important feature of the Betfair data is that FDS is able to observe not only odds but also volumes transacted.
In the case of Betfair, FDS proageés trigger alerts not only when abnormal odds changes are observed but also

when the level of activity is unusually large.
!
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are acceptethereand lack of meaningful regulati@nsures that funds cannot be traced back to
source in the event that aatoh falls under suspicion.

The sensitivity of the FDS, at least with respect to sizeable fraud, apiper@fore uhkely to be
compromised by insufficient coverage. If large bets are placed with any operators not covered by
monitoring, it isprobablethat these relatively small bookmakers will pass on the bets up the

chain to avoid risk and they particularly have an incentive to do so if they suspect they are
dealing with fixers (indeed they may add their own funds so as actually to profit from)the fi

Thus nefarious money g&ry likely to enter the observed sector of k&an market

The fixersO money is not observed directly but through odds changes. These will occur because
the major Asian operators hold to a Obook balancing® business neoe¢heshseek to equalise
liabilities across sporting outcom&df there is a surge of money on one outcome, they will

reduce exposure to that outcome by adjusting odds and may sonmadSotesxige with other
operatorscausing secondary changes in odtiéch will again beobservedn the FDS.

The set of bookmakers for which odds are monitored by the FDS is thereforesidfigesntly
comprehensive to pick up the effects of suspicious money flows in Asia in the markets where
they are placed, and compensive enough also to detect local fraudthrer regions including
Europe where unsophisticated offenders may bet with familiar local operators.

Taking all these factors into consideration, we judge that the breadth of coverage of betting
platforms is sfficient for us to be confident in its ability to detect a high proportion of
significantly-sized fraudulent activity. That not all of the betting market is observed directly

13 This is not to say that observation of operators in Europe is redundant even in cases where the primary focus of
the fixing opeation is in Asia. For example, criminals arrange that players should deliver a certain outcome in an
Italian football match and plan to make their illicit profit by wagering on that outcome in Asia. But the players
concerned know about the fix and theythwir families and associates to whom the information has leaked place
local bets to benefit personally from the corruption. The local bookmaker receives heavy betting on one outcome
and alters odds as part of risk management. The odds change is pitkethedDS. Probably this will be the first

sign of a fix because the professional criminals will bet late to avoid alerting the market. That the abnormal activity
in the Asian market was preceded by unusual localised activity in the country wheredheakes place would

make the conclusion that a match was fixed more compelling.

14 Empirical evidence that Asian bookmakers aim to maintain balanced books rather than take positions is provided
in A. Grant, J.E.V. Johnson and T. Oikonimidis, T. (2013)t@stvs. Bookmakerd-0! Examining the origin of
information in football betting markets. Working Paper, University of Sydney. This paper also includes convincing
econometric evidence that changes in odds observed at SBOBET have strong predictive pdarecasting

model for match results in Europe, indicating that those with valuable, relevant information find it advantageous to
wager at providers where the funds eventually arrive in the Phillijiassd bookmakers. Fixers are one class of

bettors pssessing valuable, relevant information.
|
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appears unlikely seriously to weaken the sensitivity of the FDS (and of cbdosss inot affect
specificity at all).

The quality of the data

The FDS uses odds data from both thermpetchand inplay markets Many bookmakers

provide a live feed of odds to Sportradatuntarily. For these bookmakers, no checking of the
accuracy of the odds is necessBtie information comes directly from the soyriceentically to
how it appears to clients using the particular web6itethe other hand, some bookmakers,
particulaty Asian bookmakers, do not provide Sportradar with a live feed of odds. For these
otherbookmakerswhich include some of the WorldOs biggest opera&prstradar uses web
crawlers to scrape the data from the bookm@keebsite.

Web-crawlers are automated pieces of software that scrape information off websites. During any
match being monitored by the FDS, a wehwler visitseachbookmakerOs website and scrapes

the odds every minute, or immediately following a goal or red caedteWebcrawling of

websites which change or update information are notoriously difficult to scrape data from since
small changes in the positioning of information on a webpage will result in the data being
scraped incorrectly. As a consequence of thisrmation from the FDS crawlers are used in
tandem with automated screenshots of the webpages. These are error free in that they are a
OphotographO of what the webpage showed at a certain time.

The FDS uses these screensho® backup data souraethe event that the wetrawlers fail.
Here we use them to validate the accuracy of the data collected byrawdérs. Our experiment
is simple:for a sample of matches and leagues and bookmakemshsé®erthe screenshots
agree with the data scraped fréime bookmakéd website.

Screenshots are taken once per minute, whilst odds are recorded at a higher frequency. As such,
there are sometimes small discrepancies between the value shown on the screenshot and the
value recorded in the scraped data. In cadese the discrepancy lasted for only a few seconds,

we treat the two sources as identical.

Appendix B presents a table showing the identity of the matches and the time points at which the
screenshot and crawled odds were compared. For each of the tth@&sndataverecollected

on either the 1X2 market or the Asian Handicap market. For odds collected on both of these
markets, three pieces of odds data are recorded. For the 1X2 market the information is the odds
available on the home win, draw, and away match outcomes, whilst for the Asian Handicap
market the information includes the owerder prices, and the amount of handicap offered. Out
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of 148 individual matches and 444 pieces of information, consistency between the odds on the
screenshot and tleelds captured by the web crawler was found in all cases.

To get an idea of how likely this is, suppose there is a 1% chance of an error in the webcrawling
data. Observing no errors in 444 experiments (or 444 out of 444 correct pieces of information)
hasa probability of occurring of just 0.0115.

We view this as strong evidence that the web crawlers have been deployed in the FDS to perform
their functions correctly, for example collecting the OrightO odds on the webpage. We can be
confident that the autaated capture of odds data using web crawlers works virtually as well as

if the relevant operator were supplying odds from its website directly to the FDS.

We also satisfied ourselvelsat Sportradar has appropriate software in place to detect any failure
of equipmentvhich might occuand appropriate written procedures in place to ensure timely
remedial actionThe relevant internal documents amvered bySO9001 ceification™®

2.3 Sports Data

In the FDS, sports data reldateinformation about events occurring which are solely related to

the teams and players of the football leagues being monitored. Match dates, teams involved, final
scores, timings of goals, team lineps, details of red and yellow cards (player namesteaeid

timings) are all examples of sports data.

As notedalready, accurate sports data amecessary component of an efficacious system of
monitoring betting markets. Irregular betting activity cannot be identified as such unless it is
compared with whathe activity would be expected to look like given the sporting situation.

For many matcheshé primary source of live, real time sports data fed into the FDS is the
network of scouts employed by Sportrad&e were advised thatf matches subject teDS
monitoringin 2015 scouts watckdapproximately39% at the groundThe roleof scoutss

151509001 certification is awarded by authorised independent auditors who have satisfied themselves that quality
management procedures in the company or institution inspected comply with best practice standards as set out in an
international agreement conded in 2008. SportradarOs certification was awarded in July, 2014 with registration
number TIC 15 100 148923. There is annual auditing and certification has to be renewed every three years to ensure
continued compliance with quality management standards.
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directly to input major match events such as the occurrence of goals and red cards as they occur.
The information they present is therefore immediate. FDS alextolive datdor all matches

(scouted and nescoutedfrom bookmaker and other external websites by means of livescore
crawlers.

Naturally, there is sometimes a discrepancy between the information for the same event provided
by different sources.his could arise becausenabsite hasn error (for example, showing-00

instead of 10 as thescore). More routinely, discrepancies between sources will be present when
onehas already registered a new incident such as a goal whereas others haveaugihyetp.

For example, one source may display the score(aw/l2en others still haveQ

An automated system is in place to select the most retablentinformation from the arragf
sources, scouts and external, usgdhe system. Very detailedgorithms applyrinciples such

as prioritisation of some sources over others on account of a record of greater reliability, filtering
out of information with obvious errors, such as a change in score #bion 35 in one step, and
treatment of the fitssource reporting a new goal in the matckhadest source until there is

reason to suppose otherwise.

While Sportradar has invested heavily to ensure the accuracy of data driving the automated part
of the FDS ]t may be noted that data are further checked across sourcesicainahal

information requested from freelanceia any match passed on for further consideration as
potentially manipulatedl herefore no decision on whether a match should finallydssitied as
suspicious by the FDS can be made before-padth verification of the sports data for that

match. Postnatch checking of data anget quality of additional informatiogathered at this

pointwill be considered further in the analysis of posttch procedureséction 5.3elow).

2.4 Synchronisation of Odds and Sports Data

A difficult task in tre FDS is that of synchromigon of the odds and sports data. This is essential
to determine whether odds changes occur at an appropriatédairaganple just after a goal.

This requires rather precisenformity (with respect to the timing of events) between betting and
sporting data fed into the system.

To synchronie odds and sports data, Sportradat fientifies the OtirstampO for the staft o
the match. To do this relies on some bookmakerOs websites giving adlroiefelas well as live
odds. Sportradar then backwards calculates the bookmakerOs game start time by taking the

17



timestamp of when the matatock was crawled, minus its value aattime. This results in one
Omatch start timeO timestamp for each bookmaker. The median of all these timestamps is used as
the game start time in the FDS.

As a match progresses and odds change, the FDS must know exactly when the odds were
available tdoettors. For odds that are crawled, the information includes a timestamp of when

they were crawled, i.e. whehose odds weravailable for betting. To synchronisiee odds data

and the sports data, the FDS creatéimeline as described in the following example. Suppose a
match is scheduled to start is 18:30:00. The scout at the venue reports the match actually started
at 18:31:46. Next, suppose odds were crawled from a bookmakerOs website at 18:43:38. The
match dock does not stop in football and so it is known that 12m00s into the match will be at
18:43:46. This means the odds scraped at 18:43:38 were offered in the 12th minute of the match.

The care taken in the recording of timing appeared to us to be sutffeigourpose. This

impression was confirmed when we examined the evolution of odds observed during a number
of football matches and compared them with the paths of probabilities indicated by a statistical
forecasting model applied-olay. When the compison of responses in each series is made on
chartswith (FDS)time on the horizontal axis, shifts in odds/ outcome probabilities coincide
suggesting effective synchronisation of information from the sports field and the betting market.
Thiswill be illustrated in Section 3 below.
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3 THE MATHEMATICAL MODELS OF THE FDS

3.1 The role of the mathematical models

As noted above, the first stage of the FDS is entirely automated and its purpose is to identify
cases (alerts) where it will be justified and worthwhiednalysts to examine further the
circumstances and betting patterns surrounding the match. This OalertsO stage, to be examined in
detail in Section 4 below, is driven by algorithms and underlying the algorithms are

mathematical/ statistical models whiate used to separate out the abnormal from the normal.

The efficacy of the FDS thus requires that the quality and performance of the models embedded

in its system makes them fully fit for purpose. The preceding section concluded that the

assembly of the da to be used in the alerts process and inputted into the models was perfectly
satisfactory; but the validity of the whole exercise demands also that the data then be processed
within appropriately constructed models.

Two models are examined in this sent

The FDS tests for irregularities in both the-pratch and irplay betting markets. In the pre
match market, primary reliance is placed on identifying large movements in odds; sot#or

of the leagues, the procedures also pick out cases whezaglsgynificant divergence between
the odds observed in the market and what the odds Oshould beO according to a probabilistic
forecasting model of match outcomes (adjusted to reflect bookmaker vigorish -woondy. It

is this probabilistic forecastingodel, thepre-match modelthat we examine first (section 3.2).

More important still, because the bulk of betting volume occurs during a match and criminals

will often be wary of placing bets in advance in case it alerts other traders to their nefarious
activities, is then-play model This tracks the expected evolution of odds during a match as
events such as goals and red cards occur. Alerts are triggered when there is significant deviation
between odds on an individual betting platform and the dddsiédcalculated oddéy

Sportradar) predicted by the model. Section 3.3 reports on-filayirmodel.

For each model, we consider whether the principles employed in its construction accord with
best practice in the relevant (and considerable) acadeenatlire in sport analytics. In addition
we conducted an empirical test on the performance in practice ofpiteeyimodel.
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3.2 The pre-match model

The threemost importantmarketsmonitored by the FDS aréhe 1X2 (home win/ draw/ away

win) market,the total goals (or ovarnder) market and the Asian Handitaparket. To derive
estimated market odds for these markets before the match has taken place, Sportradar employs a
statistical model. This Opmeatch modelO uses information on the two teamsf@sass to

estimate for each team the probabilities that it will score 0 goals, 1 goal, 2 goals, etc. From these
probabilities, expected odds in each of the three markets can then be derived.

A statistician choosing a statistical model is very muoh éikoiner selecting a tool from his

toolbox for a particular tasRthere is usually a tool that is Ojust rightO for the task in hand. If two
pieces of wood need to be joined by a nail, the joiner reaches for his hammer; if a statistician
needs to modehe number of goals in a football match, he reaches for the Poisson distribution,
or a close relation.

The Poisson distribution describes the probability of a team scoring a certain number of goals in
a match. This probability is governed by a OrateOetaramwhich represents the rate at which
goals are scored by a team in a match. As | increases there is a higher probability of more goals
being scored by the team. Of course, the rate of scoring for a team in a specific match depends
on many factorshie relative strengths of the two teams, home advantage, form, and the weather
conditions (e.g. windy, rainy, hot, cold) to name but a few. It makes intuitive sense that stronger
teams will have higher rates of scoring than weaker teams. The task fabedshatisticians at
Sportradar is to estimate appropriate values of the scoring rates for each team in a match.

Estimating goal scoring rate parameters for teams has been the subject of academic interest for
many years. The basic methodology is to takeghted average of past goals scored by a team,
accounting for which teams they had played. The model can accountffwm(Df the team in

that more recent results influence the estimated scoring rate more than matches further in the
past, and (iistrength of the oppositioin that goals scored against top teaassopposed to

goals scored against bottom teams, result in higher estimated rate parameters.

'%1n the Asian handicap market, outcomes are binssian Handicap (AHC) is a form of football betting that uses

a handicap to approximately equalibe probability of a bet on either team being successful. AHCs use either a
whole goal, a half or a quarter of a goal which acts as an advantage given to one of the teams. Bettors then place a
bet on the outcome of the match, bearing in mind the handiEapsTeam A +0.5 means that it receives half a goal
advantagé®so a draw would mean that a bet on A would in fact be a winning bet. Conversely Team B might Ogive
awayO a handicap such@$ meaning it must win by at least a goal for betting on #zantto be successful.

Handicaps can be large if one team is considerably stronger than the other. If Team BOs hah8icapigst win

the match by at least three goals for betting on that team to be successful.
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Regarding the efficacy of the mod#lchoice for statisticians modelling football scoitbe,

Poisson distribution, many authors have suggested modifications to account for the particularities
of football. For example, Mah¥rdisaggregates the scoring process in a football match to

include attacking and defending abilities of the two teams playingriand Cole® adapt

MaherOs model to account for dependence between the goals scored by the two teams in a match
(they find that draws are overly prevalent in the rediisrhaps suggesting that teams settle for

a draw after a certain amount of timeaimatch). The issue of dependence between goals of the
two teams is revisited again and again in the academic literature: for example, Karlis and
Ntzoufras® propose an inflated bivariate Poisson model, whilst McHale and®Siceadstigate

the merits of usig a copula to incorporate any dependence. The assumption of the Poisson
distribution itself has been challenged with some authors using alternative discrete probability
distributions to model the number of goals by a team in a football match. For exisioidie

and Scarf use a negative binomial distribution. Despite all having slightly different

specifications, on the whole there is very little evidence to suggest a noticeable difference in
performance between the large number of models based on thenFoeassework that have

been proposed in the academic literature. We were supplied with a general account of the model
used in FDS and it is based on this wedtablished Poisson framework.

Perhaps the most challenging aspect of estimating scoringpfdézsns is to incorporate the
time-varying nature of scoring rates in models. For example, teams have good and bad runs of
form, players are injured, bought and sold, and good or bad luck can all affect the rate at which a
team is expected to score inrmtsxt game. As for the underlying Poissgpe model, there are

several options for including the dynamic nature of scoring rates in a model for goals. Dixon and
Coles weight the results of previous matches so that more recent results have a greaies influe

on the estimated rate parameter for the next game than results further in the past. More recently
Koopman and Lit' present a statspace model for estimating dynamic scoring rate parameters.

The FDS prematch model uses Elo updating of rate pararaefiéris is a viable and reasonable
modelling option to adopt. Arpad Elo, a Hungartarn American physics professor and keen
chess player, developed the Elo system to produce ratings fof’dmesis work has since

been adapted to the contexts of seldifferent sports such as tennis and indeed football. The
idea is simple: the rate at which a team is expected to score is updated after each match. The

M.J. Maher, OModelling associationtimall scores@tatistica Neerlandical982, pp. 109.18.

8M.J. Dixon and S.G. Coles, OModelling association football scores and inefficiencies in the football betting
market®pplied Statistics1997, pp. 26280.

19D, Karlis and I. Ntzoufras, OAnally®f sports data by using bivariate Poisson mod&heStatistician2003, pp.

381-393.

20|.G. McHale and P.A. Scarf, OModelling the dependence of goals scored by opposing teams in international soccer
matchestatistical Modelling2011, pp. 21236.

2135.J. Koopman and R. Lit, OA dynamic bivariate Poisson model for analysing and forecasting match results in the
English Premier Leagueddurnal of the Royal Statistical Society: Serig@®15, pp. 167.86.

2 A E. Elo, The Rating of Chess Players, Past PresentArco Publishing, New York, 1978.
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update responds to new, more recent information about the team. The amount of adjustment to a
teamOscsring rate is related to the expected result of the mBtzhexample, if a team loses a

match it was expected to win, its scoring rate is updated to a lower value, whilst if a team wins a
match it was expected to lose then its scoring rate is updaaeigber value than its last value.

On the basis ohie description of the pmmatch moel supplied to us by Sportradar, it can be
said that it$ a perfectly conventional model properly informed by a substantial body ef peer
reviewed research in the professional statistical litera@me.roleof the modelis to serve as a
backup to reliance on the primary tool for singling out Opositives® finstrstage screen, which
is the identification of substantial odds movements in the betting period leading up to a match.
Substantial odds movements indicate flows of betting money on one side of a proposition,
reflecting the arrival of new informaticon the market, which may or may not be information
that the match has been manipulated. However, in some bas&makers may have learned of
the risk of a fix even before betting opens and adjust opening odds, so that this information is
incorporated atady such that no sharp odds movements are observed subsequently.
Employment of the prenatch model therefore potentially draws attention to possible fixed
matches which would otherwise be missed, thus improvingahsitivityof the testing

procedure.

Estimation of the prenatch model is not universal across all competitions covered by the FDS
and is therefore not part of the alertsgetin every case. However, it is currently estimated for
103 competitions in 56ountries, so the forecasting mode¢mployed for a high proportion of
matches subject to monitoring.

Where itis employed, we found its empirical performance to be satisfactory. In use, it provides
outcomeprobabilitiesfor each possible outconre each matchThese should be highly

correlated witlcorrespondingprobabilities derived fromabserved odds in the betting market,
assuming that the betting market is Oefficfért@ill not be perfect correlation because the
modelOs forecasting is based only ontmpelating to teamsO past performances whereas traders
on the betting market hawelditionalinformation to exploit, such as knowledge of player
absences because of suspension or injury. Markéabilitieswill therefore deviate from model
probabilities even if Othe marketO is implicitly processing information as if it were applying the
same model as Sportradar.

% Efficiency is a concept from finance. In an efficient market, prices properly reflect all known relevant information
such that prices are always OrightO. In the betting market, efficiency would impldsihilpdeflected accurately

the significance of all relevant information, including the past results of the teams. There is a very extensive
literature testing for efficiency of wagering markets. Generally, while identifying certain biases, sports betting
markets are found to be efficient.
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For a sample of 16,732 matches playedra four year periooh 24 countriesmodel odds were
compared with closing odds (the odds immedyabeifore kickoff) recorded at Betfair. Using
PearsonOs correlation coefficient, the degree of correlation between the model probability of a
home win and the probability of a home win according to Betfas .952. For draws and away
wins, the correlatiogoefficients were .839 and .946 respectively.

The high correlatiombetween model pbabilitiesandprobabilities derived fromobserved

Betfair oddsareepresented pictorially in the scatter diagrams in FigureThe model performs
effectively in forecasting the market od@xpressed in probability terms)ich that the predicted
probabilitiesmay be judged as a viable benchmark, to be considered by analysts when assessing
alerts in the prenatch market. A discrepay between market odds and the benchmark would be
expected to be present were fixers active in the market. Of course, in the large majority of cases
where there is even a large discrepancy, there will be a legitimate explanation, for example
player suspesions, players tired from a midweek matohany other reasons not captured by

the statistal model. We shall note in followirggctiors that analysts have access to relevant
information that enables them to identiégitimatereasos for most apparentases of

discrepancy between modeidmarketodds.

homewin probabilities draw probabilities awaywin probabilities

betfair
betfair
betfair

T T T T T T T T T T T T T T T T T T
00 02 04 06 08 10 00 01 02 03 04 05 00 02 04 06 08 10

model prediction model prediction model prediction

Figure 3.1.Predicted probabilities from the pre-match statistical model compared with
probabilities derived from the closing odds observed on Betfaifor home win (left), draw
(middle) and away win (right).

3.3 The in-play model

The prematch betting market closes once the match begins. A second type of statistical model is
employed in the FDS to update outcome probabilities relating to the three principal betting
markets (1X2, total goals and Asian Handicap) as evkeaisinfold through a match. These

models produce dynamic probabilities in that the estimated probabilities change as they respond
to events occurring in the match in real time. For example, if a goal is scored this has an impact
on the probabilities of the finalsalts. The size of the impact will vary according to how long in

the match remains.
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The general description of the model employed indicated that it is similar to models developed in
academic literature and by bookmakers and betting syndicates withwaniake familiar.

Outcome probabilities are modelled as dependept®match closing odds (which will reflect

the relative strengths of the two teaamsl the overall likelihood of goglghe current score, the

time played so far, and whether one teaplaying shorthanded on account of one of its ey
having received a red card.

The impacts of red cards, goals and the passing of time on expectations of subsequent scoring
rates are estimated fromlarge data base of historic matchéaturally the nodel needs also to
incorporate information regarding the scoring characteristitseafwvo teams playinigp the

particular matchSportradar uses the prices from three markets (the 1X2, Asian handicap and
total goals markets) to Obackward engineerQO liedrodds from the iplay model (calculated

at minute 0) to be equal to, or as close as possible to, tmegtcé closing odds observed in the
betting market.

In principle, it would be possible to account for the strengths of the two teams by using a
statistical model based on their past results similar to thenateh model outlined above.
However, a statistical model based on past performances of the teams cannot allow for
idiosyncratic circumstances such as absence of key players or the statgitchthen OefficientO
betting market will however factor in the influence of this extra information and it is therefore
preferred tacalibratethe inplay model using market oddis this case prenatch closing market
odds are used)

Of course, ltere ae many platforms on which market odds are observed. For the purpose of the
calibration of the irplay model, Sportradar uses the average odds from three very large Asian
bookmakers: MAXbet, SBOBET and 188b&hese bookmakers operate in the most liquid

beting markets where odds are most likely to be OefficientO. Moreover, as noted in footnote 14
above, Grant, Johnson and Oikonimidis found that odds from the Asian market were more
effective predictors of match outcomes than odds from the European Afarket.

The inplay model in practice

In the FDS, th@urpose of the kplay model is to allow algorithms to create alerts where there is
a significant discrepancy in the evolution of observed market odds and the evolution of outcome
probabilities according to the model. This comparison is essentially betlesbahaviour of

%4 The algorithms allow for the possibility that the bookmakers specified may not offéyjitbetting on a particular
match: in this event, alternative platforms are specified to be used.
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two sets of odds and they should be consistent with each other through the match providing that
the betting market is efficient and providing that there are no relevant special circusistance
the match which are not captured by thealalgs in the statistical model.

We examined the evolution of model odds and market odds across many matches and found, as
was to be hoped, that model odds usually tracked marketvedgslosely.

Figures3.2, 3.3 and3.4showa typical case. Theelate to anatchwhichtook place on 2%
March 2015 between Liverpo@nd Manchester United.

Figure3.2 shows the odd® the 1X2 marketor an away team win, i.e. for Manchester United.
The grey line (and circles) atlee market odds, according to the Asian bookmaker 188bet. The
yellow line (and circles) are the odds implied by stegisticalmodel. At the start of the game the
market seemdto thinkthatthe probability of a Manchester United wiras slightly lower han

that implied by the model (the odds for 188bet are higher than the odds for the model). This is
perhaps a reflection of the volume of bets placedilamtookmakeadjustingits odds in the

hope of loweringts exposure (potential for losses). After idhutes, Manchester United scored
and both the market and the model redstmilarly and reducgthe odds for a Manchester
United win. In the 48 minute (the first minute of the second half), Liverpoalsreduced to ten
men as Steven Gerrard was shawed card. Again, both the model and the marketedagt
lowering the oddsf a Manchester United win further. Liverpool scored a goal in tHen@8ute
and the market and model odds #dfa little in response.

There are two key points to note hefest, it is remarkable how closely thtatisticalmodel and
the marketas represented by this bookmakerantify the probability of an away wih Second,

it is equally remarkable how the market and the model agree, in terms of the magnitude and
direcion of the odds movements, on the eféexftgoals and red cards on the probability of
Manchester United winning the game.

% The apparent discrepancythe beginning of the match relates to a difference between the degree-oiunver
(vigorish) in the market on the particular match and the-omend artificially applied to the raw model probabilities
so as to mimic the market odds for an average mwitthaverage overound.
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Figure 3.2: Liverpool vs Manchester United, English Premier League match, 22 March
2015. Inplay market odds and model implied odds for Manchester United win ("Away").

For the same match, Figure83hows the market odds and medaeplied odds for the Asian
handicap market. Again, there are some very small discrepancies betwhdle the two are
closely matched. Similarly Figu®4 shows theevolution ofmarket odds and model implied
odds for the total goals market and as in the other two cases, there is a clear agreement.
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Figure 3.3: Liverpool vs Manchester United, EnglishPremier League match, 22 March
2015. Asian Handicap market odds and model implied odds.
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Figure 3.4: Liverpool vs Manchester United, English Premier League match, 22 March
2015. Inplay market odds and model implied odds for theotal goals market.

That model implied odds and market odds track each other so closely through a high proportion
of matches is consistent with the joint hypothesis that (i) the football betting market is efficient
and (i) the statistical model is working well to gener@expected® odds which are quite precise
benchmarks of where odds would be expected to be. The pattern is indicative that the statistical
model used irplay is fully fit for purpose.

For a more formal assessment of theliey model, we conducted an expeeint which we will
now describe.

Testing the efficacy of the-play model

Testing inplay models is not straightforward. In the academic literature, the usual OtestO for an
in-play model is to compare its estimated probabilities with those of the betdirkgt. We have
seen thattypically, theprobabilities generated by tieplay modeland by the market are
indeedalmost identical. Thus, a case might be made that formal testing of the accuracy of the
model is redundant. However, whereas the first headedded in the FD$he prematch

model performs only a supplementary role in identifying potentially suspicious matches (for
prematch markets, primary reliance is on identifying significant shifts in odds),4blayn

model plays an absolutely piabtrole. The primary criterion for triggering further investigation

of a match because of anomalous betting patterns during the game is that there is deviation
between the odds implied by the statistical model and the observed odds in the market. Given
this central role played by the-ptay model, we therefore erred on the side of caution and
subjected the uplay model to formal testing of its performance.

The inplay model predicts in real time the probability of each possible outcome of a match
conditional on the odds at the start of the match, the number of goals for each team so far, the
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number of red cards for each team so far, and the number of minutes remaining. The idea of the
test was to look at a sample of leagues over a past period and idémtitches where a given
scenario prevailed at a given time in the game. For example, one might search for all matches
where the haftime score was-0 in favour of the home team and where the two sides had had
similar odds at the start of the match aeither had received a red card. For this set of matches
and the scenario specified, the probabilities generated by the model are calculated. It might be
that the average probability of the final score bektgdtven the scenario specified wés. If
themodel is not subject to systematic error, then the observed proportion of matches in that set
which actually ende@-0 should be close 9. If this procedure is repeated for several

different scenarios, and the predicted and observed proportionsvages &closeO, then this

would be grounds for being confident in the performance of the model. Statistical theory
provides a framework for conducting a formal test and allows quantification of how confident
one can be in the model.

Full details of the forral test we condtted are presented in AppendixThis notes which

leagues were used to generate the sample and sets out the OscenariosO we specified. The test
results presented in the Appendix indicate strongly that th&aynmodel performs very

satisfatorily as a probabilistic forecasting model of final match outcomes. This indicates that the
technical specification of the model is sound and that the information/data it usesreteand
appropriatelt is therefore a reliable basis for identifyibgtting market anomalies which are
potentially indicative of manipulation of the match.
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4 THE ALERT PROCESS: STAGE 1 IN THE FDS

4.1 The triggering of alerts pre-match

The general approach

As noted above, the FDS is designed implicitly to follow best practice for circumstances in
which both sensitivity and specificity mattéy first stage in the screening process emphasises
sensitivity, i.e. great weight is placed on the importance ofdnafuall true cases in the

population in the set of cases to be subject to further scrutiny. At the stageftlivided into

two partsin the case of the FD3he emphasis is on weeding tikely false positives from the

first stage. This should prodeidigh specificity at the end of the process such that there is a high
probability that matches finally declared as suspicious are indeed true cases of manipudation of
match.

The first stage is conducted during thedting period running up to a matahd during the match
itself. This stage is entirely automated and algorithm driven.

In the prematch betting market, the algorithms are designed such that the primary criterion for
defining a positive test result (creatingadart) is that an unusualliarge odds change is

observed on a single betting platform. An issue of course is how large a change has to be to be
considered Ounusually large®. Particularly in the case of Asian bookwizikbitypically adopt

a bookbalancing modelthere will naturtly be variations in odds almost continuously as new

bets arrive even if there is no new information in the maBa@texample, Grant, Johnson and
Oikonomidig® collected odds data (1X2) from the SBOBET website for 2,132 matches in the top
six European legues, played in 2012. Their web crawlerscraped the data for each maath
eightdefined points in the betting period, ranging from 24 hours to one second befeoéfkick

For each match, they noted how many times the odds had changed between ocomtiamel p

the next. There were seven opportunities in each match for the odds to change. They found that
the mean number of changes observed per match was 5.36. In other words, between any two
time points, it is far more likely that odds will change thaat tidds will remain the sané.

There is therefore likely to be a lot of OnoiseQ in the data being scrutinised. However, Grant,
Johnson and Oikonomidis found that there was strong Osignal® amid the noise. When they added

% see footnote 14 above.

%" They carried out the same exercise for the UK bookmaker, Ladbrokes, and noted the mean number of odds
changes per match as only 0.795. This is consistent with their claim that European bookmakets agitesigion
taking rather than a bodbalancing model. It follows that a screen based on observing odds changes will trigger
alerts more often for Asian than for European bookmakers.
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odds change during the betting period to opening odds in a match outcome forecasting model, it
was strongly significant. This implies thattflows of money into the market carried important
information relevant to match outcome that had not been awailabithe market when it opened.
Informed traders must therefore be active in moving the market towards efficiency. Of course,
these traders will typically be processiagcurately legitimate new information and acting on it

to seek profit. But somef the traders will be acting on insider information including knowledge
that an attempt will be made to manipulate the match.

This is important evidence supporting the concept underpinning the FDS: odds changes are
signals of new information being acted uord it isthereforethe right thing to look among the
matches where odds changes are signifitahe manipulated onese to be foundBut,

because the information flows are offesm legitimate traders, many false positives will be
liable to bedeclaedin this first stage of the FDS process.

Fixers(and other parties who have become aware of a planneatdix) the possession of very
strong information and woulithereforebe expected to wager relatively large sums, making for
relatively large chargs in odds. It is therefore appropriate to consider further only cases where
large changes in odds are obsentedccontain the number of false positiviss also practically
necessary to impose a threshold to eliminate cases with only OsmallO chatdgetherwise,

with so much noise in the data, a large majority of matches would be progressed to the second
stage and, for most of them, no discernible reason for an odds change would be evident.

Criteria for creation of an alert

The thresholdgor aut-offs) in the FDS for definingidbnormallylarge odds changes are set in

terms ofderivations othe statistimetwin which is arithmetically the same as fractional odds.

This appeared to us sensible. Bookmakers typically quote odds on football using the decimal
odds format. For example, 1.50 means that a winning bettor on a one unit stake would be entitled
to collect 1.50 money units. But this includes the return ofthlses The presence of a fixed
component of one unit (stake) in the decimal addkes comparisons across odds movements in
different odds ranges problematic.

To illustrate, consider two possible odds changes.

In case 1, the quoted decimal odd changes ftb0 b 1.20. This is a 20% change in the
decimal odds.
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In case 2, the quoted decimal odd changes from 5.00 to 4.00. This is also a 20% change in the
decimal odds.

If the FDS defined odds changes with respect to decimal odds, the two cases woualttbase
equally significant.

But, in fact, the market is making a much bigger revision of probabilities that the outcome will
occur in case 1 than in case 2. In probabiitigds terms, the first change is from .667 to .845 (a
shift of about 18 percentageints) but the second change is only from .200 to .250 (a shift of 5
percentage pointsYhe importance of the information driving the odds changes is therefore
likely to be much more significant in case 1 than in case 2 even though the absolute change in
decimal odds is greater in case 2 and the proportionate change in decimal odds is equal in the
two cases. Defining odds changes by reference to decimal odds would therefore yield incorrect
ranking of potential integrity risk across matches.

Use ofnetwin(fractional odds) resolves the issue. In caggefinchanges from 0.50 (1/2) to
0.20 (1/5), a variation @0%. In case hetwinchanges from 4.00 (4/1) to 3.00 (3/1), a variation
of only 25%. Use ohetwintherefore correctly signals that the market movement in case 1 is
much more worthy of attention than that in case 2.

An alert is triggered whenever the difference betwberhighest and lowest oddbserved at a

single bookmakein the betting period tdate is sufficiently largen percentage term#s noted,
difference is definedssentiallyby reference tmetwin but further refinements amade in

reaching the statistic finally built into the FDS for triggering alerts. $tagsticis adjusted

newin change %The formula incorporates an Oexponential partO which reduces the significance
attributed to changes in longer odds ranges and an Oadditive part® which ensures that large
proportionate changes in tiny odds (for example from 1.02 to 1.01 imaleadds terms) are not
treated as seriously asunadjusted formula wouldictate

The same principle of focusing adjusted netwin change &pplies in monitoring of the Asian
handicapmarketas in monitoring of the 1X2 market. The algorithms search for movements
above a specified threshold in the odds quoted for a single spread (handicap). But an additional
criterion for creating an alert is also used. This focuses on odds movements duiva lbars
preceding a match, believed to be a period particularly favoured for-figlated betting

activity.
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In theoverunder market on total goals, the criterion for an alert is constructed to similar
principles but is adapted to take into accdbhat bothodds and spreathangewill frequently

be observeavhen the market is reacting to heavy flows of new mokey example, in the event

of a large inflow of money indicating support for the proposition that a match will yield GoverQ
goals, the bokmakemay change the value of x rather than just change odds within the spread.
The FDS converts each odds set (spread, oddsyitglestatistic expected number of total

goals In this market, an alert is created whenever the change in the séattsterls a preet
threshold. The statistic this time is in units of goals and changes@essed terms of an
absolute number rather thasa percentage. The same approach is adopted when assessing
variation in the marketOs expectation of goal sugmry.

Additional criteria for alerts

Although prematch monitoring is based heavily on observing variations in each bookmakerOs
guoted odds, algorithms search also for other bookmaker behaviour suggestive of bookmakers
being concerned over a particulartoia Withdrawal of a match from the market is one such
signand an alert is created if the number of operators which have removed their odds offer is
sufficiently high relative to the number offering pratch odds on the fixture. The precise

statistic used for this category of alert is given by

(# of removed bookakersl)/ (# of bookmakers offering odds.

The subtraction of 1 from each of the numerator and denominator is intended to give a greater
indicator of a problem where, for example, 5 of 50 operators have withdrawn compared with 1 of
5.

In the Asian handiap market, unusual skew in the odds for a given spredsboitaken as

evidence that bookmakers themselves have become concerned over the particular match.
Usually, odds will be not far from symmetric, for example decimal odds of 1.80 and 2.00 on the
two potential outcomedf there is heavgupport for one team at these odds because new
information has become available, the bookmaker has the option to change the spread
(handicap). If instead, the bookmaker leaves the spread unchanged but reducestioeld®or

more favoured team to an extreme level, such as 1.20, this is a sign that the bookmaker does not
want to accept any more liabilities against that outcome. If the bookmaker thought that the
weight of money entering the market reflected legitimates) the spread could be changed

instead because there would be no commercial reason to deter new bets given that the terms of
the betwould now properly refleatews in the public domain. Offering uncompetitive terms on

an outcome that is suspected tcab@nged already is an alternative to closing the market
altogetherThe FDS creates alerts when Asian Handicap adelsnuncompetitive territory

defined by a threshold.
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The betting exchange, Betfair, is unique in the set of betting platforms obsgriredlEDS in

that it offers information not just on variations in odds but also on volumes of wagers transacted.
While Betfair odds are monitored in the same way as those on other platforms, the FDS is also
programmed to create an al@dr competitions tiered by Betfairwhenthe volumeof
transactiongxceeds a specified amount in absolute vahgthat value exceeds the mean
turnover for a matcin that competitiorby more than a specified proportio®f course, if a

match generated, say, eight times the normal turnover for the competition, this would not
necessarily imply that anything untoward had occurred. There are many possible explanations
apart from criminals engaging in a fix. For example, timeag be few other football matches

taking place that day or the match may be scheduled to be televised. Nevertheless, abnormal
volume of betting is a characteristic of manipulated matches and the FDS aims to identify all
such cases at this first stagetlsat analysts may consider whether theiia facta reasonable
explanation.

Finally, for those leagues for which the preatch statistical model is employed (see Section 2
above), an alert is created when themaase tharma specifiedlegree of discregmcy between the

Ofair (1X2) oddsO according to the statistical model and the odds observed at a bookmaker. This
category of alert serves a useful function since it draws attention to cases where there is a
possibility that bookmakers H&earned of a podsle fix (for example, through rumour) and have
already factored the elevated integrity risk into quoted odds. As with other alerts, it is to be
expected that there wilisuallybe a legitimate sporting explanatjdiut the philosophy in the

design of thé=DS is to avoid missing cases of manipulation at stage 1 even at the cost of having
to review a relatively large number of matches at stage 2.

Setting thresholds for aler{®configuration0)

We have described the principal alert categories employednitaning of prematch betting
markets. But these are operationalised only when thresholds are set. For example, the FDS
identifies when there is a change in odds (as measuradijlsted netwin change)labove a
certain level. But what level is to loefined as the boundary beyond which betting is to be
considered suspicious?

In fact, three thresholds are $at each alertategoryin order todistinguish between different
degrees of deviation from normal patternshattingactivity. Green, yellow iad red

(alternatively termed Levéd), Levell and Level?) alertsrefer to increasingly severe cases of
abnormal activityGreen alerts are logged on to the system for information but do not require
specific action by analysts at the next stage of the £¥8llow and red alerts reqeirexplicit

8 Green alerts may be used by an analyst when forming a judgementhatiisting. For example, yellow alerts in
play may be scrutinised more closely if there have been green alensfmie (criminals make most of their profit
in-play but may place modest bets in the-pratch market as well; praatch they just dip a #ointo the water
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review by an analyst: it is for matches where yellow and/ or red alerts have been sounded that the
analyst must decide whether or not to hotli$te distinction betweenellow and redalersis
used internally to qovide analystswith additional guidance.

Differentgreen, yellow and retthresholdsare set according to the competition in which the

subject match is playedlhis reflects that the degree of liquidity in the betting market varies

hugely between leagues. In leagues which attract limited betting interest, say those of Armenia or
Iceland, relatively small wagers may shift odds significantly. In a highly liquithgaharket,

such as that on a match in the English Premier League, the same wager may well not shift odds
at all. This makes odds naturally more volatile in leagues which attract less interest and in such
leagues it is judged necessary to set higherhbtds for determining whether odds olgas are
unusual. Otherwise the thresholds wopitdvoke too frequent an incidence of alerts in these
competitions.

When setting thresholds1¢ FDSdistinguishes between three different tiers of competition.

Level 1competitions comprise the UEFA Champions League, the UEFA Europa League and the
top divisions in England;rance Germany, Italy Netherlands, Portugal, Scotlaadd Spair{and
additionally the second divisions in the national structures of England, Geemdrscotland)

All these competitions attract very high betting volumes and thresholds are set relatively low
because even a small change in odds may reflect a large amount of additional wagering on
particularoutcome which meritsexaminationExamples ofLevel 2 competitions includéEFA
international youth tournamentbge qualifying rounds for the UEFA Champions League and the
UEFA Europa League, the ta@mmestiadivisions in Austria, Belgium, Czech Republic, Russia,
Sweden Switzerlandand Turkey and the second division in Itdost otherEuropean leagues

are assigned Level 3 status. Lower status of a league in the FDS signifies lower betting interest
and hence more apparently random volatility in odds and a need to be more coesetveri

setting thresholds.

To illustrate from the 1X2 market, thedjustednetwin changstatistic calculated by the FDS

has to reach 20%/ 30%/ 50% for green/ yellow/ red alerts to be created where the match is from a
Level 1 competition whereas the thresholds are set at 25%/83%for Level 2 matches and at

33%/ 67%/ 100% for Level 3 mateb.

because they do not wish to attract attention to a team being a good bet at current odds). Green alerts are also logged
in individual player profiles. The FDS holds some 260,000 sets of player records which will include recording for

any match whether any alerts had been created. Sometimes patterns may be discerned of a player having played in
matches with alerts at several previous clubs.
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Similar distinctions are made for other alert categories, with the value of the threshold specified
varying according to level of alert (green, yellow or red) and level of competition Levels 1, 2,
3).29

We inspected internal documents setting outtke configurationin terms of the thresholds set

at each for all categories of alarid for all levels of competition. We note that the thresholds
have been defined and refined over time using the experience in betting markets of the
Sportradar staff ahexplicitly in response to feedback from the bookmaking industrg.choice

of thresholds represeatconsensuand he thresholds appeared OreasonableO to us also. A more
formal assessment will be offered after describing the alerts process emploge¢deofontball

match has begun.

4.2 The triggering of alerts in-play

Whereas monitoring of the preatch betting markets relies mainly on selecting matches for
further examination baseth @dds movements observed in the market, the process of detecting
potentially suspicious betting activity in theptay market is driven by a comparison between
current odds and Ocalculated oddsO from the statistical model described in Section 3.3 above.

In that Section, Figures 324 illustrated how closely observedds track calculated odds in
each betting market as events unfold in a typical match. Screening for potentially suspicious
activity at this stage involves identifying cases where the evolution of odds shows a sharp
divergence from the evolution predictedm the statistical model.

Figure 4.1 relates to an example, for the Asian handicap market, of a match where odds behaved
apparently perverselyfhis was a match highlighted by the alerts process for which

2 Thresholds for the alert category focused on Betfair 1X2 turnover are the same for all levelpetitaan since
the statistic produced by the FDS already measures turredaéve tothe average for the particular competition or
tournament. Green, yellow and red alerts are triggered when turnover exceeds 2, 5 or 10 times the league average.
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Figure 4.1: Market Asian Handicapodds andmodel implied odds for a match that was
identified by the FDS as suspicious

it was decided subsequently tkiz@ match should be classified as suspicibater, t became
one of a set of match&svolving the Australian club Southern St#inat were used as evidence
in a criminal prosecution and for which those involved veenevicted This can therefore be
considered a proven case.

The graph is for the Asiamandicap market that the away team would win by more than a certain
number of god. In the early stages of the match, the model and the market odds are almost
identical. This suggests that the strategy of the fixers was not to bet (at least in significant
volume) before the match took place because this would alert other traderg, .[getharket
movements which would impedee fixers@arning of maximum gains in the-play market.
However, at around minute 12, the market odds move dramatically away from the model odds.
No goal was scored, nor was there any other event of sigriécarthe game. The odds
movement suggests that the weight of money in the market believed that the away team was
likely to win by a large margin. The away team scores in tHeiBute and the model responds
with lower odds for a large margin of victoifowever, the market odds remain much lower

than the model odds, implying that the away team was likely to score still more goals. This
pattern continues: another goal in th& 88inute is followed by goals in the B@&nd 7%

minutes making the scored) Towards the end of the match the model odddfswharket odds
begin to converge again. This is because the fix had happened: the away team was to win by at
least 4 goals. What is key here is that knowledge of thedsxbeing reflected in thelumebet
(which is not observed) and betting volume was inducing variation in odds (which is observed)
Where bookmakers follow a boddalancing business model, the odds movements reflect weight
of money and here there was heavy tragiburst of activitypy Oinformed® traders who knew

in advance what the course of the match would be because they had OboughtO the match.
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Figure 4.2: Market Total Goals odds and model implied odds for a match that was
identified by the FDS as suspicious.

Figure 4.2 shows the evolution of the market on total goals for another Southern Stars match. By
design the market odds and model implied odds are almost identical at the start of the match.
Again they follow a similar trajectory for the opening minuteghefgameAt around minute 13

the bookmaker changes the spread from-oweler 3.25 goals to oweinder 3 goals. Both

bookmaker and model odds adjust accordinglywever, from around minute 15 the market

odds begin to behave perversely. Despite thergylb® goals scored, and there being less
remaining time for goals to be scored as the match clock ticks down, the market implied
probability for more than 3 goals increag¢esmrket odds decreasdjeanwhile, the model

implied probability behaves as one Madexpect, i.e. the implied probability decreases because
there has been more passafjgme without a goal. It is for sucanomalouglivergence between

the evolution of the odds as they are observed and the evolution of the odds expected according
to themodel that FDS searches duringpilay monitoring.

Alerts are triggered whenever there is sufficient divergence between market odds and Ocalculated
oddsO. Itheseexample, the matchs werdixed but there will be other cases where there are
legitimatereasons for any discrepancies observed. The statistical model accounts for major
events, namely the occurrence of goals and red cards, but does not have as inputs other
potentially important developments in the match. For example, suppose a key phgethea

field for medical treatment and is not substituted because the lkopel he might return to the

field later. Now that team is playing shdéranded and there is a chance that it will have lost its
influential player for the rest of the game. Tharket will process this information and odds will
shift, moving them away from model odds because nothing included in the model has changed.
The observed disparity this time would have an objectively valid explanation. Stage 1 screening
therefore generatdalse positives which will have to hdétered out later in the FDS process.
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As with prematch monitoring, thresholds have to be set. The alert configuration defines cases
where the discrepancy between observed and model odds is sufficiently great for the bmtch to
selected fosecondstage screening.A Ohigher® threshetduld generate fewestage Talse
positives but at the cost of raising the riskro$singcases where the match has been fixed.

4.3 Are the thresholds set appropriatéy?

Clearlyit could be argued th#ihe specification of thresholds cutoffs must always barbitrary

to some extent. Nevertheless, we were able to satisfy ourselves that theystemmstic,

objective evidence to support our initial impressibat the chosen levels for thresholds seemed
OreasonableO. Indeed, if anything, the thresholds could be said to have been set conservatively in
that a high proportion of matches create yellow or red alertaratiderefore scrutiniseflirther

by analysts at Stage 2 of the FDS.

We obtained data corening frequency of alerts across all matches monitored by the FDS during
the last full football yeafthe twelve months to July, 2014).

Table 4.1. Matches monitored by the FDS, August 1, 2013 to July 31, 2014

number of matches monitored 45569
number of matches with yellow/red alert(s) 15129
of which yellow alert(s) only 10601
at least 1 red alert 4528
number of matches subsequently hotlisted 1203
number of matches subsequently escalated 291
of which yellow alert(s) only 4
at least 1 red alert 287

The datgTable 4.1)ndicatethat yellow or redhlerts were created in close to eéhed (33.2%)

of all matches. In 23.3% of matches, #iert(s) were only at OyellowO level but in 9.9% of all
matches alerts included at least one at the level Dhedl8.2% ofmatches are classifies
OpositiveO cases by the automated stage 1 screen appears, intuitively, to confirm that the net is
beingcast very widely at this stage. This is consistent adtherence tthe academic

30 Again, as with prematch monitoring, there are additional alert categories, such as withdrawal of odds by more
than a specified proportion of bookmakers which had been offering odds.
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recommendation that the design of the fatstge of the screening process shenghasise
sensitivity (priority to be given to include all true cases in the set of cesgepsed to Stage 2).

Given the emphasis on sensitivity at this stage, should the thresholds be set lower to draw in yet
more cases? Table 4.1 sksdwow many matches of those deemed OsuspiciousO at Stage 1 were
subsequently hotlisted (i.e. still considdrsuspiciousollowing a review by an analysind sent

for furtherscrutinyafter more information had beebtained). It also shows how many of the
hotlisted matches were later OescalatedO (i.e. finally declared suspicious by the FDS, to be
reported tolte client organisation). It will be noted that a low proportion (in fact, just 1.9%) of
matches identified by the algorithmspentiallysuspicious are eventually classified as
suspiciousat the end of the whole FDS process. This is consistent withghasis on

specificity- i.e. analystswhen making decisions about the classification at the end of the FDS
processare cautious about labelling a matclsaspicious.

The large majority of matches (all except four) which were eventually classifspigious

had attracted at least one red alert at stage 1 of the FDS. Calculations from thd alaledii

show that 6.3% of matches with red alerts were eventually reported to the client as suspicious.
However, of matches which had initially generavetl yellow alert(s), just 0.04%our cases)

were eventually escalated to the final classification of Osuspicious matchO.

Therefore, in very few cases indeed did analysts conclude that there was sufficient evidence to
support reporting a match as sugmis if it had had just yellow alerts. We establishtsththat

this was true in earlier years before 213 When we obtained a list of all matches escalated
over 201013, there were only eleveggamesdn three years which had been classified in the end

as suspicious without at least one red alert in the system.

Our conclusion is that there would be no realistic prospect of increasing the sensitivity of the
overall screening system by adjusting the settings for thresholds or the protocols for using them.
At present, the effective threshold for determining that there should be a further review of a
match is defined by the yellow threshold. But in extremely few yellow cases is there enough
evidence ultimately to label the match as suspicious. The prospeantdysing further cases

with still lower levels of abnormality in the betting market (such as might, for example, trigger a
green alert) would lead to an increase in the number of matches robustly identified as suspicious
is therefore unlikely* We aretherefore minded not tecommend any changim the levels of

the thresholds built into the alert configuration.

31 Referring more matches for further analysis would also have a cost inwatlit inevitably lead to analysts
having less time to review each match passed on from Stage 1.
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5 STAGE 2 IN THE FDS: HOTLISTING AND ESCALATION

5.1 Introduction

In the academic literature sareening procedure applied in a context where importance is
attached to both sensitivity and specificity is recommenolé@ designed to comprise two

stages. In stage [bw thresholdgcut-offs) should be applied such that the net is cast widely in
order to ensure that few true cases are missed. At stage 2, cases progressed from stage 1 are
investigated further tblter outlikely false positives from stage 1. The emphasite second
stageis on assuring high specificity the final classificatiof cases which have been included

in screening.

In the case of the F) stage 2 is broken down into twarts. Analysts receive automated alerts
from Stage 1 during the praatch and irplay betting periods and, using information available at
the time, deermine whether there isiadequatexplanation for the apparent anomalies captured
by thealgorithms embedded in tis¢éage 1 prcess. If the analyst is not satisfied that the case can
at this timebe classified as a negatiand a supervisor agreds keepsgt active inin the system

for further consideration on@dl information has been checked and additional information has
been assembled (pesiatch).

A decision to refer the case to the second part of stage 2 is teattisting The secongartof

stage 2where these hotlistenatches are subject to further revjesvtermed thescalation

process. During this process, a decision is taken over whether the case is finally to be classified
as a positive or a negative by the FB®ositives are repted to clients as suspicious matches.

Sportradar provided us with a flow chart describing procedwieish are 1SGcertified)during
stage 2 of the FDS and this is presented as Appendixthis chart, the caption Otier 10 refers to
the hotlisting aurt of the process and the caption Otier 20 to the escalation.

This section describes and evaluates procedures followed during ho{8ictgon 5.2nd
escalatior(Section 5.3)n order to informour judgement on the efficien@and efficacyof the
FDS.Our evaluation is based not only on review of internal documentatidmliscussions with
personnebut alsoon live observation of both processat the London office of Sportradar.

32 Negatives are subject to a final check at a weekbalation reviewwhich considers written reports recording
reasons for all decisions not to report diktetd match as suspicious. This weekly meeting may decide to report a
match after all.
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5.2 Hotlisting

Description of the process

Stage 1 of the FDS is autoradtand algorithms create alerts whenever irregular betting patterns
above specified thresholds are observed. Matches subject to an slage lare the ones sent

on to stage 2 for further considerationatehesare Osent onO by means ofraaikto ananalyst

(and are also visible in the FDS interfacEjis notes that an alert has been cre&t@tie analyst

is then required to review the alert and all the data relating to that match in thel&B@y also
check other information sources.

The analyst reviewing a case at this stage must decide whether to label the mateh as non
suspicious (in which casewill becomea OnegativeO result according to FDS screening) or,
alternatively, to determine that it should be hotlisted and subjecttheefunvestigation later.

Most matches at this stage are in fact labelled assospiciousFrom data we requestetiget
FDS was used to monitor 869 football matchem the year to July 31, 201@f these, 1529
triggered yellow or red alerts, requig matches to be reviewed by an analyst. Then, of those
matchegeviewed by an analyst, onl\2Q3 (7.95%) wee hotlisted. The remaining 226
(92.06%) were deemed nesuspicious.

In each case where a match is determined to besugpicious, the analyst required to log

(brief) justification of his decision. This may be based on judgement about special factors in the
betting market or ior surroundinghe sporting event which make it possitdanterpret

apparently anomalous trends detected by the FDS as quite normal after all. For example, on the
betting side, market liquidity for a particular league may vary considerably according to how
much other product is available that day (a leaguesetseason overlaps with major leagues will
attract more interest when the other leagues move into theseaion). Consequently a decision
over whether a particular size of shift in odslsinusuamust be interpreted in the light of
understanding how ach liquidity there is likely to be in the market for that particular match.

From our observation of alyats at work, levels of detail logged into the FDJutstify
OnegativesO vakost @mmonly, theyattributeOsporting reasonsO to explain away the
significance ofanalert. For example, there may be a discrepancy between observed opening
odds and prenatch model OfairO odds because the forecasting model is not informed by

¥ Multiple alerts may be generated for a single match. Indeed this is quite common because hedging and arbitrage
activity following an odds movement in one market andoe platform may then induce odds movements on other
markets and platforms. In the special case of fraudulent betting, markets are likely to be independently affected by
inflows of money as criminals spread their bets around to maximise profit.
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information such as the suspension of a key player; shamagieh movementsiodds may

occur when news emerges that a player will be absent through injury; and devigiayn in
between oddémplied probabilities and Ocalculated probabilitiesO may occur after a red card
because the market is able to take into account, which tdelmpbabilities cannot, the quality

of the player who was sent off. These are just examples. More generally, odds movements
particularly inplay, will reflect that the market always has more information than the models on
which the algorithms are basédarket expectationsf further goalgconditional on the current
score and red card informatjomay be very different if one team on that particular day is
dominating the match.

The core activity of théotlistingstep of the FDS is for the analystidentify any such
legitimateexplanations that may account for an alert or multiple alerts having been triggered for
a particular matchrlo perform their tasleffectively and accutaly, the analysts need to have all
possible information at their disposal, and have the knowledge and experience required to
interpret the informatioappropriatelyandto estimate the magnitude and direction oféffect

this information would likely haverobetting oddsWe discuss below the extent to which the
setup at Sportradar meetach of these tworiteria

Once all available information has been collected and its potential impact on betting odds
inferred, a finaljudgementatlecision is made bthe analyst as to whether there are sufficient
Bportingreasons to explain the alerts, or that the discrepancies witnessed between market and
model odds are suspicious and the match shoufwthstedfor further investigation during the
escalation stagy If the match is hotlisted, the analyst records his findings and commeuns for

in further discussion during the escalation process described in section 5.3.

Are the analysts adequately provided with information?

We have described the sortaafditionalsporting informatior{over and above the factual data
used by the FDS algorithmsn the minute of play of each goal so far, red cardsyétich is
likely to be relevant to the decision whether or not to halisiatch Each analyst operates from
a work station where he has access to all information held in the FDS and, for independent
research around a match, online access to a plethora of football, media and other, \mabsites
the data base of Betradaro#imer Sportadar product

When an analyst responds to an alée, EDSis likely alreadyto contain background
informationon the match under consideration. Sportradar maintains a network of (currently) 43
correspondentsovering football in Europesach responsibler reporting news for a particular
country (occasionally two countries). They are known as Ofreelafideis@uties include filing

news stories relevant to the competitions for which they are responsible and writing a preview of
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each upcoming matcti.If freelancers® work has been carried out with efficiency and
thoroughness, consulting these repaitssometimesoffer immediate resolution of an anomaly
For exampleunexpectedly long odds against a team may reflect news suck@ng sudden
change in coaching personnel or discontent among named playeausible thatitese sorts
of developments are likely to affect market sentiment, resulting in divergence betweeatgine
odds and expected odds according topfleematchstatisticalmodel.

Typically, freelancers will also file news on player injuries and suspensidresr information

is potentially valuable here because sharpnpaéch movements in oddse often interpreted as

a response to changes in team-lips. But timing ofmarket response is crucial here if an

informed judgement is to be taken as to whether the changes in the team are adequate reason to
dismiss the notion that betting activity presents grounds for suspicion. For example, if a player is
listed by the freelaser as likely to miss the match through injury and notes that it is aéomg

injury, then this would be plausible as an explanation of opening odds being differettdsan
predicted by the modelt would not be plausible as an explanation of subsgigmovements in

odds large enough to trigger an alert because the market had already known with certainty that
the player would be missing and should therefore have factored this into the odds from the start
of betting. The sort of information freelancetgply is therefore very relevant to the task of
distinguishing between alerts according to whether they reflect suspicious patterns of events. The
investment in infrastructure which Sportradar makes and of which spending on freelancers is a
part clearlymakes a significant contribution to the FDS. At the same time, we recognise that
Sportradar exercises due prudence in the sense that internal documergaiaminedjuides

analysts to check freelancer information against external sources whenevecéeerétwvs has

been used in dedith whether or not to hotlist.

Many alerts prenmatch are created when team {unes (who is to start and who is to be a

substitute) are formally announced one hour before &dtkTeam lineups in many cases are
availablereasonably quickly through a variety of sources. But in considering the significance of
line-ups for betting activity, the analyst must weigh how important any changes from previous
team composition are. In many cases, teams fielded in previous maelesitable in the

system and waotedthat Sportradar provides analysts with a useful tool, Comparelpse

(CPU), which allows them to assess whether a player omitted from the team represents a
significant omission. For example, CPU may reveal thaagepldropped from the team had not

in fact featured in many previous matches and the implication is that he is a fringe player whose
omission should not make much impact on the betting market. This aids the analyst in weighing
whether any response in thetting market is proportionate or whetlitas disproportionate such

that one may suspect that flows of nefarious money are driving the odds.

34 Evaluaton of procedures at Sportradar to assure the quality of work of freelancers is included in Section 5.3
below, when we consider the escalation process. This is the point in the FDS where freelancersO work is most likely
to be decisive.
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Another factor to be considered is the possibility thatchanges in team ling are themselves

the means ofielivering a fix. If a team fielded is very different from that expected, there could of
course be legitimate reasons. However, there is also the possibility that a weakened team is being
fielded to help bring about a particular outcome and indeed tlaasmaay be favoured by fixers

where there is an OexcuseO readily available (such as resting players before an important game).
On the margin, the difficulty of distinguishing between legitimate and fraudulent reasons for

team changes may allow some caseget through the net (which woutdarginallyaffect the

sensitivity of the FDSY°

This part of the FDS requires judgemental decisaking by analysts and it is obvious that
correct judgements depend on relevant and accurateQtathe basis of our review of hotlisting
procedureswe were able to conclude that analysts were provided with an impressive array of
useful informatiorand tools and had adequate means to cicesck the veracity of that
information.

Are the analysts gpopriately qualified to make the judgement?

For theanalysts to make sound judgements regarding whetheotto hotlist a match, we
would expect them to have an appropriate level of experience andlaptinknowledge of the
whole range of betting plairms that might throw up suspicious circumstances.

To allow us toassess the experience and knowledge of the analystsguested andere

provided with the curricalvitae of analysts from the London (UK), Hong Kong and Sydney
(Australia) offices. lis our opinion that the teams have an excellent pedigree and are
appropriately experienced for the task that is asked of them. The analysts have experience of
financial markets and many of thdraveserved as tradegstherfor betting houses or on their

own account aprofessional bettors. Collectively their experience of financial markets covers the
principal subsectors of the betting industfguropean bookmakers, Asian bookmakers, and
betting exchanges (Betfair).

Regardhg qualifications, the analysts have come from a remarkably broad raagadaimic
backgrounds. Degrees had been obtained from across the globe, inldading Worldclass
institutions such athe University of Cambridge (BSc in Classidbg Universty of Durham

3 A further complicéion to situations such as described is that team changes could be made for purely sporting
reasons but that, nevertheless, there is abnormal betting ab#féeclubs hand over team sheets. Thisis a

potential pointer to the use of OlegitimateOengitbrmation for betting gain. In such a case, it is the betting market
rather than the match which is manipulated. In many sports, use of insider information in this way itself violates the
rules.
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(BSc in Geosciences), the University of New South Wales (BSc in Computer Scikace),
University of Warwick (BSc in Management) and the University of Hong Kong (MSc in
Statistics). Othedisciplines represented in the teams includelitics, History, Finance and
Sports Science.

Probablymore relevant when judging whether analysts are likely to be up to the tasks asked of
them whilst working as part of the FDS is the issue of experience. Almost all of the analysts had
gained experience indhbetting industry befe starting working in the FDS anallectively,

theteam of analysts had more th@H years of experience in the gambling and betting setors.
This included exgrience of many types of markaetluding exchanges (Betfaiand

bookmaking (Ladbrokes, Bet365, William Hill, BlueSquare, Betway, Hong Kong Jockey Club,
Singapore Pools, SamVo Hong Kong Limited, Stan James). The majority of the analysts had
served as traders in their previous roles though some have experietioer oésponsibilities,
including croupier and fraud analyst for online poker. Several of the analysts have tried their
hand at being professional bettdtaitside betting, some analysts had also worked in the broader
financial sector.

The analyststhen,havesubstantial experience bétting markets and many of them have served

as traders and/or professional bettors. Collectively their experience covers the global markets of
European bookmakers, Asian bookmakers, and betting exchanges (Betfair)r tpsncan then

that the teams in all three locations have excellent pedigrees and are appropriately experienced
for the tasks that are asked of thé&wr observation of analysts at work in the London office
confirmed our view that they were wagllaced tanterpret events in the betting market and it

was clear that their knowledge of football itself tended towards the encyclopaedic.

5.3 The escalation process

Hotlisted matches ameviewedindependenthjy analystgrior toa groupdiscussion of the case
This discussion takes place aftgiormation on the match has been validated and requests for
additional information have been answenetlich is normally within 24 hours. Eadiscussion
involves &least onesupervisor and all analysts on duty in the @ffithough more will usually
take parin the debate, a quorum rule requires agreement from at least three analysts for a
decision to be taken to classify a match as OsuspiciousO, to be reported tothe client.

3% Employees with other roles than analyst also have relevant experience in many cases but this is not counted in the
figure, which is only for analysts.

3"Most reviews take place on Monday mornings following the weekend rounds of matches. Quite oftarethere

then 1015 people in the office and involved in the decision (there may also be participation from other offices). It is
clear that final classifications of FDS matches are very much team decisions.
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Any decision to report a match can be based only on the severity of the anomalies detected in the
betting market (and whether they correspond with characteristic patterns associated with match
fixing) andon a failure to discern any innocent reason fos¢h@pparent) anomalies. To avoid

false positives, it is imperative at this stage that the information on which the identification of an
anomaly has depended is subject to checks. It is equally imperative that gathering of further
relevant informationwhich will not have been available during thatch, should be undertaken

in a systematic way: further information might explain away the apparent anomaly. Only with
these requirements fulfilled could one be confident in the soundness of any decision tidieen by
group of analysts finally to classify the case as positive according to the FDS.

Analysts areequiredto undertake further research on their own account during and after a
match subjeetdto hotlisting even before information has been checkedtarnauby a
dedicated team within Sportrad&or example, team lingps are swiftly available for a wide
range of countries and competitions on the soccengaywebsite.

All the sports data from a match which has been hotlisted is checked beforealat@s
process begins.

We were provided with a document whidtedinformation sourceased in these checkshis
information is accessed and processed by a specialist department of Sportradar located in
Germany’® The document recorder eachcompetition whether match data are Ovalidated® or
OSportradar checke@Zilidated dat@are thosavhich arechecked against official sourcgsch

as league websitédThoseOSportradar checket® compared witmformation from other
sources listed in thdocument. These other sources were very heterogeneous across countries
and included websites of reputable newspapers such as LOfquipe, and credible specialist
websites such as espn.cdimere was a checklist to show which classes of information were
available from tlese sources, for example referee name, red dars of substitutionsetc. For
some countries, multiple sources have to be used to obtain inforraatmssseveral different
headings.

When a match is hotlisted, it becomes a Orequesged®for the data tes which uses these
sources taeheck and, if necessary, correct details of the game previously recorded on the FDS.

% The quality management system in place in thessiggioperation in Germany has been validated by ISO
certification, registration number TIC 15 100 149096, effective from December 15, 2014.

39 A small number of leagues (France, Germany, Lithuania, San Marino, Slovenia, Wales) provide match data
directly o the FDS. For other leagues where data are classified as validated, Sportradar collects information from
official League websites as listed in the internal document with which we were provided. We verified for ourselves
that the websites cited did indeiedlude the required statistics.
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It is clearthat Sportradar adopts a fully comprehensind systematiapproach when seeking

out information soures with which to complete and verifge data from each matéhin effect,

before matches are considered for possible reporting, all relevant data are in place and have been
verified postmatch®*

In addition to checking the information which generated the initial alerts and which was
considered by the analyst when deciding to hotlist, exteamation on each hotlisted match is

also sought, i.eprocedures systematically require consideratioof a wider range of evidence
before a match can finally be classified as suspicious. The gathering of different categories of
information, beyond those used at earlier steps within the FDS, may be regarded as indicative of
great care to avoid false posés being declared at the end of the procHsis. could of course

be at the cost of decreased sensitivity. Prioritising specificity appeargtdingdy appropriate

given the high costs to reputation which may be borne by clubs involved in fixingndaisbs

had not in fact been true.

The input from freelancers

A specific source of additional information is SportradarOs network of freelancers. As noted
above, freelancers are correspondents, who are each responsible for-meriRged
competitions ira particulaffederation(occasionally twotypically where either or both are small
jurisdictions). Their routine previews of matches, presenting news which will potentially
influence outcome probabilities and odds, inform the judgement of analystsivelyesrée
deciding whether or not to hotlist a match.

Now, as part of the escalation process, freelancersO input becomes potentially yet more
important.When a match is hotlisted request is sent to the freelancer covering the relevant
competition. The request is in the form of a set of specific questions requiring a response within
24 hours. The answers are potentially important in providing evidence to justify classifying a
match as suspicious. It is therefagssentiathat the questions asked are appropriate and that
there can be a high degree of confidence in the authenticity, quality and reliability of the
answers. It is also important of course that responses are actaailyed.

“0For a small number of competitions, routine validation/ checking is not attempted across all matches because there
are no reliable sources. All these competitions were in small jurisdictions such as Gibraltar anddtigiohtiey

contrast, some small football nations such as Faroe Islands generated very adequate data). However, Orequested®
matches in these competitiondll be subject to checking of the individual cases.

*Ln fact, data on all matches to which the FiB@pplied are subject to this checking process , not just data from

those which are hotlisted. This is because Sportradar is the data provider for a range of sports and media partners.
However, matches which are to be given further consideration asipbyemianipulated are OrequestedO and this

gives them priority such that the data will typically have been validated/ checked by the following day.
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The questions asked may be varied according to the circumstances which have prompted
hotlisting of the matcin the first placéut generally follev a set format, with about 15

guestions. These relate to issues suckiheether there had been amynours about the match,
whether and why regular players were missing from the match, what the degree of motivation
had beerfor each team to win the match, what expectations had been concerning the outcome of
the match and the number of goalbether tle score in each half reflected which team had
played better, whether the referee had performed well and whether the teams had appeared to
give maximum effort. The freelanceray also besked to assess each teamOs defensive
performance, to descrilkey perods of play (for example, in some matches the key period of
interest may be thignal twenty minutes of plgy to relate any noteworthy incidents within the
match, and (for matches with own goals) to describe them.

The freelancer is expected to resptmthese questions using personal sourcegpantand
broadcasting medjaiewing film of the match where possibi&here videos of goals are
available, they are to be attached to his report.

The set of questions we reviewseemedo focus appropriatglon aspects of a match which

might correlate with attempts to manipulate it. For example, defensive OerrorsO are known from
evidence in criminal trials to be a very common means by which goals are engineered, so it is
sensible specifically to ask for assessment of defendersO performances; and manipulation

often occurs late in the match to allow the passage of time to shift odds to the advantage of fixers
who know what the final score is very likely to be, so it is sensible specifically to ask for a
desciption of this phasef the game. If suspicion has been raised at another point in the game,

the question can be varied accordingly. The request for film of each goal, where it can be
supplied, allows analysts to review diredthe authenticity oincidents which coincide with
whatanunusualkevolution in odds might have OpredictedO.

It appeared to us that the OrightO questions were asked to allow for a richer aimddvetest

discussion when analysts considered a hotlistatth during the subsequent escalation process.

In so far as was possible, the questions appeared to avoid the danger of being phrased in a
leading way such that freelancengght be tempted tgive answers which they thought
Sportradawanted to heamone directly asked about match fixirfgurther, we were advised that
freelancers also receive OdummyO questionnaires relating to unsuspected matches, in order that ¢
pattern is not established where the freelancer assumes he is being asked to prowas detail
manipulated gamé&.he questions were also couched in straightforward English: this is highly
desirable to avoid misunderstanding given that the majority of freelancers amatinen

speakers.
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The reports of freelancensay provedecisive at this stage. And their reéemportant also in the
analystsO earlier decisions on when to hotlist a match. For example, the failure of a freelancer to
report a relevant news item, such as the sacking of a manager, might leave the anaé/sb unabl
account for prenatch odds not reflecting what would be OfairO odds according to the statistical
model whereas the sackintay providea plausible explanation.

Given the importance of their role, we investigated whether adequate quality assurance
procedures were in place to ensure a sufficient flow of reliable and relevant information. We
confirmed that there is systematic monitoring of freelancersO performangesterly report is
produced to evaluate each freelancpeffermance, with shortcomings identified and follop
warnings noted.

We reviewed in detail the evaluation report for the final quarter of 2014. It assessed 43
individualswho covered compéibns in 48 footballing countrieslsing a fivepoint rating for
overall performance, it graded 14 as Oexcellent and 1 as OpoorO.

Evaluation ofthe regular work of freelancers in entering news on to the FDS was based primarily
on objective statistics ohé volume of information supplied but also on judgemental assessment
of the relevance of the information. Commentary drew attention to weaknesses in the flow of
information from certain countries and different levels of foHaggvaction were specified, tialg

into account the individualOs performance in previous quarters.

Another ®ction of the evaluation repdists the proportion of matches where the freelancer had
posted a match preview. Thgaeviewsare invaluable to analysts in receipt of an dlern

Stage 1 of the FDS. Two individuals had unsatisfactory records, in one case sufficiently poor that
a final warning was to be issugdn the other hand, it was encouraging that there were 13
correspondents who had not missed a single match. Indeeedadmot missed a match in seven
consecutive quarters.

Regarding the response of freelancers to requests foenmaash reports as described above,
evaluation is based on questionnaires sent to FDS staff (i.e., the users) each quarter where they
numercally rate a sample of freelancer responses on five separate chiemrga.where quality of
freelancer work may be critical, there was very little cause for concern. It is noted that some
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freelancers had had weak performance in terms of meeting thei&ideadline but the users
rated the contributions of freelancers as a whole very highly in terms of accuracy and'guality.

Our broad conclusion was that the work of freelancers was adequately monitored and that the
framework within which information wasollected from them was sufficiently wedpecified so
as to avoid any serious risk of inconsistency in treatment across matches.

For some matches, information is also sought from scGldse to 40%f fixtures are observed

by scouts at the stadiuffiheir main role is to relagbjectivedata on timing of the start of each
half andof important events (goals, etc.). Howewxceptionally, where there is a gap in
information,they may be asked to complet®feedbackquestionnaire poshaich whichwill

be available for theeviewof the matchn the escalation proceskhis consists of more than 30
guestions which are answered as either yes/ no or éhsxtdle For example, gestions ask for
assessment of performances by management personrstit(gigms, etd and byeach teamOs
goalkeeper/ defence/ midfield/ forwardorshirt numbers of players with outstanding or very
poor performances and players injured during the match, and whether any goals/ sendings off
were controversialt could be that there would be benefits from gathering data from scouts more
systematically within FDS procedures. On the other hamsnaturallymuch more difficult to
monitor the performances of scouts than of freele&mply because they are so numerous

The decision meeting

Once all relevant information has been assembled, the match referred for further examination is
considered by all available analysts/ superviédv8e observed discussions on four suspect
matches, two involving games in a domestic league and two games played as part of an
international youth tournament. Of the four matches, two were finally declared positive test
results. In these cases, detailedoréspwere thento beprepared for the integrity officer in the

client organisation.

All analysts on duty participated actively in the discussioheach cas&ll the evidence from
the betting market and sports sphere was given full and due considevatam of relevant
incidents was considereBarticipantsO comments were clearly-métrmed as would be hoped
given their levebf expertise (noted above) in sports trading. The impression given from the
review of the four matches was that analystgéernstrongly towards caution about finally

*2Necessarily the number of requests sent to each freelancer in any quarter will vary considerably aodbeding
competition for which they are responsible. Some will seldom receive any requests whereas it is almost a routine
part of the work in some leagues where suspicious betting activity is often observed.

“3This step is not at a specifically set time but rather takes place whenever the necessary inputs into the decision
taking process are in place.
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labelling a match as suspiciodsis impression is confirmed by thelativelylow proportion of
hotlistedmatcheg24%) escalated in the year to July 31, 20/4ere they did take that course,
they also discusslewhether tassign the match a yellow or red warning level. In client reports,
yellow caseare referred to dtkely and red cases asry likely to have been manipulated.

All the matchedor which weobservedhe reviewattracted a consensus on whethshould be
reported and to what level. To the independent observer, the conclusions reached seemed to
follow logically and coherently from the evidence and the debate.

The report on a match classified as suspicious

The next step is for the analyst to write a report on the match for consideration by the client in
the case of a positive screen finding and by the weekly escalation review in the case of a
negative. A very detailed handbook sets out a framewonkriting reports. We reviewed these
guidelines and we also inspected a sample of fourteen match reports. Some of the match reports
were related to each other by having a particular club or clubs featuring in each. Others were
OonffO reports where no suspicitiasl been raised hitherto about the integrity of either club

in the match.

The guidelines in the handbook are intended to ensure that each report is written in a way which
makes it very clear to the integrity officer at the receiving organisation whigieuter match is

being reported as likely to have been manipulated. Suspicious betting patterns and the reason for
thinking of them as suspicious are to be explained clearly for a reader presumed to lack detailed
knowledge of how betting markets functidrhey are to be linked to events on the field. Where
appropriate, cautious reference may be made to individual players whose conduct and
performance appears to be congruent with the irregular betting. Attention is to be drawn to cases
where one or both gbs have attracted anomalous betting in the past, particularly in previous
headto-head encounters between the two teams.

In setting out in great detail how a repand the justifications for classifying a match as
suspicioushould be presented, thandbook provides a form of quality control over the

standard of presentation. But it should also have other beneficial effects on the output from the
FDS.In any organisation, the need to follow a framework for reporting activity helps ensure that
all relevant steps are built into the execution of the activity itself. In the present case, the

standard of evidence required to be included in each report implies and promotes a standard for
evidencebased decisiotaking during the escalation proceshe comnon framework for

reporting suspicious matches should also help promote consistency of treatment across matches.
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We inspected a sample of fourteen match reports, each relating to a match within the countries of
UEFA bloc of countries. All of them compliedth the guidelines in the handbook. The report

length was typically 40 or 50 pages. The format was to present, on the first page, a sharp and
concise OsummaryO of the reasons for regarding a match as either OlikelyO or Overy likelyO to
have been manipuled. Immediately following is the OconclusionsO section of the report, which
essentially expands on the summary to take the reader through the case in terms, for example, of
which betting markets displayed anomalies, what these anomalies implied about marke
expectations concerning the evolution of the match, why these expectations were to be regarded
as perverse (and not explained away by sporting information) and whether these market
expectations actually predicted what was to happen on the pitch. &sed,ave found the

argument straightforward to follow (and indeed, we note, convincing). We found that, consistent
with the guidelines for report writing, great care was shown to explain betting market

phenomena in laymenOs terms without recourse to fieespecialised betting jargon. Asian

handicap markets can, for example, be hard for Europeans to understand because of the
complexity and unfamiliarity of the product; but movements in spreads and odds were always
explained in words in terms of market egfaions about the match outcome and these

explanations we judged both accurate and straightforward to understand. A very useful glossary
of betting terms was included at the end of the report for those who wished to understand betting
terms more fully angrecisely.

After the OconclusionsO, each report sets out the sporting context (for example, recent form of the
teams, changes in lings from recent matches, timing of each goal and red or yellow card in the
match) and then most of the remaining pagesallocated to detailed analysis of bothmpach

and inplay markets. Many pages of data in both tabular and graphical form are included to
support the narrative. These, for example, trace movements in odds at major bookmakers. No
doubt these data pag may be hard for some users to digest but they would be invaluable as
evidence in any case where the governing bodjlaw enforcemenagencytook the case

further.

Reports sometimes go beyond just explaining why betting patterns, usually allie/ents on

the pitch, represent evidence that a match was likely or very likely to have been manipulated.
They also provide implicit guidance to the integrity officer as to what lines of inquiry might be
followed and even which players or officials are nikstly to have beemvolved

For illustration, one match showed unusual odds movements in the totals market, indicating
strong flows of money in support of the proposition that there would be at least three goals. As
captured by shortening odds, thig flew in favour of three or more goals continued to be strong
even as nearly a quarter of the match passed without a goal being scored. At the same time, no
discernible discrepancy between odds and what odds should have been (according to the
statisticalmodel) was observed in markets on which team would win. In other words, Othe
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marketO believed there would be more goals than one might have predicted based purely on
sporting data but had formed no expectation as to which team would score those goals. This
suggests that fixersO bets were based only on insider information that there would be goals. In
turn, this suggests that goals were to be manufactured by the referee rather than (for example) by
poor defending by one particular team. Further, the reptesrthat three penalties were in fact
awarded in the period of play following the period of unexplained, strong betting on at least three
goals. Moreover, it notes also that each of the three penalty awards had been controversial. The
story as told is clrly likely to be interpreted as suggesting that the particular match had been
manipulated by the referee. Naturally this information is likely to be useful to the integrity

officer in deciding on how to proceed in any investigation or it may open upavthees of action

(such as referee appointments) to safeguard integrity.

In other reports, attention is drawn to previous cases in which particular players or clubs featured
in the current suspected match had also been involved in previous suspected.Aatctery

of a player being involved in suspicious matches would be of obvious interest to integrity

officers and law enforcement if they were investigating a case. Repeat offending is likely to be
common in the area of match fixing since players whee Heeen corrupted in the past will

continue to be used by criminals because it is safer to use them than to approach others whose
susceptibility and response to an approach is unknown. Again, criminals who have paid for a fix
before have knowledge with wdii to blackmail the player if he does not agree to take part in
subsequent fixes.

The FDS maintains a database profiling about 260,000 players and their past involeement
norrinvolvement)in matches which have triggered alerts. Reports draw on tlaibats to

inform users (integrity officers) of possible patterns of repeat offending by players, referees or
clubs. This is a very important part of the product offered by Sportradar since it allows the FDS
in addition toidentifying likely manipulated ma&hes also to provide guidance on where guilt
might lie. At the same time, of course, the decision to classify a match as likely to have been
manipulated should not itself be influenced by suspected participation in fraud in the past:
patterns over time wadd be less informative if a positive at one time point was reason in itself
for a positive to be declared at a future time point; spurious patterns could be generated. We
therefore paid great attention to those reports which pointed to past suspicaydsgeg
individuals or clubs involved in the subject match. In all such cases, we were satisfied that the
case for positive classification of the subject match could be made independent of the
observations in the report concerning past involvement in susjeches.

Conclusion

Our review of the part of the FDS driven by expertise and judgement rather than by algorithms
confirmed that procedures are in place to ensure that detadimyg is based on thorough and
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accurate information. A very large proport (98.1% in 2013.4) of matches classified as

positive by the first, automated stage of the FDS are subsequently classified as negative once
analysts have considered the circumstances of the match in either or both of the hotlisting and
escalation partsf the process. From our live observations, analysts indeed show caution by
being ready to accept other explanations than fraud for betting anomalies. Implicitly, they appear
to sacrifice sensitivity for specificity, i.e. some cases of fraud are missbe BYOS because

only cases of very striking betting anomalies which are entirely without explanation are finally
escalated. In our view, the way in which the FDS is operated makes it likely to produce
classifications exhibiting high specificity, i.e. theopability of a false positive in final

classifications is likely to be low.
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6 CASE STUDIES: THE FDS IN ACTION

6.1 Introduction

As noted at the start of this Report, it is not possible to compute numerical measures of the
performance of the FDS according te #ey criteria of any screen, sensitivity and specificity.

Sensitivity is essentially unknowable as any successful fraud which escapes classification as a
positive according to the screen is unlikely to come to light subsequEndse can therefore be

no definitive count of missed cases (false negativésyvever, ve have been able to show that

the coverage of betting markets by the FDS is wide enough and the technical specification of the
system welconstructed enoudior it to beimplausible that any attempted manipulation of a
football matchinvolving large betsvill escapedetection’’

Specificity is also impossible to evaluate numerically to the extent that most positive results from
the screen cannot later be classified aseiftue positivesr true negativedn many cases,

further action following a report from Sportradar does not happen or does not come tdight. T
may be because éhgoverning body has inadequatgport from the relevant law enforcement
agencypr eventhat itmay prefer to ignorease® drawn toits attention because any
investigationwould be disruptive, costly and potentially commercially damaging (for example, if
revelations deterred sponsors or lowespdctatorsénfidence in the authenticity tfe
competition)*® Similar issues are noted in the academic literature ordapthng where

federations may be complicit with cheats simply by neglecting to pursue positive test results.
With FDS, even where a case is followed up, there is typically negasency in terms of what

has been learned from inquiries and therefore no systematic record of whigugip&8ous
matches have been regarded as true positives, false positives or not proven.

While it is not possible to quantify the performance of the FDS in terfwsragl sensitivity and
specificity indices, it is instructive to review some case studies of matches and groups of matches
where the FDS hadetected evidence of suspicious bettuetjvity and those matches have
subsequently been OprovenO as fixes (at least to the extent of police prosecution, conviction of
players in court or banning of players by national or international governing bodies). We

consider in this section cases frémotball in Australia, Austria and the Baltic states. The €ase

4 Unsophisticated smaticale fraud is less likely to come to light through the FDS. The culprits tend to bet
relatively small sums with immediately local operators, with, for example, little impact on odds worldwide.
*SE.g. in 2013 the South African Football Association lost a sponsorship deal following match fixing revelations
coming to light (http://uk.reutersom/article/2013/10/17/ukoccersafricapumaidUKBRE99G0AK20131017).

“%1n some jurisdictions, fixing may be bound up with control by criminal gangs, with officials intimidated from
investigating suspicious matches.
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from Austriaand Estonia in particular ha¥eatures which will allow us to draw out evidence at
least very suggestive of the FDS performing to high standards of both sensitivity and gpecifici

6.2 Case studies

Australia

Sportradar was directly involved in the uncovering of fixing in the Victorian Premier League,
which may be regarded as secdisl soccer in Australia (of similar quality as, perhapgth-

tier football in acountry such as England). Despite the modest status of the competition,
associated betting markets are believed to be highly liquid because betting on Australian football
is popular in East Asia on account of the time zone being more conducive thanpe Euro

betting and following the game at the same time. High liquidity makes potential profit from fraud
high and there is therefoeepriori reason to suppose that Australian soccer (particularly with its
generally low wages) faces serious integrity risk.

A number of matches proved to have been manipulated by employees of the Southern Stars club.
Four of its playergall from the United Kingdomand a coaclwere charged by Victoria Police

and convicted in the courts alongside a Malaysian national whadiseld between the players

and the betting syndicate which had paid for the fixes. Although not all of thenfideseen
OsuccessfulQ, the syndicate was reported to have made an estibarad from Southern

Stars matches manipulated between July 21Sspdember 13, 2013 Some of the bets were

said to be Oin the hundreds of thousands of ddffats@imony to the high liquidity in the

betting market even on a match at such a relatively modest level of the sport.

Investigation of he casavas thedirect result ofpro-active monitoring bassociatedetting

markets by Sportradatt the time,it did not have a contract to monitor matches in that
particular competition. However, analysts, who naturally keep abreast of football news, noted
that anumberof Englishsixth-tier players had been transferred to the Southern Stars club and
had in common thaachhad played in English matches which had been declared as suspicious
by the FDS. The simultaneous transfese¥eral such players to one club aledgadlysts to the
possibility that match fixing would occur at their destination club. Analysts therefore monitored
Southern Stars games over a period.

*1S. Bricknell, OCorruption in AustraiiaportOTrends and Issues in Criminal Justic®. 490, February, 2015,
Australian Institute of Criminology, Australian Governmént.
8 The Australian September 16, 2013.
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This proved to be the undoing of the conspiracy to use the Southern Stars club as a means of
making frawulent gains on the betting marKe©OSportradar detected irregular betting patterns
associated with at least five Southern Stars games, which were characterised by Ounusually poor
playO by some of the playersO (S. Bricknell, see footnoEh@ositiveresults from te FDS

screen were reporteéd Football Federation Australia (the FFBYy Sportradaand the FFAput
Sportradar in touch with théictoria Police the following day. The police began OOperation
StarlingsO which ultimately leaddourt hearigs in whichplayers admittdtheir involvement in

fixes.

We had sight of a letter to Sportradar from Graham Ashton, Acting Chief Commissioner of
Victoria Police, dated November 18, 2013. It acknowlédbe role of Sportraddoth in

identifying the presence of match fixing in the Leagundin assisting the investigation with
further advice and analysis. For example, Mr. Ashton wrote: OSportradar identified the match
fixing issue within the Victorian Premier League aubsegently supported and provided
specific match odds advice to Victoria PoliceO.

The role of the FD®vas also widely acknowledged in media reports on the case and there is no
doubting that the positive screen results on FDS lead directly to uncoveringcaadssul

prosecution of match fixing in Australi@ubsequently this success lead to the signing of a
Memorandum of Understandipdated April 3, 2015between the Australian Federal Police and
Sportradar, with a view to cooperation which would help lafgreement objectives to be
achievedThe case is therefore illustrative of the powerful role the FDS can have in attacking
match fixing when sports federations and law enforcement actively pursue reports that matches
are suspicious according to the FD®.doubt the willingness of authorities to investigate is
greater when a single club has been implicated in several matches adjudged suspicious rather
than just one.

It is also interesting teeflect onthe earliermatches in England which the FDS had lsdakas
OsuspiciousO and in which players convicted in Australia had tak&lapaeilly, he court in
Australiacould not adjudicate on these games and they are not in that sense OprovenO cases. On
the other hand, that players who had been involvedsiiyp® screen results in England went on

to agree to fixing in Australia lends great credibility to Sportradar warnings on the earlier

English matches, which we are minded to treat as (almost) proverrtases.

91t later became apparent that several English players had been recruited tatiieerSstars club by an agency

which was a front for match fixers: criminals identified and brought together players whom they believed to be
corruptible with a view to systematically manipulating results at their new Thib GuardianJuly 17, 2014).

0 The (English) Football Association (F.A.) appears at the time not to have made any public response to the positive
FDS test results and warnings from bookmakers about these OConference® matches other than to send a general
warning to all clubs in the comfigon that they should remind their players and officials about their responsibilities
under betting and integrity rule$i{e GuardianMarch 15, 2013). This drew press criticism after the Australian
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Our interpretation of events is that Sportrattask the opportunity of using positive results from
the FDSwhich appeared not to have beeossible to follow up in one football jurisdictiom
predictlater manipulation of matchés another football jurisdictionlhat the predictions came

to pass ihighly suggestive that the earlier positive screen results were likely to have been true
cases and this is encouraging as a test of the specificity of the FDS screor(i.&ater events,
cases declared as positives seem very likely to have beerositiegs).

Austria

An investigation by Austrian police resultedgrosecution of five players dormer players and

five other individual®on charges related to the manipulation of eighteen matches in the top two
divisions of the national league over 268@d13. Eight individuals were found guilty. Sentences
handed down by the court included a prison term of five years for Sanel Kuljic,-enoelh

player who had played for the national teaventy times. Associated bets on individual matches
had ranged t6300,000 and were arranged by Albanian criminals on Asian markets.

The police operation in this case was not initiated in response to&jaw reports. We carefully
studied press reports on the Casad satisfied ourselves that one of those later convicted
actually approached the police alleging blackmail and intimidation by one of-b@nspirators
after a failed fix.This was the tgger for the police investigation and therefore the revelation of
the proverat-law cases was exogenous (independent of the FDS)sdtsisia test of the
efficacy of the FDS because it is possifiteg some match@do go back to the FDS and find out
whether it had in fact identified these matches as suspicious.

In fact, Austrian police went further than this and initiated what was effectively a scientific
experiment to evaluate not only the sensitivity but also the specificity of the FDS.

The police a part of its inquiry provided a list of matches for which it had evidence of fixing and
asked Sportradar whether each match had been regarded as suspicious at the time. But it includec
in the list anumber of other matches for which there was no reassusfeect malpractice and

which were therefore likely to have been free of corruption.

case. It seems that the F.A. blamed the unwillingngpslize to investigate for their apparent lack of actiDaily

Mail, September 6, 2014). It should be noted, however, that, since then, BritainOs new National Crime Agency has
shown a strong commitment to pursuing match fixing.

*Linformation from www.lavinsport.com and www.worldsoccer.com

*2for example The GuardianNovember 19, 2013
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If the FDS screen had OperfectO sensitivity, it would have issued warnings at the time for all of
the matches for which the police had acquired evidence of corrulptiba.FDS screen had
OperfectO specificity, it would not have issued warnings for any of the innocent matches.

We were provided with a wréh testimony (original in German, read in English translation),
dated March 16, 2015, from M.A. Holzer, Head ofi€¥ at theOrganised Crime Burean
Vienna.The testimony confirms that: Oall matches which were graded by Sportradar as
suspicious to be manipulated for betting purposes, the evidence ofmatgbulation

wasprovided during the criminal investigat®nOther unsuspected matches have been identified
by Sportradar as not suspicious for matehnipulation@rom the translation of the letter
provided)

On the face of it, the experiment from Austrian police appears to be consistent with perfect
sensitivity and specificity. However, the statement provided is vague and does not specify how
many matches we tested and whatexe the absolute numbers of true and false positives and
true and false negatives. Without these numbers, it is not possihie fo offer formal

hypothesis tests regarding the value of sensitivity and specificity imfi€esthe other hand, the
willingness to commit to the testimony signifies that the Austrian police was impressed by the
performance of Sportradar both in idd&ning matches as suspicious where these were
independently discovered to be corrupted and in clearing matches where actually no grounds for
suspicion existedMoreover, Austrian Police subsequently signed a Memorandum of
Understanding with Sportradar,tdd July 2, 2014, committing to future cooperation between

the two organisation3.he associated press release quoted Mr. Hdlsad of the Organised

Crime Bureau for Austrisgs commenting that Owe have brought Sportradar on board to ensure
that we keemur finger on the pulse. Their expertise and intelligdrazbeen, and will remain,
invaluable as we protect the integrity of sport in our counfifg@s, though the evidence is
somewhat informal, we are willing to accept it as at least highly suggésitvine FDS works
effectively when judged against the criteria of sensitivity and specificity.

Estoniaand Latvia

We reached similar conclusions from our review of a lengthy investigation of match fixing in
Estonia. The affair came to public lightrecember, 2013, when poliegrested eight players
(including the LeagueOs-tithe top goal scorer) and three othwdividuals believed to have
participated in thenanipulaion of seventeen matches during 2€2012. Mainly they were

matches in the top dsion in Estonia but included three played as part of the UEFA Europa
League>* During 2014, the players concerned were banned by the Estonian Football Association

>3We were advised that Austrian police felt unable to give numbers because the investigation of match fixing in
Austrian football is still ongoing (and further matches/ ptaymay become implicated).
>*www.bbc.co.uk
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and these bans were later extended to World bans by FIFA. At the time of writing, the player
appear to have escaped criminal penalties as the Tallin Circuit Court ruled that the charges
against them should be dropped. However, the CourtOs decision was based on technical grounds
related to the lack of an explicit provision against match fixingenEstonian criminal code.

They had been tried on an inappropriate offence and the decision did not imply that there had
been no match fixing> From the willingness of the football authorities to impose bans, the
readiness of the public prosecutor to take the case to the courts, and the content of the judgement,
it would seem reasonable to consider the matches in question as OtrueO cages of fixin

We were given a copy of a lettelated May 5, 201%tom Mihkel Uiboleht, Integrity ®ficer at

the Estonian Football Association. It notes fAS reports played a key roleita investigation
which lead ultimately to 26 players receiving sporgagctions in 2014. Mr. Uiboleht makes the
following especially relevant observations (our italics): OThe [FDS] reports and accompanying
analysis were used both to launch the investigatr@halso retrospectively to confirm

intelligence already gatherashich were under suspicion of matfiking. In the vast majority

of cases, the criminal intelligence corresponded to highly suspicious betting patterns recorded
[by the FDS] in matches already escalated independently of our investigationO.

Again, withoutnumbers of matches involved, the statement cannot permit statistical testing of
specificity. But, as with the Austrian case, the descrip@uggestive of OgoodO specificity in
that, where independent intelligence revealed a likely fixed match, iaptsared so when FDS
records were consultexk post

Another of the Baltic states, Latvia, also saw arrests during 2014 in connection with match fixing
schemes. In October two players and two club offidralsy Daugava Daugavpilas well as

four otherindividuals alleged to be involved in organising the fixes) were detaful official
statement by UEFX explicitly linked the initial investigation of the case to a report by FDS
concerning irregular betting activity surrounding the clubOs UEFA Chasripéague match

against a team from Sweden.

Other cases where FDS reports were acted on by the football and the civil authorities were drawn
to our attention. We were presented with a written statement by Urs Kluser, Integrity Officer at
UEFA. It referral to arrests or police questioning of players between December, 2014 and

March, 2015, in Bulgaria, Moldova and Montenegro. These cases are clearly ongoing but the
actions of law enforcement suggest that evidence gathered already (if not yet tested i court
strong. The UEFA statement confirms that, in the Latvian case and in the three countries with

5 www.news.err.ee (Estonian public broadcasting)
5 www.uefa.org/protectinghe-game/integrity/news/mewsid=217235.html
> for example www.goal.com
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more recent action by prosecutors and police, the initial trigger for inquiry was the receipt of
FDS reports of suspicious matches. The matches in theseatbfsdl into the category of
positives on the screen alikely from subsequent investigation to be true positives.

All the cases considered here represent Osuccess storiesO for the FDS and demonstrate the bene
a sports federation committed agaimsttch fixing can gain when betting markets around its

matches are monitored. However, we havéerged them from the perspective of seeking clues

as to the likely degrees of sensitivity and specificity of the screen. We regard specificity as
particularly mportant in that high costs may acrue to clubs falsely accused of involvement in
manipulation of matches. Details of the cases, in so far as it is possible to draw conclusions from
small samples, reinforce our view that the FDS exhibits OgoodO specificity.
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7 SOME REFLECTIONS

The FDS produces output in the form of classification of matches as either suspicious or not
suspicious. Whenever any system in any industry produces output, the most obvious way of
assessing its efficiency and efficacy is to testnaity of that output directly. However, this is

not always possible. For example, an industrial process may produce output which is high value
and where guality can be confirmed only by a test involving destruction. In such cases the

second best approathassessing quality is rigorously to examine the systemOs constituent parts.
Examining whether these parts are designed properly, whether they are reliable and accurate and
whether they are used appropriately, is a means of establishing whether oaecahdent in

the quality of the output.

Here, our assessment of the FDS could not be informed by certain knowledge of whether the
classifications generated by the process were correct. Therefore, although we were able to make
some inference from caseaudtes, our assessment generally relies on a detailed examination of

the constituent parts of the FDS.

Accordingly, we broke the FDS into steps. First in the FDS, data from both sport and the betting
market are assembled. The data are then examined utanaded way using algorithms from

two mathematical/statistical models. We evaluated the scope and reliability of the data input, the
soundness of the mathematical/statistical models, and how they were put to use in initial
classification of matches aslet not suspicious or worthy of further examination. Second, those
matches which are to be scrutinised further are then examined by analysts with access to the data
already assembled and to additional information obtained from a network of correspondents
covering each football country monitored by the FDS. If a match is still considered suspicious it
is reviewed again at a meeting of analysts after yet more information has been gathered and all
the earlier data verified. We evaluated the decisnaking praess, the qualifications of the

analysts and the reliability of the supplementary information employed at this step.

Generally, our audit was reassuring as to the soundness of the system at all steps and therefore
there is reason to be confident in thality of the output, the final classification of cases as
either positive (suspicious) or negative (not suspicious).

This is not to say, of course, that the FDS exhibits OperfectO sensitivity and specificity. That
would not be possible. Sensitivity wile less than perfect: some cases will be missed, for a

range of reasons. First, smatlale fraud may not register to the extent that flows of nefarious

money will be insufficiently large to shift odds by enough to be significant amid the general

noise swounding the odds data. Second, a large proportion of matches which generate alerts

from the automated system are then classified as negatives by analysts because they find sporting
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reasons for apparent betting market anomalies. Sometimes these Osastimg) may hide a

fix, for example one engineered through changing team composition. On other occasions, it is
inherently hard to evaluate whether an idiosyncratic item of sporting information is capable of
explaining an odds anomaly of a particular slzanalysts err on the side of caution in these
cases, for fear of mislabelling a match as likely to have been manipulated, then this will lower
the sensitivity of the FDS. Our observation of analysts at work suggested that they are indeed
cautious in tkir approach; but this is not a criticism as compromising on sensitivity is normal
and proper when designing screens where false positives would be costly to the parties
concerned. What can be said, from the case studies, is that the system has besratietnas
having successfully detected several recent and proven attempts by criminals to exploit football
and its associated betting markets. We do not doubt therefore that the FDS is contributing in a
very valuable way to protecting the integrity of gport.

The power of the FDS to protect the sport depends on Sportradar having built an impressive
infrastructure to deliver its product. Construction of the infrastructure has necessitated
considerable investment in both physical and human capitapfAysecal capital comprises
technology for gathering and processing data from sport and from betting platforms around the
World. The human capital comprises expertise in the form of analysts in the Sportradar
organisation and a network of correspondeme(&ncers) supplying them with relevant, often
non-quantitative information. Our review concludes that this infrastructure of physical and
human capital is used effectively.

As independent consultants, we are struck not just by the success storeBDBSthut also by

the disparity between the number of positive screen results generated and the number of cases
with known followup action by the sports competitionadaw enforcemenagency Reasons

for inaction are varied and may include, for examialek of resources or a legal framework

within which match fixers can be pursued. But we note thttgireason is that sports

federations typically prefer not to pursue further any reports of suspicion surrounding matches,
thenthis necessarily undermines the capacity of the FDS to contribute to safeguarding the
integrity and authenticity of sport. Most fixes are executed by athletes themselves (rather than,
say, referees) and their decisions on whether or not to engage muasfixlepend partially on

their perception of how likely it is that their behaviour will be both detected and punished.
AthletesO decision will therefore be informed by expectations about whether the governing body
will actively investigate positive screéests. Game theory suggests that any tendency to fail to
investigate thoroughly will feedback into a greater willingness of athletes to cheat.

This nature of the problem is familiar from debate on doping in sport. Governing bodies in
certain sports appe#o be far from rigorous in followingp positive blood test results,
presumably because they have a disincentive to do so (for example, potential loss of public
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support for the sport). Rational athletes therefore dope because they know that there is low
probability of any detection being followed by punishment.

Addressing this problem in both the doping and fixing spheres would involve giving governing
bodies greater incentive to investigate possible integrity offences. One means of doing this would
beto enforce greater transparency in the behaviour of governing bodies. For example, we would
recommend to confederations that they encourage member countries to agree to a convention
that they had, at a minimum, to confirm that they had considered eachfrepothe FDS and

to outline what type of response they had made.
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8 CONCLUSIONS

As independent consultants, we have carried out for this Report a detailed review of SportradarOs
Fraud Detection System (FDS) which is based on monitoring betting mérkatsomalous
activity which might indicate that a sports event has been subject to fraudulent manipulation.

We noted that the efficacy of screening for any phenomenon is conventionally judged by the
extent to which the classification of cases as positfliere, fixed matches) or negatives (here,
nonrmanipulated matches) exhibits sensitivity and specificity. Sensitivity refers to whether the
screen picks up a high proportion of true cases; specificity refers to how confident one can be
that cases class#ul as positives are true positives.

We examined in dail every component of the FDS.

¥ In Section 2, we examined the data input into the first, automated stage of the FDS. We
found thatthe breadth of coverage of betting markets was very wide such thagbe
activity related to significant fraud was very likely to be picked up. We scrutinised the
betting data and the sports data to which the algorithms for detecting fraud are applied.
The betting data were free of error. The sports data were gathared fromprehensive
list of sources and were subject to robust checks to ensure accuracy.

¥ In Section3, we examined the mathematical and statistical models which drive the
algorithms used to identify potentially suspicious matchey conformed to best
practice in their construction and performed well whersubjeced thento empirical
testing.

¥ In Section 4, we examined the selection of critenrdbedded within the algorithnfigr
evaluating whether there were anomalous patterns of aativiigtting markets and the
corresponding thresholds used to define which matches needed further consideration. We
found that the criteria employed were conceptually sound and allowed for possible
manipulation in all the principal markets offered on fodtbadtches. Thresholds were
set quite low such that a significant proportion of matches were flagged as requiring
assessment in the second stage of the FDS, when analysts become ifwVelved.
presented evidence that setting thresholds any lower would lkelyrib lead to more
matches being classified at the end of the FDS process as likely to have been
manipulated. We therefore recommended no change in thresholds.

¥ In Section 5we examined Stage 2 of the FDS where anatiestsde whethethe matches
with bettinganomalies drawn to their attention by Stageaée truly likely to have been
manipulatedFirst, analysts filter out cases (a large majority) where they perceive a
ready, legitimate explanation for apparent anomalies. Thosthstiliegarded as
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potentially suspicious are referred on for more detailed scrutihich involves group
decisiontaking on whether to report a match as likely to have been manipulated. Prior to
this final scrutiny, all sports and betting data are checked and further raldeamation
obtained.In reviewing processes in these parts of the RSywere satisfied thahe
procedures for reaching a decision are rigorously set out and folloveedetermined

that the qualifications and collective experience of the team ofstaaquip them to
makereliableassessments of the evidence. They were informed by data which had been
subject to appropriate checks according to systematic procedures and by appropriate
additional information obtained from correspondents on the grouachdféd that only a
very small proportion of matches flagged as potentially suspicious by the algorithms in
Stage 1 were finally classified as likely manipulated by the analystsO team in Stage 2.
This we judged to reflect a cautious attitwdeere sensitity was implicitly sacrificed in
favour of specificity:only matches where a compelling case could be made were in the
end reporte@s suspicioutd the relevant sports organisation.

In Section 6, wexaminedsome case studies relating either to matches reported as
suspicious by Sportradar and subsequently verified by the legal system as manipulated or
to matches independently discovered to have been maniputatad.case of the FDS it

is not possible tassgn aprecisenumerical value tehe level of specificity because

many reports are not investigated further to establish finally the truth of whether
manipulation has been present. However, this review of some known instances of match
fixing provides evidace fully consistent witlhigh specificity.

Our overall conclusion from the study is that matches reported as suspicious by the FDS
are very likely to have indeed been manipulated
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Appendix A: List of bookmakers monitored within the

FDS
Bookmaker Pre-match In-play Mode of
Odds Odds Collection
Collected Offered

888 Yes No Direct feed
10Bet Yes No Direct feed
188bet Yes No Direct feed
188bet LiveOdds No Yes Direct feed
188BetBU Yes Yes Scraped
1xbet Yes No Direct feed
5Dimes Yes No Direct feed
855WinBU Yes Yes Scraped
ACTTAB Yes No Scraped
Admiralbet Yes No Direct feed
AFB88BU Yes Yes Scraped
AFB88LiveOdds No Yes Direct feed
Ambassador Yes No Direct feed
Balkanbet Yes No Directfeed
BalkanBetLiveOdds No Yes Scraped
Baltbet Yes No Scraped
betathome Yes No Direct feed
BetAt-Homelt Yes No Direct feed
Bet18Com Yes No Scraped
Bet3000 Yes No Direct feed
Bet3000LiveOdds No Yes Direct feed
Bet365 Yes No Direct feed
BetAtHomeLiveOdds No Yes Direct feed
BetCafeArenaRomania Yes No Direct feed
BetCity Yes No Scraped
BetClic Yes No Direct feed
BetClick.fr Yes No Direct feed
BetClicklTLOHidden No Yes Direct feed
Beteasy Yes No Direct feed

Bookmaker Pre-match In-play Mode of
Odds Odds Collection
Collected Offered

Betfair Australia Yes No Direct feed
BetfairSportsbook Yes No Direct feed
Betflag Yes No Direct feed
Betfred Yes No Direct feed
Betgun Yes No Direct feed
Betinternet Yes No Direct feed
BETISN Yes No Direct feed
BetISNLiveOdds No Yes Direct feed
BetJack Yes No Scraped

Betonline Yes No Scraped

Betpro Yes No Direct feed
BetRedKings Yes No Direct feed
Betsafe Yes No Direct feed
Betsson Yes No Direct feed
BetsSonLiveOdds No Yes Direct feed
Better Yes No Direct feed
BetVictor Yes No Direct feed
BetVictorLiveOdds No Yes Direct feed
Betway Yes No Direct feed
Bingoal Yes No Direct feed
BookmakerComAu Yes No Scraped

Boylesports Yes No Direct feed
bwin Yes No Direct feed
Bwin.it Yes No Direct feed
BwinFr Yes No Direct feed
bwinLiveOdds No Yes Direct feed
Casapariurilor Yes No Direct feed
CashPoint Yes No Direct feed
CashPointLiveOdds No Yes Direct feed
CBCX Yes No Direct feed
Centrebet Yes No Direct feed
CentrebetLiveOdds No Yes Direct feed
Centurionbet Yes No Direct feed
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Bookmaker Pre-match In-play Mode of Bookmaker Pre-match In-play Mode of
Odds Odds Collection Odds Odds Collection
Collected  Offered Collected  Offered
CMD368LiveOdds No Yes Direct feed Hong Kong JC LiveOdds No Yes Scraped
CMDBetBU Yes Yes Direct feed IGKbetBU Yes Yes Scraped
ComeOn Yes No Direct feed Inteltek Yes No Direct feed
Coral.co.uk Yes No Direct feed Intertops Yes No Direct feed
Danske Spil Yes No Direct feed Interwetten Yes No Direct feed
Digibet Yes No Direct feed Intralot Yes No Direct feed
DigibetLiveOdds No Yes Direct feed Iziplay Yes No Direct feed
Doxxbet Yes No Direct feed Ladbrokes Yes No Direct feed
EasternDynastyBU Yes Yes Scraped Ladbrokes lItaly Yes No Scraped
EccobetAlbania Yes No Scraped Ladbroked.iveOdds No Yes Direct feed
Efbet Yes No Direct feed Leon Bets Yes No Direct feed
Empire Betting Yes No Scraped LigaStavok Yes No Direct feed
Eurobet.it Yes No Scraped LiveBet365 No Yes Direct feed
Eurofootball Yes No Direct feed LiveBwin No Yes Direct feed
Eurolive.al Yes No Scraped LiveBwinlt No Yes Direct feed
Eurolloto Yes No Scraped Livelnterwetten No Yes Direct feed
Expekt Yes No Direct feed Loterija Yes No Direct feed
Favbet Yes No Direct feed LottomaticaLiveOdds No Yes Scraped
FlemingtonsportshetCom Yes No Scraped LuckiaLiveOdds No Yes Direct feed
Fonbet Yes No Direct feed LuckystreamLiveOdds No Yes Direct feed
Fortunasazky Yes No Direct feed Lutrija Yes No Scraped
Francaise des Jeux Yes No Direct feed Macau Slot Yes No Direct feed
Gazzabet Yes No Direct feed Mansion88LiveOdds No Yes Direct feed
GenybetFr Yes No Scraped Marathonbet Yes No Scraped
GenybetFrLiveOdds No Yes Scraped MarathonBetLiveOdds No Yes Scraped
GermaniaSport Yes No Direct feed Match Point Yes No Direct feed
Gioco Digitale Yes No Direct feed MAXbet Yes No Scraped
GiocoDigitaleLiveOdds No Yes Scraped MAXbetBU Yes Yes Scraped
GoldBet Yes No Direct feed MAXbetLiveOdds No Yes Direct feed
Goldbet.al Yes No Scraped MAXbetSerbia Yes No Direct feed
Guts Yes No Direct feed Milenium Yes No Direct feed
GWBet Yes No Direct feed Millennium Ba Yes No Direct feed
Hattrick Yes No Direct feed MMMBetBU Yes Yes Scraped
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Bookmaker Pre-match In-play Mode of Bookmaker Pre-match In-play Mode of
Odds Odds Collection Odds Odds Collection
Collected  Offered Collected  Offered
Mozzart Bet Yes No Direct feed SbbetMe Yes No Scraped
myBet Yes No Direct feed SBObet Yes No Scraped
Netbet Yes No Direct feed SBObet LiveOdds No Yes Direct feed
Netbetlt Yes No Direct feed SBObetBU Yes Yes Scraped
NGG Yes No Direct feed SCBBetBU Yes Yes Scraped
Nike Yes No Direct feed Schwechat Yes No Direct feed
NordicbetLiveOdds No Yes Direct feed Singapore Pools Yes No Direct feed
Novibet Yes No Direct feed SingBetBU Yes Yes Scraped
NSW Tab Yes No Direct feed Sky Bet Yes No Scraped
Oddsen Yes No Direct feed Sky Bets.ro Yes No Direct feed
Oddset Yes No Direct feed Snai Yes No Direct feed
Offside Yes No Direct feed SnailLiveOdds No Yes Scraped
Olimp Yes No Direct feed Sportingbet Yes No Scraped
Opap Yes No Direct feed Sportingbet LiveOdds No Yes Direct feed
Optibet Yes No Direct feed SportingBetAu Yes No Scraped
Orakulas Yes No Scraped SportinglndexBetExLiveOdds No Yes Direct feed
Paddy Power Yes No Direct feed Sportsbet Yes No Direct feed
Paddy Power LiveOdds No Yes Directfeed SportsbetLiveOdds No Yes Scraped
PaddyPowerlt Yes No Direct feed SportsSpreadLiveOdds No Yes Scraped
Paf Yes No Direct feed Sporttip Yes No Direct feed
Palmerbet Yes No Scraped Sportyes Yes No Direct feed
PariMatch Yes No Direct feed SpreadExBetExLiveOdds No Yes Scraped
Parisport Yes No Direct feed SSBetBU Yes Yes Scraped
Partypoker Yes No Scraped Stan James Yes No Direct feed
Pinnacle Sports Yes No Direct feed StanJamesLiveOdds No Yes Direct feed
Pinnacle Sports LiveOdds No Yes Scraped Stanleybet Yes No Scraped
PinnacleBU Yes Yes Scraped Stanleybet.ro Yes No Scraped
Planetwin365 Yes No Scraped Star Sportwetten Yes No Direct feed
Playbet Yes No Scraped Stoiximan Yes No Direct feed
PMUFrance Yes No Scraped Superbast Yes No Scraped
Premier Kladionica Yes No Direct feed SuperbastLiveOdds No Yes Direct feed
Public Bet Yes No Direct feed SuperbetRomania Yes No Direct feed
Sazka2LiveOdds No Yes Direct feed SuperSport Yes No Direct feed
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Bookmaker Pre-match In-play Mode of Bookmaker Pre-match In-play Mode of
Odds Odds Collection Odds Odds Collection
Collected  Offered Collected  Offered

Svenska Spel Yes No Directfeed Veikkaus Yes No Direct feed

Synot Tip Yes No Scraped VeikkausFiLiveOdds No Yes Direct feed

Tabcorp Yes No Direct feed VeikkaushuoneComLiveOdds No Yes Direct feed

TabNewZealand Yes No Direct feed VictoriaTip.cz Yes No Direct feed

TabNewZealandLiveOdds No Yes Direct feed VolcanokladioniceLiveOdds No Yes Direct feed

TattsBet Yes No Direct feed W3388BU Yes Yes Scraped

Tempobet Yes No Direct feed Wettpunkt Yes No Direct feed

TempobetLiveOdds No Yes Scraped William Hill Yes No Direct feed

Tipico Yes No Direct feed William Hill.it Yes No Direct feed

TipicoLiveOddsFDS No Yes Direct feed WinningGoalBU Yes Yes Scraped

Tipos Yes No Direct feed World Of Bets Yes No Direct feed

Tipp3.at Yes No Direct feed worldBet Yes No Scraped

Tippmix_TT Yes No Direct feed XhoilLloto Yes No Direct feed

Tipsport Yes No Direct feed XhoilLlotoLiveOdds No Yes Direct feed

tipsportsk.sk Yes No Direct feed Youwin Yes No Direct feed

Titanbet Yes No Direct feed

TitanbetsLiveOdds No Yes Direct feed

TomWaterHouse Yes No Scraped

Tonybet Yes No Scraped

Topgoal Yes No Direct feed

Topgoal24ComLiveOdds No Yes Direct feed

TopSport Yes No Direct feed

Totesport Yes No Scraped

Toto.nl Yes No Direct feed

Totolotek Yes No Direct feed

TotoSi Yes No Directfeed

TotosiLiveOdds No Yes Scraped

TrioBet Yes No Direct feed

TrioBetLiveOdds No Yes Direct feed

Unibet Yes No Direct feed

UnibetFr Yes No Direct feed

UnibetIT Yes No Direct feed

UnibetLiveOdds No Yes Direct feed
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Appendix B: Odds database and screenshot details

Notes: Three matches on"iBlay 2014 were missing from the Sportradar odds database: from the Danish Landspokal, odds for the
match between AaB Aalborg and FC Kopenhagen in the fifth minute were missing; for the Holland Eredivisie, odds for the match
between Sparta Rotterdam and @rexcht in the third minute were missing; and for the Belgium Jupiler Pro League, odds for the

match between Genk and FC Brugge in th& Béhute were missing.

Bookmaker Date League Home team- Away team, Minute Sportradar Odds Screenshot Market
Sbobet 07/05/14 France Ligue 1 AS Monace Guingamp 43' 2.11-2.44.76 2.172.54.60 1X2
Sbobet 07/05/14 Sweden Allsvenskan BK Hacken- Brommapojkarna 41' 1.663.156.20 1.683.106.20 1X2
Sbobet 07/05/14 Turkey Cup GalatasarayEskisehirpor 40' 1.962.555.60 2.002.595.20 1X2
Sbobet 23/08/14 France Ligue 1 Nice-Bordeaux 56' 70.0010.001.04 60.009.751.042 1X2
Sbobet 23/08/14 Belgium Jupiler Pro League Kortrijk - Oostende 54" 10.503.351.45 9.753.30-1.48 1X2
Sbobet 23/08/14 Spain Liga Adelante LasPalmasUE Llagostera 12' 1.773.204.90 1.773.205.00 1X2
Sbobet 28/08/14 Denmark 1st Div AGF Aarhus- Fredericia 61' 1.0211.0695.00 1.01811.5100 1X2
Sbobet 28/08/14 Iceland 1st Div HK Kopavogs- Grindavik 5' 3.102.952.17 3.10-3.002.15 1X2
Sbobet 28/08/14 Lithuania A league Kruoja Pakruojis Suduva 1.53.057.80 1.503.057.80 1X2
marijampole 42'
Sbobet 05/10/14 English Premier League Mancehster United Everton 35' 1.17-6.60-24.00 1.196.0021.00 1X2
Sbobet 05/10/14 Italy Serie A Empoli- Palermo 49' 1.0711.0650.00 1.067#11.0650.00 1X2
Sbobet 05/10/14 Germany Bundesliga 2 SV SandhausenFSV Frankfurt 5' 2.11-3.20:3.40 2.123.20:3.40 1X2
Sbobet 17/11/14 India Super League Mumbai City- FC Goa 13' 2.382.842.88 2.402.742.96 1X2
Sbobet 17/11/14 Italy League Pro Renate Feralpi Salo 38' 15.005.60-1.14 15.005.60-1.14 1X2
Sbobet 17/11/14 English Conference North Gradford park AvenueNorth Ferriby 15.001.156.20 14.001.17-5.80 1X2
United 86'
Sbobet 18/01/15 English Premiet.eague manchester City Arsenal 52 4.403.151.97 4.403.151.98 1X2
Sbobet 18/01/15 Spain La Liga Atletico Madrid- Granada 53' 1.07-9.25110.00 1.0739.25110.00 1X2
Sbobet 18/01/15 Holland Eredivisie heracles Almele Excelsior SBV 67' 5.802.851.79 5.802.841.79 1X2
Sbobet 27/01/15 Turkey Cup Mersin Idman YurduBursaspor 18' 4.503.30-1.81 4.503.251.81 1X2
Sbobet 27/01/15 India |- league kalyani Bharat Royal Wahingdoh 1.87-2.634.9 1.852.635.00 1X2
46'+2
Sbobet 27/01/15 Malta BOV Premiere League  Tarxien rainbows Qormi FC 62' 5.802.70-1.73 5.802.70-1.73 1X2
Sbobet 16/02/15 Poland EkStraklasa Gornik Zabrze Korona Kielce 23' 2.242.92-3.45 2.242.903.45 1X2
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Bookmaker Date League Home team- Away team, Minute Sportradar Odds Screenshot Market
Sbobet 16/02/15 Croatia Prva Liga Dinamo Zagreb 66' 1.056.6-75.00 1.0466.60-80.00 1X2
Sbobet 16/02/15 Turkey Super league Genclerbirligi- Eskisehirspor 21' 1.483.657.8 1.47-3.657.80 1X2
Sbobet 03/03/15 International Friendly U19 Montenegro U19Denmark U19 54' 4.6-2.152.39 4.702.082.46 1X2
Sbobet 03/03/15 India |- league Mumbai FC-Bengaluru FC 8 3.052.82.29 3.052.782.30 1X2
Sbobet 03/03/15 Russia Cup Lokomotic Moscow Rubin Kazan 35' 2.202.434.7 2.202.355.00 1X2
Sbobet 12/03/15 Worl Cup 2018 Asia Qualifiers Yemen- Pakistan 35' 1.1-5.442 1.0995.40-42.00 1X2
Sbobet 12/03/15 UEFA europea league Everton- Dynamo Kyiv 34 6.003.651.57 6.003.651.57 1X2
Sbobet 12/03/15 UEFA europea league Villarreal - sevilla 73' 46.008.751.06 46.008.50-1.062 1X2
Sbobet 31/03/15 UEFA European U19 Sweden U1Russia U19 40 27.0067.60-1.07 28.0067.60-1.071 1X2
Championship Qualifiers
Sbobet 31/03/15 Scotland Champinship Falkirk - cowdenbeath 2' 1.31:4.409.25 1.31:4.409.25 1X2
Sbobet 31/03/15 English Conference North Chorley FG Guiseley 11' 2.233.00-3.10 2.233.30:3.10 1X2
Sbobet 15/04/15 Portugal Segunda Liga Aves Olhanense 19' 2.292.723.65 2.292.723.65 1X2
Sbobet 15/04/15 Slovenia Cup Maribor - Nk celhe 20' 2.233.452.61 2.283.502.54 1X2
Sbobet 15/04/15 belarus Cup Shakhtyor Soligorsk Dinamo Brest  2.242.26:4.30 2.242.264.3 1X2
HT
Sbobet 05/05/15 Scotland Premiership Inverness Dundee United 32' 3.753.221.99 3.753.21.99 1X2
Sbobet 05/05/15 UEFA Champions League Juventus Real madrid 55' 3.52.123.45 3.652.093.40 1X2
Sbobet 05/05/15 Slovakia Super League DAC Dunajska StredaSpartak 1.17-4.30-26.00 1.174.30:26.00 1X2
Myjava 62'
Sbobet 11/05/15 Latvia Virsliga Slzénto Riga BFC Daugavpils 17 1.404.006.20 1.41-4.106.00 1X2
Sbobet 11/05/15 Belarus Premier League FC Minsk- Dinamo Minsk 18' 4.703.351.63 4.703.351.63 1X2
Sbobet 11/05/15 Poland EkStraklasa playoff piast Gliwice- Gornik Leczna 13' 2.263-3.3 2.262.97-3.30 1X2
Sbobet 04/03/15 Italy Lega Pro L Aquila Calcio- Pontedera 48 2.532.054.2 2.542.034.30 1X2
Sbobet 04/03/15 Slovenia Prva Liga ND Gorica- Koper 35' 7.6-3.151.49 8.00-3.151.47 1X2
Sbobet 04/03/15 Ukraine Cup Zorya Lunhansk Dynamo Kyiv 58' 32.005.001.12 32.005.001.12 1X2
Maxbet 08/05/14 English Leagu&€hampionship  Brighton &Hove albion- Derby 8.51-4.031.40 8.074.051.41 1X2
Country 55’
Maxbet 08/05/14 Iceland Premier League Breidaglik- KR Reykjavik 44' 3.582.762.28 3.592.742.29 1X2
Maxbet 08/05/14 Belgium Belgacom League Royal MouscrorPeruwelz-Sint 3.56-1.62-4.96 3.571.624.98 1X2
Truidense 70'
Maxbet 14/06/14 Finland league Ilves Tampere Viikingit 20' 1.166.2212.96 1.156.3213.85 1X2
Maxbet 14/06/14 Thailand Premier league Chonburi FG Chainat FC 60’ 3.992.692.01 3.852.652.07 1X2
Maxbet 14/06/14 Sweden Superettan Degerfors- Jonkopings Sodra 79' 1.961.96 1.961.96 HC
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Bookmaker Date League Home team- Away team, Minute Sportradar Odds Screenshot Market
Maxbet 07/07/14 Finland league lahti - Seinajoen JK 59' 1.991.93 2.001.92 HC
Maxbet 07/07/14 Finland league lahti - Seinajoen JK 59' 1.34.07-15.37 1.304.07-15.37 1X2
Maxbet 07/07/14 Estonia Meistriliiga JK Sillamae Kalev JK Tallinna 1.047.4042.87 1.047.4042.87 1X2
Kalev 61'
Maxbet 07/07/14 Iceland Cup Bl/Bolungarvik vikingur Reykjavik 7.182.981.55 7.182.981.55 1X2
46'
Maxbet 16/08/14 English League Championship Leeds United Middlesbrough 61' 4.481.853.16 4.551.823.22 1X2
Maxbet 16/08/14 English League Championship Leeds United Middlesbrough 61' 2.351.66 2.351.66 1X2
Maxbet 16/08/14 English premier league Manchester united Swansea City 2.032.209.72 2.01:2.21-10.00 1X2
65'
Maxbet 16/08/14 France Ligue 2 Stade BrestoisAngers 53' 3.01:-1.775.47 3.01:-1.775.47 1X2
Maxbet 16/08/14 France Ligue 3 Stade Brestois Angers 53' 2.261.71 2.261.71 H/C -0.25
Maxbet 03/09/14 UEFA U21 Championship 201 latvia U21- Croatia U21 49' 24.426.841.12 24.426.841.12 1X2
Qualifiers
Maxbet 03/09/14 Czech republic Cup TJ StechoviceMlada Boleslav 6' 12.467.421.13 12.467.421.13 1X2
Maxbet 03/09/14 International Friendly Germany- Argentina 8' 2.333.09-3.06 2.333.093.06 1X2
Maxbet 22/10/14 Thailand Premier league Police United FG Chiangrai Untied  1.037.847.00 1.037.847.00 1X2
60'
Maxbet 22/10/14 Thailand Premier league Police United FG Chiangrai Untied 2.141.71 2.141.71 H/C -0.25
60'
Maxbet 22/10/14 Slovenia Cup NK Zavrc- NK Celje 22' 5.323.651.52 5.323.651.52 1X2
Maxbet 22/10/14 Slovenia Cup NK Zavrc- NK Celje 22' 1.961.88 1.961.88 H/C -0.25
Maxbet 22/10/14 GreeceFootball League kallithea FC- AOT Alimos 17" 2.032.733.83 2.032.71-3.87 1X2
Maxbet 22/10/14 Greece Football League kallithea FC- AOT Alimos 17" 2.041.80 2.041.80 H/C -0.25
Maxbet 11/11/14 International Friendly indonesia Timor Leste 42 1.772.14 1.772.14 H/C 0.51
Maxbet 11/11/14 Hungary League Cup Szolnoki Mav FG Diosgyor VTK 55" 3.932.132.53 3.932.132.53 1X2
Maxbet 11/11/14 Hungary League Cup Szolnoki Mav FG Diosgyor VTK 55"  1.792.05 1.752.09 H/C -0.25
Maxbet 11/11/14 Scotland FA Cup Airdrieonians F¢ Greenock Morton  7.134.541.39 7.134.541.39 1X2
37
Maxbet 11/11/14 Scotland FA Cup Airdrieonians F¢ Greenock Morton  1.882.04 1.892.03 H/C -0.25
37
Maxbet 19/12/14 France Ligue 2 Tours-Le Havre 80' 1.146.41-21.37 1.165.8920.77 1X2
Maxbet 19/12/14 Holland Jong PSV EinfhovenTelstar 77 4.051.594.96 4.151.565.11 1X2
Maxbet 19/12/14 English League Championship Millwall - Bolton wanderers 83' 57.885.391.14 62.935.351.14 1X2
Maxbet 11/01/15 Holland Panetolikos PAS Giannina 87 9.181.11-15.39 9.181.11-15.39 1X2
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Bookmaker Date League Home team- Away team, Minute Sportradar Odds Screenshot Market
Maxbet 11/01/15 Spain Liga Granada CF Real Sociedad 62' 15.083.86-1.38 15.083.86-1.38 1X2
Maxbet 11/01/15 Italy Napoli- Juventus 68' 4.701.694.07 4.701.694.07 1X2
Maxbet 18/02/15 Finland league Honefoss odd BK 10 4.793.701.61 4.793.701.61 1X2
Maxbet 18/02/15 Portugal SC covilha- Benfica B HT 1.039.0055.00 1.039.0055.00 1X2
Maxbet 18/02/15 Portugal Leixoes- chaves 48' 3.71:2.003.02 3.71:2.003.02 1X2
Maxbet 16/02/15 International youth Norway U19- Portugal U19 26' 6.552.991.58 6.552.991.58 1X2
Maxbet 16/02/15 Greece Football League Apollon Smyrnis Kallithea FC 67" 1.184.1929.52 1.184.1929.52 1X2
Maxbet 16/02/15 Greece Football League Iraklis - Aiginiakos FC 46' 1.066.2053.00 1.066.2053.00 1X2
Maxbet 22/02/15 Spain Liga Tenerife- Real Valladolod HT 2.372.134.79 2.372.134.79 1X2
Maxbet 22/02/15 Greece Football League Panathinaikos Olympiakos 54" 1.31:4.1013.75 1.31:4.1013.75 1X2
Maxbet 08/02/15 Germany karlsruher SC- Fortuna Dusseldorf ~ 1.522.949.81 1.522.949.81 1X2
46'
Maxbet 08/02/15 English premier league Burnley-West Bromwich Albion 74" 4.941.485.71 4.941.485.71 1X2
Maxbet 08/02/15 Italy Ternana Brescia 65' 12.303.341.43 11.983.30-1.44 1X2
Maxbet 29/01/15 Greece Football League AEK Athens- AO Kerkyra 16' 1.61-3.455.29 1.61-3.445.31 1X2
Maxbet 29/01/15 Football international club KFUM - Strommen IF 4' 2.944.12-1.86 2.944.12-1.86 1X2
friendl
Maxbet 29/01/15 Footbgll international club NK Osijek- NK Celje 85' 23.055.141.16 23.055.141.16 1X2
friendl
CMD368 03/03/15 India I—)|/ero | league Mumbai FC- Bengaluru FC 38' 9.374.201.29 9.374.201.29 1X2
CMD368 03/03/15 France Cup US Boulogne AS saint Etienne 74'  10.181.483.33 10.181.483.33 1X2
CMD368 03/03/15 English League Championship Bolton Wanderers FG Reading FC ~ 1.294.0916.58 1.294.0916.58 1X2
68'
CMD368 13/03/15 China Football super league Beijing Guoan- Henan Jianye 1' 1.51-3.855.05 1.503.845.18 1X2
CMD368 13/03/15 China Football super league Guangzhou Fuk Shanghai Greenlanc 2.143.40-2.79 2.143.42-2.78 1X2
FC1'
CMD368 13/03/15 Poland league Cracovia Krakow Piast gliwice 8' 2.173.183.28 2.163.173.32 1X2
CMD368 13/03/15 Romina liga 1 FC Brasow Universitatea Cluj 49' 3.321.883.48 3.321.883.48 1X2
CMD368 06/04/15 English League Championship Watford FC- Middlesbrough FC 75' 1.0210.96127.15 1.0210.90127.15 1X2
CMD368 06/04/15 Belgium Jupiler pro League Club Brugge Standard Liege 29' 3.163.222.21 3.163.222.21 1X2
CMD368 06/04/15 Holland Jong FC Twente FC Emmen 31' 4.053.291.89 4.023.251.91 1X2
CMD368 06/04/15 Denmark 1st division FC Fredericia Viborg FF 28' 2.423.102.91 2.423.082.92 1X2
CMD368 17/04/15 Romina liga 1 CSMS lasi FC Brasov HT 2.272.244.21 2.272.244.21 1X2
CMD368 17/04/15 Poland league Korona kielce- Ruch Chorzow 4' 2.243.103.20 2.243.103.20 1X2
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Bookmaker Date League Home team- Away team, Minute Sportradar Odds Screenshot Market
CMD368 17/04/15 Ukrainie 1st division FC Ternopil- FC Zirka Kirovohrad 9.783.61-1.35 9.783.61-1.35 1X2
47
CMD368 21/04/15 Slovenia Cup Nk Celje- NK Maribor 73' 5.41-1.67-3.01 5.41-1.67-3.01 1X2
CMD368 29/04/15 Thailand Premier league Tot SC- Sisaket FC HT 3.062.332.75 3.062.332.75 1X2
CMD368 29/04/15 Finand league FF Jaro llves Tampere 32 1.31:4.739.50 1.294.87-10.05 1X2
CMD368 29/04/15 Greece Football League Olympiacos FG Apollon Smyrnis 30" 1.21-4.27-25.00 1.21-4.20:25.00 1X2
CMD368 29/04/15 Slovenia Cup NK Krka - Celje 46' 56.008.20:1.02 56.008.20:1.02 1X2
CMD368 03/05/15 English premier league Chelsea FG Crystal Palace FC 45  1.11-8.63-30.10 1.11-8.1039.00 1X2
CMD368 03/05/15 Italy Atalanta BC- SS lazio 17' 4.91-3.241.86 4.42-3.22-1.88 1X2
CMD368 03/05/15 France Ligue 1 Lille OSC - RC Lens 60 2.002.257.40 2.002.257.40 1X2
CMD368 10/05/15 Italy SS Lazio- FC Inter Milan 15' 1.394.858.04 1.384.948.13 1X2
BWIN 12/05/15 Portugal Viroria Guimaraes FC Porto 69' 1.01-:10.5667.00 1.012-:11.0651.00 1X2
BWIN 12/05/15 Norway Hoenefoss Bk Brann 50' 4.102.452.25 4.102.452.25 1X2
BWIN 12/05/15 Austria FC Liefering-KSV1919 36 3.20:3.002.15 3.203.002.15 1X2
BWIN 12/05/15 International Club FC Bayern Barcelona 13' 1.604.105.50 1.504.335.75 1X2
BWIN 28/04/15 Turkey Elazig- Alanyaspor 46' 1.57-3.306.25 1.57-3.256.50 1X2
BWIN 28/04/15 Germany amateur SV Rodings Borussian M'gladbach  9.004.60-1.28 9.004.60-1.28 1X2
24
BWIN 28/04/15 Estonialeague FC Flora Tallinn- Jk Sillamae Kalev  1.403.30-11.00 1.403.30:11.00 1X2
46'
BWIN 28/04/15 Spain Liga Athletic Club- Sociedad 48' 2.052.555.25 2.052.555.25 1X2
BWIN 13/03/15 China Football super league Liaoning whowin F¢ Shandon 7.753.80-1.40 7.753.80-1.40 1X2
LunengTaishan FC 27
BWIN 13/03/15 Ukraine MetalurgD Donetsk- Vorskla- D 2.902.30-3.00 2.902.30-3.00 1X2
Poltava 59'
BWIN 13/03/15 Australia UQ FC- Capalaba 72' 1.42-3.309.50 1.453.258.50 1X2
BWIN 30/01/15 France Chamois Niort FG US Creteil 13' 3.603.20-2.05 3.603.20-2.05 1X2
BWIN 30/01/15 Deutschland Wolfsburg- FC Bayern 27" 2.853.40-2.35 2.853.40-2.35 1X2
BWIN 30/01/15 Spain Liga Rayo Vallecano La Coruna 17' 3.20-3.30-2.20 3.20-3.302.20 1X2
BWIN 19/12/14 Germany Karlsruher SG FSC Frankfurt 27 1.01-:14.0651.00 1.01-:14.0651.00 1X2
BWIN 19/12/14 Italy mantova Albinoleffe 28’ 2.152.60-3.80 2.152.60-3.80 1X2
BWIN 19/12/14 France Tours-Le Havre 69' 1.353.60-16.00 1.36-3.60-15.50 1X2
BWIN 06/11/14 International Club Europa FC Kobenhavn FC Brugge 14" 6.00-3.60-1.60 6.00-3.60-1.60 1X2
BWIN 06/07/14 Ireland Athlone Town- Derry City 78' 36.005.501.12 34.005.501.13 1X2
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BWIN 06/07/14 Sweden Superettan VIF Brommapojkarna Malmo FF 47" 5.252.60-1.90 5.252.651.87 1X2

BWIN 09/05/14 Germany amateur FC SCHweinfurt 056FC AUGsburg 4.332.052.55 4.332.052.55 1X2
64'

BWIN 09/05/14 Germany amateur FC Bayern Munich 2 FC 1.058.00:31.00 1.058.2531.00 1X2
Memmingen 66'

BWIN 09/05/14 Denmark 1st division HB Koge- Lyngby 64' 12.504.00-1.30 12.504.00-1.30 1X2

BWIN 09/05/14 Sweden Superettan Husqvarna FF Osters IF 59' 12.503.751.33 11.503.70-1.34 1X2

BWIN 13/06/14 Iceland Grindavik- throttur 14" 1.833.403.70 1.833.403.70 1X2

BWIN 13/06/14 Ireland Athlone town- Drogheda 41' 1.50- 3.50:7.00 1.50- 3.50:7.00 1X2
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Appendix C: Empirically testing the in-play model.
Testing framework

For a given starting scenario, Sportradar selected all games that matched the scenario. For
example, one scenario might be the home team winnbhgtlhalftime. Let the number of
games matching thi€' scenario b&\i. Next, we asked for how many of tisigbset of matches a
certain event happened. For example, the event might be the home team going or@o win 2
Let this observed number k.

Sportradar provided us with the ey model probability of the event occurring, averaged over
all of theN; games that satisfy the original scenario. Let this average probability Dee

expected number of times, according to the model, that the event is to happen is then given by
1. In this way, we can compare the number of times the event is edgedtappen according

to the model with the observed number of times the event hapg@n¥de now describe the
statistical test in more detail.

The statistical test we use is fibi-Square goodnes¥-fit test forthe multisample Bernoulli
model. Inour setupwe haveN; samples from each oindependent Bernoulli trials (each series
of trials is one of the starting scenarios). Let the outcomes IN; thatches relating to tH&
scenario be a vectdt = (X 1,Xi 2,E, Xini), the elements of which equal 1 if the event in that
match happened or 0 if the event did not happen. Thissa random sample of sikg from the
Bernoulli distribution with unknown success parameter(0,1) for each {1,2,E, m}, where
there arem starting scenarios.

Let the unknown parameter vectorgs€ps, p2,E, pm). From the model, we have a vector of
estimated probabilitigge=(""! ! 1! 115, ) (0,1)"and we want to test whethidp:p=po, versus
H]_:p! Po.

Fori {1,2,E, m}andj {0,1}, let O;; denote the number of times that outcgroecurs in

sampleX;. The observed frequen€y; has a binomial distributior®; ; has parametets; andp
while O; o has parameteid; and 1’ p;.

Now letE; o.=Ni(1" I';) be the expected number of matches, according to the model, in which the
event does not happen andlBet=n;"", be the expected number of matches in which the event
does happen, under the null hypothesisl; s large for eacl, then undeH, the fdlowing test
statistic has approximately the &quare distribution witim degrees of freedom:
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We note here that a modification to this-sfuare test statistic is needed. This is a consequence
of I, being an average of several probabilities (and not a single probability). As such, there is
less variability in the ' statistic above and this niuse accounted for so that the test is valid.
Mathematically, the modification required can be shown to be subtraction of the varianae of
the denominator, resulting in the following test statistic:

e
. Z! (1 = py) —var(p!!

Table C.1 shows the list of events that we selected for testing. These events were chosen to
represent a variety of scenarios at various stages of matches. To fully tegtlthermodel used

by the FDS, we asked for each of the observed numlienes the event occurre®j and the
average model estimated probabilify! (for several different leagues. The leagues were again
chosen to represent all types of league and are listed in Table C.2.

In addition to testing the model on different laag, we tested the model further, by performing
these comparisons (of model estimated frequencies and observed frequencies) for each of several
scenarios:

I.  astrong (relative to the away team) home team versus a weaker away team, where strong
is defined aprobability of wiming the match of at least 50%,
ii.  weak (relative to the away team) home team versus a stronger away team, where strong is
defined as probability of wining the match of at least 50%, and
iii.  all other matches.

Our reasoning for splitting theath into these groups is to test whether the model is just as sound
in a range of circumstances in which it is applied.
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Table C.1: Events used to test the irplay model. Note that 46 minutes refers to the first
minute of the second half.

Event Minutes passed
Home team victory 0

Drawn match 0

Away team victory 0

Match ending 20 when half time score isQ Half time

Match ending 41 when current score is® 46

Match ending 40 when half time is® and away 46
team haseceived red card at some point during
the first half

Match ending 40 when current score isdand 46
home team has received red card at some poin
during the first half

Match ending 40 when current score is@and 60
away team has received red catdome point

during the match so far

Match ending 2 when the current score isl1 60

Match ending 2 when current score islL 70
Match ending home win when current score-is ( 70
after 70 mins

Match ending as a draw when current scorels ( 80
after 80 mins

Away team victory when current score id @fter 80
80 mins

Home team victory when current score 18 after 20
20 mins

Table C.2: Leagues for which evengueries were asked.

League name Country
Albanian Superliga Albania
Austrian Bundesliga Austria
Cypriot 1. Division Cyprus
French Ligue 1 France
German Bundesliga Germany
Icelandic orvalsdeild Iceland
Montenegrin First League Montenegro
Slovakian Super Liga Slovakia

Spanish Primera Divisi—n Spain
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Test results

Using the list of starting scenarios and events (14), leagues (9), and relative team strengths (3),
gives us a total of 14x9! I I 1"# processes. The statistical hypothesis test we perform assumes
that the observations in any one scenario are greater than 5. In cases where this was not true (e.g.
there were few occasions in the Albanian Superliga when the match ended 1-0 when the half-
time score was 1-0 and home team has received red card at some point during the first half), the
scenarios were merged until there were more than 5. This left us with a total of ! | 1"# .

For all leagues the total test statistic ! ' !I"# | = 1"l .76 with a critical value of 301.83 (p-value =
0.327) suggesting the model fit is good. Performing the test on each league separately gave the
test statistics and p-values in table C.3. In all cases the model proves to be a good fit.

Table C.3: Results of teting in-play model fit.

League X m p-value
Germany 37.7439 28 0.1033
Albania 32.5924 27 0.2109
Austria 30.171 29 0.4055
Cyprus 31.2315 29 0.3546
France 27.8229 29 0.5274
Iceland 28.7836 31 0.5805
Montenegro 17.9107 29 0.9461
Slovakia 25.578 29 0.6479
Spain 40.9227 32 0.1340
All leagues ~ 272.7567 263 0.3266

We perform two checks on the data in search of further evidence that the model fit is good. The
first check is to ascertain whether the individual chi-square test statistics (calculated on each
scenario) follow a chi-square distribution as theory suggests they should. We compared the
histogram, the mean, variance, skewness and kurtosis of the test statistics with what would be
expected from theory and they were all in agreement. The second check we did was to look at
the ‘signed test statistics’. Thisis ! ' in the formula above, but with the modification that the
numerator is not squared. Let us call this Z. Theory says that Z should follow a standard normal
distribution (with mean 0 and variance 1). Again, all evidence suggested this was true and an
Anderson-Darling test for normality gave a p-value of 0.261 confirming this.

To conclude, all evidence from our statistical hypothesis test suggests that the in-play model
used in the FDS produces probabilities that are representative of reality.
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Appendix D: Procedures for hotlisting and escalation

Input

Pra-match alert
generated in the FDS

l

Email notification of
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Pra-Match Work-flow Live Work-flow
Start Process Start Process
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l
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active comment
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