METHODS AND APPARATUS FOR ASSESSING A POTENTIAL LOCATION
FOR AN AUTOMATED TELLER MACHINE

Technical Field and Background

[0001] The present disclosure relates to a method andmyfslr processing data. In particular,
it provides methods and systems for assessing tltdacations for automated teller

machines from transaction data.

[0002] Automated teller machines (ATMs) allow holders adyment cards to carry out
transactions and banking operations without thelireqment to enter a bank. One of the
most common uses for an ATM is to withdraw cashM&Tare typically operated and
maintained by issuers of payment cards such as idgankstitutions or by service
companies.

[0003] Currently most of the issuers or service compapiewviding new ATM installation
services use point of interest data or locatiorapeters such as estimated traffic per day,
location popularity, weekend or week day traffice tdistance to the nearest ATM etc. to

identify new locations to install ATMs.

Summary

[0004] The described embodiments of the present inventiclnde a method and system for
assessing potential locations for ATM machines thase transaction data. Specifically,
ATM transaction data obtained from a plurality oflividual machines each of a particular
issuing financial institution is processed withpest to a candidate location representing a
possible location for a new ATM. Statistical an@ys applied to the transaction data to
determine one or more significant transaction rogt(such as, for example, the amount
total withdrawn from the ATM, or the number of wditawal transactions conducted at the
ATM, over a particular time interval) that are pessed to generate a location score for the
candidate location indicating the relative suitiiypibf that location for the deployment of a
new ATM.

[0005] In the described embodiments, the transaction osetie obtained from the transaction
data via the application of Generalized Linear Mo{f8LM) analysis, and/or other
regression or statistical analysis techniques, getaf variables of the transaction data that
may potentially be significant indicators of ATMhmvior. The transactions represented by

the transaction data can be of a specific typeh sag for example including only data
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corresponding to ATMs from a particular issuingaficial institution, or data obtained
during a particular time period. Survival analyisisapplied to determine the location score
via the generation of survival distribution funetso (SDFs) which model the survival of
relevantly located existing ATMs for each transatimetric. Clustering and/or pattern
recognition techniques are applied to the transaatata prior to the generation of the SDFs

in order to categorize the behavior of the ATMsaading to the available transaction data.

[0006] Under the assumption that ATMs with similar behawlbare similar survival properties
(i.e. where the “survival” of an ATM ceases wheattATM rejects a transaction request
due to insufficient funds being available to conpline transaction), SDF data is processed
in conjunction with representative transaction metdata in order to determine
corresponding survival (and hence failure) probitds of a new ATM that is expected to
belong to a particular behavior category. Failuabpbilities of the new ATM in respect of
the transaction metrics, as produced by the gesi@DFs of that behavioral category, are
combined to generate the location score for thelidate locatiorfCorrect?]. Generation
of location scores for a plurality of candidatedtions allows the system and methods to
recommend a particular one of the locations fordeeloyment of the new ATM (such as,
for example, by selecting the location with thehast failure score, indicating a respective

lowest probability of survival of ATMs in the vidiy of the location).

[0007] According to a first aspect of the present invamtithere is provided a computer
implemented method of assessing a potential lataiio an automated teller machine

(ATM), the method comprising:

receiving, at an ATM location assessment servanstaction data corresponding to
transactions in a geographic area including thengi@l location;

receiving, at the ATM location assessment ser&&iy data representing, at least, an
indication of a number of automated teller machimethe geographic area including the
potential location;

identifying, in a transaction identification modubf the ATM location assessment
server, one or more transactions represented byahsaction data;

processing, in a transaction metric calculatiordat® of the ATM location assessment
server, the identified transactions to generatastietion metric data representing one or
more transaction metrics, said transaction meb&sg significant to the survival of one or

more ATMs within the geographic area, where thevigsal of an ATM ceases when said



ATM rejects a transaction request due to insuffitiends being available at the ATM to
complete the requested transaction;
generating, in a survival distribution generatioadule of the ATM location assessment

server, one or more survival distribution functionkich model the survival of ATMs
within the geographic area including the poteritiahtion with respect to the one or more
transaction metrics; and
calculating, in a score calculation module of tHEVAlocation assessment server, a location
score for the potential location using the one aremsurvival distribution functions, the
location score representing the suitability of thatential location for deploying a new
ATM.

[0008] In a second aspect, there is provided an appaf@twessessing a potential location for

an automated teller machine, the apparatus comgrisi

a computer processor and a data storage devieeddta storage device having a
transaction identification module; a transactiontrioecalculation module; a survival
distribution generation module; and a score catmriamodule comprising non-transitory
instructions operative by the processor to:

receiving transaction data corresponding to tretimas in a geographic area including
the potential location;

receiving ATM data representing, at least, andation of a number of automated teller
machines in the geographic area including the paddocation;

identifying one or more transactions representethb transaction data;

processing the identified transactions to genetraigsaction metric data representing
one or more transaction metrics, said transactietrios being significant to the survival of
one or more ATMs within the geographic area, whkeesurvival of an ATM ceases when
said ATM rejects a transaction request due to frgent funds being available at the ATM
to complete the requested transaction;

generating one or more survival distribution fumes which model the survival of
ATMs within the geographic area including the patErocation with respect to the one or
more transaction metrics; and

calculating a location score for the potentialalii@n using the one or more survival
distribution functions, the location score représgnthe suitability of the potential location

for deploying a new ATM.

Brief Description of the Drawings




[0009] Embodiments of the invention will now be describled the sake of non-limiting

example only, with reference to the following drags in which:

Fig. 1 is a block diagram of a data processingesysaccording to an embodiment of

the present invention;

Fig. 2 is a block diagram of a data processingesydhat generates payment network
data used in methods according to embodimentsegbitisent invention

Fig. 3 is a block diagram illustrating a techniaathitecture of the apparatus according

to an embodiment of the present invention;

Fig. 4 is a flowchart illustrating a method of assag a potential location for an

automated teller machine according to an embodimikthie present invention;

Fig. 5 is a flowchart showing the process of caltin transaction metric data

according to the location assessment method girsent invention;

Fig. 6 is a flowchart showing the generation ofvswal distribution functions

according to the location assessment method girsgent invention;

Fig. 7 is an illustration of a survival distributicfunction for a transaction metric

according to an embodiment of the present invenaod

Fig. 8 is a block diagram illustrating an assessnmendule of an assessment server
according to an embodiment of the present invention

Detailed Description

[0010] The present invention provides a method to caleutabres for a number of different
candidate ATM locations and, based on the resuftaayes, determine a preferred location
for a new ATM. Based on estimates of the transaati@tric values for a pre-determined
period of time, for example three months, the nélMAis ascertained to belong to clusters
ki , ki, and k;, respectively within these locations. Therefore, csinfailure scores
F, (ki,), Fy,(k,) andFy,(k;,) represent the probability of failure of ATMs ofmslar
behavior to the new ATM (i.e. with correspondingster membership) in each candidate
location, the method can be configured to choosddtation with the highest failure score
as the preferred destination for the new ATM. Tigisults in the location of ATMs in a

location where similarly behaving ATMs are moselikto fail, correspondingly providing



customers with an additional ATM to use in the dévaina failure, and therefore reducing

revenue loss of the ATM vendor (i.e. the issuer).

[0011] Figure 1 is a block diagram showing a data proogssystem according to an
embodiment of the present invention. The data @m%ing system 100 comprises an
automated teller machine (ATM) location assessnsmmver 200. The ATM location
assessment server 200 is coupled to a payment rketlatabase 110, and a database 120

storing ATM data.

[0012] The payment network database 110, and the ATM da&ali20 may be resident on
different servers or server clusters. The serveey ibe either within a single data
warehouse or distributed over a plurality of dat@ehouses. The data processed by the
ATM location assessment server 200 may be retriésaed the servers, and cleaned and
stored in a data warehouse prior to the analysiesg lmenducted. Alternatively, the ATM
location assessment server 200 may receive thefrdaaservers which may be operated

by the different providers.

[0013] The payment network database 110 comprises tamsadata 115. The transaction
data 115 comprises indications of transactionsclimdicates information including the
time and date of transactions; transaction amdhbatrard number of a payment card used
for the transaction, or another number which unigidentifies the card, without being the
primary account number (PAN) itself; and the menthar the ATM at which the

transaction was carried out.

[0014] The ATM database 120 stores ATM data 116 whichinalude ATM locations and
transactions captured at those ATMs. As mentiotey@ the ATM database 120 may be
separate from the payment network database 110n&ke a new ATM is set up, ATM
data 116 relating to the new ATM is provided to tREM data base 120, including for
example its physical location and/or network adslr@sd/or an identifier such as a serial

number.

[0015] Figure 2 shows an example of a transaction pracgssistem 300 which generates the
payment network data 110. As shown in Figure 2 AMB location assessment server 200
receives transaction data from a payment netwoi® ¥dch as the payment network

operated by MasterCard.

[0016] The payment network 170 acts as an intermediarmga merchant transaction being

made by a cardholder 152 using a payment card 1&0 raerchant terminal 162 of a
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merchant 154 or an ATM transaction made by thehmdd®r 152 using an ATM 163. In

particular, the cardholder 152 may present the payroard 160 to merchant terminal 162
of merchant 164 as payment for goods or serviche. merchant terminal 162 may be a
point of sale (POS) device such as a magnetic sté@aer, chip reader or contactless
payment terminal, or a website having online e-cemu® capabilities, for example. A

merchant 154 may operate one or a plurality of hanrt terminals 162. The merchant
terminal 162 communicates with an acquirer compsisatem 168 of a bank or other
institution with which the merchant 154 has an lds&thed account, in order to request
authorisation for the amount of the transactiomtimes referred to as ticket size) from
the acquirer system 168. In some embodiments,eifmierchant 154 does not have an
account with the acquirer 168, the merchant termibd2 can be configured to

communicate with a third-party payment process@ \hBich is authorised by acquirer 168
to perform transaction processing on its behalff which does have an account with the
acquirer entity. The ATM 163 communicates with aiM\acquirer computer system 168
of a bank or financial institution which managegs #ATM 163. The processing of the

transaction by the ATM acquirer computer system 6®arried out in an analogous
manner to the processing carried out by the acqi8 for transactions at the merchant
154.

[0017] The acquirer system 168 or the ATM acquirer syste80 routes the transaction
authorisation request from the merchant termin@ &6ATM 163 to computer systems of
the payment network 170. The transaction authaoisaequest is then routed by payment
network 170 to computer systems of the appropiisgaer institution (e.g., issuer 174)
based on information contained in the transactiothaisation request. The issuer
institution 174 is authorised by payment network 17 issued payment card 160 on behalf
of customers 152 to perform transactions over gngnent network 170. Issuer 174 also
provides funding of the transaction to the paymmativork 170 for transactions that are

approved.

[0018] The computer systems of the issuer 174 analysauti®risation request to determine
the account number submitted by the payment cabgd dd based on the account number,
determine whether the account is in good standivehether the transaction amount is
covered by the cardholder's account balance orlaMai credit. Based on this, the
transaction can be approved or declined, and droasation response message transmitted
from issuer 174 to the payment network 170, whiemtroutes the authorisation response

message to the acquirer system 168. The acquirgtlersy 168, in turn, sends the
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authorisation response message to merchant terd2abr the ATM. If the authorisation
response message indicates that the transacti@ppsoved, then the account of the
merchant 154 (or of the payment processor 166gfapiate) is credited by the amount of
the transaction following subsequent clearing attlesnent processes, or for the case of an
ATM transaction, the cardholder is allowed to makeash withdrawal and the cardholder’s

account is debited accordingly.

[0019] During each authorisation request as describekemptevious paragraphs, the payment
network 170 stores transaction information in anpagt network database 110 accessible
via a database cluster 172. The database clusfem&y comprise one or more physical
servers. In some embodiments, the payment netwatdbese 110 may be distributed over
multiple devices which are in communication witheoanother over a communications
network such as a local-area or wide-area netwlorlsome embodiments, the payment
network database 110 may be in communication witthata warehousing system 180
comprising a data warehouse database 182 whichstoeg copies of the transaction data,
and/or cleaned and/or aggregated data which aneftraned versions of the transaction

data.

[0020] Transaction records (or aggregated data derivaeftben) may be directly accessible
for the purposes of performing analyses, for exanipl the ATM location assessment
server 200, from payment network database 110.rmetevely, or in addition, the
transaction records (or aggregated data deriveeftioen) may be accessed (for example,
by the ATM location assessment server 200) from data warehouse database 182.
Accessing the transaction records from the datehwarse database 182, instead of the
transactions database 110, has the advantagdéhlataid on the payment network database
110 is reduced.

[0021] The transaction records may comprise a plurality fiefds, including acquirer
identifier/card accepter identifier (the combinatf which uniquely defines the merchant);
merchant category code (also known as card accbpiness code), that is, an indication
of the type of business the merchant is involvefon example, a gas station); cardholder
base currency (i.e., U.S. Dollars, Euros, Yen,)ethe transaction environment or method
being used to conduct the transaction; the traisadype; card identifier (e.g., card
number); time and date; location (full address an@PS data); transaction amount (also
referred to herein as ticket size); terminal id@nti(e.g., merchant terminal identifier or



ATM identifier); and response code (also referrechérein as authorization code). Other

fields may be present in each transaction record.

[0022] Each terminal identifier may be associated with eranant 154, or an ATM 163.

Typically, a particular merchant 154 will have anality of merchant terminal identifiers,

corresponding to merchant terminals 162, associaiiduit.

[0023] Figure 3 is a block diagram showing a technicahiéecture of the ATM location

assessment server 200 for performing an exemplatiiod 400 which is described below
with reference to Figure 4. Typically, the metho@O4is implemented by a computer
having a data-processing unit. The block diagrarehasvn Figure 3 illustrates a technical
architecture 200 of a computer which is suitable fmplementing one or more

embodiments herein.

[0024] The technical architecture 200 includes a proce22ar(which may be referred to as a

central processor unit or CPU) that is in commuiivcawith memory devices including

secondary storage 224 (such as disk drives), raBdneemory (ROM) 226, and random
access memory (RAM) 228. The processor 222 maynpéemented as one or more CPU
chips. The technical architecture 220 may furtf@nrise input/output (I/O) devices 230,

and network connectivity devices 232.

[0025] The secondary storage 224 is typically comprisedred or more disk drives or tape

drives and is used for non-volatile storage of dad as an over-flow data storage device if
RAM 228 is not large enough to hold all working alatSecondary storage 224 may be
used to store programs which are loaded into RAR ®Ben such programs are selected
for execution. In this embodiment, the secondargragfe 224 has a transaction
identification module 224a, a transaction metridcai@ation module 224b, a survival
distribution generation module 224c, and a scoleutation module 224d comprising non-
transitory instructions operative by the procesx2 to perform various operations of the
method of the present disclosure. As depicted gurfel 3, the modules 224a-224d are
distinct modules which perform respective functiomplemented by the ATM location
assessment server 200. It will be appreciatedtieatboundaries between these modules are
exemplary only, and that alternative embodimentsy mmerge modules or impose an
alternative decomposition of functionality of moesll For example, the modules discussed
herein may be decomposed into submodules to beiedeas multiple computer processes,
and, optionally, on multiple computers. Moreovdtemative embodiments may combine

multiple instances of a particular module or subuatedIt will also be appreciated that,
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while a software implementation of the modules 2224d is described herein, these may
alternatively be implemented as one or more hardwarodules (such as field-
programmable gate array(s) or application-specifikegrated circuit(s)) comprising
circuitry which implements equivalent functionality that implemented in software. The
ROM 226 is used to store instructions and perhata @hich are read during program
execution. The secondary storage 224, the RAM @28/or the ROM 226 may be referred
to in some contexts as computer readable storagkana@d/or non-transitory computer

readable media.

[0026] I/O devices 230 may include printers, video momitdiquid crystal displays (LCDs),
plasma displays, touch screen displays, keybo&egads, switches, dials, mice, track

balls, voice recognizers, card readers, paperregmers, or other well-known input devices.

[0027] The network connectivity devices 232 may take threnfof modems, modem banks,
Ethernet cards, universal serial bus (USB) interfeards, serial interfaces, token ring cards,
fiber distributed data interface (FDDI) cards, wass local area network (WLAN) cards,
radio transceiver cards that promote radio comnafinios using protocols such as code
division multiple access (CDMA), global system foobile communications (GSM), long-
term evolution (LTE), worldwide interoperability fanicrowave access (WiMAX), near
field communications (NFC), radio frequency identfRFID), and/or other air interface
protocol radio transceiver cards, and other knowtwark devices. These network
connectivity devices 232 may enable the proces®?it@ communicate with the Internet or
one or more intranets. With such a network conopactit is contemplated that the
processor 222 might receive information from thevoek, or might output information to
the network in the course of performing the abogsetibed method operations. Such
information, which is often represented as a secgi@h instructions to be executed using
processor 222, may be received from and outputieithé network, for example, in the
form of a computer data signal embodied in a caweeve.

[0028] The processor 222 executes instructions, codespu®m programs, scripts which it
accesses from hard disk, floppy disk, optical dikkse various disk based systems may all
be considered secondary storage 224), flash dR@V 226, RAM 228, or the network
connectivity devices 232. While only one proce2# is shown, multiple processors may
be present. Thus, while instructions may be dislisss executed by a processor, the
instructions may be executed simultaneously, dgriak otherwise executed by one or

multiple processors.



[0029] Although the technical architecture 200 is desdfibgth reference to a computer, it
should be appreciated that the technical architectnay be formed by two or more
computers in communication with each other thatabolrate to perform a task. For
example, but not by way of limitation, an applicatimay be partitioned in such a way as
to permit concurrent and/or parallel processingth instructions of the application.
Alternatively, the data processed by the applicatiay be partitioned in such a way as to
permit concurrent and/or parallel processing diedént portions of a data set by the two or
more computers. In an embodiment, virtualizatioftvgare may be employed by the
technical architecture 200 to provide the functiitypaf a number of servers that is not
directly bound to the number of computers in thehtecal architecture 200. In an
embodiment, the functionality disclosed above may grovided by executing the
application and/or applications in a cloud compytamvironment. Cloud computing may
comprise providing computing services via a netwedanection using dynamically
scalable computing resources. A cloud computingrenment may be established by an
enterprise and/or may be hired on an as-needes tbasi a third party provider.

[0030] It is understood that by programming and/or loadéxgcutable instructions onto the
technical architecture 200, at least one of the @RP, the RAM 228, and the ROM 226
are changed, transforming the technical architecB00 in part into a specific purpose
machine or apparatus having the novel functionaditight by the present disclosure. It is
fundamental to the electrical engineering and saféwengineering arts that functionality
that can be implemented by loading executable soéwnto a computer can be converted

to a hardware implementation by well-known desigjes.

[0031] Various operations of the exemplary method 400 mollv be described with reference
to Figure 4 in respect of assessing a potentiatioc for an automated teller machine
(ATM). It should be noted that enumeration of opierss is for purposes of clarity and that
the operations need not be performed in the ordplied by the enumeration.

[0032] The method is carried out to assess a potentialtitwct for an ATM. The potential
location may be country, a region of a countryita@r a specific area of a city.

[0033] In step 402, the ATM location assessment servenr@0@ives transaction data from the
payment network database 110. The transaction mata be received in response to a
qguery or request from the ATM location assessmentes 200. The received transaction

data relates to transactions in a geographic astading the potential location.
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[0034] The transaction data relating to the geographia aray be identified using fields of the
transaction data, for example geographical infoionatspecifying the latitude and
longitude co-ordinates of a terminal or ATM wheréransaction took place, a merchant
postcode, or postcode associated with an ATM athvhitransaction took place, city name
information associated with either a merchant oMADr other information which allows

the transaction data relating to a specific gedgragegion to be identified.

[0035] In step 404, ATM location assessment server 20@ives ATM data including an
indication of the existing ATMs located in the gemghic area.

[0036] The ATM data received in step 404 indicates infdramain relation to the ATMs in the
geographic area of interest, including the numbieA®Ms in the geographic area of

interest, and data relating to one or more progedi the ATMSs.

[0037] In step 406, the transaction identification mod@24a of the ATM location
assessment server 200 identifies transactionseobomore transaction types that are to be
used in the following analysis. The types of tratism identified by the transaction
identification module 224a can be based on the lgygapal origin of the transaction, such
as: domestic ATM transactions; cross border ATMngextions; domestic non-ATM
transactions; and cross border non-ATM transactidmansaction types can be used to
identify particular transactions as ATM transacsioar non-ATM transactions using
merchant identifiers or terminal identifiers.

[0038] In the described embodiments, the identificationaofransaction as a cross-border
transaction or a domestic transaction is perfordmech an indication of a card issuing
country in the transaction data. If the card isguwiauntry is the same as the country of the
geographic location then the transaction is deteeohito be a domestic transaction. If the
card issuing country is different from the countfythe geographic location the transaction
is determined to be a cross border transactiororrimdtion on the country of card

origination, card type, transaction amount etc. maysed in the analysis.

[0039] The transaction identification module 224a can lafigured to identify ATM
transactions which occurred during an analysisopeThe analysis period may be selected
as a period greater than one year, for exampleygaeos. A period greater than one year can
be selected in order to even out possible seas@mi@tions may occur for periods of less

than one year. Further a period of two years mayp éle beneficial to even out other

economic variations.
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[0040] Transactions can be limited to those conductedgusayment cards 160 issued by, or
conducted at ATM machines of, a particular issugt. For example, the system can define
an “Issuer A” transaction type such that transastitbelonging to this type are those
transactions that are conducted at an ATM machinssoer A. This allows the system to
assess the location of a new ATM based on datasepting transactions performed by

customers of Issuer A.

[0041] In step 408, the metric calculation module 224khef ATM location assessment server
200 calculates a set of M transaction metrics fachetype of transaction. Figure 5
illustrates the process of calculating the transaanetrics for a particular transaction type.
In step 502, the metric calculation module 224bieees global transaction metric data
representing a plurality of variables in relatiam ttansactions performed at particular
ATMs within the geographical location. In the delsed embodiments, and with respect to

a particular ATM, the variables can include (by #iomiting example):
a. the amount of cash withdrawn per day;

b. the amount of cash withdrawn per day from all ATMghin a predetermined

area (relative to the ATM);
c. the number of withdrawal transactions per day;

d. the number of withdrawal transactions per day frath ATMs within a

predetermined area (relative to the ATM);
e. the ratio of a/b;
f. the ratio of c/d,;
g. the ratio of a/c
h. the ration of b/d;
i. the ratio of g/h
J. the amount of cash withdrawn per day from a pddrcpayment card;

k. the amount of cash withdrawn per day from a pdgiccard and from all ATMs

within a predetermined area (relative to the ATM);
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I. the number of withdrawal transactions per day fieoarticular payment card;

and

m. the number of withdrawal transactions per day fiemarticular payment card
from all ATMs within a predetermined area (relatteehe ATM).

[0042] Global variable data is obtained from the transactiata and/or ATM data for each
ATM within the geographical location. The metridatdation module 224b determines the
transaction metrics as a subset of significantaldes of the global variable set. In the
described embodiments, in step 504 generalizeddimodel (GLM) analysis is performed
to identify the transaction metrics for a givennsaction type that are significant to
whether an ATM will reject a transaction requesg do insufficient funds being available
to complete the transaction (i.e. to the surviiahe ATM). For example, where M=2 the
transaction metrics may include: the total numbkemwidhdrawal transactions per day

(variable c); and the amount of cash withdrawndagr (variable a).

[0043] In step 506, the metric calculation module 224bcesses the transaction data to
determine transaction metric values (i.e. the \&lokethe significant global variables, as
described above) for each ATM within the geograghiocation. The metric calculation
module 224b partitions the set of ATMs accordinghi® transaction metric values in order
to determine one or more behavioural states, wineré&ransaction behaviour of each ATM
within the location can be represented in termghef transaction metric values of an

appropriately chosen state.

[0044] In the described embodiments, K-means clusteringpiglied (in step 508) to the
transaction metric data to produce a predetermmedber K of ATM clusters. ATMs
within the same cluster are assumed to behave aslyni(according to the transaction
metrics), and share common Survival Distributionnétions (SDFs) that model the
survival of ATMs with respect to the transactiontnos, and which are determined by

methods described below.

[0045] In step 510, the metric calculation module 224begates transaction metric state data
for each determined cluster, or state, such akdrfdrm of an array of transaction metric
values representing the cluster in the metric spahe skilled addressee will appreciate
that, in other embodiments, alternative clustemmgl/or pattern classification techniques

may be used by the metric calculation module 23#tuding unsupervised classification
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which can partition the ATMs without requiring timeimber of clusters, or states, to be

predetermined.

[0046] In step 410, the survival distribution generatiorodule 224c of ATM location
assessment server 200 calculates survival diswibudtnctions (SDFs) for each ATM
cluster using the transaction metric data (as deted in step 408) of ATMs belonging to
the cluster. In the described embodiments, an A3 kbnsidered to survive while the ATM
has the necessary funds remaining to dispenseatramss. Survival ceases when the ATM
is forced to reject a transaction request due tanaufficiency of funds to complete the

transaction (referred to herein as the “failuretted ATM).

[0047] Figure 6 illustrates the process of calculating $ieFs of each ATM cluster. In step
602, the survival distribution generation modulet@2rocesses the transaction data to
obtain data values for the transaction metricsacheATM within the cluster. In step 604,
the transaction data values of each ATM that docootespond to failure are censored to

generate survival data for the ATM.

[0048] In step 606, a univariate analysis of the traneaatiata is performed with respect to a
particular transaction metric (e.g. amount of cagthdrawn per day). Univariate analysis
of the data can include performing statistical gs@s$, such as for example the application
of statistical tests including the Student’s Teakg Sign Test, and/or the Signed Rank
(Wilcoxon) Test, on the transaction metric valuéshe cluster. The transaction metric
values can be processed based on the univariaigsasnauch as, for example, to remove

outliers that may otherwise negatively affect theusiacy of the generated SDF.

[0049] In step 608, the survival distribution generationdule 224c generates Survival
Distribution Function (SDF) for the cluster usirfgetprocessed and censored transaction
metric data. In the described embodiments, KaplameManalysis is applied to produce the
SDFs, an example 700 of which is illustrated fa tamount of cash withdrawn per day’
transaction metric in Figure 7. The survival disiition generation module 224c repeats the
SDF generation process for each transaction mgteicin step 610) such that a set of M
SDFs is produced for each ATM cluster, each SDFResponding to a particular

transaction metric.

[0050] In step 412, the score calculation module 224dhefATM location assessment server
200 generates failure probabilities for each ATMsbér using the transaction metric SDFs

generated in step 410. Failure probabilities aleutated using transaction metric state data

14



(e.g. the expectation of the transaction metrictifigr cluster when the clusters are derived
via the K-means technique). In step 414, the scateulation module 224d calculates a
score for the location by combining the failurelpabilities calculated in step 412.

[0051] In the described embodiments, the location scone tise form of a ‘failure score’ that
is calculated by multiplying each of the failurebabilities of the transaction metrics by a
corresponding weight.. The weights may be usedphasise particular metrics in relation
to others when determining the preferred locationd new ATM. For example, for a
transaction metric set of cardinality M whet&... XMare the probabilities of failure of an
ATM belonging to cluster k with respect to the nety and W1...WM are the
corresponding weights applied to these metrics, ftiire scoreF;(k) for an ATM
belonging to clustek at the location is calculated as:

(W1 X1) + (W2 X2) + -+ (WM x XM)
W1+ W2+ +WM)

Fi(k) =

[0052] In other embodiments the location score may beutastied by applying analysis or
classification techniques to the failure probapilitalues directly. The calculation of
transaction types, determination of transactionrimetata, generation of SDFs for each
metric and determined ATM cluster, and the subsefjgeneration of location scores (as
based on failure probabilities) can be conductedoffine processing stages. The
corresponding data produced by the aforementioteos scan be stored in the modules
224a-d and retrieved at runtime (i.e. when theesygss required to make an assessment of
a particular location for a new ATM) for the purpo®f improving computational

efficiency.

[0053] In some embodiments, separate scores may be daltufar different types of
transaction such as ATM transactions and non-ATandactions. Scores for the different
transaction types may be combined to produce locacores for each candidate location

in addition, or as an alternative, to the methoslscdbed herein above.

[0054] Particular embodiments of the invention can be usexhlculate scores for a number of
different candidate ATM locations and, based onréseilting scores, determine a preferred
location for a new ATM. For example, consider thocaedidate locations, [,, and [5 for
the placement of a new ATM. Based on estimatebetransaction metric values, the new

ATM is determined to belong to clusterg, k;, and k;,respectively within these locations.

Therefore, since failure scorgg (kj, ), Fy,(k;,) andF), (ki,) represent the probability of
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failure of ATMs of similar behavior to the new ATNM.e. with corresponding cluster
membership) in each candidate location, the systam be configured to choose the
location with the highest failure score as the gmefd destination for the new ATM. This
results in the placement of the ATM in the locatiwhere similarly behaving ATMs are
most likely to fail, thus providing customers wah additional ATM to use in the event of

a failure, and therefore reducing revenue lose®¥TM vendor (i.e. the issuer).

[0055] Referring to Figure 8, there is shown an assessmewaiule 800 of the assessment
server 200. The assessment module 800 comprigassattion identification sub-module
802, a transaction metric calculation sub-moduld, 80 survival distribution generation
sub-module 806, and a score calculation sub-mdgfdle The sub-modules 802, 804, 806,
808 are distinct sub-modules which perform respectunctions implemented by the
assessment server 200. It will be appreciated ttatboundaries between these sub-
modules are exemplary only, and that alternativeagiments may merge sub-modules or
impose an alternative decomposition of functiogadit sub-modules. Moreover, alternative
embodiments may combine multiple instances of équéar sub-module. It will also be
appreciated that, while a software implementatibthe sub-modules 802, 804, 806, 808 is
contemplated, these may alternatively be implenteateone or more hardware modules
(such as field-programmable gate array(s) or apin-specific integrated circuit(s))
comprising circuitry which implements equivaleninétionality to that implemented in

software.

[0056] It should be appreciated that the transaction ifiestion sub-module 802 identifies
transactions of one or more transaction types d@hatto be used in the aforementioned
analysis. The types of transaction identified bg transaction identification sub-module
802 can be based on the geophysical origin of tdwesaction, such as: domestic ATM
transactions; cross border ATM transactions; domesin-ATM transactions; and cross
border non-ATM transactions. Transaction types ¢@n used to identify particular
transactions as ATM transactions or non-ATM tratisas using merchant identifiers or

terminal identifiers.

[0057] It should be noted that the transaction metricwatoon sub-module 804 of the ATM
location assessment server 200 calculates a ddttedinsaction metrics for each type of
transaction. This is carried out by, for exampkdrieving global transaction metric data
representing a plurality of variables in relatiam ttansactions performed at particular

ATMs within the geographical location.
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[0058] In addition, the survival distribution generationbsmodule 806 calculates survival
distribution functions (SDFs) for an ATM clustering transaction metric data of ATMs
belonging to the cluster. The calculation can lmigariate analysis of the transaction data
performed with respect to a particular transactiogtric (e.g. amount of cash withdrawn

per day).

[0059] Finally, the score calculation sub-module 808 & #ssessment server 200 generates
failure probabilities for each ATM cluster usingettransaction metric SDFs generated by
the survival distribution generation sub-module .8B&ilure probabilities are calculated
using transaction metric state data (e.g. the é@apen of the transaction metric for the
cluster when the clusters are derived via the Kamdachnique). Furthermore, the score
calculation sub-module 808 also calculates a storethe location by combining the

various failure probabilities.

[0060] Whilst the foregoing description has described glany embodiments, it will be
understood by those skilled in the art that mamatians of the embodiment can be made

within the scope and spirit of the present invamtio
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Claims

1. A computer implemented method of assessing anfiat location for an automated
teller machine (ATM), the method comprising:

receiving, at an ATM location assessment servanstction data corresponding to
transactions in a geographic area including themi@l location;

receiving, at the ATM location assessment ser&&iyl data representing, at least, an
indication of a number of automated teller machimethe geographic area including the
potential location;

identifying, in a transaction identification modubf the ATM location assessment
server, one or more transactions represented hyahgaction data;

processing, in a transaction metric calculatiordate® of the ATM location assessment
server, the identified transactions to generatastietion metric data representing one or
more transaction metrics, said transaction meb&sg significant to the survival of one or
more ATMs within the geographic area, where thevigal of an ATM ceases when said
ATM rejects a transaction request due to insuffitiends being available at the ATM to
complete the requested transaction;

generating, in a survival distribution generatioadule of the ATM location assessment
server, one or more survival distribution functionkich model the survival of ATMs
within the geographic area including the poteritahtion with respect to the one or more
transaction metrics; and

calculating, in a score calculation module of &REM location assessment server, a
location score for the potential location using ¢ime or more survival distribution functions,
the location score representing the suitabilityhef potential location for deploying a new
ATM.

2. The method according to claim 1, wherein tratigas represented by the transaction

data are of a specific type.

3. The method according to either claim 1 or 2, nelme processing the identified
transactions to generate transaction metric datades:

obtaining global transaction variable data représg a set of global transaction
variables from which the transaction metrics caisdlected,

performing statistical analysis to identify onemore global transaction variables that

are significant to the survival of one or more ATMighin the location;
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selecting one or more global transaction variabkeshe transaction metrics based on
the statistical analysis; and

generating ATM behavior data including transactoetric values that represent one or
more behavioral states, where the transaction bhehakeach ATM within the geographic

area can be represented by the transaction meluew of a state.

4. The method according to claim 3, wherein the afeglobal transaction variables
includes a plurality of global transaction variabtelected from:

a. the amount of cash withdrawn per day;

b. the amount of cash withdrawn per day from allMsTwithin a predetermined
area (relative to the ATM);

C. the number of withdrawal transactions per day;

d. the number of withdrawal transactions per daymfrall ATMs within a
predetermined area (relative to the ATM);

e. the ratio of a/b;

f. the ratio of c/d;

g. the ratio of a/c

h the ration of b/d;

I. the ratio of g/h

J- the amount of cash withdrawn per day from aipaldr payment card;

K. the amount of cash withdrawn per day from aipaldr card and from all ATMs
within a predetermined area (relative to the ATM);

l. the number of withdrawal transactions per dayrfra particular payment card,
and

m. the number of withdrawal transactions per daynfra particular payment card

from all ATMs within a predetermined area (relatteehe ATM).

5. The method according to claim 4, wherein thebalotransaction variable data is
obtained from the transaction data, and/or the Adidta, for each ATM within the

geographic area.

6. The method according to any one of claims 3 jtavbBerein performing statistical
analysis includes applying generalized linear mo@eLM) analysis to identify the

transaction metrics.
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7. The method according to any one of claims 3,twlterein generating ATM behavior
data includes applying pattern classification arstgring to the transaction metric data of
one or more ATMs within the geographic area.

8. The method according to claim 7, wherein K-meahsstering is applied to the
transaction metric data to produce a predetermmadber of ATM clusters, each of said
clusters having associated transaction metric state representing a behavioral state of

one or more ATMs within the geographic area.

9. The method according to claim 8, wherein theeg&tion of the one or more survival
distribution functions is performed for each of thkee or more ATM clusters and using

transaction metric data of ATMs belonging to theM\Tluster.

10. The method according to claim 9, wherein theegation of the one or more survival
distribution functions includes:

i) processing, in the survival distribution geneamatmodule, the transaction data to
obtain data values for the transaction metricsacheATM belonging to the cluster;

i) censoring the transaction data values of eadtMAhat do not correspond to the
occurrence of a failure event, the failure evenhdelefined as an event which causes the
ATM to cease to survive;

iii) performing a univariate analysis of the trangon data in order to process the data
with respect to a particular transaction metric;

iv) generating a Survival Distribution Function (8Dfor the ATM cluster using the
processed and censored transaction metric daté&Sdfrebeing in respect of a particular
transaction metric; and

V) repeating at least steps ii) to iv) such th&[ is produced for each transaction

metric.

11. The method according to claim 10, wherein Kiaydeier analysis is applied to produce

the SDF for each transaction metric.

12. The method according to any one of claims 1Xpwherein calculating the location
score for the potential location includes genegpfailure probabilities using the SDFs of

each transaction metric.
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13. The method according to claim 11, failure ptoliges are calculated using transaction
metric state data representing a behavioral statae@or more ATMs within the geographic

area of the potential location.

14. The method according to any one of claims 123towherein the location score for the
potential location is calculated by generated failacore data representing one or more
failure scores for the location, each failure sdoeeng generated by combining the failure

probabilities according to a weighted sum.

15. The method according to any one of claims 24tpwherein the location score for the
potential location is the failure score as generatging transaction data corresponding to

transactions of a first type.

16. The method according to any one of claims 24tpwherein the location score for the
potential location is generated by combining a ity of failure scores for the location,
each failure score being generated using transedamta representing transactions of

corresponding different types.

17. An apparatus for assessing a potential locdtboran automated teller machine, the
apparatus comprising:

a computer processor and a data storage deVieeddta storage device having a
transaction identification module; a transactiontrinecalculation module; a survival
distribution generation module; and a score catmriamodule comprising non-transitory
instructions operative by the processor to:

receiving transaction data corresponding to tretitgas in a geographic area including
the potential location;

receiving ATM data representing, at least, andation of a number of automated teller
machines in the geographic area including the paddocation;

identifying one or more transactions representethb transaction data;

processing the identified transactions to generraigsaction metric data representing
one or more transaction metrics, said transactietrios being significant to the survival of
one or more ATMs within the geographic area, whkeesurvival of an ATM ceases when
said ATM rejects a transaction request due to figent funds being available at the ATM

to complete the requested transaction;
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generating one or more survival distribution fumes which model the survival of
ATMs within the geographic area including the patErocation with respect to the one or
more transaction metrics; and

calculating a location score for the potentialalii@n using the one or more survival
distribution functions, the location score représgnthe suitability of the potential location

for deploying a new ATM.
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