WO 2009/037081PCT/EP2008/061249 1 5 10 15 "Automated split ticketing" 20FIELD OF THE
INVENTION The present invention relates generally to the field of travel search tools, and more
specifically, describes a system that significantly enhances their capabilities by including automated
multi-ticketint Mt87%%hen searching for low-fare travel opportunities. BSBRBRBROUND OF THE
INVENTION Traditional travel agencies and othér travel service providers are using computerized
travel search tools to handle the travel requests of their customers. To be able to offer this service they
are generally affiliated with a GDS or global distribution system such as AMADEUS a world-wide
provider of WO 2009/037081PCT/EP2008/061249 2 technology solutions to the travel industry. GDS's
have large or very large proprietary computer systems allowing real-time access from all over the
world to airline fares, schedules and seating availabilities. They are thus offering the capability of
booking reservations through all sorts of travel service providers 5 including numerous online travel
agencies (OLTA) that now offer their services directly to travelers over the Internet under the form of
websites. An example of such an online travel company is Opodo at http//www.opodo.com.

Whichever service is provided traditionally by a travel agent, on behalf of its customers, or directly by
end-usersSConnecting to a travel site on the 10 Internet, both are using in the background the travel
search tools provided by the GDS supporting them. Using travel search tools and the software travel
applications of the travel service providers typically requires entering an origin and a destination city,
the corresponding travel dates, the number of travelers and a few other preferences. Then, exploring
its databases of schedules,
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15 “Automated spiit ticketing”

20 FIELD OF THE INVENTION

The present invention relates generally to the field of travel search

tools, and more specifically, describes a system that significantly enhances their
capabilities by including automated muiti-ticketing solutions when searching for
iow-fare travel opportunities.

25 BACKGROUND OF THE INVENTION

Traditional travel agencies and other travel service providers are using
computerized travel search tools to handie the fravel requests of 'their
customers. To be able to offer this service they are generally affiliated with a
GDS or global distribution system such as AMADEUS a world-wide provider of



15 availabilities and fares of flights, GDS travel search tools can return what are the-currently
available travel opportunities that satisfy the request. Although significant differences may exist
from one travel service provider to the other (in the way their tools and travel software applications are
designed anvﬁ]q’rﬁ?ﬂ%/ﬂ?é?géd, and depending on what GDS they are affiliatBd™ePaitHfthey have
however all in common the chief objective of provididg the cheapest possible travel solutions to their
customers. Travel cost is indeed the prime discriminating factor, if not the only one, for the large
majority of all BeEIHeSCANSCkIkeRe taveleriavaisiobjettveGDBowbaEe figfileddyveuyrdatdeavel search

tools on the 2% kasis et sindlierieigiroianonliviadong Wi tesshohenresn angtaingity A and a

destination city B. One or more flight connections, €.g.: through intermediate cities C and/or D, are

however often'BJigibfe BFeqaraeci!ss ane 39aYRe SusieBbRpsed ey ieBh RIS ige&E often the

case for overseasdiiginfsaPrasbrmy ruebRauiHyNhcag 0 enotarkical @Eeas dkethe folapean 30
community or in Nb%[thern America. E[gferienced trav,elerlgs ELE’QW that in this case, i.e., when one or
®

more fligh? colNEERENE AE BELSREHS SRFeAIRMRSS e BRSPS 5 B EF MRS Sr more
tickets and getjimsatialic drehezpetiraveisoiutior: Heteettibeyraplit thelsdites . \Withetherahowe example a

traveler WO 2 7081P T/EP2JQ§)/OGlZ4 3.ma ide, for example, to book two separate
round-trip ticke%s%%%% é)e m%%rﬁa\'&egcng %%?h@%ﬁ%r%%?%%%éﬂ%@hﬁo_ (or between A and D, and

D and B). Because of Wér@wmtmm df threreihty auitiorsliin bieatteaetlingastryorsseatlly with
airiines, the wer RANdindupbicmaydeke ahaniasenl bsmealiioas RrIFAEPCIRTES [pccreate a

lower overall airfare. Split ticketing can involve a single carrier and multiple carriers as we

Manual s}lit ticRESAGtisIdveTR LSRR MG SrkeeBtelisetianet sSSRIFARERNRIOYIERESYime since
each option myst lsrides separate nERMtReE ayslseasehdoaband saefullycherked:a make sure

that schedules and other 10 constraints are consistent (Is there enough time left to catch the
independently HEBREY ¥oh RE LR JF AR SSRHS B AP RS A YRATR) M A B HS S AR B AR e city
airport? And sarah 3. dodhaastivelyiirying afiresspbimaitionsotrauiess, tisatmetiatecitiasang airports
and the number_af tickets to,issue, i.e., the nuq:ber of gﬁg}rtitions. is not ﬁgl%/ati?e-con ming job it

also multiplies a‘%coer‘c'\{in%tig}etﬁe0 %elﬂfeﬁf E?E&Teqht?&tse u%”ﬁ?‘t%g m%adﬁ e° eaﬁﬂ% Foim the
computirigresevedebibfichestrdVielsereickigireyiders aral € BSsrdh genkrakre b tomanubbs@litticketing
would adversely affect eIt ComPHIRG JESUNSRSnities that satisfy the request.

Although significant differences may exist from one iravel service
provider to the other (in the way their tocis and travel software applications are
designed and impiemented, and depending on what GDS they are affiliated

20 with) they have however all in common the chief objective of providing the
cheapest possible travel soiutions to their customers. Travel cost is indeed the
prime discriminating factor, if not the only one, for the iarge majority of all
business and leisure fravelers.

This objective is however fulfilled by current travel search tools on the

25  basis of a single-ticket solution, often a round-trip ticket, between an origin city
A and a destination city B. One or more flight connections, e.g.: through
intermediate cities C and/or D, are however often possible or required if no
direct flight exists between A and B. This is indeed often the case for overseas
flights or when fraveling within iarge geographical areas like the European

30 community or in Northern America. Experienced iravelers know that in this
case, i.e., when one or more flight connections are possibie or required, it may
become advantageous to buy two or more tickets and get, overall, 2 cheaper
travel solution. Hence, they split their trip. With the above example a traveler



Indeed, the number of partitions to try is growing at an exponential rate when the number of possible
flights is increasing. The number of combinations 20 to consider is theoretically growing as what is
known in mathematics as the Bell numbers which give the number of ways a set of n elements can be
partitioned iNtE AYREHPY subsets. For example, for a number of flights rAhgifgHHEHHc1248 8, the
theoretical number of partitions are respectively 1, 235, 15, 52, 203, 877 and 4140. Even though not all
partitions need in practice to be considered 25 (disjoint partitions can be eliminated) the number of
cases that areragilafgits bierssateries RubOSYOWP WRBE R A daUAPProcEskatancsgskawedsither a

skilled travel agesner anindlvidal iedBiastice snouoh,timead dedinationdadny them

exhaustively. The problem of the large number of partitions to consider in the general 30 case has thus

prevented travel-sBRABESS RidRpsIPERITIaHAY af b REt SoRAIBIsHiR BRI RAISItEd and

straightforwarc:gpaticationief spit-iskeHaombocrsiatsin appsidenng (oatepedhr;singlerticket

solution, tge only. case af a multi-ticket ?olution made of two onﬁ-w%ickgﬁbetween the origin and
[

destinatioR citids"€'S PERFMEME DI thE FRIENT IR LB RYS Gl sBHBE G RlitorrS I %yREm that can
potentially hanidiesi casieglef aptikticketingiliipar derferbraaden the Sability of travel search tools to

deliver low-fare travel sglutions. ... .. .Embodiments of the invention also seek to allow considering all
ticket partitions withou s%%%chgﬁh;f}‘iE%F‘S&é?nﬁ%\%’%‘é%r%ﬁ%ﬁﬁ\{g*aﬂ S%S?gsé%%on? é%%é%% %rr%ﬁrLecessary
to achieve it. FIthérmshjéictekfentires sindadeahtagionftsplesdneihvsentonaiill rodnbéeome

apparent to the-nas;skHied i e AILIBRMFXABNRAYRY pfiRe followine deseription dp wisrence to the

accompanying drawings. It is intended that any additional advantages be incorporated herein.
SUMMARY OFONSE2ING BRETFORBSIABoURERTS SNBHShtEMid o rieah eriRdpreealEl search

tool booked connecting flight? Are the flights arriving and departing from the same
city airport? And so on.). Exhaustively irying all combinations of carriers,
intermediate cities and airports and the number of tickets to issue, i.e., the
number of partitions, is not only a time-consuming job it also multiplies
15 accordingly the number of requests thus the computing time reguired from the
compuling resources of the travel service providers and GDSs. If generalized,

manual split ticketing would adversely affect their computing resources.
indeed, the number of partitions 1o try is growing at an exponential rate
when the number of possible flights is increasing. The number of combinations
20 to consider is theoretically growing as what is known in mathematics as the Bell
numbers which give the number of ways a set of n elements can be partitioned
into nonempty subsets. For example, for a number of flights ranging from 1 to 8,
the theoretical number of partitions are respectively 1, 2, 5, 15, 52, 203, 877
and 4140. Even though not all partitions need in practice to be considered
25  (disjoint partitions can be eliminated) the number of cases that are actually {o be
retained is far beyond what a manual process can sustain. Neither a skilled
travel agent nor an individual have in practice enough time and dedication to try

them exhaustively.

The problem of the large number of pariitions to consider in the general
30 case has thus preve.nted travel service providers from offering a2 complete
solution other than a very limited and straighﬁonwafd application of split-
ticketing. It consists in considering, on top of the single-ticket solution, the only



15 aimed at providing travel opportunities. The travel search tool includes a ticket splitter operating
from a list of flight connections provided by a front-end flight search engine. The ticket splitter
comprises a means for valuating all ticket partitions generated from the provided list of connection
flights and a tree of split criteria updated in a cache for determining the partitions and attributing to 20
each patrtition a probability value of obtaining a split-ﬁcket solution. The ticket splitter also includes a
means for selecting those of the valuated partitions that have a probability value higher than a defined
threshold and prasedeSzarsattieitkist sbrdtommeizdelitpartitiersdg ddbatkmeddaretbeasdhiengine to
price all the selgﬁheg%g%té%rﬂsci@%qding a reference single-ticket solution. 25The tree of split criteria is
kept updated on the basis of the travel transactions processed by a global distribution system (GDS)

and kept maintained b&iBWas cvgielsl ofzthe1eenBothgastisblctie s o @feguitheatase BRI criteria is a

hierarchical laygygddsgeppidinedng erekiBoldingsesniit spieieratiy fh srerpasishpieRapility value of
obtaining a_split-ticket solution. 4a According, to a first aspect of the present invention, there is

provided a fravBPERARLBYST BREURAGARRT BRSO IRMITRE BaXFe Wi SRigin and a destination,
comprising: a flight sedatbedigieatbadinbaneantsitor deterviing allisiaidtigidiecognactioks, each of the
flight connection vin lurality of ights from the origin to.the destination through at least one
connection Iocaﬁlgo'ﬁ;%nﬁgﬁﬁé&%%@;nggeémg%grﬁ E e{ﬁgt 0 rﬁ‘%ﬁnc%ﬁ%séoc fg‘é‘;’ (5E Bgegr}:aég?a% for each of
the flight conneltierizecepsaraitg/ashiexetipartitions, each of the ticket partitions defining a partition of
the plurality of flights inFie epspgetine Highteanaeeindniaden!vraily pRckatsiming @imulti-ticket

travel opportunity , the 10 ticket splitter comprising, a means for determining and valuating all the
ticket partﬁ%ns%ﬁ@?ﬁ@@ﬁfﬁﬂtﬁ?eﬂﬁgt%@ﬁiéﬁﬂ'Egﬁ%}&‘ﬁ&ﬁtsy%%WHWH?W&&WHIH\TE% valuating
comprising a treesaigfilihcritesiefonceterthin g theptiokiigoartitiongsandion ritdedtingit@amach ticket
partition a probability value of gbtaining.a multi-ticket travel opportunity split according to the ticket
partition 15 tha?glgj'%%%pa(;%rv%ﬁﬁggssihegllg ?ﬁ:rlgg{?rtg\(iqeorpp()rtunity for the same flight connection, and a
means for selecting thege\afie\ieketattiigas\hatiyave a probability value equal or higher than a
defined threshold and for providing a list of the selected ticket partitions ; and a fare search engine

comprising means for det@cdinisgta eashioirentimtptisket teavehpppostnisias eerespating to 20
the ticket partitions in the list, and means for determiny cost for the single ticket travel opportunity
for each ofihe AL RRHIOTE, TAC RO g (e DAG o8l b JoURch e Sune avel

search tool by aotiteradpattimeirdinganisititiSigittravelesppostnitiesednblysin ffentieket igpbrtunities .
According to a sggrid P! hDGiBEESSRlHRreBINRHLRrS ISRENAAR] v AfRE I igidetecting

multi-ticket travel opportunities cheaper than single ticket travel opportunities from an origin to a
destination, a cBRAPIRBP SIRades &SRB UfiRgRIRYIRRStHISY ebsmisrtomdigissae detestifing a list of

flight connectiopgiiteastbref theidiehtcensections hrinainiplpbty affighisskonattheargimto the

destinatiop through at least one cannection location; generating, for 30 each.of the flight connections,

ety 2o REPhARARE B oY oL S P i S KRt kPt DS ot frahta

the respective flighitararise étcndatozaphangifpos st firosie ghtneuliiticked pactidlanspibrunity, the
have a probability value higher than a defined threshold and provides a sorted

iist of recommended partitions to a back-end fare search engine to price all the
selected partitions including a reference single-ticket solution.

25 The tree of split criteria is kept updated on the basis of the fravel
transactions processed by a global distribution system (GDS) and kept
maintained below a critical size by removing obsolete tree nodes. The tree of
split criteria is a hierarchical fayered tree of nodes each hoiding a split criterion
with an associated probability value of obtaining a split-ticket solution.

30



4b generating step comprising determining and valuating all ticket partitions from the list of flight
connections and from a hierarchical layered tree of nodes each holding a split criterion with an
associated probability value of obtaining a multi-ticket travel opportunity split according to the ticket
partition that is cheaper than 5 a single-ticket travel opportunity for the same flight connection,
wherein the valuating step comprises attributing a probability value to each of the ticket partitions on

the basis of node contents in the hierarchical layered tree of nodes; and, selecting those ,of the ticket
R f a%rs{f‘a oﬁet tﬁ % |§d

partitions that have g%% Sabi ﬁy value e&B%?%r ig Yef {ﬁsa’%n;—ﬁ l é’ﬁﬁgatheg oI , c)evs,(-z‘ﬁec"fling step

further includingyakiel 15=aeh ofaelovidingdingst idvhe setectedtitskaigimeitiorsn orighecandirg to a third
aspect of the PIRSRLINYENIPRL MRS I8 ﬂ@\ﬂ@%‘é@ﬁ%ﬁt{?H&eﬁé\F%mQ{Q‘?HﬁHgQFﬁﬁnﬂ{b g computer

readable stora&g medium, comprising computer readable code means for causm% the computer

processor to opfaté {fighmetrpaciownfadinrrfhdedisht srpmatianm festamhg Ble®ibrtAfaspect of
the presenginvéiion frdrengdsopicpvicetha deketapliteiriugteieriing snalidickaltisavetapportunities
cheaper than sin%I%tierP arvel ogfp Arr'][ur?ties from an ogqin E:[]? a desti atiorthhe ticket splitter
comprising: means Tor 2Bmmumeation Wi O?fligh? s&arth é%gir%’?g??e%& [ g%eﬁg{% fIngrrlt
connections, eaesrobfHdlitight consetitorsinalpdirajity plutakst ol@0dtightatiomnf thes didget to the
destination thr%ﬂ ; - W ' Te]a¥ n idgRerating, fol fash flight
connections, a plurla'%b?ﬁ%tirﬂ@gﬁr itjongﬂegﬁg %ﬁﬁfﬁe?g}gﬁgngﬁdtgﬁgni{% a arﬁ;iffggﬁgf the
plurality of flight®MeREYRERR&iPEFRGHt %?ﬁ@ﬁé‘ﬁrﬁﬂme?mwghwlﬁtﬂ%b%ﬁ?ﬁ%@@ mitMi-ticket travel

opportunityy theicreaapifisroenarMentCRMpESHY iRedRsaInAD GelevalnEmga akiating all the ticket
partitions generat .(%from the list of fIi&ht ccganec{icglsf sf?iqb{neans fcg determinﬁn%}and v?luating
comprising a trgg% Uit FRERLISH dXEiPmithg TR ARy NatRIBIRE AP for S@ALTIRRY S0 8ach ticket
partition a probdéititynirahgeanicobthiating asemptidicket traveloppid dritetia spit deteondinigddhbe ticket
partition that isghea [ i ' h ligh negction; and
means for selecting ti %@E 0 tahajI ﬁgléﬁétté %ﬁ%ﬁ%@h&% k%ﬁ/%%%%%ﬁ%ﬁﬁygvgfgggﬂﬁ%&gr%gﬁr than a
defined threshdlataRiebaprstbtisget s trerssteBtvdsitkagsardinghdo (voticket partition

2009/037981PEER200S4061248/P a single ticket travel opportunity for the same flight

connection, and a means for selecting those of the ticket partitions that have a
probability value equal or higher than a defined threshold and for providing a
list of the selected ticket partitions ; and a fare search engine comprising means
for determining a cost for the muiti-ticket travel opportunities corresponding to
20 the ticket partitions in the list, and means for determining a cost for the single
ticket travel opportunity for each of the flight connections; thereby, enhancing
the offering of travel opportunities of the travel search tool by automatically

including multi-ticket travel opportunities and single ticket opportunities .

According to a second aspect of the present invention, there is provided

25 a method for detecting multi-ticket travel opportunities cheaper than single ticket
fravel opportunities from an origin to a destination, a computer processor
executing the method comprising the steps of: determining a list of flight
connections, each of the flight connections having a plurality of flights from the
origin to the destination through at least one connection location; generating, for

30  each of the flight connections, a plurality of ticket partitions, each of the ticket
partitions defining a partition of the plurality of flights in the respective flight

connection into a plurality of tickets forming a multi-ticket travel opportunity, the



BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 describes what a ticket splitter according to the
invention needs as input and what it delivers to allow an automatic splitting of air tickets.  FIG. 2
describes the overall environment in which the inventiofbis preferably Soperated. FIG. 3 shows how
ticket splitter is organized. FIG. 4 describes the steps of the method for valuating the partitions.

DETAILED .DEagn%er’Emg\R}ﬁ-ﬁ H‘gglc?e‘%@}\]ﬁﬁﬁ SHpuan, tfnli emg?g&?géﬁf%i GG 10

accompanying drawings ption inc es exemp nts, other embodiments

are possible, aﬁ@dﬁrﬁéé@ﬁf&%pb@mt@%é@mmﬁﬁ%’m%éﬁmﬁ e ehtngslgargagfrom the
spirit and scopgQithg ¥eRtQRerion w:t'ﬁ'@n %J%&n%e%??ﬁ%\ﬁéh@ﬁ?a&@‘%? 8B %ﬁﬁh@@%@@cordmg to

the 15invention needs as mput and what it delivers to allow an automatic splitting of air tickets.

Input to the tickitK&Hhittee fBP[FPl%I}*Lﬁé@c%l%é’ﬁ‘f?%%IFB\Xﬁﬁgf’ﬁﬁ“E}ng"tlQQHéWfEt'BPQW%Q%sﬁ%ﬁ’é‘ flight
connections (1k0}itegredicka desenatmrcltw@ (fblék)wﬁcmrae ariin eiynsdicky) woessiblytircluding

returning from B tﬁﬁthro h the 2r0 ame ectlonég) t ﬂlu% XVhen Ee%‘r'?ﬁ“”t%ﬁo fly from A to
B a traveler is genera ea With a I|s FuBities oftén'inc Ing one or more connectlons

(116). Connectmtmleedeterthﬁnbaslw aﬁweﬂm@arﬁ%ﬁeﬂws%@rquwpm@meme@ ineelechvailable to
travel agenC'esn%r&é@rQN&P'@éI9&5?@’%%@&%?%é’%x@k@%&ﬁ%é%@“gﬁﬂé{\}é‘%"&RJE)%‘BlIW%iQ@Ckground

section. GDS's, 25 that implement very large computing resources, manage their own databases of

flight schedule LM S0 SRRRATRENAGFIRRIAESHE s %ﬁ’l‘%ﬁﬁﬂ?esﬁaﬂﬂﬁ@@%’ﬁﬁiﬂqa}gmﬁ the proper

travel search sefapaseprpptioadianssttedipbrosltesaznnidieeséattiahned that best fulfil traveler requests.
Then, on the basis of the provided list of flight connections the ticket

According to a third aspect of the present invention, there is provided a
computer program product stored on a computer readable storage medium,
comprising computer readable code means for causing the computer processor

to operate the method as defined in the second aspect.

15 According to a fourth aspect of the present invention, there is provided a
ticket splitter for detecting multi-ticket travel opportunities cheaper than single
ticket travel opportunities from an origin fo a destination, the ticket splitter
comprising: means for communication with a flight search engine for receiving a
list of flight connections, each of the flight connections including a plurality of

20  flights from the origin to the destination through at least one connection location;
means for generating, for each of the flight connections, a plurality of ticket
partitions, each of the ticket partitions defining a partition of the plurality of
flights in the respective flight connection into a plurality of tickets forming a
multi-ticket travel opportunity, the means for generating comprising means for

25 determining and valuating all the ticket partitions generated from the list of flight
connections, said means for determining and valuating comprising a tree of split
criteria for determining the ticket partitions and for attributing fo each ticket
parfition a probability value of obtaining a multi-ticket travel opportunity split
according to the ticket partition that is cheaper than a single ticket travel

30  opportunity for the same flight connection; and means for selecting those of the
ticket partifions that have a probability value equal or higher than a defined

threshold and for providing a list of the selected ticket partitions.



30 splitter (100) is devised to deliver a comprehensive sorted list of ticket partitions (120) susceptible
to provide cheap single and multiple ticket solutions. The recommended ticket partitions are
established by ticket splitter which, as further WO 2009/037081PCT/EP200 /1161249 6 explained in
the following"tfé 3849338 continuously observing GDS travel transaction #&fEPgHMHErS4fp-to-date
information on how to best split a ticket. In the example of FIG. 1 three partitions are thus
recommended (122) when flight connection considered is C (116). The three recommended partitions

of this 5 example inclygs ecsieta-eureip dekeASRBBGAMACE., actually, no partition; a single

partition made of two Grie-Way TICKETS (/ an . and a single partition made of two round-trip

tickets (ACA) an& (EBiegeribes Wirrtirprhighe coniféRtiapcrr einshitht folfyaniipo riepdsf a8emner two

recommendedzpayiionstalsiase Rraneesh(3dtdie ahnvey arsindiewadnd- 10 trip ticket (ADBBA)
and two one-w!g ticketr%?;:ADBg and éBA%éare proposed. Recommended partitions are sorted according
to a computed p?/r%b%\lﬁi GPERCOEsS (87%) RINYHEPEIERh Ry Nich the Ve Rk B B 8kdrall
environment inowéietethe invention is preferably operated. 15A system according to the invention
imbeds a tickek?@ligerhgv%g)nawteg(‘att gq%?é?aéicallg r|‘or0\c/jiding multi-ticket solutions in the framework of
a travel software a‘ppﬁcatlon, ?yplg:a?y oW s SELTER dpplication (200) of the kind mentioned in FIG.
1 and in the backgréuas sdmivtid siwckard Searchtbpplicatieh itigus aceessinie. from the computing
resources (222) of the travel service 20poviders (220) client of the GDS (240). End-users (230) are

typically either travel dgEAt!haRdH

ey RelIeests (232) on behalf of their customers or travelers
booking directly their trigg frfb@mhgniingdiarel aniefipro\iden Engiisfls, ravetseryicg,providers
and GDS are all interconnected in any combination of private and public networks including the
Internet dd 9BCOMRRNIESe HRYEITSI sEHYIBE stAfdardesroteldls inBRIHfRE theSfePPEeries of
protocols suppstitsaithehnicaietaseh M OHRe bRsivaies edwarks daawels Travelsendge grovider

(220) is typically a world-wide-web or.web server. Web, the most spread application of the Internet, is
a client-server%reo ongogf)ﬁifﬂ\?v%% $r6ft5ecr%%€ﬁc\?ew\}e\t‘/{é%%age&ag'r%gp%]?pa ethal 'gg@'?gf\ﬁ%?%daéﬁﬁe server to

the 30 computingmnésources of the client, e.g., to the personal computer of the end-user (230) running
an Internet browser or navigator in order to display them and to allow booking of a trip. Alternatively,

travel service providerfi$operétigifsikergabgicdmpeltiig syistem ( €0§), eoeprie & rfnframes,

used to sggve @lantion needs as input and what it delivers to allow an automatic splitting of

gentsihan

air tickets.
Input to the ticket splitter, further described in the following figures, is
the list of ali possible flight connections (110) to reach a destination city B {114)
from an origin city A (112) possibly inciuding retuming from B to A through the
20  same connection(s) or not {118). When requesting to fly from A to B a traveler is
generally provided with a list of opportunities often including one or more
connections (116). Connections are determined by any standard travel search
ool like the ones made available to travel agencies and provider of travel
services by a few GDS's already mentioned in the background section. GDS’s,
25  that implement very large computing resources, manage their own databases of
flight schedules and availabilities and have also access to all airline databases
so that, with the proper travel search software applications, trave! routes can be
established that best fulfil traveier requests.
Then, on the basis of the provided iist of flight connections the ticket
30 splitter (100) is devised to deliver a comprehensive sorted list of ticket partitions
(120) susceptible to provide chéap single and multiple ticket solutions. The
recommended ficket partitions are established by ticket splitter which, as further



equipped with dedicated terminals running non-Internet protocols. The front-end part (201) of the
travel software application imbedding a ticket splitter, e.g., the low fare search application (200) is
therefore as®U& G Pfépare, as already discussed in FIG. 1, the list of fighti€atitéehistts (202) used
as input to the ticket splitter (210). The flight connectfons, corresponding to each specific end-user
request and forwarded from the travel service provider (224), are determined through traditional
methods and texhiditjeds icartied Mlipbynstatestriptoart fightuezursly tobisetvinbe GBSIs aflight

database contgas,(eaLh 49y ﬂ%&gg@ég%ﬁ%%ﬂ sralapIsee sl fBaishare gused or

made accessible from the GDS (240 arge reliable computing and storing resources

(242) in a 24-HBErexaApIe-ahy Swe BReR R Hitna e ribde WeseniRRoascEssib s dlighe travel
service providegnridies ebinadakes. ©the-fgsisil thediohicpnrreieRs (aRRIISPEAWded for the

current 15 end-user request (224§ ticket splitter is able to deliver a list of recommended ticket
partitions P2045 FHORIGHFHED & RISATLPIGIE TRASHUHSHP 25 tHe 16w RaEANardh BRI 205), i.e.,
the back-end padinjithedavidarenaearoh @pphcation Thkiw factseachBDgNaoperaegin a

conventional way.from one or more databases of far, 06 Uable, like the flight databases, from
20 the GDS (2%%%‘.'%8{88, ﬁgﬁwgert%?rﬁﬁtg% C%%{sst @fs%%}tﬁé(ﬁg@ olutions, including single-ticket
and multi-ticket solutioN&cats Tigponornetddbyith® ticket feplittew 624 OpoTtmwifolbds trgtutwed (226) to
the intermediafg trayelservice provider (220) which cap fonmard in tur recommen oriced travel
solutions (234) to the énéﬁr-usgr WE‘O aginit%at}g t%}e)requ(grsti 'anlgépﬁ)%é%c %5 %l%m%%g his takes

generally! the f6ffn Fke Wt 5ER) tRatiS s slageeon sHela s eBmpitei Bbieart Anepaatvely, display
of the found travgl sialEaREds sanadR tBRMeRH dl-adrave] agent hangdlingiavalsh IRAUSStS.

The split criteria used by ticket splitter are derived from the observation of the traffic (244) of travel
transactions pRYSSESSd IPHE B 8GHER B are 30 regularly updated so that the recommended

partitions are kept conﬁj‘?ftsgrt é’?tshcs%% Egalctual alrlln(?'I traffic condltéons and ct al carrle{. seat

availabilities. Also, as %cussed, o BERAa T8 ERESH ﬁ?ic\é’ 'By & fé%eé.ég)%h’%ngine \We
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15 A system according to the invention imbeds a ticket splitter {210) aimed
at automatically providing mulii-ticket solutions in the framework of a travel
software application, typically a low-fare search application (200) of the kind
mentioned in FIG. 1 and in the background section. Low-fare search application
is thus accessibie from the computing resources (222) of the frave! service
20 providers (220) client of the GDS (240). End-users (230} are typically either
travel agents handling travel requests (232) on behalf of their customers or
travelers booking directly their rips from an online travel service provider. Enc-
users, fravel service providers and GDS are all interconnected in any
combination of private and public networks inciuding the Internet and
25 communicate through all sorts of standard protocois inciuding the TCP/IP series
of protocols supporting the Internet and many other private networks as well.
Travel service provider {220) is fypically a world-wide-web or web server. Web,
the most spread appiication of the Internet, is a client-server protocol in which
interactive web pages are put together and forwarded by the server to the
30  computing resources of the client, e.g., to the personai computer of the end-
user (230) running an Internet browser or navigator in order to display them and
o allow booking of a trip. Alternatively, iravel service provider is operating from
a legacy computing system, e.g., comprised of mainframes, used to serve all



8 (205) are retrofitted to the ticket splitter (207) and contribute to update the split criteria. FIG. 3 shows
how ticket splitter is organized. The main component of the ticket splitter is a cache of split criteria 5
(305). At any point of time the cache contains only a selected subset of the huge potential amount of
available dataaR&E60M be used otherwise to split tickets. The cache is E6ASEARIFREBtipdated by
the corresponding function (315) on the basis of all the travel transactions handled by GDS and of the
information retrofitted from the back-end fare search engine as shown in FIG. 2. 10 Also, the cache is
maintained (3109, &y ctoagenty@hlbpietgss vhidonrgaivnaiior-aniveqdsidly of quiiciet agitxpired, or

because cach@é&g{gggos{é%ﬁglgr WA Rgﬁ_ﬂﬂémg%&%ggjgd limit and must be cleaned. The cache

is structured as a layered tree (350), further described hereatfter through an example, in order to
optimize memory usadé'artPis-aneveie (BaritntVaITaNEh SSRYREH GPPECBYEX FEaRRRY Sk arches

among the curigrslyspiieel SRiit SR fare sAlkRRpGHasiBRIoudhe fpRtoRAe 4351hbalththe criteria

retained tq split tickets. A computed probability value of successfully getting a cheaper split-solution (in

a range 021 vetSeRefe FORIGHIFSOIERORGE Kihbhed dhedEhHdl ﬁa@iﬁﬁ't@ﬂarﬁaﬁ?ﬁ&ﬁqﬂode is the
entry node for dl searchestie thekseepBdi haso Assotigie boniterioiorandattagheddugbability is null.
Hence, in this ex%m%ljcta%g;.a Ia%ared tree of stolit riferia, the fiést layer giscr'\minator is the country (360).

Node split critéfion i |§'Fa§’er oS invones & u%%aﬁ%ffﬁ r.%‘:p gné%\lgnéeé\gﬁga%{??ﬁ E,HCA) and
Frange andf Urﬁ&ééi)saaee@e@@ﬁ?iuei}.tfmﬁisghrtmdﬁm‘ ' ; (B&dihixia mfmmm wAnicRchoLUf -j:npf(;er stetar(éh
can be perfor . r r | 0 not to be
further Tefined o e R Y T i i

example}.ton tHigkbrkEH28eE dasberivge Gnthevalptiiiey«a (BEP)%llats relpnighevssia criterion
down to the citylayanid/ GandRossily gawn tathe saeisi380hand gt Ievsls (B90)sdhe nodes

contain, 30 respectively, couples of countries, cities, carriers and flights from where splitting can be

done each witF'A N EBEMEE D IAERDilty & AEM FE YU AT 2T ROTE FRIRG TR zero to N
nodes per layagavileside seshsiisi¢ipdafiethaM@2089/03 40 REdH- RRAN8/66H2A89S.

On the basis of the flight connections {202) thus provided for the current
15  end-user request (224), ticket splitter is able to deliver a list of recommended
ticket partitions (204), including no-partition (single ficket solution), to the low
fare search engine (205}, le., the back-end part of the low fareg search
application. The low fare search engine operates in a conventional way from
one or more databases of fares (206} available, like the flight databases, from
20 the GDS (240). Hence, it can determine the cost of all the travel solutions,
including single-ticket and multi-ticket solutions, as recommended by the ticket
splitter {210). The whole is returned (2268} o the intermediate trave! service
provider {220) which can forward in turn the recommended priced travel
solutions (234) to the end-user who has initiated the request in an appropriate
25 format. This takes generally the form of 2 web page that is displayed on end-
user computer screan. Alternatively, display of the found travel! solutions is done

on the monitor of a travel agent handiing traveler requests.
The split criteria used by ticket splitter are derived from the observation
of the traffic (244) of travel transactions processed by the GDS. Criteria are
30 regularly updated so that the recommended partitions are kept consistent with
the actuai airling traffic conditions and actual carrier seat avaitabilities. Also, as
further discussed, the best travel soiutions priced by the fare search engine



(315) from the GDS transactions (317). When initialized, the cache contains only the root node (351).
It is worth noticing here that the criterion pair and probability value held by a parent node are kept
consistent with the ones of the corresponding child 5 node(s). Especially, refining split criteria by
searching doVWhZ8BESF split criteria must also lead to increase the probB6iliEFYIREss¥he split
criterion. Hence, the probability value of a child nodeBis always larger or equal to the one of its parent
node as this can be seen in the example of FIG. 3. Moreover, children nodes always inherit of the
other charactetiiiosaot trastopiagenionbeetche Sritienda8hertd sioniiwitméol todheedhehspitaintenance
function (310) fokeep node contents consistent. Especially, when a node is updated if computed
probability becomes equal or higher than the ones of its children nodes those latter are removed. Tree

leaves are typically presentigralliayein atkae drpReAs Brijieke@xample of FIG. 3, so that searches
need not generally to be conducted down to the lower layer, i.e., the flight level, while reaching a level

of probability higher thaiea YRIENGFBRABIARY Hrddhdigheferrtiliat SsPrifha e elibwieie
Probabilitys valy@oaitashemjomaeh sfottedstastvally: éheormtmbesngen brbwmbrissdlasioméinator of the

iois th ber of de split 20 criterion | I d. by tick li deli ick
parttion i oUBLRCTHE FURBEA(GH I EHRARELE B2 e A afB o DO SROAPRIFIG. 2
determines thaﬂmmq?mmmgqoanmmﬂwmtamm deyivieetive chsapeshmiliitioket travel
solution. The %q?g%bov%ﬁ %ﬁg't&?daﬁytﬁ_@et%%leﬂg&%éﬂénﬁ H%‘ﬁ%ﬁ @glggzr%'?éh&]i ds%gcﬁ]sesful nodes

are frequently up 25 increasing probability values. It the corre Ing node does not exist,

it is created. It§ AR VRuESrafbiashseite RdmatssnstémensrrycOATBB S GREIGWINBUTUESSful nodes
see their-probatiity yaluasHecieasingsinge ey jﬁ?%ﬂ_@m&u@%w@é@s Bstegangypll be

eventually removed b?{ the maintenance function (310). Maintenance function also keeps track of the

30 memory siZEMESEIS thETthok e PNIESr RAM S RIEHICAT H563TE AN ISIVETNHBEe FHBbability
values are toogiose tatbecones @ifbeispasarRionades ang remnevesd ficgdecausadhey ge net

g L A R —
of FIG. 3 is usedafTis grarmpie Eoositezarcanete usagse shibtaamndatripdridin\Nekafisance to
oo ool TRAGR (£06 W ST LR Der PRIRUE IRE BUrR A Srd Iah{ Bignational AT
All tree nodes below the root node (351) hold the criteria retained to
spiit tickets. A computed probability value of successfully getting a cheaper
spiit-solution (in & range 0-1 versus the non-split solution) is attached to each
node and split criterion. Root node is the entry node for all searches in the free.
20 It has no associated criterion and attached probability is null. Mence, in this
example of a layered free of split criteria, the first iayer discriminator is the
country {360). Node spilit criterion in this layer thus involves a country pair, e.g.:
France and Canada (FR, CA) and France and United States (FR, US). This
latter node (361) is a leaf node from which no further search can be performad
25 sothat, if reached, split criterion cannot be further refined (and/or need not fo be
further refined because the attached computed probability is already high, e.g.:
0.8, as shown in this exampie). On the contrary, the other node of the couniry
tayer (362) allows refining the spiit criterion down to the city iayer (370) and
possibly down to the carrier (380) and flight levels (390). The nodes contain,
30  respectively, couples of countries, cities, carriers and flights from where splitting
can be done each with an associated probability value. In the general case,
there is anything from zero to N nodes per layer while the cache is updated



5 NCE and '(MO. A connection through-PARIS (IATA city code: PAR) is the first item on the provided
list of flight connections (322) used as input to the partition valuation function (320) so that the
corresponding complete round-trip route is: NC E - AFO01- PAR - A0O001- YMQ + YMQ -A0002- PAR -
AF002- NCBYO Xj#@rd98Fxxx and ACxxx are flights operated, respectiveRE B§BANIaRde and 10
Air-Canada. Then, the three flight couples that can b& valuated are: Couple (AF001, A0001) is
valuated at O because tree search stops at country layer (360) where there is no matching node. The
expected node & hiFeasé wotildDdrdrRaERBRIA). thdhelvdsitmtzdstHee neerheconthiprobability.
Because value,is | j sitive value greater than 0 and less than 151) it is discarded.
-Couple (Aco%ﬁﬁggg%??sﬁdgﬁé%ﬁt 0.3 because the expected country layer (FR-CA, CA-FR) is
indeed found (362) with AraEchetcsiabisfitfiaalne ofterioDephessbpchhiyibitiveluededn however

successfully praceegs st AbHE £UY 1ayetesRamisigrerneeiesknode sFAREMAGNMGHRAR) is

found 20 with an attached probability value of 0.15; then at carrier layer (380) where éxpected node

(AC, AC) R alS¥PR5URY vwrith &FiakitadRan R0 BRI Riet 622 RO hidoMfervItR PatRibventually
retained for the:ceresprrding digHcagpltsreasd AR QLo REAR)val (e0up g éADNA 26 AERSR) is

valuated at O tpp since expected.country layer 25node, i.e.: (CA-FR, FR-FR) is not referenced either.
As above, this%%ggqs 8%55?%@% 'E’i}ﬁe’@%ﬁ}é ?S%Jfﬁmémﬁ_%mlaggeg PERAFBF théRreeabove
searches, two ¢édtnraaerdedopartipisiareavahmisekfonthisdirskflightecofifg Gtidh: Mthregeserence
no-partition casg; - - “YMQ-F C V. i t to 1. --the split partition
corresponding‘_gtﬁ)Ii |d%ﬁ:%ﬁ%e%%%&%%@?@%eoﬁﬁ%ﬂ%??\:/év%ﬁyﬁ%v%@%%ﬁ tasre(’?\}é’ﬁgﬁi -YMQ) and
(YMQ-PAR-NGEPNeaRichst lasich assengrida hs exslhdnewtabevenceynction (310) to keep
2009/037081PSoHEREARGHO6L2ASstent. Especially, when a node is updated if computed

probability becomes equal or higher than the ones of its children nodes those
latter are removed.
Tree leaves are typically present in all layers of the tree, as in the
15 example of FIG. 3, so that searches need not generally to be conducted down
fo the lower layer, i.e., the flight level, while reaching a level of probability higher
than a given probability threshold referred to as Pmin in the following.
Probability value attached o each node is actually the ratio between
wo numbers. Denominator of the ratio is the number of times node spiit
20 criterion is actually used by ticket spiitter to deliver a ticket pariition in output.
The numerator is incremented each fime the fare engine (205) shown in FIG. 2
determines that the corresponding partition indeed allows to deiiver the
cheapest mulii-ticket trave! solution. The information is retrofitted by the fare
engine to the ticket splitter so that successful nodes are frequently updated with
25  increasing probability values. If the corresponding node does not exist, it is
created. Its initial values are inherited from its parent node. On the contrary,
unsuccessiul nodes see their probability values decreasing (since their
denominators are growing fasier) and will be eventually removed by the
maintenance function {310). Maintenance function also keeps frack of the
30 memory size used by the ticket splitter. When a critical size is reached leaves
whose probability values are too close to the ones of their parent nodes are
removed first because they do not significantly contribute o increase the
searched probability values.



11 The second exemplary item on the provided list of flight connections (322) includes
connections through PARIS and NEW YORK city (IATA city code: NYC) as follows: NCE -AF001 -
PAR - A0091 - NYC -AC101 - YMQ +-AC102 -NYC -A0092 - PAR- AF002 - NCE 5Then, five flight
couples can¥§€ ¥it{atd¥! -Couple (AF001, AC091) is valuated at 0.8 becGIEHBESLSA ¢ stops at leaf
node (FR-FR, FR-US) of country layer (360). -Coupl€ (AC091, AC101) is valuated at O since expected
country layer node (FR-US, US-CA) cannot be found. 10-Couple (AC101, AC102) is valuated at O for
the same reason: couniiidesyey rodeiftEtiatiAc @S ptaomothe deamgl aGoupe (ABIT0A AC092) is

| luated t - - f ither.
Couple (nCoor Ao B A e ot 2 R B R ey
of country layerrasasnRbiERg Here #hadied fdes afbasotsribated)¢low MeiRI@ISFRY FR-FR) is
indeed the same.s Rqde (FRRBHSRIUS) shauabiFKas3634hh) Tehesgdlighteorplesyaluated at O

are discarded since they are less than Rmin. Two valid s Iit&\gints are left corres ondin% o flight

couples (AF00N CFoAE 04N arki QRRBSEOM FBRPB T i WA e BARIS s ives the

following five regamymens eeprididons sgraluesaections (322) used as input to the partition
valuation function (320) so that the corresponding complete round-irip route is:

NCE - AF00T - PAR - ACO0T - YMQ + YMQ -AC002 - PAR - AF002 - NCE

where AFxxx and ACxxx are flights operated, respectively, by Air-France and
10 Air-Canada. Then, the three flight couples that can be valuated are:

- Couple (AFG01, ACO01) is vaiuated at O because tree search stops at country
layer (360) where there is no matching node. The expected node in this case
would be (FR-FR, FR-CA) that does not exist, hence the null probability.
Because value is less than Pmin (2 positive value greater than 0 and less than

15 1) it is discarded.

- Couple {ACOG1, ACO02) is valuated at 0.3 because the expected country
layer (FR-CA, CA-FR) is indeed found (362) with an attached probabiiity valus
of 0.1. Depth searching of the tree can however successfully proceed; first at
the city iayer (370} where expecied node (PAR-YMQ, YMQ-PAR)} is found

20 with an attached probability value of 0.15; then at carrier layer (380) where
expected node (AC, AC) is also found with an attached probability value of
0.3. It is this latter value that is eventually retained for the corresponding flight
couple, i.e.: (ACO01, ACOGZ). |

—Coupie (AC002, AF00Z) is vaiuated at 0 {00 since expected country layer

25 node, i.e.. (CA-FR, FR-FR) is not referenced either. As above, this case is
discarded since value is below Pmin.

Hence, as a result of the three above searches, two recommended pas’titions'

are valuated for this first flight connection:

—+he reference no-pariition case (NCE-PAR-YMQ-YMQ-PAR-NCE)} whose

30 value is setto 1.

—+the split partition corresponding to flight couple (AC001, AC002) resulting in
two one-way tickets: (NCE-PAR-YMQ) and (YMQ-PAR-NCE), vaiue of which
is set to 0.3 as explained above.



- The reference no-partition case (NCE-PAR-NYC-YMQ-YMQ-NYC-PAR-NCE) whose value is set to
1; and following single and 2-split partitions: - (NCE-PAR)(PAR-NYC-YMQ-YMQ-NYC-PAR-NCE)
value = 0.8 25 - (NCE-PAR-NYC-YMQ-YMQ-NYC-PAR)(PAR-NCE) value = 0.8 -
(NCE-PAR)PARMYEHIMQ-YMQ-NYC-PAR)(PAR-NCE) value = 0.64 (8X(:B)008/061249
(NCE-PAR-NCE)(PAR-NYC-YMQ-YMQ-NYC-PAR)Malue = 0.64 (0.8x0.8) In the general case, value
of a n-split partition is the product of the individual split values. 30Valuation of the partitions as in the
above example is thusTashired d\elzergosresipendorg tﬂmqii@méééaobi@noﬁh&'@@ts&ﬂﬁé’dﬁ@mit criteria
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function (325) mehNé'rfﬁbaes“qﬂawaons having a probably of success too low before their submission
bt G RS e s e
5  Then, five flight couples can be valuated:
—Couple (Ar001, AC091) is valuated at 0.8 because tree search stops at leaf
node (FR-FR, FR-US) of country layer (360).
—Couple (AC091, AC101) is valuated at 0 since expected country layer node
{FR-US, US-CA) cannot be found.
10 —~Coupie {AC101, AC102) is valuated at O for the same reason: country layer
node {(US-CA, CA-US) cannot be found.
—Couple (AC102, AC092) is also valuated at 0 because expected country layer
node (CA-US, US-FR) cannot be found either.
—Couple (AC092, AFD02) is valuated at 0.8 because iree search stops at leaf
15 node (US-FR, FR-FR) of country layer. t's worth noticing here that tree nodes
are not oriented, i.e., node (US-FR, FR-FR) is indeed the same as node
(FR-FR, FR-US} shown in FIG. 3 (361).
The three fiight couples valuated at 0 are discar‘ded since they are less than
Pmin. Two valid split points are left ovrespommg io flight coupies (AFOCT,

20 AC091) and (AC082Z, AF002) both with a connection in PARIS. This gives the
following five recommended partitions and values:

—+ The reference no-partition case (NCE-PAR-NYC-YMQ-YMQ-NYC-PAR-NCE)
whose value is set 1o 1; and following single and 2-split partitions:
—+ (NCE-PAR)(PAR-NYC-YMQ-YMQ-NYC-PAR-NCE) value = 0.8

25  —« (NCE-PAR-NYC-YMQ-YMQ-NYC-PARKPAR-NCE) value = 0.8
—+ (NCE-PAR){PAR-NYC-YMQ-YMQ-NYC-PAR)(PAR-NCE} vaiue = 0.64 (0.8x0.8)
— ¢ (NCE-PAR-NCE){PAR-NYC-YMQ-YMQ-NYC-PAR;} vaiue = 0.64 {0.8x0.8)

In the general case, value of a n-split partition is the product of the individual
split values. ,

30 Valuation of the partitions as in the above exampie is thus achieved by
the corresponding function (320) on the basis of the split criteria currently
contained in the cache from the provided list of flight conneclions (322). The
recommended ticket partitions are further filtered by the partition selection



5In the case of the above detailed example the sorted list of recommended partitions is thus as -
follows: Index Value Item number (of the provided list of flight connections) Recommended partition 1
(1) (1) (NCE-PAR-YMQ-YMQ-PAR-NCE) 2 (1) (2)
WO 2009/637681 PCT/EP2008/061249
12

function {325) which removes partitions having a probably of success (oo low
before their submission to the fare engine. Hence, a sorted list of flight
connections with recommended partitions (327} can be delivered, e.g., to the
low-fare search engine (205) shown in FIG. 2. '

5 in 'the case of the above detailed example. the sorted list of
recommended partit’ion.s is 'thus as follows:
index ltam number (of the provided list of flight connections)
Value Recommended partition
11 (1) | (1) | (NCE-PAR-YMGQ-YMG-PAR-NCE)
2 1 {1) 1{2) | (NCE-PAR-NYC-YMQ-YMQ-NYC-PAR-NCE)
3 1 {0.8) [ ({2) | (NCE-PAR)PAR-NYC-YMQ-YMQ-NYC-PAR-NCE)
4 | (0.8) | (2) | (NCE-PAR)(PAR-NYC-YMQ-YMQ-NYC-PAR-NCE)
5 | (0.64) | (2) | (NCE-PAR}PAR-NYC-YMQ-YMQ-NYC-PARYPAR-NCE)
6 | (0.64) | (2) | (NCE-PAR-NCENPAR-NYC-YMQ-NYC-PAR)
7 1 (0.3) (1)  (NCE-PAR-YMQ)YMQ-PAR-NCE)

FIG. 4 describes the steps of the method for valuating the partitions.
The ticket splitter from the tree of spiit criteria (350) shown in FIG. 3
performs valuation of the partitions for each item (400} of the list of flight
10 connections (202) provided in input by the front-end part of a low fare search
application as discussed in FIG. 2. All items of the list are successively gone
through (402}, A standard flight search engine (201) of the kind shown in FIG. 2,
can easily deliver a list of flight connections comprised of several thousand
items for a single travel request {up to 75 combinations of connections,
15  schedules, classes, elc., are possibly considered in each direction which, when
combined, give 75x75 = 5625 combinations). Up 1o several hundreds of
thousands of combinations may have ¢ be considered in the worst case.
The purpose of the valuation is to atiribute to the recommended
partitions a probability value of successfully getting a cheaper splif-solution than
20 the single-ticket soiution. Hence, the single-ficket partition is always added to
tnhe iist of recommended partitions as a reference with a probability value of 1
{410). Organized as a tree of split criteria {0 speed up searches, the partition



(NCE-PAR-NYC-YMQ-YMQ-NYC-PAR-NCE) 3 (0.8) (2)
(NCE-PAR)(PAR-NYC-YMQ-YMQ-NYC-PAR-NCE) 4 (0.8) (2)
(NCE-PAR)(PAR-NYC-YMQ-YMQ-NYC-PAR-NCE) 5 (0.64) (2)
(NCE-PAR)(FARNEEMQ-YMQ-NYC-PAR)(PAR-NCE) 6 PCT/EP2008/061249
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valuation function is thus able to process a very large number of flight
connections. The current flight couple from where a split or partition of the ticket
is atiempted is used for searching the tree (420). Examples of flight couples

appear in the detailed example of FIG. 3. All combinations of flight couples are

exhaustively tried (422). Tree depth first search of all possible partitions (430)
consists in expioring all possible split positions in such a way tha{ when a flight
couple ts not split-able, or as soon as probability value is found to be less than
the threshoid value Pmin (440), the exploration is stopped and next split
posiiion is attempted (460). Probability value is temporarily stored (450) to allow
evalualing the overall partition probabitity values.

For example, if four consecutive flights are considered there are three
pessible flight coupies and three split positions successively referenced, e.g.: 1,
2 and 3. Then, the depth first search for partitions expiores the split possibilities
in the following order: 1, 12, 123, 13, 2, 23, 3. if, e.g., value of split at position 2
is fower than the defined threshold Pmin, split 23 will not be searched and next
spiit position is tried (480) if any is left.

Then, partitions probabilities are vaiuated from the above retrieved
probabilifies of flight couples. The partitions that have a probability vaiue larger
than or equal to the defined threshold Pmin are added to the ouiput iist of
recommended partitions (470}, Each time found probability value is below
threshold the current tree search is ended. Overall valuation process ends when
all flight connections have been tried (480). It is worth nofing that n split points
generate 2"-1 partitions.



(0:64) (2) (NCE-PAR-NCE)(PAR-NYC-YMQ-NYC-PAR) 7 (0-3) (1) (NCE-PAR-YMQ)(YMQ-PAR-NCE)
FIG. 4 describes the steps of the method for valuating the partitions. The ticket splitter from the tree of .
split criteria (350) shown in FIG. 3 performs valuation of the partitions for each item (400) of the list of
flight 10 connections (202) provided in input by the frbat-end part of a low fare search application as
discussed in FIG. 2. All items of the list are successively gone through (402). A standard flight search
engine (201) of the kind shown in F1G.2, can easily deliver a list of flight connections comprised of
several thousand itemsforasingletravef request (up to 75 combinations of connections, 15
schedules, classes, etc., are possibly considered in each direction which, when combined, give 75x75
= 5625 combinations). L;Ap 5 Rtal Htfrads thousBREE of CoibiTétisis mBy Havetb-bes
considered inthevgerst zaser 1ginl hepurpdse of the vatuatiomisrtcsatigbute to the recommended
partitions a probability value of successfully getting a cheaper split-solution than 20 the single-ticket

solution. Hence, the singlectighkat-nartitiog s always added-to-theist ofrecammendgd paytitigas as a
reference wit . pgbablity velte 91t (4101, Organizeg as.a rge of spl eleria o speed up searches,
plurality of flights from the origin to the destination through

at least one connection locaticn;

a ticket splitter cperating from the list of £light
connections to generate, for each of the flight connections, a
plurality of ticket partitions, each of the ticket partitions
defining a partition of the plurality of flights in the
respective flight comnection into a plurality of tickets forming
a multi-ticket travel opportunity , the ticket splitter

comprising,

a means for determining and wvaluating all the ticket
partitions generated from the list of flight connections,
gaid means for determining and valuating compriszing a tree
of split criteria for determining the ticket partitions
and for attributing to each ticket partition a probability
value of obtaining a multi-ticket travel cpportunity split
according to the ticket partition that is cheaper than a
single ticket travel opportunity for the =ame flight

connaction, and

a means for selecting those of the ticket partitions
that have a probability value egqual or higher than a
defined threshold and for providing a list of the

selected ticket partitions ; and



WO 2009/037081PCT/1LP2008/061249 13 valuation function is thus able to process a very large
number of flight connections. The current flight couple from where a split or partition of the ticket is
attempted is used for searching the tree (420). Examples of flight couples appear in the detailed
example of FIG. 3. All combinations of flight coupleslare 5 exhaustively tried (422). Tree depth first
search of all possible partitions (430) consists in exploring all possible split positions in such a way that
when a flight coupleds retrsplisable;ior assioon asoprobability vakeeis fdend téebe fessithan the

threshold valye, Pmin (440} she.explorationds stopped apd next.split 9@5“@5\:@&%@99& (460).
Probability value is temporarily stored (450) to allow 10evaluating the overall partition probability

values. FOFexXarfipR; iffoaF tbnSBeutive fifhts'ardcorfbiderdtiierd fe HRESTIULLIBR fight

couples and three sglixposiionsisurtessivehetefereacet], exgooi;2@hd/3. fEhens dloe depthtiirst search
for partitions %@8@5 %ﬁggttggigpilities in the following order: 1, 12, 123, 13, 2, 23, 3. If, e.g., value
of split at position 2 15 is lower than the defined threshold Pmin, split 23 will not be searched and next

split position is tried tAEEFRANySBHERC1NT FhEn AF&RiibRE REbAPATES FERATAtREH6M (e above
retrieved probatilitiesasfflightccatiples cHie partitionsthatihave a prababiityyaldelaiger;thiesror equal

to the definedttpgggliolgp?)g%&@&dedsedag%t 8&‘;3%“%'!1%]9@ goorecglm@r%ntdled partitions (470). Each

. = EHED .
time found probability value is below threshold the current tree search iIs ended. Overall valuation
process ends when all flight connections have been tried (480). It is worth noting_that n split points

generate 2n-1 partitibhs. 14 WHATTSCLAIMER 1! 1.70¢avePEeafcittSbl providifigtravel- s

opportunities ticket splitter comprises a cache where the tree of split
criteria 1s kept updated on the bkasis of travel transactions

preocessed by a global distribution system .

3. The travel search tool of claim 1, further
comprising a critical size for the trees of split criteria, where
the gize of the tree of sgplit criteria is maintained bhelow

the critical size by removing obsolete tree nodes.

4, The travel search tool of claim 1, wherein the tree
of split criteria is a hiervarchical layered tree of nodes each
holding a split criterion with an associated probability value
of cobtaining a multi-ticket travel opportunity cheaper than a

single ticket opportunity for the same flight connection .

5. The travel search tool of claim 4, further
comprising means for ending searching the hierarchical layered

tree of nodes at first found leaf node .



between an origin and a destination, comprising:  a flight search engine having means for
determining a list of flight connections, each of the flight connections having a plurality of flights from
the origin to the destination through at least one connection location; a ticket splitteroperating fromthe
list of flight connections to generate, for each of the flight connections, a plurality of ticket partitions,
each of the ticket partitions defining a partition of the plurality of flights in the respective flight
connection into a plurality of tickets forming a multi-ticket travel opportunity , the ticket splitter
comprising, a meahs for @eterminirigrand valuatingcdll the dicket pertitionsigenéerated fronhthre list of

flight connections, spid means.fos determining and y@é@i&%gor&%i%&@é%%@'itz%r%}sﬁécfor
determining the ticket partitions and for attributing to each ticket partition a probability value of
obtaining a multEiickat (PR ppBuRity Spiit §8g&dﬁfg {BA KB Pt tiits BhedfBPthan a
single ticket travet opporturaty=for the same flight connection, and a means for selecting those of the
ticket partitions that have a probability value equal or higher than a defined threshold and for providing

a list of the selected-ticket paditions ;-ade14a seaafare seakch engine comprising mgans.for
determining a cost for the muIti-tic}get travel oggortu%ities corresponding to the ticket partitions in the

list, and means o7 determining & costfor th& smyie tickettFavel opporilinity for cath of the fiight
connections; crrtharebyt enhandcihgthetdfferingebftravekdppartubitiesioithe sevetisearchi twol by
automatically daclydingsopulti-tigket avelopportypities and singleticket OpPOHUNIties ; ¢ 1% Thetravel
search tool of claim 1, wherein the ticket splitter comprises a cache where the tree of split criteria is
kept updated O the BASIS Of travel HaHaACHERB D rocELEsT by XgIbBAFdRETG HoIF EFstam and 3,
Thetravel searth tooksktlasn 1L, further.comprising a critical size for the tree of split criteria, where the
size of the tree of split criteria is maintained below the critical size by removing obsolete tree nodes.

8. The travel search tool of c¢laim 4, wherein the
hierarchical layered tree of nodes includes a root node from
where all searches start and wherein gplit criterion layers
include splitting on the basis of a country couple , a city

couple , a carrier couple and a flight couple .

2. A method for detecting multi-ticket travel
opportunities cheaper than single ticket travel opportunities
from an origin to a destination, a computer processor executing

the method comprising the steps of:

determining a2 list of flight connections, each of the
flight connections having a plurality of flights from the origin

to the destination through at least one connection location;

generating, for each of the flight connections, a plurality
of ticket partitions, each of the ticket partitions defining a
partition of the plurality of flights in the respective flight
connection into a plurality of tickets forming a multi-ticket
travel opportunity, the generating step comprising determining
and valuating all ticket partitions from the list of flight
connectiong and from a hierarchical layered tree of nodes each

helding a split criterion with an associated probability wvalue



4. The travel search tool of claim 1, wherein the tree of split criteria is a hierarchical layered tree of
nodes each holding a split criterion with an associated probability value of obtaining a multi-ticket
travel opportunity cheaper than a single ticket opportunity for the same flight connection . 5.
Thetravel search tool of claim 4,further comprising rhgans for ending searching the hierarchical layered
tree of nodes at first found leaf node . 15 6. Thetravel search tool of claim 4, further comprising
means for endinggesrchingsthe hierbrchicat laereddreel ofmgdes-ahparenspoie ikaosratoning node

can be found in adown layer.. .7 Thetravelsearch togkaf claim 2,furthey compyising refrofitting

means for providing multi-ticket travel opportunities information determined by the fare search engine

as an additior&Esis FEFGEdETG theffBe RS pReSReha He re TR i HEansBERE Fetieen the
fare search engine:anddhestieket splitieti ses  8.zkhetiavel isearch teelakelaim<; wierein the
hierarchical layergdJeee. pl npdagdacludes atantods, roquwhers all searches sigriand whgrein spl
criterion layers include splitting on the basis of a country couple , a city couple , a carrier couple and a
flight couple .t2¢ Bl RERbdTBIdSREARGMUIITR Keftragslaspporitifities cheaper than single ticket
travel opportunities from an origin to a destination, a computer processor executing the method
comprising the steps®etect idgternihingea kst of fight cohrieetions;eaichi ohthe fhght conmections

having a plurglity,ofiflights, from the ggin tothe,dgglination hroughAatleast pne gopnectiop:jocation;
selecting step further including the step of providing a list

cf the selected ticket partitions .

10. The method of claim 9, wherein the list of selected
ticket partitions is enriched, for each of the flight
connections, with a reference gingle-ticket partition whose

prchability value is set to 1.

11. The method of claim 92, wherein the step of wvaluating
all ticket partitions is accomplished by depth searching the
hierarchical layered tree of nodes for each flight couple and

for each flight connection in the list of flight connections .



generating, for each of the flight connections, a plurality of ticket partitions, each of the ticket partitions
defining a partition of the plurality of flights in the respective flight connection into a plurality of tickets
forming a multi-ticket travel opportunity, the generating step comprising determining and valuating all
ticket partitions from the list of flight connections andiféom a hierarchical layered tree of nodes each
holding a split criterion with an associated probability value 15a of obtaining a multi-ticket travel
opportunity split according to the ticket partition that is cheaper than a single-ticket travel opportunity
for the same flight cd@nectibie whetdindthe Valuktiig Step consprises attrilnitingea probakilityhealue to

each of the ticket partitions onithedasis ef-nade eonfsatsinithe higrarchicaklayered,tree pf ngdes ;
and selectingthose g heticket partitions that have a probability value equal_or higfher than a defined

threshold , th& 53i&ctiHy: Step’ furtier iRERTding e St&p Bt proGidind aamt of thé SetcdRd ticket

partitions . 10. The method of claim 9, wherein the list of selected ticket partitions is enriched, for
each of the flight corrfectiohs, Withialietsre e Sirrjle- tiekeE paktitici wiride probabilitgorauess set to 1.

11. The methed:ofphain 9: whereinthe step ebvaluatingalkbtickeiHeartitions s accomplisheg-Ry depth
searching the Oigrarc_‘c&fgicﬁalnlayeggga trece of ngggs fo}g gaechsflight coygle and fotr eac@lflight %%nrgiection in
the list of flight Connections.. 1 TIPS elfiod of &im 10-WhéieT depth s2arching e
hierarchical ls#/eretddicw of motes iststerfupted edehitine? agprobability value lower than the defined
threshold is found . 13. A computer program product stored on a computer readable storage
medium, comprisingicomputes readablel codeapeanstfortausing tescampuier preGessorta pperate the
method accorlgérg}%g%la{]%/tc});n%g Hée 8'1_3" o St%z?:ﬁ%zlzg a multi-ticket travel opportunity

split according to the ticket partiticn that is cheaper than a

single travel ocpportunity £or the same £light connecticn is a

numerical value between 0 and 1.

15. A ticket splitter for detecting multi-ticket travel
opportunities cheaper than single ticket travel opportunities

from an origin to a destination, the ticket splitter comprising:

means for communication with a flight search engine for
receiving a 1list of £flight connections, each of the flight

connecticns including a piurality

v of flights from the origin to

WL 2

the destination through at least one connection location;

means for generating, for each of the flight connectionsg, a
plurality of ticket partitions, each of the ticket partitions
defining a partition of the plurality of £lights in the
respective flight connection into a plurality of tickets forming
a multi-ticket travel opportunity, the means for generating
comprising means for determining and wvaluating all the ticket
partitions generated from the list of flight connections, said
means for determining and valuating comprising a tree of split
criteria for determining the ticket partitions and for
attributing to each ticket partition a probability wvalue of

obtaining a multi-ticket travel cpportunity split according to



14. The travel search tool of claim 1, wherein the probability value of obtaining a multi-ticket travel
opportunity split according to the ticket partition that is cheaper than a single travel opportunity for the
same flight connection is a numerical value between 0 and 1. 15. A ticket splitter for detecting
multi-ticket travel opportunities cheaper than single ticket travel opportunities from an origin to a
destination, the ticket splitter comprising: means for communication with a flight search engine for
receiving a list e flighticannections; eachrefthedlightaparectnns mnchidiag-a piwalty effights from
the origin to t ination through at least ane connection location; means for generating, for
each of the fli%%%gfgéﬁgéggngf) % p%{%l%litsf Foﬁ?t%%étgggrtﬁi%%%?%aﬁﬁndf tﬁrédticket partitions defining a
partition of the plurality of flights in the respective flight connection into a plurality of tickets forming a
multi-ticket travel op[BGftRity. the fifedr e oty ehBrag ontiifsing: fttins #6r Gaterffifing Hd
valuating all the tieket partitidrs-génerateddiom thedisi bf flight coneationshsaid meanstfoied
determining and, valating comprising a,rge of split criteria jor dgferrgﬂgr!gﬁtgﬁet&cé%e& patitions and for
attributing to each ticket partition a probability value of obtaining a multi-ticket travel opportunity split
according to B7*the“iéKet partition that is cheaper than a single ticket travel opportunity for the same
flight connection; and means for selecting those of the ticket partitions that have a probability value
equal or higher than a defined threshold and for providing a list of the selected ticket partitions.



