C 14 June 2006 OPTIM ZED SYSTEM AND METHOD FOR FI NDI NG BEST FARES Fi el d of
the I nvention The present invention relates in general to on-line
transportation reservation processing and, in particular, to a system
apparatus and nethod for providing automatic 5 determ nation of the best
fares tor an on-! ine reservation or fare inquiry. Background 1afJunée006
[nvention COMMIBPaRfr QEMMMSAﬁBMMHbﬂFWF!NDN@BESMI@ZS

comuni cations fie finition, a network is a group of conputers and
associ at ed devices that are conriéeld efthenventignni cati ons facilities or

| I nks. Network %@ﬁ@&ﬁ@t.{@%&%&e gerérat%pat -TRO€hs gﬂﬁétféﬁevebc?%lbnas vi a
‘tabl es, can be a tenporary nat.ur such connections nade through
t el ephone cprosgissieg @sls il parkeularNetawysks, mrledlwtmdzfér pioryigmg aatdrertil ar ea
networ k ("L OI’ISI ew g r. tions and rel ated
devi ces; todAalt\ter’")m tonacr’ etél Q%t%befkor(a"\ﬂﬂﬂ%gpﬁwaﬁm?ﬁt%g1 Cﬁﬁ cts conputers and
LANs that are geographi cal |y dBaggrauedof the Iavenéomt e access service ("RAS")

whi ch interconnects 15 renote conputers via or ar cormun cat i nks.
An i nt er net wor k CORFRYifaHoN peWERS afrr“gt"ﬂfhbo"ﬁ’fmn‘hf ??‘BP%‘?%C(? ft'/ﬁgci]k

both sim| as aeﬁhldérﬁszt Kehvdtk 9% FRER Sof onfrteyApe asch:aEdaU&cﬁﬂi&s tthat are
facilitate data transfer and convérsi on from various net wor ks. %V\?I | -

known abbr ¢negeies by feommunecatiapspiacikties, fdinksr kiefwork CHWH@P“U"S,&@" Pféntly
under st|god, petfifientC ARtlfedlsh@E ds 8 Mablb Ot &7 BEE ‘ber 6f &F t%mb@ral;)h‘ﬁatﬁfél | @i ign of
networks and routers that use the 20 I nternet Protocol ("1P") along with
hi gher | evebnmpebensaoids though wkephdns otwawtms EnksoriNet@otks may vEryon 6€el ft9mt er net
Protocol ("TCPLLP") or for /

Cooey TPy e sradstiod LTy oSREVERS0E i ok Rofsdfibns SHARER o,
expl osi ve gtre@wshtdwwweratdaatewborl\I('SNabr"} whxy:h tnttcdcnmtects computtrensd Ladattked

t hr oughout t he vvor Aa the Internet has o@?‘égﬁ the . Wrld 25 Wde
Vieb (" VWY 35 SRR 5°a 1T HISPERAS: %8 ODYSRECRST IS WhiE! SUHRRTEES or

"hyper tigxt "refiQ6 ‘é&ﬁﬂﬁt&s'\fh %F&Tﬁ&m%ﬁlkﬂﬁ)ﬂ“ﬁﬂg Uagfinferddhbbek) intthad] isdihe
electronically served b sites" throughout the Internet, The Wb has

qui ckly bedeinasal m@bwieatomm REFHOTE, !mﬂsawhatd'clﬁylmlﬂﬁrdrryrmtqnaﬂf BRIV | ar ge

part to itg, ?&H&L Iyl tfé( R data ek lahy c}vx‘?verg@rl Fr%ﬁ{ vdri&h?h&%tt&n ARwély-vari ety

of formats. make i nformation available over e b, user typically

conposes aksewn alibréwghnfagtes 'termmtneavcek p‘o’éb@meb'h A8 want’syi @I‘@lebymdnthe

,|[ (r;t ;arhget S%{tﬁﬂ zedFtI:cr?rY I"frjt?emét re eF:-s to the c\%te)cttsdnto rgs an rou?%rsS iy fle &gnnect ed
20  Internet Protocol ("IP") along with higher level protocols such as the Transmission

Control Protocol/Internet Protocol ("TCP/IP") or the Uniform Datagram Packet/Internet
Protocol ("UDP/IP") to communicate with one another.

The Internet has recently seen explosive growth by virtue of its ability to link

computers located throughout the world. As the Internet has grown, so has the World

25  Wide Web ("WWW" or "Web"). The Web is a vast collection of interconnected or

"hypertext" documents in HyperText Markup Language ("HTML") that are electronically

served at "Web sites" throughout the Internet. The Web has quickly become a popular

method of disseminating information due in large part to its simplicity and its ability to

deliver information in a variety of formats. To make information available over the Web,

30 a user typically composes a set of "Web pages" which are posted on a Web site by an

Internet Service Provider ("ISP"). A Web site resides on a server connected to the

Internet that has mass storage facilities for storing hypertext documents, ak.a. "Web
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Internet that has mass storage facilities for storing hypertext docunents,
a.k.a. "Web -1 14 June 2006 pages,” and that runs admnistrative software
for handling requests for those stored hypertext docunents. A hypertext
docunent normally includes a nunmber of hyperlinks, i.e., highlighted
portions of text V\/ndL%h i nk the docunent to anot her hypertexti4@uaero0s
possi bl y st @rss," aandathe bursi ddemisibisewWe aofwer tdhehahat perlink is
associ at ed .]Bei?te?t %H%i for rIl?iesou,r ce Locatorﬂgail" URL' F%hg{#%?%?%egto{eﬁe
exact |ocation o & F I ik SdYPERR desimesh narmadly vegludes s memberdoft oy perhiaks, .

| nter net ande.deighlighbaispdriiensAFeiWAch [THRUSe dodlie ert ext docunent
is retrieved fromany Wb server, the docunent ?g%e‘{(}:lgﬁ)g'ihpc{fpregﬁstd8mﬂﬁem
bR aa We

retrieved fPom B §ids elsesvharel apvibelntamete Enctehygeipkes dssodatelD@URENt S

from t heS V&b, Usifoem, R&oMIE L destor ¢l "surf the Web," via a Wb
browser. A Vb browser. such as %%Jgsgilggdprm SC:%‘I" GEEFY locqioprabcbe nkgd
I nternet ExPICUEER! 8F 2piesise commrcied UP. the iternenand dbdcEb&ethe dosureriOf THA! €

program i npleFend.esd ient. i.e.,.the user's conputer, cell phone
or other client éevihgée(e,n%? t\(gﬁ%rugrl\?hﬁés gtréervﬁﬁtﬁ%‘élanﬁs‘g’f’b ipRveh flbg doqun@or iy t o

the Web. Ugensidergditoshe retriovad fiven teeWelyi a the Web browser, the Wb cli ent

accesses 15 and y i.eves the desired hypertext document fromthe
A B alﬁos”?"ﬁ'gtotrﬁ[é‘e"mpcﬁé’ﬁt dasememse diventhe aleb, d.epraotsee®  known

appropéiﬂate Wb server
as HypéePRTextloWednsfsarl tRe W&C0Via @ WET Browser. HR Tl i aher -1 ey r.at ocol
than TCP/ | %mf E@Sicg?ed s&eci fi calrlvglselfg? Pﬁg%r%%h%?lgl}r%%ﬁﬁ%fﬂ‘tp e V\eb.
It is used GRS TOPICRG I:t'fl"manéllit@lrﬂe'ny|dﬁ&3<pt0¢a\©rt dioc ph@aitcem'sbe e aik
servers anchiGbb@ssr, i2Q@ Qv t. th b, i.nformatjon stored on
the Internet was genér al | yt ats)etegt??%\éﬁ?ﬁmﬁ% tﬂ]geda d2i %Er%‘e%r‘lfed}‘? dsefiange

t he i nf or mERTPRHTpFEPhoad opather aligbt deivice, fotprowide a gRGRSSAkY; ihRrARNUa Y

configure th@eWeh, si iting its HINM, code. However, at the present
stage of develﬁop‘?r%n%J bgnngt%HEeS?%g’, tlhﬁ%?ﬁ'; %B’esl\qv Flégr Wrsei itheeWay shiert @cesssesent
that changey weseadibegesredaypaext doduiieat ﬁ@&itﬁ@%@géﬂéﬁ%‘\ﬁeﬂﬁer\oﬁ%s}?ﬂ Offger on

the user's pent device and the Wb site. se dynam c hypert ext
docunent s grﬁg f\((}\%e hI% d{?ﬁﬁmt iapd 2 PWé"C&f’fmaﬁHaSerpexﬂéexpﬁ oasfoe Bratecob("HiTITPaY of
di fferent H&EfRassa hsghehles] Pbidesi ehn CPAER e Lnterface ("C3™")
scripts processed by a Wb lzer.ver or Ioca{9 asng?l}spii\%yﬁnﬁgts%%ﬁcaﬁﬁ\/@gﬁf pt
processed BY'EMRBE Hrigad¥eb: Hireussd ovdnp of TEEPI onrangfeah@fert:a doetmesk- based,
and I nt er netweasedelsaay Sheser Vi ces, 30 such as a travel service offering
ti cket22<j for transportation, including airline tickets, train

At the advent of the Web, the information stored on the Internet was generally

static in nature and if one wanted to change the information provided on a Web site it was
~ necessary to manually configure the Web site by rewriting its HTML code. However, at
the present stage of development on the Web, many Web sites provide dynamic content

that changes depending on a user's interaction between the Web browser on the user's

25 client device and the Web site. These dynamic hypertext documents are well known in
the art and may be produced in a myriad of different manners, such as by using Common
Gateway Interface ("CGI") scripts processed by a Web server or local scripts just as

JAVAScript processed by a Web browser.

The present invention relates to network-based, and Internet-based travel services,

30  such as a travel service offering tickets for transportation, including airline tickets, train
tickets, bus tickets, ferry tickets, etc. to customers over the Intemet. With such a service,

a customer, using a computer connected to the travel service via the Internet, can
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tickets, bus tickets, ferry tickets, etc. to custoners over the Internet.
Wth such a service, a custoner, using a conputer connected to the travel
service via the Internet, can -2 14 June 2006 purchase itens from a
dynami cal ly changing inventory including airline tickets, train tickets,
bus tickets, ferry tickets, etc., or conbinations thereof. Tygikalel2006a
travel servp@ehase QORSTRNEE dhbdicallF el REGGOTRUYEE Ry LRSS NaAltoR fyst em
("CRS"). ACRS is a syster?gervi c)g thgt .gco_m’runlpcat es g\./viat travesl' rezllg%nts
t ranspor t at ¥GASpRUsVickas derby ticksisysteear enfhiatippsatheraeth Jywicelly.priveldiendce
up-to-date dap&atePWHikeal Qhurkied tdol L:pat.d Ofn {s , Cy@rising a
trip), scheduFe (datle gnd trlérrp of0 P[r%il}vrg ahgﬁ&gggptcpfe{gg)f zf'trl p%ra
fl'ight), rayplem/sesnkrechat frampgingpies wathitohveiragents whispbrtationquosidan cese)viasnd

avai | abigl i t i I tihcular tripg or flight to provigde

‘accommdat i f}c'!;rn (hgt Sétﬁ F’%ﬁ’ f“@’}g ?%Foésl"ﬁlg £ar Larss ﬁg‘é[hf 6“5%r (ﬁﬁ‘@gﬂ’?g“’ﬁh‘?fgr"“‘s

i nf or mat i orcoirgrigngitdgyl sthedtlh&dERend yimkhd atrﬁ\&haﬁﬂ)ﬂéﬁ&hh@rbf%ﬁibicﬁrfﬁgh?,
S0

typically ro third rtjes; . however, a travel service can_ a

cooper at e \]/r\nglte% P‘%‘f'ﬁgfmﬁa%”éﬁ&@%%’fde' dhigh ciicumstprges) a"gaﬁ"’é By (ePpdiyt fong
speci fic reghakilansly asilipet weebviahidoainfodaiish &hepdrfiaN&! fare§ 8% Vdspéhse 4G as
di scount cont ragﬁs igr I ncentive prograns. Accordingly, an |Internet-based

service caf'fifve forwation WeRigV I iPBs CBE bydhe trarspprationtcemiprsatxpiqnily ces.
The bug OnemoﬁghVﬂhfr@'f'(BHRi@&; Hfwedert Eﬁx‘é%l seficé! daff als3 cﬁﬁght% %}\ ottl{}?ﬁgtagz[s@s,

nuner ous ways 15 o roviding the sane or a sim product to'’t he
consuner atld asa logal ydatgbagsre Besting Bpesific islatianshipsrbetivden earriprsedndrtbntassl it nay
be cost eff{gecil ' | 1 nvent o differently. For exanple, in
the case o% a%tr’?élﬁ%ﬁe%rée?gsc{e)grﬁactg #tgaﬁgs?grtl%%xﬁ&t}r%g s é(/%ﬁ% ‘Fﬂ%’l’ta"a{msg‘c?ﬁgﬁggr can
travel fromerpios cdn have eccpmitnmaBy seurgrsedtarribieinvenhey Bntfreses.of airline

carriers, di ffﬁéel?t' travel paths hub[I ocatj on tﬁnd other particulars are
consi dered. For [¥HTSIFEL08oimst pha travel servigs ‘Sé”%h £ tBeJF aFe HEREMS Wa¥egrrent

from pos nt ofprb@dpQitht saBe BRY sMala efPPSHIEE Ik YonsBREQS 8 vhiidlP of fideb.] De
carriers, and the |like. Further, conmpounding price variations are price

sensi ti vi t [eSamghiRyenc BisfsraReRcl, may (be, cesh ¢ifestiemde Rrisedsiméad ifentory cket s
reserved PRGRIERBY.C Fof OaHfRRTH Hettabd FRainfRdblhRRald Yo ABREPL] i scount
progr ans nelgotei a% edovvi th i’rllqli \?i cziiua _ %‘5( ri e%cgﬁgg'#ls’ p’ﬁritﬁrgbgpg#. %g%s?{ﬂghéej price
of f ered bycRsmensan trgeal iogepoim] A ¢o paiet B & gred? Svheh segembef of aientarigrsiray have

associ at edgBgh: @lvel %dgn%aggé- or high or.|low volune, sales. .ln addition
1 t trave Lo ;
there are numerous c@anssUn%r rfo\?%ﬁné@;?%?reﬂaghcg%? c Uk ders ﬁf 3 729 cing as
wel | . Bbnethe prisuofer partiedldr geatritesegmdhvirat abine Ao 36ine Bi iy @zﬁr{ @bnsadegHbyen item
of invent or y. gi ffertent | y. For Ex?m)l £ in the case of airline tickets, a
COnSUmner IS fjme, airline cartiers, and the Iike.  Further, compounding price vanations are price
sensitivities, which can reflect, e.g., an increase in demand for tickets reserved proximate
to departure time. Additionally, incentive and discount programs negotiated with
individual carriers can further affect the price offered by a travel service. Also, certain
25  classes of inventory may have associated high or low demands, or high or low volume
sales.
In addition, there are numerous consumer driven preferences which can affect
pricing as well, Some consumers will value individual characteristics of a given item of
inventory differently. For example, in the case of airline tickets, a consumer may not
30 value when the flight (flying from one place to the next) takes place whereas another
consumer may value a particular carrier over all others. These preferences can be

factored into flights offered when the consumer specifies the preference. For these
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30 value when the flight (flying fromone place to the next) takes place
wher eas anot her consuner may value a particular carrier over all others.
These preferences can be factored into flights offered when the consuner
specifies the preference. For these -3 14 June 2006 reasons and ot hers,
there are nunmerous factors that can affect the value of the SgnMRne”006
sim | ar~end product. Furthernore, in a conventional Internet-based travel
service, a corpssamgrané mtlers thewesry nepenmid factornfhar cat dffeor tionelaE bf NG sdasiok ed
suppl i er inveghg}l Yen ar}d Lhe i nternet-based 5 travel service queries a CRS
for inventory natf%%u that specific query. The CRS perforns a search
of its database tothrthadndm,txnrae&nffmiohdidmﬂmer-yasadndramtsewm& AcsBEbdenssl O
the Internet-based trayv service for vie t he consumer. However, a
traditional @Ss%cégr . W?qrf?a?@s‘ﬁ’&ﬁﬂmﬁcﬁlcﬁr anﬁéPW %/é“‘ief“ﬁf"t e theriaremenbased i on

resul ts frsomttdeel dendée guesies b mfmﬁ@emmwmawahafspwmqwg Thé€Rrs10
sane end produgft to the cci__n gi . there are an incal cul abl e
nunber of OIS 3 peRiRYy Ol ﬁ?%ﬁﬁ? n&ﬁ fﬂ’ftth%ﬁéﬁn‘HTcﬂF@r?eW?UiWF)m iers,
travel routeshe dieknottiedd PRI tdreidd ?Jrsvx@fnﬁw ®&ON&E e6tsBeler. THUSevel QT i RGRIAGM C
reasons, the CRS typically spends a fixed anount of tine searct}rn ng 1ts

dat abase for G 1 BiP9SE Foid ueirgs EmEcduery. Consequently, when a CRS '
returns results t @m |ii@MEA reS@is\ioRPrhk Pact BEPRAOS S AN s @?ﬁ@? feeturns -
I cu .

15 very |limted and usual |y non-optim zed results for tha
query, silfipl yearpeeed)geodugide ths eanyurpess rﬁﬂr@ﬁﬁmnleothem;imatcalmdalﬁé npmbaldﬂ e

inventory el %H?mostrmpfrgﬁ p%‘?rﬁ'}‘-\.ct%ﬁgnm héh &lﬁg}él‘lg sug?(% 1} ve %xdt erCRS

mat ches the quéery does not’ appea e resul
Thus, it woupytibdaisaretaingidered.t Bhysy @vcmowmamnaehembbmwspandmrfﬁed

exhaUstlve [ C sta roh|b| i ve 1 ngreases
in CRS sear cﬁﬂg%)ﬁtf tide SQA}%}LHJ f &%Hbayeq-ﬁls%? %%Fulpl)f @\’H [5? ol %‘Hﬁ‘l’r‘e&%benef i t
woul d enri chwhheadlﬁﬂsmmns resdipeaniscnoel aaaﬂce:bﬂ&e;ﬁumed"ltol ¥ queey) WhedCRS tréta.ﬁﬂé
addltlron?% ons %a g «ﬁrure rggea& Clger]f rrlg%E AdltlonaII?/ is well
known in hev%{?’ L84 PEfply Fpu-optipizs BUlii%y et B H fuewapigg Yfl??FaH"SE)ut es

t hat pass t hﬁml@bryapﬁm&iahorsei cdlﬁb@@ﬁhﬂQ@tplo%mQﬂlﬁb@r}bﬁéﬁ‘}&ﬁﬁcﬁ%eofehﬂh& and a
25 destinati I'n contrast, by explicitly enunmerating all the possible.

comnbi nat i ons‘g‘&a eelb SOmE dpYRateRY ek TsGhgt Hic gisin Sees ' apesandns therrgsult set

desti nati on, relimddsbyRREERBI THL ididitl bdBenkRABI 10 %lﬁ"ideBé semc@ c%%l% drlaFornd |
price) route(s) -However, thIS approach is still costly and is also |nexact'

and i nfl exi tﬂ*éau%e SRV Githey i !&F'émgz: melstantel esrprelibisveincisysee iy CRErssarchal | the.
pr edet ermi nQﬂne and computing power. The provzswn of such a benefit would enrich the consumer

experience and consequently could attract addmonal consumers and secure repeat
* customers. ' '
Addmonaily, it is weIl L.nown in the art to search for fares by on[y ewammmg

fares for routes that pass throucrh a small set of connecnon pomts between an orzom anda

T
wn

destmatlon In contrast, by epr:c1tly enumeratmg all the possible combinations of routes -
between the ongm conne ction pomts and destmatxon itis posmble to find the least eostlv'
(in both ume and pnce) route(:) However thlS approach is still costly and i is also inexact

‘and mﬂe‘uble AS new routes are schedu]ed or removed. bv camers all the predetermmed
onnecnon point. sets need to be recalculated Even if only 2 lxrmted number of

l : 30 connection pomts are prowded it may stlli be computationally p[‘Ohlblth& to e\:pllc:ltly,

. | enumerate even a lzmued set of route/fare combmatlons Add:t:onallv if only a lxmmd
number of connecnons are exammed then it may be posmble to miss the optimal solution
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connection point sets need to be recalculated. Even if_only. a limted
nunber of 30 connection points are provided,, it may still be
conputationally prohibitive to explicitly enunerate even a limted set of
route/fare conbinations. Additionally, if only a limted nunber of
connections are.exam ned, then it may be possible to m ss thd4Qune?806
solution 14 June 2006 if the optinmal solution passes through a connection
point that is not anong the  predetern ned connection points. There are

ot her heuri sti cYafSfr GHERESORNUAWRED thELE Af COFpEHtAarAPindkihey is Aott graorag tthe o
arrive. at i nexagledd@hfl-alchabé@PAPonits. @ best fare froman origin to a
destination, however., 5 these heurjstic approaches are still not exact

sol utions, as heuri SHEE 3 Ybirilewistic appropahasdnonn tphoshef ardinenyyskiflan theeart to
Therefore, thergrisSaanf@adelefhindforR RRT0R6faeOfd s QF oﬁgﬁt:ofaa&?éﬂ li@q o wever
conputational ly non-prohibitive manner that 1s al so”exact and does "ot

i gnor e possicbl ehesehiewystiaprproagiasiarnaitlj ron sxaghdodssions, s heurigtosigorithmag art fregcaar e
not best fares. : ry.of the Invention The present invention solves

t he pr.obl em of bﬁ%ﬂ%&%‘% fares in a non-prohibitive manner by utilizing
a query server wi t hTherbfomnthhieriga apat fooamdpmepchas ad besc Funésgha c‘omputhtrﬂn{a’uri tly
enuner ate possi bl vel sol utions to arrive at best .fare solutions 51In
one exenpl ary r’%@% ﬁ%)_h{bgfvgf Iin%a‘imhéﬂadelétagfoarc S 207 C(Sgef r"lot),lgllcﬁ‘e PPIbIS e/ fag und
by .det er m ni ngombisstionofini¢aittis lownaha teglacd dodbé&st fagds. the trip, adding trip
informatiop,to the partial fare sglution ir} order to define a set of
conpl ete fg(Fe sol utions and as triwﬁm added to the parti al
fare solutions, eliTheedsertthvemidn Blvel Be@robPinyibf Il RA2RE @ a dORprSARL iR
partial solutions. Then, returning a subset (either a predetermned nunber
or 20 an exha®&wFy By suligingp qyeyFeEmYIG Abrashingsasd koundiag hased tashtigue «f ar es -
for the trip. ;AQELRY chirdiact PEILIEEAR ol RioRS HXRIOLAL %rf!&'ﬂ%hﬂﬁm ey
conprise supplying a fare query to a root node in a solution tree, -
assigning fare conponents corresponding to said root node to a first |evel
of nodes, j&ssignin i f ( . C | evel of
nodes, assl?gni gg 1 Igrl’ gﬁ{é\:?%&f)g%rhtgg%gﬁgﬁg%g%ﬁ?rﬁ?gbg—gi ‘Eﬁ’e‘ﬁ‘ é%?srél%gg%ur\%ob?’a 25
third | evel ofdewsoniomng gysewbipgiat Hare fsbiugboss for nbeotrip; iaddiaptip informtibota tfeour t h

“of nodes; . A fares to the priceable units in |eaf
nades, _addi ng PR b e BRRUER: B1belr S30dTRe 0ot A BpRREFe 10085 5oy

be perforned iifomativeswddddue therpagial firesaitons, eliminadhig paoallfae golagonk it are

ossi ble solutjons, are at, | east . . ,
P o non-optimal partial soﬁmons. Then, returning a subset (either a predetermined number or

20 an exhaustive set) of said complete fare solutions as the best fares for the trip.
, Adding trip informétion in one excmpla'ry embodiment may comprise supplying a
fare query to 2 root node in a solution tree, assigning fare components corresponding to
- said root node to a first level of nédcs, assigning carviers for the fare components to &
second level of nodes, assjigning flights to fare components with assigned carriers to a
25 third lgvél of nodes, gfouping the flights into priceable units to a fourth level of rodes;
| - end assigning at fares to the priceable units in leaf nodes.

Adding trip information and eliminating partial fare solutions may be performed
in & recursive or an iterative manner, $o long as the possible solutions are ar least
implicitly examined. In fact, adding ‘trip information and eliminating partial fare

30  solutions may be the performed both backward and forward from a destination and origin

to further decomnpose the search for best fares.
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inplicitly examned. In fact, adding trip information and elim nating
partial fare 30 solutions may be the perforned both backward and forward
froma destination and origin to further deconpose the search for best
fares. -5 14 June 2006 In another exenplary enbodi nent of the present
invention the partial fare solutions are elim nated based oniaguatR0e6 ary

threshol d cost, .while in angther the rtdal fare .sol utj j,m nat ed
based on a refi &%&“Pﬁ\%krex%“a‘ﬁ%’é. ET%O%% nqa‘%fo?ﬁep reé?ﬁ%&ﬁfcr?g%% c“(?)efS P ?ﬁ@l g%llésent
i nventi on, sbleoiedrt ieBhidaet dasdlontan@anstram dhreShotd ogt,etidle fimpmotisnthet paotid are .

stored in riority queue. ief Description, of the Drawi ngs The foregoing
aspects an aﬁwt‘WS.Q%QI%P?tE%E%Drh?j{f’o%ﬁﬁ’?‘g WETBPUdhi s i nvention will becone
nore feadily appg ¢&i AbGE @Soddlifert 8Ne PREOITENRMIIbE thd Pl Fhro 9sluliynsrpiier ence
to the follow ng detail ed description, when taken in conjunction with the

acconpafyi gMPIED fareaniutigss argpfarediha PIITUREEYE. (Prior Art) is an illustration
of a representative portion %@ieﬁﬁeseiiﬂ&&{m&"ﬁ%&iﬁéﬁch as the Internet;
FIGURE 2 is a pictorial diagfamof a nunber of devices connected to an

i nt er net wor k whiTbh fqregpinghspestscandanany @é teattendanbadvaniagestoé it ipvertien will
internetwork with the .15 best far Lnr j

accor dance Wil DRI b RprR i B tihe ERARE SEud W Bh o Eibncco
ilTustrating &éivein deiilddhizsaiptpanednstabén & corjeptiocosth geracemmshping i n

FI GURE u%]ed to optimze fare records in accordance with the present

i nvent itBn; JEAVEREVASTEY: 5 pl ock diagramillustrating several of the

conponents of aFEsERE 1 ZPriSEIAMDI isSHOWhustrtidd GIRE répresadrte pegioar of ag t he
best fares in response to a fare query in accordance with the present
i nvent i on; HMSEGRIRErIGSYCE agihe dYeneh ew f1 ow diagramillustrating a

preprocessing r Pgﬁi&e &2 giga;&ge%ﬁqiageaﬁ BE PHERLACES YevibdsV@hndcRedORS iafli Z€

fare records; F lagram’illustrating the actions taken by a
client devimenetbik wikhgeowdra chemadetics elsy genneqigdty theapigaetwark (withstever and

R Sl I
overvi ew fl ow dFEgrRM 3 li$ wsbloalk i diggram hedirafing esesealr of thieovbmpuments of a
preprocess server shown in FIGURE 2 used to optimize fare records in accordance with
the present invention;
" FIGURE 4 is a block diagram illustrating several of the components of a query
20 server shown in FIGURE 2 used to determine the best fares in response to a fare query in
accordance with the present invention;
FIGURE 35 is an overview flow diagram illustrating a preprocessing routine
implemented by the preprocess server to optimize fare records;
FIGURE 6 is a diagram illustrating the actions taken by a client device, Web
25  server, travel server, query server, file server and computer reservation system to
determine the best fares in response to a fare query in accordance with the present
invention, _
FIGURE 7 is an overview flow diagram illustrating a best fare search routine
implemented By the query server to determine best fares in accordance with the present
30 invention;
FIGURE 8 is an overview flow diagram illustrating a fare breakpoint
determination subroutine implemented by the query server;
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i npl enented by the query server to determ ne best fares in accordance with
the present 30 invention; FIGJURE 8 is an overview fl ow di agram
illustrating a fare breakpoint determ nation subroutine inplenented by the
gquery server; -6 14 June 2006 FIGURE 9 is an overview fl ow di agram
illustrating a carrier assignnent subroutine inplenented by j4lyandeeoy
server; FlGURE KgURrad QVeh VdveWid Ofbi 495ra iliuktkb%&éaé 'dﬂEhe@ JsE:E%Em
aSS|gnnent subroutine inplenented by the query server;

overvi ew f | shragikiagimphamdnkaddty the quegy seryeri ceabl e uni t det er m nati on
subroutine 1 bl SBORE | BYist AF JUSTN: SEW Hidardnl Tibrad OEENhe 1 ow
dlagramlllustratlng a fare assignnent subroutine Ierret y the query
server; Fl QURESHAS mdtcatedwytieuduenasedvelosr eakpoi nt  di agrams to aid in

under st dlngt flowdla S.7-12; Fl E 14 (Prior
Aty shons - corngPURE d57th it SRR SR et BT e AU BPSTIRG Hg ¢ ne
benefits pr&wrﬁiﬁdtn@ysubfwtlﬁarnim{wemm@nht Query arédRES 15 shows a conpl ete

solution tree diagqr tgQ aid in under tandln t he enefits vi ded bythe
current inventi d:ﬁg‘ ﬁl‘@!RE’ei‘Be%E]GWsds%ﬁ’ia’B*é‘ﬁﬁf“&‘rgﬁ 9@@5%%@“?6‘1‘%‘?‘8@& ving a

fare query ifp@Mecdted By He QU se@Bd FI GQURES | 7A- C show exenpl ary Wb pages for
di splaying a response received to a fare query. Detailed Description of

the Preferred EAffedREBABAZDshas opeang hedalipanisliagravesdo aidie vedgsptanding b8 term
“Internegt” ﬁoe\;j&g?r ‘%‘QTP{S% ﬁ?[é@ﬁgsqq of net wor ks and routers that use th_e

| nt ernet Protoco communi cate with one another. A representative
section of the [FbGERBetd 1POori Artyshoms |mcﬁhﬂcREsdlu£(oﬁr irer diwgtam itp aidviinch a

plurality of .LANs 12(?1 nde\ANs i 3;} onnected by routers 110. The
routers 110HFEeHUR ’V SFELT Efcpnﬁ ?)?)%en ‘(51 P8 s used to interface one
LAN or WAN 25 t(FI@IﬂIQE@QS shésnattmplet isentidi tlesdivgrimitg aidhie vhdddgarntyg the

tw sted pair coaxial cable, while communication |inks between

net wor ks nﬁ?”ﬁt‘? P‘P%‘éedst@” RE FETERH HIVEYION; o] ephone lines, or | Mops digital T-1
l'ines amd/or 45 rMppRE Ts3hbivias - exEMplalle W bOFHRL Y Rceiving a fare query from a

customer; and

FIGURES 17A-C show exemplary Web pages for displaying a response received

IS an

to a fare query.

Detailed Description of the Preferred Embodiment
20 As previously explained, the capitalized term "Internet” refers to the collection of

networks and.routers that use the Internet Protocol ("IP") to communicate with one
another. A representative section of the Internet 100 is shown in FIGURE 1 (Prior Art) in
which a plurality of LANs 120 and WANSs 130 are interconnected by routers 110. The
routers 110 are generally special purpose computers used to interface one LAN or WAN
25  to another. Communication links within the LANs may be twisted pair wire, or coaxial
cable, while communication links between networks may utilize 56 Kbps analog
telephone lines, or 1 Mbps digital T-1 lines and/or 45 Mbps T-3 lines. Further computers
and other related electronic devices can be remotely connected to either the LANs 120 or
the WAN 130 via a modem and temporary telephone link. Such computers and
30  electronic devices 140 are shown in FIGURE 1 as connected to one of the LANs 120 via

dotted lines. It will be appreciated that the Internet comprises a vast number of such
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and other related el ectronic devices can be renotely connected to either
the LANs 120 or the WAN 130 via a nodem and tenporary tel ephone |ink. Such
conputers and 30 el ectronic devices 140 are shown in FIGURE 1 as connected
to one of the LANs 120 via dotted lines. It will be appreciated that the

I nternet conprises a vast nunber of such -7 14 June 2006 i ntlaJaasnegs ed

net wor ks, uters nd t onl mal | resen tive
section of %{?ﬁ}zgmc %Fne?wir GoRY u ﬁouEfSCfJﬁE%la% OPLY a BRICHE B Eher
hand, is a svamh ocEdieIIevatneomOofs shdﬂrﬂh@ﬂmﬂﬁ‘étled, el ectroni cal | y-stored .
i nformation or nt" |ocate rvers connected throughout 5 the

| nt er net 100. I\/&ﬁ S,b?cﬁkr‘pa?ﬂe ¢ aPEern gW’%rdi/iadiY?@t losteqns ofnt 9%%’@%%‘“{0 their
cont ent OVe[ecirdj‘tﬁcdll@tsﬁfre@ﬁnfa%uuﬁ|olﬁgc6n|%t"vﬁ@atef @h s@?@%ﬁpéoﬁnec?ednmgﬁo&f |
conpani gs provi de travel services via the Internet 100 that ena

cust oners & hgkaet | 4k Maay casmpaniss areinge ﬁr@)\ﬁdmg BerVisgbIRdeACEesh togheir Fedeitng. | n
accor dance oWirtehe [endl"166 ﬁﬂh LFQ\WSH 1R P tdu'?ﬂb%fagfc %r%ﬁﬁltu rg\r;'ige Hg%éimd are

provided that determne t est avail are I'n response to a fare
i nqui ry madevisys aiauther Inpgmeet i1 60 ¢t snatde |cngomalmmgmaker eseavatans en-lowe for

pur chasi ng et ir carriers
flights ar é%sgé}cﬁﬁﬁ)erae'{dgrogé{ng E{cg}dfag I've gﬁ(éhg essg\y}ollmﬁﬁlpﬁo%rbgp%mlzed
di scussi onswfent hel predsdnite pmveladi n}mndetemmmﬂﬂecbebteavaﬂmé €6¢ i @epdiye those of

ordi na ill in the art that the present inuvention applies eguall as
vel | E)é(ot Eé? ‘WFW@F%W %\H§?5o‘?’tfoafsl‘§ﬁ5‘§e§"\ﬁép? NG GJIASCRLUPROT PUEEIRE hat er or

any ot her ficemfdb udhspbftaitmPenliaé.i OWhATRGAEH:Serk Oanﬂeﬁ%hféaérb Qﬁ@d (PlEreflfira?
inquiry. Furthernore, the present _invention could be applied ricing

product s whivgFalYs fspmeles derepoges kf Aispussien Oértb@msgnt lgmnomgt h‘@tu bst ays or
tal $or -
car rental g, &%téﬁﬁﬁﬁ%éeﬂ&' dr@Wa skﬁlem RO ﬁyﬁ‘lﬁtsthg él!['l Fx?@n #bgg?féeq’u%% he

possi bl e conmbinatidns Is inportant 1n this mar K
present i n¥ewli orethec fartng Obaarappﬂtated a$ wemane}pménged waten webnyashargdilm

i nasmu a n live ht benefit fr mbest fare
sear chﬁg ?%Biﬁ% ?gdgls?e é‘% |%Fgﬂtm%§é‘ial very g% ;5%‘8‘\%@5 SGPOENE RS cost .
FI GURE 2 | inbersion atwd ba appliedté priihg frbwks \dielgeanbiod traves yith esa@Dfrofiadts

determnin best fare |n esponse to a uer made by a user of the
client devg'ﬁlé E‘b‘ SHHE O SYJER SQWCGEV@ SYVIFS? tedroma Largg nimpbep of ed

conputi Ng @RMbleQBIBHati6 AR ihipoRsht 3R tlh.E\@Hame@'U%inuCWF wa PYSINE Mvention
i nterconnected over a network (such as the Intefnet 100). However, it will

be appr eci @MEdbHyPRlisdse Ben-paserngerr Yavek as [welly ingserugh tas tpaakage reutings e 200
coul d ﬁquadehyerp ‘t'lﬂgttnt' WRAe@Srdhn BLAYE sea?cth?rﬂqo P08 SRR gchv%?ffsotf%rarékaggs the

descri b
for the least cost.

FIGURE 2 illustrates a functional block diagram of a system 200 for determining
the best fare in response to a query made by a user of the client device 210. The
system 200 generally operates in a distributed computing environment comprising

25  individual computer systems interconnected over a network (such as the Internet 100).
However, it will be appreciated by those of ordinary skill in the art that the system 200
could equally function as a single, stand-alone computer system, In the described
embodiment, a preprocess server 300, a file server 240 and a query server 400 are
interconnected with one or more client devices 210, Web server(s) 220, and travel

30 server(s) 230 over an internetwork, such as the Internet 100, or perhaps over an
intranetwork. The preprocess server 300 and the query server 400.are further described

below in relation to FIGURES 3 and 4 respectively. The system 200 also comprises one
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enbodi nent, a preprocess server 300, a file server 240 and a query server
400 are interconnected with one or nore client devices 210, Wb server(s)
220, and travel 30 server(s) 230 over an internetwork, such as the Internet
100, or perhaps over an intranetwork. The preprocess server 300 and the
query server 400 are further described belowin relation toi1fJk&R6068 and

4 respecti V&IﬁﬁoreTE@méMfohﬁ% 200R81280, GARAT 4sSRSe®RBove; §s hdsyd1en@seRRA6 foror nore
connections to a S 250, which as noted above, is a system service for

provi di ng L%OYlémﬁat‘Iémf‘%’t{% fargc jsehsdrle Al 2x@iabilapi mforryatt%f SR HERSBAFt e
transport atd.Qfes S%&e%?%rdu;rab)p?ﬁll & theradl v@ﬁlr%p%ﬂale thét@n&r@%r fekd dWideb may

appreciate that nmore or |ess devices may be used in the exenplary System
200. For extamstdin th premplary exstepu@Onelipr moample flesesvesdfg mpy inpt Rerecepsyy

Z)e(;‘r’rglr 6%00 if {%%%1&‘1 5% sely3f 26gTREL AR é%%%&ofﬂeﬁéﬁ?%@éﬁs did Bt ¥ pé\syey etoRGOt her

cess server may not be necessary tHe query server
400 or fil e:xaxsgheyéue pZe}ﬁomrservequprpeyj notobqnmm;pﬂsweﬁslefqamef serveodGtaer Ble

| ocal ly. FI GJ i cts ver al e ents of the preprocess
server 300. Serv‘?ﬁ %f?%‘?%ﬁeﬁ ?fe%rlglcelsf f3r %mtf%"}é“?? mgﬁr appreciate that the

pr eprocess ser VéTIGGQE Bnmae)p.cls()selva@l biftithe rlamconmbﬁaenmoasfphmpmmocbhannteh@e@ shown

in Fl GURE essar that all of these rally
conventi on Oéeo\fgg %S'b‘ ‘§Hg9vﬁ“ lo?fﬂ’é?‘y‘i[f) th%l‘@%?ﬁg‘é’c‘éﬁﬁ $ve Egébeg’tayve
enbodi ment 1ﬁ&ﬁdepﬁlaﬁ)t bfokd) BorfiftRedt @ANthoden MR PNFIGARIBNOWMovieder, it SR 3, the
preprocess server 300 includes a network jnterface 330 for connecting to

the | nterndecesgoy thagdleolothess, ginsely comyentions] gomponsats Re (SROwH AR OFFestt8 t hat
the network; s?: éé o) %ﬁqsﬁslﬁe?»&%ddnﬁénvgﬁ&m@eﬁ@%@w lﬁwnauht % fhenSHCh a

connecti on, Is a construct use with TCP/ I P protocol or
t he next g@ﬁ@ﬂaﬁ Jotheprreprorsd sremdf) msludhea nﬁwrheterfnmmf@mmp@tn@d@l

(FHOP") . gh E{Hﬂp‘ tq(éﬁ.e%lfogé \ég(ﬁ)rcgﬁry askcﬁlo H]%lﬂ'g%ll %gé)ﬂ’e&gtgstﬁ%tn&{:%%or 10, a

di splay 34 Feonnect ed he net wor k
interfase 3dbrfadeadla ftiaded2the ddvessazO chwmyyfoBS:ﬁ)clgelneomiebyorcoaMr isseoa

s St or e URRRRET Srehb 4k TORIERORRPLAL B RR Hbrr) PRAGOG PRE PR

program cogigeMeCREsARE PRIG:HI(EROPYESSI NY fare records in accordance with
the present invention using a fare record optim zation routine_ 500.

I n
addi tion, menor Fhasepeces sever38 alsprindpdes arsprssring Ynit Hle2 diselay d9%m9f age
referred 9 oféindly %20 i erd omﬂ&&d%%g%@h e n%%E@fntewgcémt&m BaSy20! trhwd 11 be

appr eci at e ese SO twar e rrponent S nmay be | oaded froma
conmput @6- readaalujf gStrednanatlyi noropmesoy yargs® efceshanemoery ("RAM"), a read-only

memory ("ROM") and a permanent mass storage device, such as a disk drive. The
memory 350 stores the program code necessary for preprocessing fare records in
accordance with the present invention using a fare record optimization routine 500. In
addition, memdry 350 also stores optional temporary fare record storage referred to as a

fare index 360 and an operating system 355. It will be appreciated that these software

[38)
L

components may be loaded from a computer-readable medium into memory 350 of the
preprocess server 300 using a drive mechanism (not shown) associated with the
computer-readable medium, such as a floppy, tape or DYD/CD-ROM drive or via the
network interface 330.

30 Although an exemplary preprocess server 300 has been described that generally

conforms to a conventional general purpose computing device, those of ordinary skill in
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preprocess server 300 using a drive nechanism (not shown) associated with
the conputer-readable nedium such as a floppy, tape or DVD/ CD- ROM dri ve
or via the network interface 330. 30 Although an exenpl ary preprocess
server 300 has been described that generally confornms to a conventi onal
general purpose conputing device, those of ordinary skill in149uad2deene
2006 the t wil te that a p r r of a
gr eat nurrbgtFl © 8t mhe@%é?e SLBIPEP ce%:sogr%%u%rrl?@g Sbee i hofﬁg %XP%{%‘?ﬁ%r?&qoo or
W th the quekitesapmaé o%mﬁz@iﬁﬁv&hd&ﬂh&h&t S(m/cervath the qedre sdceyr 46Bnponent s .
of the query server 400, Those of_ ordinary ski Ny the a

appreci at e t hat Fﬁﬁ‘éRElj‘e‘?e?'Céseﬁcv@?l oAsbF Iiteﬁlcqo[]%,ggcnﬁsa AT BpeEY S%rvggﬂrr%okgn? s then
t hose shownriohdiferE9BE ift thd WVRVEApprédiaté thah@k quegassar Y00 Matuda] manyohotehese
general |y conventional conponents be shgwn in order to discl O%h%g?‘

i || ustr &t i vemparasidibe fose ko HeFI@Y g 4t HéoWTEs dhis MIVIERTFER sHown i n

FIGURE 4, tih&. Qs §<§{v¥ﬁfonﬁp&lﬁ}§)nﬁﬂ§‘®€(‘sh@&% 0 ofdRe td IaiseloBekn ilﬂ.@tréiﬂ]\& a
network interfdce SY hose of rdinary skill in the art will appreciate

that the n@mh@dllmenhf@rﬁrém@m%@e |Pfﬁ§?!lldé‘$eﬂf'ﬁ’é Yo forasiaf W RE Sulbe Qpctor
connect i ng L0, ﬂ)‘de[sycn%?‘%é{sﬁ] QI%P? BtngtelOb”\‘}nﬁré‘%t%@l@’m@ﬂ&e'ﬁo al $Rose of

constructe for use rotocol or the next generation
prot ocol s, csdisdry askilt fie thd hﬁR»n!lt h@rmatt iticay | the nebrarlriktecfoesf 4 3§umakudesnthsf t he

oper ati Q%&g}’%ﬁ? %g&t%g?r coéna?cvlgg tﬁfé@,“ Cogér%r ﬁ tgqge ﬁ'lt&ﬁétt]'OE UJn%rls tyge of

coupll o 86" T'nclrudes a processing unit 410,

a display 44fstruaed f& usd bitHasSTORIDpitodbiorahd ndxngmmmn¢mmdlsaklmh@s wiet h t he
network i nterface 430 via a bus 420. hfel menory 450 .gener al I%hi%grg’rpri ses

RAM RoOM 4 d’f*i“ep%’c‘l'\‘ﬁ‘r’ée‘}ﬂé'i]‘n%‘iéﬁ?ra%% he (qpPLafjRe GRYFImENt I, & hard

di sk drive, faned shid ¥ rr@am&@gr'tﬁﬁlofgliﬁp‘h‘% rlelRBPY di sk drive, or combination
t hereof. The nmass ne stores t%e program code_ and data necessary

for receiving, ffhc)(c}egsflsng'er #Q alsq tincluglesn Adrecsstng ynivd LS Agdisplanttlvend 255,
SUPPlYLRY LS, FombBoa' S erco*a%cté%fa? gséht{‘&le%gm?o‘ﬁ(‘i’rﬁéﬁ%%@@ﬁ%ﬁ@ﬁ?@ wi t h

the predent™hV&R o, & menor stores m ni mum
cost matri d&hs e 5 0 46/ ratty crhnparses Badd R@M ahdmemren@bmﬁtmnedt mRBsF mum

cost fares between travel points (qrigins nddstl ati aS|Iy
accessi bl e SIEREFIRVIEDY @Ggﬁ"{ %‘é‘t 8@‘("%&?6 VerdP ca] NG tiglpé% dfsill‘nrhé%lgo‘% it
possi bl e t Qofbighid@e®bNi TR Slentthy 15003t6Es NG pb@rme:ﬂdé heidatadstdedsiignal | y,
the 25 nmenory 450 stores a fare, schedul e and rul e dat ahase L&)P&qu 470, a

priority qtf@fu@CQWlBg: piversERS ofpapating gnd yending Messagepn as M 35S tion of
optim 3gd fahfs o?ﬁﬁ?%%c@ssﬂ{kdto senders in accordance with the present invention. More
specifically, the memory 450 stores minimum cost matrices ("MCM") 465 which are used
| to store precalculated minimum cost fares between travel points (origins and destinations)
in an easily accessible matrix format such that given an origin and a destination, it is
possible to find the minimum cost of traveling between them. Additionally, the
25  memory 450 stores a fare, schedule and rule database ("FSR") 470, a priority queue 475
and an operating system 455. The fSR is a collection of optimized fare, schedule and
rule records that have been preprocessed as described below with regard to FIGURE 5.
The fare records provide detailed trip information such as, but not limited to, the origin,
destination, date, time and price of various trips. The rules records provide different rules

30 (e.g., fare must be purchased 14 days in advance, fare not available if traveling via

Denver, etc...,) which may be associated with particular fares to more particularly

-10-



rule records that have been preprocessed as described below with regard to
FIGURE 5. The fare records provide detailed trip information such as, but
not limted to, thée origin, destination, date, tinme and price of various
trips. The rul es records provi de different rules 30 (e.g., fare nust be
purchased 14 days in advance, fare not available if travel i Nng4 Juae 208nver ,

etc...,) wh b §‘?§ é%nfdeeﬁld%tum RA Qale(h@d:cﬁrTﬁﬁﬁ&ﬁhﬁdtﬂc{)remnﬁeatpanbnecul arly
10 14 Ju\rll\lgS g‘gwysnp@& en the fare ?s val i ey be used.

The schedul genereceeatds wamb sproife hegegwar Hlsc?eélél?fid%pwp'é‘ﬂ‘ﬁgbﬁeac‘iaf the regul arly

schedul ed trips - rovﬂlcﬁ'r‘?g %ﬁéu&ﬁa ol Bl oRECR&Hd, A5 | dp¥cifittiveadhplad tonstbike ot her
hand, is specifi cal P ed to store informati on on possi bl e best, fares,

stch that tihfraetidn pi @oesabié bemfezenasqcbrshatethw@at piscq Qb iR FIBRYEhe

riorit ueue he .| owes ak&khithat t he
gf or erreyrﬁ ; %ﬁ‘e’éiﬁstfﬁﬂﬁ}‘é © RERS ﬁggl{eg‘(%?rté%/ﬁ’%m SiAhénlr‘ o?n%é@ggér%ﬁétcer -T ea[dabl e

medi um i Nt onEBSSeMBRTINYd 4bAwatk ddigogeres ynzs!ebq/éoadﬁt@(frmlngfaPIH?frW@l%c hani sm

t sh ted wit ter- ,
(25% " B\mhlin e o S IS SR Bt o0

exenpl ary oﬁlﬁgw %%C\{ﬁéd &Qﬁ)t}@%mp@ernredﬁﬁwm&mmmnagﬁmwaﬁbi)wor P ns to a
conventional general purpose conp utlng%deV|ce those of ordinary skill in

the art wi |RONppiveer atadhe privork igedscss %€Br ver 400 may be any of a great

number devi ce caldago Vha bhe Hﬂtrﬁfeﬁematl@éherﬂbf will
be desclﬁblf bed m%gpg%ggg gfg’[?eﬁwmltwhe query server 400 p ri.odi c Lé‘s 15
s

recei ves opdonfirmedo § avevenSoibghreal pTOte HOMPUERD AErCe thess © %’diﬁ‘?ré(psiﬁ

server 300. The .query seryer 400 tRen0Riria e duhBéraf decibadul e
and rul e re‘@%ﬁasw‘ﬂri‘pa‘éf Fn‘%‘ﬁl n%"eryt%elp‘?% g(?ﬁ?érbg agal Ia;gol ein rresponse to a
query rade d@gblaof danisRAcdiag vianhe lewenerd@0.on or  ticket purchase. The
preprocessing routine 500 for timz I ligdickigcor ds
i's shown in mor Autilhibe descrpe @JEQI’:F“QS": Afp?g ?)e? oY (t)h(?e Si SQV%&??%]SO% ﬁggl c 20
begi ns jy dJeQ&lfes SlinfRd R05Bes5e A hlkeoﬁkoxﬂﬁﬁprrvherpecprmsfsrver Jdchédtul e and
rul e recor are received fromthe CRS 250 o({? t he f lﬁfe grve teﬁ'é%‘ The raw

fare, schedqueey samekerd00 shenrusesothg SpPamized &g rsihe legquh ru s
Airline Tari fbgﬁt}g eljas\g %gdu@? u( AREEGInddel Rfr@irarfs@dnahaﬁ eesaﬁdudirubue

records andt orrra i on Manual " SS M'?]q f rrr%a
schedul e r egaedpurchath Tok mkpmctesmgarctuem 5%%wptsm121n& fap evelduleo? hance

these formats b king.the r ods f f Se 5601 anpl e,
in block 5rf®°rd¥l‘\sem]? Fo 8ok gé:t i negﬁlE%dl \L}?‘Sﬁﬁ{iqré&gnoé)gﬁ? fmnecoeg?s(ary

i nf or MBjg ONpeRins in block 501 and proceeds to block 505, where raw fare, schedule and rule records
are received from the CRS 250 or the file server 240. The raw fare, schedule and rule
records are generally sent by the CRS250 as Airline Tariff Publishing Company
("ATPCO") format for fare and rule records and Standard Schedules Information Manual
("SSIM") format for schedule records, both of which are text based. It is useful to

25  enhance these formats by making the records more efficient to process. For example, in
block 510, the records are examined individually and any unnecessary information or
fields are eliminated from the records. As the CRS 250 provides records to many
different types of servers, it may provide information in the records that is unnecessary
for determining best fares, e.g., in-flight meal data, the source of fare prices, or other

30  information that is not necessary for determining fares. Once 2 record has been stripped
of unnecessary information, an intermediate record is stored in the fare index 360 in the

processing server 300 as shown in block 515. Then in block 520, routine 500 examines
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fields are elimnated fromthe records. As the CRS 250 provides records to
many different types of servers, it may provide information in the records
that is unnecessary for determ ning best fares, e.g., in-flight neal data,
the source of fare prices, or other 30 information that is not necessary
for determning fares. Once a record has been stripped of ufRERRIIBHY

i nfornation n the fare index 360 in the
processi ng sﬂe]?\g}e]?ﬁgdem%g{eg%%v%&?ﬁ% rééﬁﬁée%gggjf‘% '3 2% oBiehtierBsate fety e 500

exani nes - Bloradiingthe éare 0oBx 36he Fetaxiampledin mrretabmﬁdr)a&rebddeﬁ@{tda f0¢ record

references tQ.ckj intermediate records stored in the fare
i ndex 360. For. eeggﬁb"f %GWS ondehaef(’ SEPTEPG™ SheTBA ERNe Fls rqcqrds thas @y cpply

recei ved fr dthHereCRSs ﬁﬁneh Fa&r &ldiﬁ&erelfmﬁdr@ﬂu@rfg l@f&?pz@&es?‘ﬂ@‘?féa&'ll« fard Féc@inrddS
t hat may ap%gsnm% ! t F bch faster and nore efficient during

| ater pr dcess: ng it gcsﬁa‘F}%\f‘e’ eeé‘iﬁ?"dl o Y5 ECORdsY Containing wlesahateryfapplyt the
descri bed r wheefarceeosrds B}M’éﬁln?laﬂgxﬁlhﬂlﬁﬁnk{d&ﬁﬁerrﬁsﬁbuﬂap%l¥efgr%ncet& ofréro‘?h:{record

By creating an expljci ei t her c‘OOI nter, a reéference or Sone
di rect mappitHG" F&PPIRE tp Hredpsadan of the hisked rrerd) POébelldBedtrecqr@;ehdre nskreadncrcecord

there is noineegh f&&héﬁﬁ{eghegomddrﬂg litbr:yfr%%sgxr? r&&%-bp&g 52@ Iseeﬁ LAGESS g

Therefore bl ock 520 seeks out and 11 e ese asso I‘il‘n ks)
and i ndi cat Bérifirsiteese pesgcintane (lbéfémrﬁouﬁchlmwhqndamy hayeX@ei foand by epdal”ielgx 360.

Bl ocks 0, e each record recejved from t he
CRS 250ﬁiis %ﬁ%éz’g% gél)dglrot% k ﬁ% eend§13 @3 erﬁeﬁe&fdl‘ﬁ'?“g‘?ﬁ? 50819 tsdrad foom ¢ hat

t he | ast rﬁﬂe(ﬁftﬁ Psis lwecmassleéaﬁdladms BemQtetirmited in @8Gfiod B0cE Qiﬁthﬁte@x@rla%t
received frg rbg g‘ Rf mned stripped and stored with its |inks
as an inter neofl a é’ch?C e f‘%'?’ gach ﬁfl‘j*éiaf%mmdlfsc%‘fqdeffmellhe GRS 2 raw
fare records exemiedesrippaanmiid@oeRSyviab Qs haxe a?%ﬁﬁnﬁ[{{?&ﬁaﬁ? ehor sy HRSH Ded

above, optim a#g on continues in block 530 where t I nternmedi ate records
are retrlev’g Om the fare index 360. Then, each of the internedi ate

recordsisare i ndip I records which have
been identified as rﬁgs’:f rt%é ﬁﬁ%ﬁ?g%gdﬁ%c%\eegs o%k%k‘gg%%sd]y@’@gﬁﬁﬁ P?‘Pcfﬁs%ﬁk 535.

These new s|deskibed pleavsr @wlwzelmmmxmmemdloﬁl@ 536 whatehm&nhrmb@atc&ewr@!ﬁ form

further opt rgco icit associ at ed records.
Next T bl ok ot B8 S 0 Py bl gl b Hecorguereon

i nt er nedi atledmdca:ilyopro&esedd)yaﬂifpd lelknfgadfr@r e @50 WRicRUBvcAbeeh $denBfiefhd harvﬂ-{g
records to nxvheocart]the (:ﬁl% ink, This elimnates sone runtime lin
processi ng linkstodrs r ’ef’%’éérf Block &3 Sankhere Ravdy finked reqnuqlscprmmeptotpg

Ihl nked20al a® mﬁéﬂhéd&?d’te GESIrdD bkl {1 RGr | Qﬂmﬁgeot ‘Eﬂ &hedr %?thpt[:wg)(ﬂ% fhated (i.e.
alf the fare level in the case of round trip are ?s inor |§r‘a e one
associated records. Next in block 540 a number of values are precalculated for the
current intermediate record. For example, fare records add a list of all rule records to
which they could link. This eliminates some runtime link processing associated with
records to which the fare could never be linked, also, dollar cost per direction of travel is
25 precalculated (i.e. half the fare level in the case of round trip fares) in order to make one
way and round trip fares more directly comparable. It may also be useful to precalculate
city codes that correspond to the airport codes (Three Letter Acronyms or "TLAs") in
Block 540. Then block 545 recodes any values in the records to more easily process the
record in the future. For example, dates are recoded to be represented as a number of
30  days from a fixed base rather than as year, month and day format (YYDDMM). This
allows for easier comparisons of dates as integers rather than strings which must first be

converted before calculations may be performed on them. The record is then stored, in
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way and round trip fares nore directly conparable. It may al so be useful to
precalculate city codes that correspond to the airport codes (Three Letter
Acronynms or "TLAs") in Block 540. Then bl ock 545 recodes any values in the
records to nore easily process the record in the future. For exanple,
dates are recoded to be represented as a nunber of 30 days fnamwmeRoged
base rat her blcbas@ss y@@bumrfemrdne edckddayhd BSRET0 forEEMrievaliseithed 4 éans f or
easi er conparisons of dates rat her than st [ t
first be  CHROEBEE BEPBHE AcaIAHE é%ﬁ%ff{ﬁ%v%fés FEFTSM Héa‘%gﬁ %e%%
record is thensst Ohftecisibn b1ddk-555 btedrmes 20 ehe 1la£mqaienﬁéﬁazasecam pEhint zed
fare record in the FSR 470 for later retrjeval as either a fare record, a

rul e recor dfas index 2o ha keen prosesgcd: THIES ipPlack 980 therpsiptzed; for refoplsislorsss

540, 5455 aﬂfjlh§$§Rl4'7b'a}e éi@mn%a % thd racdes&%é fﬁlx%E BEIWeAESnyt didtn dnldQiebi@Stion
internediate record fromthe fare index 360 has been processed. Then in

bl ock 560 t heinispt Thebe bvespast fasesorrelshostsered] 16 therMONB 4GSR 40 by the @eari ned
for the | OWesle:q87 lardi3h ARCRANNE BEL: %, POt Ath ARSI Al @Y, poi nts. These

| owest cost ares are en stored In the use y the query
server 400 | at erTlnmprdetoeessingirngirbéQG pEardeally fuoc es stwmdare hele enidssheduld| ock

599. The pre cessin in | 0 r e and
schedul e P ée?%r Eect?gbeg??@qlﬁw%u Faﬁffngraﬁ)’?f%lreg%rllée:rg%q XChF gtpg r&%rd?%gnb% r%”ﬁ(’%lu
recor dsigrayfrbm thetORSEYdby R file cerviria( GRSedp Qickyss behd pleprosss semver240. f or

easy access_by the preprocess server 300. Either at predetermn
interval s, BitheifatePrefe@miMadneite P naiE atFOMe MG ﬁé’ PP froé’bﬁk’feﬁlemo or

the CRS 250:4NlabaM@N hECRIB0ARA RWAidcalk Qe Tahﬁlaﬁreeﬂ{eogeﬁr%caﬁﬁrsmér will |
retrieve the records fromthe file server 240 or 0O and run the

pr epr ocessi wgievc dbw irererds0fom1Be e sev240SR SRS 258mndi R BpPreArgsEssitecor ds
and the MCM 46 %ve been built, it is possible to use the best fare
routi ne 700 i rrpel enented by the query server 400 (illustrated in Fl GURES
6-12) tbSfind thendeabt FERAES corifhies qutiobiedmeafrds anddhng’lcb‘ééfﬁ havedxwen builtt hat

there are ng .easy.conparisons for this LYRE; of

guar ant ee a''df \P@#lbﬁ ggtusfég%%e flérerﬁ?gim O(r@pg?%e 4§1"' ethef guer S%FVCL&)OO
possi bl e f agiguseeldid PHEURE®DENQ) folfing tRé)beemkdsmmb :prdMHmh dfﬁi:ﬁimg irest fares o¢ al
enuneration of all possible al terg Lve sol uti

conput at i ondir B AT GEPAAYSAPIRES tyReps P bi?‘én{" ‘?Tﬂ?fé?lﬁﬁ’%?{‘t?f’oa}‘r%é‘?"es a

possi bl e fageg fﬁ@ldﬁklﬁnstt&wébﬂe @t het t@caasmmrepoigbutmn&mm | ©icidgythis
resulting in only i)artl al “enuneration of possi bl e al ternat] ves,

t her eby2Qav oﬁxmlﬁéy woalduequireetopl erHneasgtion pf aﬂup@fsmbiﬁ ajtgrpative [splgtiensy whish ¥t i on
syst ens, o%ﬁ:ma'u&l\ehlye&ﬂ%[t%g.' %er%foré)ﬁﬁé H%k&t invention compares a possible fare

' solution to all other possible solutions implicitly, resulting in only a partial enumeration
of all possible alternatives, thereby avoiding the NP time problem.

In prior on-line flight reservation systems, an explicit enumeration of possible

25  solutions is used to determine the best available fares, as shown in FIGURE 14. All

possible solutions are organized in a solution tree 1400 having a root node 14035

representing a user's fare query. At this point, however, no other nodes have been added

to the solution tree 1400. Subsequent nodes are then created and added to the solution

tree 1400 that represent "partial solutions" in which some trip information (such as the

30 trip information types used in the present invention: breakpoints, carriers, flights and

fares, or any other information that would describe a flight) has been added, while the

remaining trip information has yet to be assigned. Once all the trip information needed to
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25 solutions is used to determine the best avail able fares, as shown in
FIGURE 14. All possible solutions are organized in a solution tree 1400
having a root node 1405 representing a user's fare query. At this point,
however, no ot her nodes have been added to the solution tree 1400.
Subsequent nodes are then created and added to the solution 14Jage 2006 t hat
represent " plaethiak asolk b bee"askipnedhing Rolaow® istcohdiddrétf QInipdétk O esnofleap t he
30 trip inf %rfq}f%tti on tyn[?es use(% i.n. the Fresent i nvention: breakpoints,
carriers, fl15 gitE a0 DEAEE OLAHP MBS ARTIIP ReEVOHIqUS Reriab st Rtelscr i be.

a flight) hasakaerrmdiad noddi bl bificichGRRIAMbRG §5iHRed Qédaarratf&mcélﬁgzc%et to
be assi gned. lOmce %L the trip information needed to -13 14 June 2006
det er mi ne a SPHPSHal preeR). Jesieyrrmrle. & faelshiakreaknoins (ap Aoppioe edinc elepi et e. At

each "I evel 'rip Whick heus far H Wiict [ ' to a
trip Whic bd &R far@ PEIREFL1 419 REas gn&f J(\jfﬁch 5‘[@95%@}8&:5 3&9\% %:?mgt)&gﬁtg

new uni que partial solution to" create intéernediate no I cient
i nf or mat i on*h%e VBYE segiprmitbat wednd v begslipliets e Al levElLR, icamisrs(14é S hrermsigsdd. to For
exanpl e, at -e¥el Anlreaknai St ORpL iQty.al on 5.trip.,which
is used for fare Cgu?xf)oges‘% 1%%1%@ i|N(s?§\{':1 ¥ é’nggér{;vﬁtl %ﬁél Iﬂslghtgégqoﬁaég a?séﬁ"gd
conponent s t0aire ¢renponente witherysignrdscalrizrsie Bevel wWon lure abp thierissignriént lo€ iedse 2,

i 14 - Sl d.t the.f ts bet t he break
Cointe:  Thenendifp Bl AN T o3 Uik BN b RTRG Bl 2 B0t S neUB MR ENT s wi t h

assi gnetd cataienents bithel siklé pritelistighaiSottheg@ss bg ANEer, OFinkPaelevdiIsi @ht s

into pricea ]Iree unj t.s 1425. Pri ceaﬁl e Lini ts may, i nclude a group of one or

more fare 1 éch)B Bi§ctaxRiand sgmeichylass) e etsiened ey e pricepbi unitr R YHYE a

carrier. Final(leyela) noa¥glso2aldieicadvdd" T thd D64 YelirBGnt %?Flgffﬁtlﬁcg ;if?ﬂgﬁs £hanges)
vel B ’

are assigned to the priceable units. Only the [last ( nodes,
so-cal | ed "Vhigtmgunsshat aflitgp infermatiprprsdsemadded wrth satetfons ol ut i ons 1430,

whi ch neans t haty, ghd I 2y | S: Lo the,solution, In
the snmal| sol uti ‘l(])n_ tsrntg{e” %A]f%t n?ﬁ%&%b?%o&&cﬂgg%@gid f/j‘illf’atq'ﬁttho‘}rﬁtl @géﬂaﬁgjiesf%ﬁf e | eaf
15 nodel®, iftedess ihos eunputmttitonally provivhidite | exelitidy esnphiesitd layl eslun@isat e al |
sol uti ons. 1 real .life exanpl e wi r.e. than 600 (10,000 if

i ncl udi ng i%‘%@ﬁﬁéﬁ 8&5‘1“)“% §F$'B%‘F t“’é&‘ g dhan Q@’Oggﬂf i"&&gfﬂgéa@FPaBP“%i ch
may have noirpot)atorathah AYkaritls @bk oP@RIOR Ay haVmbeGhadl & HRA¢ BighthdwBRyr € t han
one conbination of fli gh{is into priceable units, not to Tention

i nnuner abl 6" (V@& Py ERGMPES thag fge somBinatiefceloflights Haip piiseable Bnitse ot to

consi der ed,mdntién ROumerBes rulk, HRdHaigal, a§9|0%¥ Pitiorditial foell.10 B WHdered, the

comput hi onally prohibitive to calculate i an explicit enunera
techni§ e NEMBE Partil splEpay ekl v bedeows chwppriéwehy praitetitd ncalsiabife to

find the. laﬁg,gpgfcﬁregglﬁ%ray&{ Qghnicgﬁlié’us% inmplicit enuneration of possible
solutions in an exenplary contéxt, such as the

In understanding how the present invention is able to find the best fare(s) using
only an implicit enumeration of possible solutions in an exemplary context, such as the
air transportation context, rather than an explicit enumeration, it is helpful to understand

25 the trip information used to describe and partition the possible solutions. FIGURE 13A
represents a single trip from an origin at point A 1310 to a destination at point B 1330.
The breakpoints (e.g., any point along the route, mcluding the origin and destination) for
this flight are at points A 1310, C 1320 and B 1330. Point D 1315 is of some interest as it
may also be an airport, but is not considered a breakpoint for purposes of determining
30 carriers, flights or fares. It is merely a stopover point. The trip in FIGURE 13A is
composed of two fares, a first flight between origin point A and breakpoint C with flight
number "MA #100" 1335 that has a stopover at point D 1315; and a second nonstop flight
-14-



air transportation context, rather than an explicit enuneration, it is

hel pful to understand 25 the trip information used to describe and
partition the possible solutions. FIGURE 13A represents a single trip from
an origin at point A 13 10 to a destination at point B 1330. The
breakpoints (e.g., any point along the route, including the qu4iJine 2006
desti nati onpeixsen brepkpoift|G gitdesinatict pq@mlmwsh Aﬂlgm}ﬁurilﬁc;r "B ALBD0" 8340. Boi330.

POl D 31l SR AN S 35 e TN B, 02,20, 8L LPRL L 15

consi dered a breakpol pur poses hts or
fares. It i ﬁ@rﬂedry pausmo]cﬂdﬂan ppmlt ﬁtl330’hembrnbcp with he GUIRESOfe ifsres ﬁz@ﬁﬁ@sed of

two fares, fI| bet ween origin pojnt A and breakpoint C with
flight nu e%his\@toﬁf(% hjilf‘ff@“}w{]é‘ O%Fané‘?h g?‘&h‘ﬁéé"rprﬁf '%B(Bf‘?ﬁ"‘lﬁ"i@i‘%‘” W a
second ndnstopofd nngimttam— 14 il bd apgrc AR08 by RIRIsWRE BrdiBAKRA iR thedCar Bt any
destination JPoi nt .B Wlh a fl |&ht nunber "HA #200" 1340. For_ pur poses of
t he present nﬁ%/éﬁ’{ 1'61¢; “'E%‘ér rapkag schggpes Havsbeqised fofletsmansrssioningterichandact ual

time to getravel GiMep@osiblA idcudifh 6:0eJQde_F By-'b3§‘0tu%9ﬁb!tn§$0¥‘413ig' thdf€o tﬁ\l'.‘rm of

the fares for, the flights in between he  conbi nati on may be wei ghted to
provi de pri EIEOYB‘F“?%FEIY be H%rd) int pddition ersinblaee phypiet and . lrﬂVﬁl Wing| @agrier

appreci at edrehé’b!ﬁ QA& oPe Q{aﬁémﬁﬁya@&(bé Aonﬂﬁert:&]geraegaﬁ%nat any number of

wei ghtin ran |ng schenes mey be use né a cost using price
and tr eI t| meV{podeeimtiying dekuir agripr it éxolstodiang td dytemmiar tof wha)typel 6f i S

possi bl e t used n d

price and trg:\?%‘b%ﬂ thlcr}@% %?a#’gaprpga g/ﬁ)lsl?rycegtﬁﬁ)’&? P@dﬂ‘f’a&“PBh%yﬁ‘f%o be

consi der ed, offcateg@ieangieevayt, ﬁolwi(aﬁp deipeﬁ jawni FIGURE ERC pvides b kiple dxbmpR

customary tg q[%tterm neé F fﬁ 3{1 i ceaple unit the fares wll be

appl i ed.  MoStSPTAEE Ao 'Elt?ﬂ‘“f‘%“sfﬁ%/ rip; e T ohibryeh (l ikde 181 3ed backto bagkelgor i es:

one-way, rO]Umelnﬂ bp g@pQPIad day. oﬁlt@@JﬁEceil@l@uF?ﬁ Qé/mgﬁ&u%ss'f:mxgmﬁ%alm!s for
t he di stinctions. Ktrl from 13J through 13 3L and back

illust I‘%tl 9
to back>t o SRsst fgm- of ipa r@w@uﬁwom% Prably Wikh st artoentild K aipltee emtbaund

conblnatlon RBE rSHATRL €5 | r|pfrom
13J to 13L img?h arstog}gtegtdgpdfg&% %ﬁa gpgﬁﬁtoung%ﬁy alg,&‘? céé)?%'gr{dr trip.

It coul d aI%@Pb’@ﬂalb?rOob%ﬁS(ﬂﬂdtlﬁ?(be aomewaawnhtab{:mmm; Mbmh&r gecmph:gflame $0

conmponent 85..a a ane: abl e unit. Anoth roupi ng
is the so chl gﬁ gweﬂg%h}vﬁ QrF et Qnigm WHeEP eé/"{uﬁo ng‘f “ﬁ agY S‘f%@“ﬁ)‘ﬁt[?ﬁ?ﬂr? | eg
and any subs&q:uewt nbegésssanly tie tsarmep (Butecoupd bepceﬁuswblgacﬁ Qﬁatﬁ%@?fzﬁbm

I n _one 5 coul d be

coul d ?8 c 1 a{g (51 égage re 20 conmponents 1380 and 13
part of" an “OPBH S g i%08ap CEI'HF’ © BfH o e PO rstseable guiwend e a
one-way pricefpdtest LHY0twoufdBe N3Ye fvh Pméﬁbl@%ﬂltc@m@r\baﬁﬁﬂ%ﬂg carpﬁ orfifHsE ohé&l ©
corrponent s. CGenerally, round trip flights and open’ja t ‘are less
or more fare components. Generally, round trip flights and open jaw ﬂlght are less
expensive than one-way flights, so it is very beneficial to combine flights into' these types
of priceable units when trying to minimize the cost of a trip. Even from the simple
25 example illustrated in FIGURE 13C, it is possible to see that with many breakpoints and
only three types of priceable units, the possible permutations that would be added to a
solution tree 1400 could quickly make an explicit enumeration of solutions impracticable.
The present invention does not explicitly enumerate every node in a solution tree,
such as in solution tree 1400. Rather, at any node, it determines if any child node could
30  possibly contain an optimal solution. One manner in which this is done is by using a
threshold value. If the cost of the partial solution is already determined to be above the
threshold value, then that node with the partial solution, and all its child nodes, are
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expensi ve than one-way flights, so it is very beneficial to conbine flights
into these types of priceable units when trying to mnimze the cost of a
trip. Even fromtheée sinple 25 exanple illustrated in FIGURE 13C, it is
possible to see that with many breakpoints and only three types of
priceable units, the possible pernutations that woul d be added Jufie 2006

sol ution t r&@erﬂeﬂ@n@n@%’si@e:@ﬁbzﬂﬁ' tMe $BNGR AR B30, 1 1€ tHe :lﬂeymnaére cihgs heut i ONS
i npracticable. The present invention does not explicitly enunerate every

node i n a suMdamish berrewsitedsaichlates ppint.Ryt iniiadty lfl'se@’fﬂ ergdat hBiS Progessany”
node, it dehgrgd ReSin Jonﬂllﬂ ncﬁth il BRAG- ﬁ'fa'ﬂﬁo%d é@hr@&lﬁ%fmé’prgﬁﬂltlﬁbéhu%ﬂ opti mal

sol ution, One nmanner his 1s done IS using a threshol d val ue.
| f the cost of tlmeccpedameawltksdtmqsem m\gnaweé?cww é@‘bbqnﬁﬁé@ht\lﬁubé uiedige t he

thresholsd Vs@.largﬁfortbgﬁgar&p@%s&n\ggg 68‘8 sgnﬂ.é P GHZ%{E laPl ol RRhLY WhRR ariidivah krob! S

child nodes are rom consideration in the
solution t raeguel&ﬁoo?pr ekartfie, 4 firedbiel of \newepattml chlaters, istaneatednasdrodes gifita be

d
reons ™ ndpeh BRIl ik b At b AR AThER B I OB o1
t he presenta Iri‘pVxﬁﬂlsttl[:ﬁﬁb thkdugh C by d:auﬂmemvu tuhptdﬂ@rw«m euifichi canelet sadved mohcr anch

-and- bound t.echnjque is used t 5 search for best fares b | ving for a
sequence of®%Y ri”itféqeséd;PH‘ﬁ’P@H%“ \,\ﬁqr@}qhggespg@rq PRdTT By M dﬁ%%ﬂp%? r#Exanpl e,

a firstol evglindhe B sm?ln@sr theAlowe© bskiridOfRGrréss tﬁéﬁ@ls@)dfoa%adlﬂﬁiﬁﬁprﬁﬁleﬁl I8@eut i on
tree 1500 such t%a partial solutions are only rest ra| ned by whi ch

br eakpoi nt dower boppdhamtg supa%%bl%wwefg\aﬁﬂef feg thegligpliadd cost. 4 cé‘lthf)le%‘l“eﬁi‘lbbl em
whi ch can 3; bﬁé}h\(g&B_ prgqbﬁ,t?o%zué ﬁefemacb uh@s eqm&bﬁ@kbs@%cr@{s@m@le@&)snl its a

programinto two and 10 boundi ng conputes the | ower bound
(current bévmncbamb))odudr preafcsh ls@h‘rcmscﬁblhezm as| 4 tltebnewhttr@wecrybmwnfﬁlp rdte

sub-problemis no e . thresh dhen t e b-

pr obl em (pégpsrfsgptg asSBEF'Bfolb!)eH} pagu géql%t Orngg %aﬁlf SRS ‘1(31 gt(%s ﬁl ﬁ%{r eases
(if eversz]I nbde hﬂﬁﬂ@épr@ﬂﬁis b@&lﬁlﬁdmrétﬂaﬁ&fﬂeﬁ: i mmbﬁseﬁh thtemm ﬁ)@t aodaseé;hewhere
every node in t etree ents arti tlon
Initially, Wepareplagedand r?ﬁ?%qegiéahw %sahﬁP 59 "%é) 00§ BO od*é 9 f
represents @ bRhAXSM-RILAR!sBiNhGleCactivt na¢ iAbdIERed nd bR mmme&hmdes of
the tree are relaxed and repl 'aced by the relaxed variable(s) in the root

node. At eatdblem wgelved. Depheding emiw seludcmhonnhel Be flloningdhvge agiany s Asde i s
sel ected and § hp feﬁlﬁgcl'f SHlak& @ﬁagm 1L 2RbREL mm'»\m me@eraqhaq bl ! he
solution, one o oW ng t he

: ree actions Is taken: ering
r el axe@0pr obl errfdaablea;bﬁohw‘radm theatlefespracassiag theawde. he current best 20

520 O, OB S e BT B St RiPBRSEI 1eR O g BB ohom o
cost would be below the previous lower bound.
¢ Branching: Branch on some node if the relaxed solution is not complete and if its
estimated value is better than the current best feasible solution.

25 The reason the partial solutions below the deferred node can be ignored until the
threshold cost changes is that a number of feasible solutions have already been
determined and piaced in the MCM 465 during optimization of the fare, schedule and rule
records by the preprocessing server 300. If the feasible solution in the MCM 465 is valid
and is less costly (based on whatever cost criteria is used, e.g., price, time, etc.) than the

30  partial solution in the node, then there is no point in considering the node or its children
as the MCM 465 has a beiter sofution than any that would come from that node. Thus,

this is not a heuristic approach that approximates an optimal solution. Rather it is an
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cost woul d be bel ow the previous | ower bound. Branching: Branch on sone
node if the relaxed solution is not conplete and if its estimted value is
better than the current best feasible solution. 25 The reason the parti al
sol utions bel ow the deferred node can be ignored until the threshold cost
changes is that a nunmber of feasible solutions have already hqggne 2006

det er mi ned ad plidessh ploctdiee MalViA&Doiunial BYIuBRTsI Ninzahdronos, it hie hlare,
schedul e and rule records by the preprocessi ng erver 30Q. If the feasible

sol uti on i fetm@uNEMhg a5l & “Paﬁi“?:i H¥hPriseluigest Ye) tHep BN Encthat By er

cost criterjasicdseth uf- ;S}esenprdV‘Eﬁuont ifEmiblee Sdtutlon ha® firfiefodRd PArdréading _
solution in the node, then there is no point in considering the pnode or its

children A4CMy3Monng 8 Frapsesessingetiagg s desctibgdaarlicnany ifhihe iHamajsn e ome
fromthgt ng Soméw ,Bgéﬂbé tqes[ree%meh PQMB! &%m&@pemqa&h bEdkAthaARRE B¥d AL €S

an opti nal I on Is an - 4 June 2006 exact optim zing
procedure tdtm’limismidsoroq)‘clsafalb'dsfsmdl ons. In ot her words, in the above

descri ption, i t. t r ni mum
cost. In accor géncen\g\nyt H/%?t @, npérgiggé‘n 4 %vt”gi%wwnggﬁlgig{)gg@glﬁﬁ{ rtg'nisﬁkar e .
first foundalhy o(fnleatmsngvheh/@l\ﬁaa#ﬁeﬁ sdllﬂtmmg£ an ;mutep'red(aerssmdvglsstoa'gb:t@s deiscri bed
earlier. d_[p |nforma on in node

res

whi ch
cannot ”‘gﬁ a oy ey SBé?Heg?vet Wg‘ﬁwgerﬁté‘éetm ik 38&“*’5&"" ch (r)ﬁgar eI :

saf el y 1gef g5u@ bouf BRoHiM@My réfiRl ak poRBadetutivex brel cﬁanﬁiamyand)fac&prfﬂtml ng a
"l ower bound" on the value of the cost when a parti ol uti Oﬂpat an

i nt er medi af@ewBdes paleply reBdingThibest freng fnﬁ’eoP’eé'oPg%é WGHmg e oS
repetiti Veeﬁlm%&u%g I3 % VM8 FRE, £E8 @hmu@r@g%? Whghecatie Wil Aower

bound i s continuously refined as possible solutions are conpared and
accept ed orombigp empefarcasorpmnem With | anofhero Brapiisey therd éss pot graugh time ke

previously che ﬁo%ﬁkhegqéyaémhéa@ st Phek Wl R 1 lowk bl WY Hid fafat e, no

flight avai't'ab Rat ‘carrier w I ne one fare
conponent et Ppogitdd fmtuthaca\ulsehtdmrlé xswde)toréylohIghert r:qm fadutioas @onhect i on)

t hen the next che est fare W&b q lg f r@ %ower bound. In this manner 15
t he possi blsés‘eé‘&“ﬁT yoRRorGHh PSS WBRHTHDR Od’(FfB‘éu (P55 %8 cost sol utions can
be systematicahk wlscqgs@aeadrmnlp@ﬁat(wmtiohé at'é"lﬁndtmbEﬁarﬁElﬁcﬁ‘rdtmhattgﬁﬁilﬁgal n. As
di scussed earlier, partial solutions are another name_for the int rrredl ate

nodes 1510nodesi610,15b% fé%%ﬂ%@@%ﬂdﬂ*{e&v‘eﬂ)smf shutipp trge Lf0utASHPMPREE 19500, As
conpared tg, :rﬂﬁa{' #ﬂa‘l W1uhaH § rb@tl noig) ﬁStO'Soan \(lﬁl@ﬁ)tno%gi@i))nélﬁgﬁmfbﬂna\ﬂah%s no

additional trip orrratlon has 20 ded, the conplete solutions (I eaf
nodes) 2&53©ee\nhmdﬂhd athe doowphate isoluliense(lead ngf.les) 1530 which are found in level 5 o

solution tree 1500, have all the necessary trip information including fare information.
During one exemplary operation of best fare processing (described in much
greater detatl below with réference to FIGURES 6-12) partial solutions (solution tree
nodes) are partitioned (as can be seen in the branched nodes in FIGURE 15) according to
25  an arbitrary threshold cost. In one exemplary embodiment the threshold cost starts at
$100 and one hour, but any other amount could be used so long as it bares some relation
to expected travel costs, possibly as determined by the MCM 465. Each partial solution
is evaluated using the MCM 465 to determine if it could feasibly provide a complete
solution below the threshold cost. If it could, then further information is added (e.g., the
30 current node is partitioned and nodes at a new level are added) and those new partial
solutions are evaluated in turn. If not, then the partial solution is not processed (e.g., it is

deferred such as in node 1590), and processing continues until enough complete solutions
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solution tree 1500, have all the necessary trip information including fare
information. During one exenplary operation of best fare processing
(described’in nmuch greater detail below with reference to FlI GURES 6-12)
partial solutions (solution tree nodes) are partitioned (as can be seen in
t he branched nodes in FIGURE 15) according to 25 an arbitrany Jukeeese! d

cost. In ong. RYRIDI AL YroefRAGIIIREbut NeeddipR ehapidiecomtiomstians Rotdleebididand one
hour, but any other anount could be used so long as it bares sone relation

to expect edine isvieft, ensssame pasiali solufions hanst mtﬁeﬁéﬁvﬁya‘%éhwshe‘é oSk éh .
partial solptls §Qd ahd &Y ﬁ‘ﬁé&%&% Y3Hf9ark '}SV:HQM' A6B thOhBRLEMLMEsRAd] finl bnecoul d

feasi bly provide a conmp solution below the threshold cost. If it
coul d, t hertxézuphahecmbcrdﬁmq:maha dmeﬂlglda@uemC(eéseg by $39eargohatfugry BoHr, RBdenY s

partiti %nedoﬂ%?%mr(l)o Séts %[ b u%e lg%{f bs ﬁrb%re@dsgﬁ\q)reﬁn& i @lecPWa'F@rcto's@l

sol utions are &Vl then the parti solution i's not
processed (pesdble as dieutrmmedéafyehd’ M@M ﬂ&fh "alss pqmtmoctemll!S@@))Jgh am)lptr: gelatising

I d
The. pr ocesdl g HHRBLA IO TR s0dh ot anpPeeesebfegibnhéh e Bt ol o

time is | efagesTGIGURES RAALC p:lovmelmb eansf the €ighd, giveg temadafuanaapbsstbhe
threshold cost is increased an&y he uneval uat ed nodei Eeerew sited with

the hi gher SPRPEE#IYionFhaysdeersiosnfy he JORHBSARERTAUBS BIPSFY B}

increasgs Ry $§pw@1@ﬁi fﬁl fan?@orhﬁlla'ﬂésom%nsa(@)ﬁ t@ a hibRiar PREHE) £0plederied bsed so
long as it bares so ion to expected travel costs, possible as

det er i ned tWSph(elSmmM%he mhﬁ@PﬁmﬁkﬁOhﬁ@@S pssanteddiiBligh conpl ete sol uti ons
h |
(e.g., enough | eafy e{?é)rq@?sgﬁg?ht% %{;g\hgt‘ ﬁﬁdlﬁ eFBreEi%E' 31 g%jﬁ IMSRAEs odehe

exerrpl ary Wb pages,o prov e two sets three flights,
gi ving a t ekahpledy dmm:dumssf bitens pmmredéaygodyatewﬂqsfnﬂnawé‘cﬁé@nsfé?ﬂm t he

solutions are exhausted e pr any
conpl ete sEIFUFISPRAAR % (5‘5%% eg?‘ﬁltf)r Sbﬁu%ngfﬁstlfg'rvg P le'éétgﬁméqp %9 Sﬁe user
(usual Ity wigRntible tm‘étonﬁHilnﬂi? skﬂthWtHeOm villepereciad tat te)presént bekdem
illustrate the operatlon of tinding tpﬁébest fare, IGURE 6 ‘lnH [:‘E tes one
exenpl ary &RBJisi SaEAHY 8% Wedlt ooptierpiorme ok dERNBRPIENER, o f éﬁsfyf)tlﬂmf? 4’:@

fares. Wi e, Rk L hERASAA 313t WaB sbfetSRM BRI eewvérqsdecﬁ@awé@ffsanerwobuatdr at ive
application of the present 15 i nventi on, those of ordi nary skil| in the art

wil | appre€R& 250t hahe imwagions efiend theeroufings pafasmpd by dbrxpdaps feviges pret o
other for milhﬁ%%t%r an%pgerstﬁ%%ed i %!‘/_ ?ersgcﬁgl?r‘htgg & ﬁhgiﬁgreﬁce WO EURES7.¢h 1 ent

devi ce 210 server server guery server 400, and
CRS 25Q0 TiReturiihg taEIGURE 6 Ofesafack [brbeassmglby rﬂmsqq@ar sfeurenré@D bynmh@dwdren@us

(rj::‘“e(r:g?]cgr Egeﬁpaj%%fgg@%g ?argse EOCSr flor a part:culgrr t(ral%tv?ar a %B%héc 116%5 ?gucy{‘zé nme
Web page 1600 illustrated in FIGURE 16). The fare query passes through the Web
server 220 and travel server 330 to reach the query server 400. Once the query server 400
receives the fare query, the query server 400 essentially builds a solution tree 1500 (as

25  shown in FIGURE 15) for thé query. More specifically, fare breakpoints for possible
solutions are determined and assigned 610 to partial solutions. Then, the query
server 400 assigns possible carriers 615 to the fare components defined by the
breakpoints (a fare component is the segment between two breakpoints). Next, flights are
assigned 620 to fare components that have assigned carriers. Meanwhile, the query

30 server 400 also checks for flight availability 625 from the CRS250. The CRS 250
responds with flight availability data 630, after which the query server checks for
duplicate flights. This prevents listing the same flight, but at a higher price. The query
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20 Returning to FIGJURE 6, best fare processing by the query server 400 is
initiated when a client device 210 requests fares 605 for a particular
trip via a Wb page 1600 (such as the Wb page 1600 illustrated in Fl GURE
16). The fare query passes through the Wb server 220 and travel server
330 to reach the query server 400. Once the query server 400 j4rqaehkues t he

fare query, Vel AP0 SssnhtsalWith Righlsdand gfbuEI50hek¢ €f101500
(as 25 showh iﬁ4%jgjéE§a§£55) g%or tﬁe guerys. ll\/breiés eci figca ly,.

fare
br eakpoi nt spriceablposisi bTtese prideablE onits 2t dhaaessiBRAdNBERS S0 21088 MERERY 64655t o

partial solution Then h f S 0S3ibies Ridhdr ers
615 to the ?’gf@“g@ﬁﬁ%ﬁ'&dﬁ%é& ?eng;bﬁlé%c {e;s/&tl%g)rns g%g‘éﬁ%g':“ﬁ?f d(?a fare co%pornent IS

t he segmentprize} sveahent slmibatebtqsoi TitespmaiNegtsolutibngybre shegr ieviewsd [ogifesdt 80 to
fare conponents that bave assigned carrigr [ Yraod Server
400 al soO c&?&‘l&"hﬁt&ns FF?@P& v%%saaé? I%i“f” ;‘7‘“%530 ftﬁéﬁ?nmt@ﬁg e%&%ﬁ%& uﬂlal'%eracélis 250
responds Wi deRvef bi@iid @y Mebabivei 220. didempBB0 farapesamtanion MYett prgeUid By 1 B8r ver
checks for duplicate flight ' vepts, listi the s i , but
o hi gherenprce mernegsary FeuRES AT s Bos Mt RS R e By (e
fare conpongplesayd 4B abdcligdatis ndddgsi Pbensy 6.ab rédagbe AIOUBE ri ceabl e units.
These priceable units are then assigned far e}s(, 640 al ﬁﬂ-&*vﬁith an%enisulfes,
taxes and/or sudthdl brearprosiajeddupthpeeaf o4ty Ba tt’%%f_ FEGRTPOBUL The sanme
or a high R 8)r11 Be Elﬂ:?éh Ghth&ti NabLhaHP offddiR g REBpdhIG SOlhdtprass ar e
se

er
then revi EV\!I:EISI?{O ct the 5 best solutions 650 and the fares argf
f or war ded tioventien.cFpbeetanply itsequenoseviead@hand whaerel sspiey 230 angéprahe Wake Web

server 220. Exempl ary fare pr i , 2hhe &6 1630 are
i I1ustrated " %ﬁésﬁoﬁﬁ %’qﬁ'ﬁggrﬁetcgﬁp}ls{% H?ﬂ?gﬁ@é@sg%%lg Sh t he query
server 400 gertidestht batent mvemioa. detail below with regard to FIGURE 7. It
w Il be appreciated by thos rdipary,. skill in.the.ar

conmponents of Yo HreIEE 8 Iﬁﬁ@‘%& gl‘{]@}d\e/%” &ftpﬁegfﬂq i3 “gg%%?[%%ﬁ%@%;hf%f:gct ing
the operqati@nephod et RNESER detdrAviRthe @8st flnes rezestl By aklientgleeicy2Her der 400

and the travel server 230 and/or the Wb server 22&)@ay*coexi St (ﬁﬂthe
sane conputilawy chisyillwstraiing esubestBeg ating {004 rapispgpted £ AP eBFT Hhetcur r ent

| nventi on. fifurbdeUit 12k aldhid EMEER Loordard@dvifh ohdori @alintey ofiticon

conprises a query er is used to determ ne the best fares
request ed bpytesancinivenion deshioss i@ FIGURE 7 | T bertefere rontingstop begiayin pleckddt fare

ot 7 ISR St R G S L s S o e

avai | abl e f8f nce w ual I ment of the present
i nventizn i Gysddown séutcds] BdREas? thirfhgartyesavef aemensourt camery,0butbieyieAsmplATYD] ock
7ot purposes, one embodiment of the present invention has the query forwarded from a
! customer using a client device210. The information in the query is used next in
subroutine block 800 (described in more detail below with regard to FIGURE 8) to add

fare breakpoints to partial solutions and add those partial solutions below a threshold cost

25 to a solution tree 1500 stored in the priority queue 475. The logic continues to subroutine

block 900 (described in more detail below in reference to FIGURE 9) where the fare

components defined by the breakpoints found in block 800 are assigned carriers, if they

form partial solutions below a threshold cost. These carrier assignments are added to the

partial solutions in the priority queue475. Once the carriers have been assigned,

30 processing continues to subroutine block 1000 {described below in detail for FIGURE 10)

where flights are assigned to fare components having carriers and that would form partial

solutions below a threshold cost. These flight assignments update the partial solutions of
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and proceeds to block 705, where a fare query is received. The query could
cone froma 20 nyriad of sources, such as third party travel servers or
carriers, but fof exenplary purposes, one enbodi nent of the present

i nvention has the query forwarded froma custonmer using a client device
210. The information in the query is used next in subroutinQ4uug@&08@0

e o 8 LIRS LD TS Brgarei g

br eakpoi nt s solutrons a ose parti tions
t hr eshol d qdes‘cneéis inOmaresddtait math régaed tdl SUHURE d i ke thei faret mmpmcmis it E!uste 475,

The logic continues to subroutine ock. (described,i

bel ow i n r eFEFEATE 6 gﬂ"&jﬁz}?‘é %Ceef‘éiet“ IS i?ﬁ} res‘ﬁtm 3%&11?& ny{'?r?gg by t he
br eakpoi nt shiegHbMdcdsh bh@&l@rﬁ%leaﬁrﬁts&&sﬂhaﬂed:daampﬁﬂe she paftid belytiorfson maqoart i al
solutions below a threshold cost. These carr adde

the parti o8B BierpAd>i ACEHEINEY |‘%F?qrwtﬁ‘ﬁgiﬁ%ki?gg%%ﬁ%g”?E?éﬁ’é"a?’ﬁ%’ EigT ave
been assi 9G@@isﬁﬁﬁnagﬁemwgoeemtb e, fhi@s SIHRE PHEdBR dah@e,kerwmemmgcr i bed
bel ow in detail for ere i ghts are assi

conponent s Heeial pjutéery wp@ldéveéméwtthethrwbulrﬂdfa’f%r Mg Pattiah§o gfU‘s%‘Fu‘! FhGrPé‘OB'@’I ow a

threshold ¢ h f neRt p p [ divcans of
-19 14 June Ql%otg-g Sﬁgldsésgﬁeoﬁﬁ%ﬁegewﬁgége%t%? ngﬁ@t Zﬁé r%cf?sftmy queue 475.

Next, in subniutitodldokGeR whek(y pértiekelitivasl with lhma@lﬂdfellpahﬁomitoﬁ (gAY d to
FIGURE 1) h faec onen e o form
pri ceabll thr ﬁé i“forﬂ‘? e‘gﬁlf%%ﬁ\é\fnﬁg'ﬁ {cfjalqh(g“?'%%?%g%?%%e?owgggh?%geg [E)I d
cost. Thesevify itlgeabhe @tnhtgfhe:arfﬁetxbe;ﬁbtumdssh@ uphiahge it hiecppont blkk 308 Wt i ons
inthe 5 priority.queue 475. ccordln n suhr oyt bl oc

(descri bed BEFBRAGRY 1Sy BYLF dWhe “Efr ?‘Gﬁé}/’@Z)sc?ﬂa”PsH erboré?g?‘ﬁ% te %% dssign
fares to t I}ﬁedle{ehﬁﬁq@@ls@t HNESraplvB 86181EME aN @oHiBilifigh exdatisiédabr Sl prbdeenhioul d be
bel ow t he threshol d val ue. T%e parti al solutions in the priority queue 475

woul d al so tiseed gye bevend wbmp predeteani paskiram st sLf npisadige seapads H@s deienmined
continug tQq, FA‘%&%‘]&%B’W@% &4 m' mé:?h.%és@mg cmmeg RIGRTRS WWHeR:

i nformati on (exce areln OI’IITB.tI be el i m nat ed.
Provi di ng filser ehrekhbll oot tihéngeayal bjfmgharb;trabm selwtetdn ptngtemngd @mohliligﬂ'éir far e

t Th
uhet hor | an FERGTHE EEERuP PIHAE - BUah Dol natdul g RIS U ATMCAM ASIRCE,

conpl et e s@ldiki7ONSthe@plocBBmEicOhthdutd e:sbleommﬂ»s\krleﬁe dte lbhest poncsemsomsacmu med
out beyond some predetermned tine |i

mﬂe%‘r"' If no end| scenario Wi
det er mi ned “¥WANFHGRTPIEENTP5358HY I SROBIPEERR 3“'tst PSEBSs si ng
conti nygs tfgeglapecgeqzl@éed% Ghe pridfit Ji fiees bl ﬂr&ﬁ&{se kcSthe Tare Qa&9ds Bhedied

arbitrarily selected predeterm ned anount an processing returns to
subr out i ne bylreitikvis@Gand) hraking)ethel i) pseeabiares firm cpddened O sghtiry; s

with the trip description for the lowest cost solutions. The final price and trip description
are then formatted (such as in Web pages 1710, 1720 and 1730 of FIGUR17A-C} and
sent to the requesting device. Routine 700 ends at biock 799.

25 As mentioned above, a number of subroutines are described in FIGURES 8-12,
Each subroutine partitions and adds further information to the solution tree 1500 of
possible solutions. Before examining the subroutines in detail, it is helpful to consider
the two solution trees 1400 and 1500 itlustrated in FIGURES 14 and 15 respectively.

In FIGURE 14, as each additional piece of trip information is added to the

30  solution tree 1400, at each level, the number of partial solutions exponentially increases.
Each additional layer in this prior art example partitions the previous partial solutions into

two more partial solutions. However, as will be shown in the following subroutines, a
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bl ock 715, then processing continues to block 720 where the | owest cost
solutions (each containing a conplete trip description with one or nore
priceable units and associated 20 fares) are dequeued fromthe priority
gueue and a response to the fare query is generated by retrieving (and
totaling) the total price of fares fromeach | owest cost sol yyi Rme 20060
with the trppceescr Hﬁhhﬁg”l ifodes fre doavieahticnosbersinlildiigothe . tre€lvecafels mahugr i ce

dt d t th Q.. 1720
and 1730 of PRISCHRREARNS SHi (B hTOL (TR BHURK PR 6o P R 700

ends at bl 0gdnsid@Rd aﬁé tlﬁ»%e WEftd @RethaBRQYEhigR afUft @bnHferédIDleOWefomes”) doe
described in FIGURES 8-12, Each subroutine partitions and adds further

i nf or mat i onfurger pecesHngEIY therthigeholderst BFreassdssi bl e sol uti ons. Before

exam ni ng the supg %mﬁsﬂb[‘]fﬁetﬁ'dr@cek& | seghglvaith rdR nﬁ@@ﬁﬂogfféprcsfchﬁlé WO
solution trees 1400 and 1500 illustrated in FI GURES 14 and 15 resBectl vely.

I n FI GURE 1the farg queirhNadigiatls bavaibegn added wrany pfhsr nodes imiieiselytionstregddadeiat o t he
30 sol uti On Esr §9n114% 131 Eagzﬁt Aleyq’\ktlong hﬁthnwp%eaﬁﬁmﬁ@rlﬂ@lares%déy' Q&S

exponenti aI ncr eases. ditional |ayer int rior art exanple
partiti ons El}ﬁ?éﬂ?pli 8viots qmanmnareesléDQntxnmsmphtmlutmrmﬁéo patht bragkpewitaut i ons.

However, l}(l]\élé\f %’F P%Shomg? It]ow the(%iﬁ{esqva st uA)trl v# n%?nqr?lSlS%?%gssngr}éme | 2006

process of om co era |on
creat esi(a nyed FIGIORE Ineia@apbiheeesof theifomr pared sbbhlidns @fdeytltehhreslmmmmns t hat
are below a certain cost are onaégf ed and t hose V\n&lh a cQgs is too

hi gh are notedoflstrbs dhehys arg asst farer comMPOPEfiLs W aﬁ?‘%&é’é‘ir il the

threshol d COBIURMEEICARESY rdSofTHOWR ph[@l&ﬁ(}%ﬁs ilréex tBE @rﬁ@ﬁxsndrbgstbel kg, Wth a
root node 1505 representing the fare query. etai | s _have been added to

any ot her nlewd$ fatg comPOBBISATE BF5igNEd &0 ms@blat-tmt% 'rﬁ2§ (ﬁéuﬂﬁU%”Dewémw
partial sol gtd S’f‘ﬁae"yéb%a&iﬁf o1 REKAG f&?éth}éﬂ&d%ﬁ aﬁ%ﬁﬁ'%(a??é%ei §Ifdpke8) to
the solution tree 0

I'n exanple solution tree 15 ot h bréakpoi nts
al | ow fior pléwdudiig BrésUnd oose blﬂngw)tataeas&bmedshmecbrmdﬂe upits (s FAGURE Barri ers

1515 are assi gn d 1 but on [ f.th td al

sol utions n¥&t° Jhéevteﬂrzgﬁora p@&al]s dlﬁ\'lbf))?f meﬁ{ }Heet\gre?heo\;ﬁ) Pét q‘t)]h?:igl'éﬁeﬂgésissl gned
1520 to fargmdeQnpsosnt shewset Imfa:smpgﬂme@blmafns il 8305 séaﬁﬁeadeiGHREf (@) posaiblt onl y
three of the sjx partial solutions m?et tlt]1e thregh‘ol % I n turr}% | evel
4 fare conpdielPsesipEIGUREAetierarpril baplids amuch smply kdhengp glpeetieyy  ang
only five Bhedihstlc¥mpiid skAbusR! HEArOReSEabmt iR E&]ﬁﬁ&h@kgimt InFéral 'y at
| evel 5, the fares 15 |nclud|ng taxes and sone change are assigned to

t he priZfeabingbodimant of sbe PRISGYREVERipn fhhﬁde@wpyissfé@@ngbfsmﬁﬁé ttl%ﬁmaa‘re{eu al s
sol uti ons r@%ﬁftiohpﬁm &BFiSﬁt?%QJeCzPBtwhiSPL1¥m$shﬂ'%e L &¥&)al Bf the lowest cost solutions
' first.
Now that a peneral overview of the building of the deferred solution tree 1500 via
FIGURES 8-12 and subroutines 800-1200 has been provided, subroutines 800-1200 and
25  FIGURES 8-12 will each be described in more detail.
Starting with FIGURE 8, subroutine 800 begins at block 801 and proceeds to
block 805, where a new breakpoint (any airport present in the data may be added as a
breakpoint) is retrieved from the MCM 465 and is sought to be added to a new unique
partial solution in level 1 of a solution tree 1500, such that the new partial solution will
30  not exceed a threshold cost (in one exemplary embodiment, the same threshold is used in
the calling routine), the breakpoint does not duplicate one already in another partial
solution and some carrier publishes fares and provides transportation from the previous

21-.
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nodes, represent the set of conplete solutions 1530, so instead of
thirty-two possible solutions as in FIGURE 14, there are only ten. It is a
much sinpler task then to select the |owest cost conplete solutions (I|eaf
nodes) fromthe solution tree 1500. In one 20 enbodi ment of the present

i nvention the selection is ai ded by stori ng t he corrpl ete soliytF@e2006 a
priority qu 475 i_ch_al ere f.th ons

fl rst. Now I‘ﬁ Oglt.g r%rpgfposes \é\édlSCUSS] n,?)? f’li%al% ett gven éxe@ﬁ%eyr HHJH{

overvi eéw o ng OHoPhe sol ution
tree 1500 viré 1560 GWRES 18ed, Zhaanders whe oﬂbudmresy 860 1&216};0aﬂna@lltmgm1acnpuedhatohed
subrout i nesﬁoo 1200 a d 25 Fl GL{ 8-12 vm%go be. descri bed
detail. Sta¥tiieg W fHs R getugl, smBRiimpy bhebgbeis?{g ‘é’f’e%'f"acrf?a%&f %nd

proceeds t Oconbii@aHe HitRe c%ﬁfeﬁxtﬁaﬂﬁﬁda?b@s%mpm&tudéallftye aveRQint/ophmedanhan n t he
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solution, possibly even adding the destination as a final breakpoint in block 815, and

adding the new unique breakpoint to the priority queue 475. Processing then retums to
block 805 to search for any more partial solutions in which a breakpoint may be added.

Subroutine 800 is used to populate level 1 of the solution tree 1500. Repeated

25  calls to subroutine 800 will (if available) provide the possible solutions (i.e. level 1

nodes) that will then be used to build the next levels (i.e., level 2 nodes and so on)of the

solution lreé 1500. Level 1 is not built all at once by subroutine 800, rather, by iterations

or recursions subroutine $00 is repeatedly called and incrementally adds possible

solutions that are below the current threshold cost. However, once subroutine 800 has

30 finished, it is then possible that a partial solution has been added that will provide a best

fare, so routine 700 would then call the next subroutine 900 for building level 2 of the

solution tree 1500.
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removing it fromconsideration if the increased cost exceeds the threshold.
I f a breakpoint was not found in decision block 810, processing continues
to block 899, where any partial solutions in which a breakpoint has been
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found, then a new untque partial 20 solution is created by addi npge2006
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previ ously assignéed carri are known trip information, so the MCM 465
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found, then a new unique partial solution is created by adding the carrier to a fare
component retrieved form a previous solution in block 915 and adding the partial solution
to the solution tree 1500 stored in the priority queue 475, Processing then returns to
block 905 to search for any more partial solutions in which a carrier may be added.

25 Similar to subroutine 800, subroutine 900 is used to populate level 2 of the
solution tree 1500. Repeated calls to subroutine 900 will (if available) provide the
carriers to possible solutions provide (i.e. level 2 nodes) that will then be used to build the
next levels (i.e., level 3 nodes and so on) of the solution tree 1500. Subroutine 900 is
repeated called and incrementally adds solutions that are below the current threshold cost.

30  However, once subroutine 900 has finished, it is then possible that a partial solution has
been added that will provide a best fare, so routine 700 would then cali the next

subroutine 1000 for building level 3 of the solution tree 1500.
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15 information to a new uni que possible solution. As each new piece of trip
information is added to the partial solutions, the cost of the parti al
solution will be refined, and will possibly increase, thereby renoving it
fromconsideration if the increased cost exceeds the threshold. If such a
carrier was not found in block 905, processing continues to 1alxGk 2096,

where any parti apGRMpd @Biduls WHHCthe BnfRING| & thRas B8 Nreadded B/ gddigt ur ned
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475. The cost ot a pot'ential new unique part I's détermned

usi ng the cesbwing i ftolrecqpsidprat ored sedindEded 65t t::a:e&d} tbl@thszsmlﬂelﬁmﬂwghawm ni mum
f easi bl e cos eC.IfICl| t,.he f a new I
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feasible trip |nf§rrrat|on I n bl ock 1005 this rre%ns ttht onl }e user
query, bred¥ds Q)wai( ynae%_\ypngp% g3mal solution 1s created by adding a tlight (retriev d rom

the CRS 250) to a fare component with an assigned carrier in block 1015 and a.ddmg it to
the solution tree 1500 stored in the priority queue 475. Processing then returns to
block 1005 to search for any more partial solutions in which a flight may be added.

25 Similar to subroutines 800 and 900, subroutine 1000 is used to populate level 3 of
the solution tree 1500. Repeated calls to subroutine 1000 will (if available) provide the
flights the possible solutions (i.e. level 3 nodes) that will then be used to build the next
levels (i.e., level 4 nodes and so on) of the solution tree 1500. Subroutine 1000 is
repeated called and incrementally adds solutions that are below the current threshold cost.

30  However, once subroutine 1000 has finished, it is then possible that a partial solution has
been added that will provide a best fare, so routine 700 would then call the next

subroutine 1100 for building level 4 of the solution tree 1500,
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and previously assigned flight(s) are known trip information, so the MCM
465 woul d 15 supply m ni mum cost feasible priceable unit and fare
information to a new uni que possible solution. As each new piece of trip
information is added to the partial solutions, the cost of the parti al
solution will be refined, and will possibly increase, thereby4 Jae2e0eg it
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Otherwise, if a partial solution meeting the criteria was found, then new unique partial

solution(s) are created by grouping (as described above with reference io FIGURE 13C)

fare component(s) into priceable unit(s) in all possible combinations where the partial

25  solutions are still below the threshold cost. These new partial solutions are then added to

and adding it to the priority queue 475. Processing then returns to block 1105 to search

for any more partial solutions in which priceable units have yet to be determined.

Similar to subroutines 800, 900 and 1000, subroutine 1100 is used to populate

level 4 of the solution tree 1500. Repeated calls to subroutine 1100 will (if available)

30 provide priceable units to the possible solutions (i.e. level 4 nodes) that will then be used

to build the next level (i.e., level 5 nodes) of the solution tree 1500. Subroutine 1100 is

repeated called and incrementally adds possibie solutions that are below the current
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this means that the user query, breakpoint(s), carrier(s) and flight(s) are
known trip information, so the MCM 465 woul d supply m ni nrum cost feasible
fare information, 15 while the FSR 470 woul d supply the actual priceable
unit information to a new uni que possible Solution. As each new piece of
trip information is added to the partial solutions, the costi4Qtunth006
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decision block determines if a fare was found. If no fare was found in decision
block 1210, processing continues to block 1299, where any complete solutions, to which
a fare has been added, are returned to the calling routine. It is at this point that the best

25 fare routine 700 will have to determine if it has reached an ending condition (sufficient
complete solutions, exhausted all possible solutions, or times out).

Otherwise, if a fare was found in decision block 1210, then a new partial solution
is created by adding a fare (retrieved from the FRS 470) for which a fare has not been
assigned in block 1215 and adding it to the priority queue 475. Next in block 1220 the

30 fare rules, retrieved from the FSR 470 are applied to determine if any pricing changes
need to be applied or if the fare is invalid. Processing continues to decision block 1225

where a determination is made whether the fare assigned in block 1215 to the new partial
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assignnments are retrieved fromthe priority queue 475. Mre specifically,
the cost of a new partial solution is calculated using all known trip
information and then by using the MCM 465 and FSR 470 to conplete any
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best 25 fargmpuatetlevs? 5T30hevsdlluidrare 1560 déloernernenlike subrontigesBeAcHOA1GM endi ng

condition (sufficient conplete, sol.uti ‘s ust all npossible

sol uti ons, %‘H I erE@p%‘_Eﬁd) ‘?aq% tﬁe_?"\}?[f’é’é?e il?&g %lgﬁga@‘ﬁg%?@uﬂravﬁﬁs‘g%c??@? lgtrf bl ock
1210, tfien RueKs Maf vilBbe SRUUbILANG tHeSirmal RtIaH thy sAattinngeedt SO Sulfroefinei eved
fromthe FRS 470) for which a fare has not been assigned in block 1215 and

adding it t30PHe qpepled iceledyerslipcrrmsntalie agdsi spomlese Kolitions taeargePetyt der Ul es,
retrieved fy tttkﬁgs omoéz ALSuBRRliAE306 R sqﬁﬁ.&]';:@,] iPR thdn RBBIPY &tddighanges
need to be applied or, 1f the fare 1s invalid. Processing continues to
deci si on bliockuti2Z780 ifvaercadiag dobdition hat besn met. nidea!ywinerobtine 109eit il ebe

assigned in, block,1215 .the n part.ial, - n ! utian i s an
i nvalid fard@Pe“f“]mf1 iha&éﬁéfgfegﬂ C%T@E R sf@%gnsl ?avlegb %%‘ieléloeu?’?ﬁ ﬁ‘e‘gmtg ﬁg?éﬂ?e&)hgw
partialis sajallf icQnb@0Mi=aig06, 00, L 00val 100 of a2, ar¢ headed el the hegp fares alve bednut i on
is discarded and renoved fromthe priorit ueue 475, Processing.then
returns to BYRSCOr IDEse EIECUmSIANCES: f‘%lf‘i)’?;tsnverer%‘f"g" B&PT’V&F"‘B‘&@W"@%& OPF?rWni ch a
fare may beyadde@me bl dond®@@g).si on bl ock 1225 it is 5 deternmned that it is
not conclusively an invalid fare, then processing returns_to bl ock 1205 to

search for any Hreen peantfrem taophors Brieissin phiherubropdnes iIpk{HRE Jatre gach
Simiarly LAuaBoe EndO% is At A0XiANE danhf0 ERHRUOHIAR el Used

to popul ate Teve olution tree 1500. However, unli ke subroutines

800, 900, ¥AADI sawibnt [Q@Gnpleteselation iodhd st of sibhnuoiot ii_-‘f@),l\ﬂijdl aleladdgd P _
oyl eBL) gl L TR i ks Ipb L bkl OBy 1 e 1
solutions in the priority queue 475, when they are later examined for consideration as a
possible lowest cost solutions containing, only the most likely candidates for the best
fares are examined first because the priority queue 475 is designed to provide the possible
25  solutions in a lowest cost first manner as they are dequeued. Further, assuming that the
best fare routine 700 was not interrupted, no partial solutions should ever be removed
from the priority queue. Specifically, if all possible combinations of trip information
were tried, then all nodes should be complete solutions. One the other hand if a sufficient
number of complete solutions were found in decision block 715, then by removing that

30 number of complete solutions from the priority queue there should still be no partials

solutions rémoved, as the complete solutions are necessarily lower cost (having beaten
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1200 is repeated called and increnentally adds conplete solutions that are
bel ow the current threshold cost. Once subroutine 1200 has finished, it is
t hen possible to determine in routine 700 if an ending condition has been
met. ldeally inroutine 700 it will be determ ned that sufficient conplete
sol uti ons have been found, in which case no nore 15 call s to 13Ulane20pHes
800, 900, 1000 11Hd »Qmelt%%m%ﬁsdmmgcb.@n&), 4&&1%&@%& i@ﬁﬁaen@w&nw%
found (or in rare circunstances, fares were found, or only alimted
nunber of fapmpleggelutionsa ti me out condl tion). As can seen fromthe above

di scussi on of thg SUBEOHLE BESole ! e rb? o fi36 on AAG! HARVA! bl ke
information is handl &g | manner creates new 20
partial sol wtioasof( (fompkeet anwation,i mnansethert b:eem;ﬂa?g ofbeliteroudfi the HROEN,

whi ch arg added.to the sol tlont e n the rlorl q /5 _as they
r e Cr ant ed ™ ESHOE AEFRYE (LR dbi P BRE 4% HE - BRPUSY by aREES Pndhen
th?y are | atkkexan HQQURCEFI%DHS.IS&&E?'&)L xﬂ{ﬂnt&ﬁ o&é‘bi&t@lﬁﬁhxﬂi Gorbv@WESEAdD&h?

sol utions cgnt ai nj the_nost i y.candi dat e est . fares
are exani neobr?%lﬁpgwtsﬁye%\ﬂ%re theZhn Gibet vgaaéﬁrbmzﬁﬁwawfwé@? ?3;53 fffdﬁepfreﬂn de
the possi bl g e SAbIHiHERSHE @ol@tn&:@‘(\@ﬂsﬁmﬁtbuﬁlt B?%xmn@rﬁlgﬁs tHB8Y frémethe
dequeued. Further, assum ng that the best fare routine 700 was not

i nt errupt edorigip @HM&TC&I butoplse ifEme tbmoi@maév@r(b%“@&imnédon@rwmlx lPémpﬁll ority

gueue. ec A m wer e
tried, ?ﬁenéogt ﬁﬁ %edse*efé g'u{i dﬂ %éﬁt@ﬁ?rg{%g@ g&?{ﬁ' ?ﬁc}ﬁ[g%a&wa MHI&L and if a
suffici ent caminiselr aso;ﬁartaztbrspluams S60 umd o880.wdhe oovard and baldkeiasd pantibtbmok 715,

Quotie § her o0 HPIGER B o 11 Bole P s e, Sk PR B ARESZ BRI o o

sol utions ameludecrsMmmaiidng fopvwed Mmdséxaplimaiong thaatwhen - p'é?tutitrﬂmgumi 204i6g t he
threshol d, while the partial solutiopns did not) v@zricﬂd there are f}gﬂffi ci ent

number of REHHISEREORY| s Rspgfit of this storwirgand Reckvgird dracessiag 15@xst Tfare

routine 5700déc§m96k‘?nc910§fsthpb%bf%ﬁ§£f fiify sS10Mds 8o Qmallér REBSANsubMANTT 9N, 1N
anot her exenpl ary enbodi nent of the present 5 invention, possible

sol utions ibettar Seitast tomequrse andéore parsllele prasessivg: £ dn veartipulasnin ope caekt d"

FLOURE 138 dhiddfhdi e eyl Yenfbn, B GRERRb: fon A WRh(Ea ol61AY Frdfibipe

"breakpoi nts on el t’her 'si an i magl nary
of the tripo bd mut lonspeesvnsldcoremiters tradgies ohant Dmnnmahemoﬂeseﬂnemsvcbummfrme
exam ni ng fI ights both fromthe origin (forward), but also fromthe
desti nati or” (’g) rd) and once |likely partial 10 solutions are determ ned

for botdw the forwmand moptdf@rdasdbédifeRaekwhd dnRatibh Aias Hebgrilladt@ted and
described, it will be appreciated that various changes can be made therein without

departing from-the spirit and scope of the invention.
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conbi ned as partial solutions 1360 and 1370. This forward and backward
paititioning could be applied at each | evel of the best fare routine, such
that FIGURES 7-12 would include exam nations forward and exam nati ons back
when partitioning and adding partial solutions. One benefit of this
"forward and back d" processi i.s a.yet further 15 deconpqaiJiner2006 the
probl em of fi ndi n\é\%SFﬁ‘B?q}%mﬁ ﬁ?g‘eé??ﬁf‘i' in 3ty %h%‘,c}”é‘tﬁf:ﬁrot’ﬁé‘t ofj R“]‘ziﬁég'-‘ Bett er

suited to recuwismsbaradel @ apallalvk:el processing. In particular, in one
actual enbodi nent of the present invention, this deconposition has allowed
a best fare routin t e . he l t ch
nor e expensi ve nai g’f raﬁ%‘gl C@%ﬁ%&? gtrlés?‘.’;eg‘g&s\mcﬁgnﬁ%ea%?é@fp gé&%%%f%er{rﬁ of

t he inventi on chaputtreemstiddusterdedby taduemnieswei dmeutartin wispdnsbh & & e eeerat ed

t hat various chan her el n. wi t ' . pirit
and scope of { erfglv?‘ﬁ@%rﬁ? ?eo‘ﬁgn%g%g{ﬁ{jg%ﬁefﬁgh%sa& Eeggt%lg%?%\%%%«&%ﬁ% '(r%lm\z\ﬁtﬁllagﬁgan
excl usive _propanmrj,sin(gr June 20 06 clainmed are defined as follows: 1. In a
conmuni cati on net Wakdtmirded 46k BEpadiidt k- e ureRIRY IR rignd query server
conputer, a nethod, executed by the query server conputer in response to a
fare query recei ddingrtaminfaenaiondatthe papiltfase, sofusions imetdergtoadefine aset ofie
best- fare for g fi&il Bre R ABIN U wrigOMPr i sing determning a set of partial
fare solutions for the trip; adding trip information to the partial fare
sol utions in orderestrp ipimation iseddedto thopptiist fird soletions| eliminatisg petialifae tri p;
as trip infor 40N, | ﬂgﬂg 1al fare solutions, elimnating
parti-al fare @%F%%ﬁaé a t%@éﬁ%ﬁﬁ?@%{lén%ﬁndpar“ al solutions; and
returning a subsetetuhingai subseoofdait @nipltecfaeabiutioms tesbeitfarebisthefdy.es for
the trip. 2. The nethod of claim1, wherein adding trip information
conprises: supplying t p 1 sol ut i tree;
assigning fare cor!r'poneﬁ?é;ﬁétg??gi%%ﬁdﬁﬁer{é@%gsj%@gquo%fb"ﬁa&ﬁg c?%wisrlf)'l urality of
first nodes; assi suplyingd faree@ety toneosapdd iar solatioeg@ondi ng to said first
nodes to a plurality of .second nodes; assigning,at |least one fli
corresponding to gsﬁ?lgﬂm§e%r5n°8mr?8ﬁté§5 ?ogcﬁmﬂﬁlﬂgé? F"tggl 1o5¢ no °h[f’raopqlr‘f8€5t§s°??{m

assi gni ng at nbésast one priceable unit corresponding to said third nodes to
a _ g

assigning at least one carrier corresponding to said first nodes to a plurality of
sccond nqdes; |
assigning at least one flight corresponding to said second nodes to a plurality of
third nodes;
assigning at least one priceable unit corresponding to said third nodes to a
plurality of fourth nodes; and | |
assigning at least one fare corresponding to said fourth nodes to a plurality of leaf

nodes.

3. The method of claim i, whé,rcin said subset of complete fare solutions is a

predetermined number of lowest cost fare solutions.

4, The method of claim 1, wherein said subset of complete fare solutions is

an exhaustive set of said complete fare solutions.
5. - The method of claim I, wherein adding trip information and eliminating

partial fare solutions are performed in a recursive manner.
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plurality of fourth nodes; and assigning at |east one fare corresponding to
said fourth nodes to a plurality of |eaf nodes. 3. The nmethod of claiml,
wherein said subset of conplete fare solutions is a predeterm ned nunber
of | owest cost fare solutions. 4. The nmethod of claim1l, wherein said
subset of conplete fare solutions is an exhaustive set of sgydneRERIete
fare solutions.. 5. The nmethod of claim1, wherein adding trip information

and elinmnating partiarnhd AE@o®6f LhinDNSviRESn PENAOKIFE fohBatR a6 dlisind€ing
manner. -29 14 Junpe 2006 6. The_nethod of claim1, wherein adding trip

i nformation amarté] 3 saltippipre AP IDARHEUER B 8hs are performed in an
iterative manner. 7. The nethod of claim1, wherein said partial fare
solutions are elinynat ethe h@b&ofhaig 1t Mhesihadail el far8 soliltivens et diiodnantd cl ai m
1, wherein said partial fare solutions are elimnated based on a refined

| ower bound. Q?SEQ'HE?‘HET#?B 8% claim 1, wherein said partial fare solutions
are stored in a priority queue. 10. The nethod of claim1, wherein said
conpl ete fare sol us.i onsTharmetheltafickired, whereim saidpranal fary sajuteune are leliminkied

met hod of clapm wherein adding trip information and elimnating partial
fare sol uti onb“ﬁ&gnﬁéeﬁf’ﬁclﬁg&r oémg'art of a branch-and-bound.,, best fare

search routine. 12. The nethod of claim 11, wherein adding trip information
and elimnating pfrti dhemttedsdiclatn dnsharie spdphginhfad wbtionbare tweedd nand
forward from a.dgsti nation and origin. 13. A conputer-readabl e nedi um

cont ai ni ng co%‘iﬂ’é?qe&'ecut abl e instructions, which, when executed by a
query server in response to a fare request froma clients conputer, carry
out the method forl0f i ndhegqetiod bEelgitn breherris said eamepléte fareisalutiops are asrpevedi ng
det er mi ni ng set of .partial fare solutions for the trip; adding trip

i nformation t Tﬁg“%rét?tqf'%ﬂc‘far e solutions in order to define a set of

conplete fare solutions for the trip; - . S
11.  The method of claim I, wherein adding trip information and eliminating

partial fare sqlﬁtions are ﬁerformcd as part of a branch-and-bound best fare search

routine.

12. The method of claim 1, wherein adding trip information and eliminating
partial fare solutions are performed both backward and forward from a destinatior: and
origin. o '

13. A computer-readable medium containing computer-executable instructions,
which, when executed by a query server in response to a fare request from a clients
computer, carry out the method for finding at least one best fare for a trip, comprising

determining a set of partial fare solutions for the trip;

adding ﬁrip information to the partiaﬂ faf{:bsolutions in order to define a set of
complete far§' solutions for the trip;

as trip information is added to the partial fare solutions, eliminating partial fare
solutioné ,that‘ grc- non-dptimal paftia! soluﬁons; and

returning a subset of said complete fare solutions as the best fares for the trip.

14. The computer readable medium of claim 13, wherein adding trip
information comprises:

supplying a fare query to a root node in a solution tree;
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as trip information is added to the partial fare solutions, elimnating
partial fare solutions that are non-optimal partial solutions; and
returning a subset of said conplete fare solutions as the best fares for
the trip. 14. The conputer readabl e nedium of claim13, wherein adding trip
information conprises: supplying a fare query to a root node f4\imeW0yt i ON
tree; -30 14 Ju §si%9f?$far@§§thlﬂ;meﬂﬁ chREGRARPANGIY Rof REdeEBRORING $fofS@i d
root node to a pluralfty of Tirst nodes; assigning at |east one carrier
correspondimgles;0 said first nodes to a plurality of second nodes;
assigning at least. one flight cor ' ' 4, NogEsitOof
plurality of t Hre ‘%8%%@53“5icgﬁlreggggggg%%sg{ R)O%Zd g??@gg‘% 8Q1uﬂi t it

cor r espondi segoridmoded;d third nodes to a plurality of fourth nodes; and
assigning at |east. ane fare corg ondi ng.to sai.d_fourt de

plurality of |edfSHHed! o4 P"erﬁég?‘ig%‘b‘ﬁf’%'?"“rge‘g&g'8|5§°°r‘r1éd}°§?ﬁn‘§fa @'l“%‘??fﬁ%,
wherei n sai@i-sub&et of conplete fare solutions is a predeterm ned nunber

of | owest cost fare solutions. 16. aLpe c,omg)uter ~eadabl | gegl um of claim
13, wherein sai ¢SYGHBRE! dgast @RS PPISFadler URik CRTPRPINRS 17 SR BRYSY iV & set of

sai d conpl Sﬁl@rafi@%@f&ﬁ’ﬂh%ﬁ&?%d 17. The conputer readable nmedium of claim 13,
wherein adding trip information and elimnating partial fare so:)ﬁuti ons are

performed in a reedgnieg stdeasaonsciere coBesPPRANS inisist Bprth Badean? & PERITYIAS 68 cl ai m
13, wherei nhoggsdi ng trip information and elimnating partial fare solutions
are perforned 1Tn an iterative manner. 19. The conputer readabl e nedi um of
claim 13, wherein said partial fare solutions are elimnated based on a
threshol d cost. 130. The wowpisr eradabledastiannebiclaim df. evharein 384 wReitedh sai d

partial fare | it i ons. ar | L] fdnedtigywer bound. 21.
The conput et 2‘*’3%%"“5‘1 T Pu?r'é)a? ﬁ'r%epé‘%d%ﬁp'glgn?hg I gﬁﬁe\?\%g Fbg‘fe?\t crggli %'%%alrutlleal fare
solutions are stored in a priority queue. 22. The conputer readable nedium

of clai m13, whd6ei nThaicwmporrpl readableamedium of claim 13, wherein said subset of

complete fare solutions is an exhaustive set of said complete fare solutions.

17.  The computer readable medium of claim 13, wherein adding trip

information and eliminating partial fare solutions are performed in a recursive manner.

18.  The computer readable medium of claim 13, wherein adding trip

information and eliminating partial fare solutions are performed in an iterative manner.

19.  The computer readable medium of claim 13, wherein said partial fare

solutions are eliminated based on a threshold cost.

20. The computer readable medium of claim 13, wherein said partial fare

solutions are eliminated based on a refined lower bound.

21. The computer readable medium of claim 13, wherein said partial fare

solutions are stored in a priority queue.

22, The computer readable medium of claim 13, wherein said complete fare

solutions are retrieved from a priority queue.

-31-



solutions are-retrieved froma-priority queue.--31 .14 June 2006 23. The -
conput er readabl e nmediumof claim 13, wherein adding trip information and
elimnating partial. fare solutions are perfornmed as part of a

branch- and- bound best fare search routine. 24. The conputer readable nedium
of claim 13, wherein adding trip information and eli m nati ng4prinei2006f ar e
Sofuti ons are per f ofed 8ot BeliAk LA heallff VBT Sl B 8,S5L LRRL 0PN
origin. 25. A query server aratus 1n a conhuni cati on rREYSr ¥Pndi ng
at least one lb@vsmaﬁcar end Ofrlmanattmgpparnalr éspondeiohn aefwrfermet]mespa—n‘ fodfmaa
client device, th aﬁ‘ﬁ’B&Inﬁt gﬁfargpeggc%trwﬁcto determ ne a set of partial fare
solutions for t

forimtion to the partial fare solutions
in order to defi neza se’fheofcompuxmplrez{debltamedusml of | daim IfJQrwbhantﬂdqmg aﬁptri p

information is the rtia reslutlons ar fare
sol uti ons thatmfggngejﬁ{rg\ Elr]opet alfglnﬁé’PFiaL? ‘§3P HPBn e ﬁéF(em?‘c tg?tﬁebﬁg‘é’ﬁﬂlséf‘ d of
sai d conpl etefdraaeifsmhmtitsunmoaancﬂhxeglbest fares for the trip. 26. The

apparatus of claim25, wherein adding trip information conprises:
supplying a fare déaer yAtq@eIar senvet appacitus ima ao@mbinitdtion nktweek frImidgpiangaftar e

conponents corre ian 0 saidro ity .of first nodes;
assi gning at eas{??%ggo%agnrpi lgrresggtlis'eggrgg'%alrgpéxesttﬁd@h 'a?qt rdé‘(m?ad}i‘fe@pfrénii
plurality of c@eamedonodes . assigning at |east one flight corresponding to

sai d second nodes ol ggtafp#gfﬁras?iﬁi ?fﬁ%ﬂ%@f assigning at |east one

prlceable uni t corresp Pto a plurality of fourth
nodes; and assi gnlaﬂg tap 1h&&ﬁinoﬁne tharpariaD fire spreidasnfy bdes® defireud kt srodes

to a pI uralit F@ odes %‘ﬁ The apparatus of claim 25, wherein said
subset " of coﬁ% & Ry ”§181‘ FORLPi s a predeterni ned nunber of |owest cost

fare sol utions. 28s trT_al'lmfékﬁﬁﬁbxﬂliyﬁdd@H 16 i pardal, fah@Niiohs, SRikhatUpaed 2l
conpl ete fare solutions
. solunons that are non-optimal partial solutions; and

: return a subset of said complete fare solutions as the best fares for the trip.

26.'-7' The apparatus of claim 25, wherein adding trip information comprises:
supplymg a fare query to a root node in a solution tree;
asslgnmg fare components corresponding to said root node to 2 plurality of first
nodes; -
B ‘ ﬁs'signing at least one carrier corresponding to said first nodes to a plurality of
o second nodes; o _ |
o ass:gnmg at least one fhght correspondmg to said sccond nodes to & plurality of
thxrd nodes; _ .
assxgmng at least one priceable unit corresponding to said third nodes to a
plurality of fourth nodes; and |
assigning al least one fare con-cspondmg to said fourth nodes to a plurality of leaf

nodes.

27. The apparatus of claim 25, wherein said subset of complete fare solutions

isa pre_determined number of lowest cost fare solutions.

28. Thé apparﬁtus of claim‘25 wherein said subset of complete fare solutions

is an exhaustwe set of said complcte fare solutions.
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is an exhaustive set of said conplete fare solutions. 14 June 2006 29, The
apparatus of claim25, wherein adding trip information and elimnating
partial fare solutions are perforned in a recursive manner. 30. The
apparatus of claim25, wherein adding trip information and elim nating
partial fare solutions are perfornmed in an iterative manner. 13 Junt™®06

appar atus of cl 2 wher.ei.n sgi LEi e tLons radhBiriof! Lid Nat ed
based on a thre:ingg d%’ggsfﬂ.’p Jﬂs 'I%eglaag%e:{?’a%hscfr%? %@gr!g%tég \Aﬂertellpn sgq d
parti al f ardinsiedtitgipanal fakesoheionsam atddmizdsed reonrsvemefingred | ower bound. 33.

The apparatus of claim?25, wherein said partial fare solutions are stored
in awpriority eue,._34. The p Al " er.el id npl et e
fare sol utions gjtb'e rTgfrfl%R/aéaéusf fbgm%%ﬂ%lri?’o%}{egéugu{ég&i@ éﬁ{g ﬁ‘%ﬂ’é‘gg{ér gﬁjs of
cl ai m 25, wheifieithgaddianfird solpiohnire perbined iaaditeraivemanatri ng partial fare

solutions are performed as part of a branch-and-bound best fare search
routine. 36. The,,appatratus of claim.2 Ln i tE 1P b6 jon and
el imnating parﬁlal ﬁi}? eapgﬁah'{si Sﬁsdaérrngzsp\é@f%ﬁheﬁ?{gﬁaﬁgba%{gméé3\ laélsg% *éorvvar d
froma desdlinfiaitedPasech Dthirghold cost.

32.  The apparatus of 'ciaim 25, wﬁercin said partial fare solutions are

eliminated based on a refined lower bound.

33.  The apparatus of claim 25, wherein said partial fare solutions are stored in

a priority queus,

34.  The apparatus of claim 25, wherein said complete fare solutions are

retrieved from a priority queue.

35. The apparatus of claim 25, wherein adding trip information and

eliminating partial fare solutions are performed as part of a branch-and-bound best fare

search routine. ‘
36. The apparatus of claim25, wherein adding trip information and

eliminating partial fare solutions are performed both backward and forward from a

destination and origin.
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