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THEREFOR FI ELD OF THE | NVENTI ON 5This invention relates to an inventory
control syetzerwioket her, this invention also rel at es topamEPaMRNSB8Y

control systemfor use by a nmerchant, and in particular to an inventory
control systemfor use by an airline. BACKGROUND OF THE | NVENTION 10 In
order to manage avail abil i t'\{ of seats on a scheduled fli ﬂht bet ween two
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20 inventory h services airlines. Sonme airlines, however, prefer
to have thafem f@WQﬂ@d@’éé‘f'@@ CRS Whl ch they use to manage their inventory.
Revenue Managenent (RM policies for an airline are executed by an

I nventory Control nechanismin the CRS. The Inventory Control nechanismis

usual | y #GHEBGHAID BaritHENVENTIENS. 25Regar dl ess of the RM practices

enpl gged by an airline, an airline's inventory nust be distributed to

potential travellers though a distribution channel. Airlines that cannot
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part| cul ar routes or sends transactions froma Travel Agency to
a parlPi cAndre RECasiea@iasle i i masketabre, al so include a CRS as well as a
GDS. However, these are 35usually managed as two different business

processes. V\D 2012/ 104229PCT/ EP2012/ 051386
Airlines usually store their inventory on a Computerized Reservation System (CRS). The

CRS allows airlines to store and retrieve inventory information and also perform air travel
transactions. There are a number of known CRSs provided by third parties which provide

20 inventory hosting services for airlines. Some airlines, however, prefer to have their own
dedicated CRS which they use to manage their inventory. Revenue Management (RM)
policies for an airline are executed by an Inventory Control mechanism in the CRS. The
Inventory Control mechanism is usually an integral part of the CRS.

25 Regardless of the RM practices employed by an airline, an airline’s inventory must be
distributed 1o potential travellers though a distribution channel. Airlines that cannot
distribute their inventory to potential travellers cannot be competitive. Therefore, airlines
use one or more distribution channels to reach to potential traveliers. The most common
distribution channels are:

30

a) Global Distribution System (GDS). This offers capability to distribute travel content
to large number of Travel Agencies that participate with a particular GDS. A GDS
routes or sends transactions from a Travel Agency to a particular CRS. Some
GDSs, such as Sabre, also include a CRS as well as a GDS. However, these are

35 usually managed as two different business processes.



2 b) Airline web sites. These provide direct access to an airline's

i nventory by bypassing the GDS. This is a preferred nethod for inventory
content dwvetwidmesizen for airlines since it elimnates tireTEPIICOSI3SG C)
Online Travel Agencies (OTA). The OTAs consolidate | arge anount of travel
Scontent and is usually partnered with 4 GDS. They al so have the capability

to bypass GDS to access an airline's CRS directly; and d) Airline Call
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seanl ess accesfiinel/s ifsdve8rpndinitey Bgsifi®int SFte3s access exist: direct
access and direct connect. Each type 20 of seam ess access provides

different services to the airlines at different cost. However, what is
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request to the CRS where the |nventor host ed, ki ng seanl ess

avai | abi 13°tUpl PR{EREYSCTrSeaH oaIess Pl it hPW\}Bﬁ”naM?'ﬂ?béB’n'ieﬂHPStS?9?6‘?@??&‘sar’tdr1e

f ol | ow nghphed@RBvhickDhE aShilailityt leglisstisSdidribiitgnl ficant cost to the airline
for those high volune availability transactions. Secondly, the transaction

response tinme usually takes too | ong because it travels though different
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sonetines not offered sonme di stribution channels. Finally, seanl ess
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i ndi cates the open or closed status of a booking class on a | eg or segnent
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what is common in seamless access is the forwarding of one form of availability request to
the CRS where the Inventory is hosted. Making seamless availability requests from a GDS

to the Inventory Control System has the following problems.

25  Firstly, there is a significant cost to the airline for those high volume availability
transactions. Secondly, the transaction response time usually takes too long because it
travels though different systems and a Wide Area Network (WAN). Thirdly, seamless
availability is sometimes not offered by some distribution channels. Finally, seamless
access requires bi-lateral agreements between airlines and GDSs. In summary, seamless

30  access suffers from limited availability, high cost and slow response times.

One known solution to these problems is to use Availability Status (AVS) or Availability
Numeric (AVN) messages. AVS indicates the open or closed status of a booking class on a
leg or segment while AVN indicates the number of seats still available for sale on a fare
35 class on a leg or segment of a flight. Inventory Control Systems either periodically or after
every sell and cancel, create a new AVS or AVN message. This is then sent to one or more
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resolve the availability question locally using the AVS or AVN nessage

wi t hout rweanizmg2wo Seanl ess Avail ability transacti onspCcT/HPROIREBSMAY, the
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sent fromthe distribution channel to tfe Invent ory Control System It also
i nproves the response tine and reduces transactjon costs However, one
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increases significantly. This ratio is around 200:1 in the US, and is nore

than 400:1 in Europe. It may be as high as 2000:1 in the Far East. In
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way Qb preaHydhaersamatt aRl lcbhibataIMeriueed sidgbilieck@aty.i nventory control
system However it is rather expensive to deliver and maintain. It nust be

inplenented one airline at tinme, and it requires cooperation from 25 the

airline, Afhehér SrebeRMrisedWhh @hNn<lodtikirgl ack@hihéreBsdd Ovlitkehook@itadilig) fas
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however, e anount of the investnent may not be justified by the benefits

of devel &5iafdP 8%9040bt InsthaIFPEFasi r1 i nes. Cache: Different distribution
channel s and large online Travel Agencies have developed a 35 |ocal
dat abase V\/nere theé keep the old avajlability answers fromthe | nvent ory
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frequently generates incorrect answers.
Proxy: This method has proved to be the most accurate way of providing availability
answers outside the real inventory control system. However it is rather expensive to deliver
and maintain. It must be implemented one airline at time, and it requires cooperation from
25 the airline, their current Inventory Control solution provider, and their Revenue
Management System provider. Proxy replicates the inventory control logic outside the
Inventory Control System. There are very few proxies in the world today, and they are
available only for the large airlines because the cost of delivery is prohibitive and it is not
justified to make the investment for small airlines. The cost of the investment is usually
30 borne by the distribution channel that benefits from correct availability, however, the
amount of the investment may not be justified by the benefits of developing proxy for

smaller airlines.

Cache: Different distribution channels and large online Travel Agencies have developed a
35 local database where they keep the old availability answers from the Inventory Control
System. These are rather high performance and highly saleable systems. However, this

method of storing old answers for a future use frequently generates incorrect answers.
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demand, it fails to provide accurate availability answers. The accuracy of
cache solwbi2ore/wepends on the Inventory Control |ogic uged/Epryo2ios13aérl i nes
and CRSs. The accuracy of cache is reduced significantly by Point of Sale
(PCS) based inventory control logic or the cost of devel opnent and
managenent i s 5increased by Oigin-Destination (OD) based inventory control
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first aspect of the present invention there is provided an inventory

control $#%em conprising an inventory server for storing inventory
paramet ers defining one or rmre products; an availability server arranged

to receive an avajlabjli t% uest for a product; broadcasting nmeans for
broadcasﬁ% G‘B(Ya(PEJHEnl rI Npar aneters fromthe 35inventory server to
the agailability server; wherein the availability server deternines the

availability of the re uest ed roduct aring one or nore gr oduct
par anet er'd1et/BVesEN 2 oA tsBosrbrbiepboopEs tigen Sbtiodted ety SyStem

and method by providing seat inventory availability locally so that the need to rely on local
AVS or AVN messages, proxy or cache based solutions is eliminated.

25 Embodiments of the invention achieve this by deploying availability services on dedicated
servers in an availability grid in such a way that availability nodes or servers are located in
locations where the availability service is needed. Preferably, each node or server
communicates with the rest of the inventory system over a Wide Area Network (WAN) or
Local Area Network (LAN) in real time with minimal delay associated with the network.

30
According to a first aspect of the present invention there is provided an inventory control
system comprising an inventory server for storing inventory parameters defining one or
more products; an availability server arranged to receive an availability request for a
product; broadcasting means for broadcasting updated inventory parameters from the

35 inventory server to the availability server; wherein the availability server determines the
availability of the requested product by comparing one or more product parameters to one



5 or nore inventory paraneters in response to the availability server
receiving an availability request. Preferably, the availability server is

| ogi cal | yweepeymtrzd fromthe i nventory server, and in pactriepadiansishe
availability server is in a different |location to the inventory server. 5
Preferably, the inventory control syste?nfurther conprises one or nore
additional availability servers each arranged to receive a or the .
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product Ryqe@fparing one or nore product parameters to one or nore
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stored i RtHEIBIKErEYEPd menori es. Preferably, the inventory paraneters

are sgnt dreRPad)end AABLIRY BeBRF Yeieridrs AttePEorhPeseddrietbrhirB Gk Ineged.f t he
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)t
menory or"raieEthoeagheritBeqe eRNRTSCaAEIdIBe ARt ers. Preferably, the inventory
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content of the availability request. Preferably, the inventory control

systemfd??ﬁ@?te@c?ﬁﬁﬁ@’@ga@%yiﬁfﬂ‘ﬁﬁ ng neans arranged to 25 asynchronously

updat e t IreefePatf) b lUsPANRGILRE §rid hodedthr NbchitRl dMRaLAT Wat@iMpEedBd. t he
i nventory paraneters stored in one of th d nmenories. For exanple, the
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server angafdmity RGEBHENeIRRI B TRE @Fig ns§@red in one of the grid nmenories at
different_tines. In one exanple, the updating neans starts updating the
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Al ternatively, the updating neans starts updating the |nventoréoFararreters
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par amet efrseribseidl tHaint&@olynyRaheleys sEhéakquddied BiodiueXaB @ stdrb@ ipéagridng of
the inventory paranmeters stored in one of the grid nmenories and the
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overl ap ipefetdBy, thdlindedtoiytgaeimesamb eouttd® sHdatthagridrBRARrIEB Y SspEpLiets t he
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h 21
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25 asynchronously update the inventory parameters stored in the inventory server and the
inventory parameters stored in one of the grid memories. For example, the updating means
may update the inventory parameters stored in the inventory server and the inventory
parameters stored in one of the grid memories at different times. In one example, the
updating means starts updating the inventory parameters stored in the inventory server and

30 then starts updating the inventory parameters stored in one of the grid memories.
Alternatively, the updating means starts updating the inventory parameters stored in one of
the grid memories and then starts updating the inventory parameters stored in the
inventory server. In this example, the updating of the inventory parameters stored in one of
the grid memories and the updating of the inventory parameters stored in the inventory

35 server may overlap in time. In a further example, the updating means may complete the
updating of the inventory parameters stored in the inventory server may be and then
update the inventory parameters stored in the grid memories. For example, the updating of



the inventory paraneters store in one of the grid nenories and the updating
of the inventory paraneters stored in the inventory server may not overl ap
in tinme. woRoefesably, the updating nmeans first updatespChEprdarasssered in
one of the grid nenories and then the inventory parameters stored in the
inventory server if a sell or cancel 5tfPansaction is received by one of the
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price data or schedul e connection data or fare data or business rul e data.
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i nvent ory system Pr VI d| ng correct availability | ocal s%] el im nat es the
need to rrEPipraly.opesf i SHg SREVeFRREY e 1 EBF‘WQSV euftfitlefherid redgsdi ng

AVS transhd RRuesSs g@@\,@m@” uddpannel where the availability node is

depl oyed - WO 2012/ 104229PCT/ EP2012/ 051386 7
Preferably, one of the processing servers routes a request to the inventory server if the

request is a sell or cancel request.

25  Preferably, the product parameters are compared with updated inventory parameters.
Preferably, the system further comprising one or more additional fail-over servers.
Preferably, the availability server is logically separated from the inventory server. Further
preferably, each availability server is logically or physically or both logically and physically
separated from the other availability servers.

30
The architecture of embodiments of the invention allows an availability calculation to be
performed at local availability servers by distributing parameters to the local availability
servers over the WAN or LAN or other communication means. This means that availability
node or servers may be placed where they are needed instead of all the availability

35 transactions coming to a centrally located inventory system. Providing correct availability
locally eliminates the need to rely on local AVS or cache based availability solutions.
Reducing AVS transmissions for the same channel where the availability node is deployed



provi des further cost savings for the airline. Mdre inportantly, accurate
availability answers are generated, and revenue is increased by increasing
avai | abi Iwopomcourzacy. The availability server may be ceofrigpariedstsss only
process availability requests. 5Enbodi rrents of the invention have a nunber
of advantages. Firstly, enbodinments are "highly scalable to handl e increased
shoppi ng volunme. This is achieved by reducing disk input or output (I/0 by
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avai |l abi | i te(atraffl c. Preferably, enbodinents of the invention elimnate

the need avalabiibssRneaiamay bf P%@PFWO Potyrapase availadit¢81efiSt he need for
generation and distribution of AVS or AVN for distribution channels which

have to forward seat availability requests to an inventory control system
Pr ef e?’abIE;mbCiOHV%Wﬁcﬂ‘ ﬁh%lé’ﬂv&”f ot NaYe ghiumbpy eloadyspiasss nilf ey embraimanthateor e
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processing sell requests. This has the advantage that accurate availability
cal cul ati ons can be @(l ckI performed and returned to a user reqguestin Gg t he
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transact ii@nge gnhirhémarye B?aké&rngtmlssgétbefowﬂqe V&%t %rﬂi ef lbeeisiey )écﬁ@ﬂyﬂh@%nd/\ﬁ th
avai lability transactions. This allows avai l %/ transactions to
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e
scal dd uﬁ“?"ﬂ@fép@ﬁd@ﬁ‘ﬂqeﬁ the Bﬁm%ér%?élf?m?’ﬁtéﬁ@%ﬁkd/& TRES $8paP4ti on of sel
and availability services all ows enbodinents of the invention to 30 scale
the sell _or cancel service separately and independently fromthe

avai | abi IinNrglys embppeimeniggefithe ipvenUormmaywsrdion IRysniary (ask intang AvaPEABHING v

servi ces giapadat et iis falon: bhgi=saiy re'a@émsq&s'oe Mutehqutor@eéfta am;rmup@kmé &d
sl owed- down bé] sell transacti ons. availability transactions are
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dat abgse thee@lr ménsa@ror@,nwﬁaﬁ@émaﬁatuﬁ@raa@@ prébeselgQicve? @‘@@@brﬁm@eooffor the
i nventi on are not inhibited 35 limtations that inpact sel

servi ces [ArgRUARSG P&@Vﬂ@"'%é@#@?tﬁgwﬁ&?té}%é‘&F‘?%ﬁf”g Igreas ”l"ﬁ/éﬂ@eicﬂ}’\ e | ows

avai | abi |pr(§dés§|ﬂ§ \Gbl sukBtsbenis Giat ek advaptaghueh Rtahes axfaﬂbl@htﬁ&dlchl&ﬂ@rﬁ&éﬁiﬁnt Iy
fromsell services. 2012/ 104229PCT/ EP2012/ 051386 8 This is in contrast

to | egacyPeHuGrRerRRNed apd ligned op eselfeairsiioh eAridtlity he shoppi ng demand
created by the high | ook-to-book ratio due to automated systens. This is
because Ieg systens have a npnolithic inventory control service. In such

| egacy sy<PEmPlY. SERAMBETH Ohlsi IMETIPT (Upe SGh diBreridiops. ol el HRE; $6#nt or y

requires @cahmag At mbkely heuphedf W‘tﬁt hediabiiyovaaedtivhd. hrRis t Arfvsi AVARbLOILY
system Therefore, enbodinents of the invention may depl oy a number of

avai | abi It'iapﬁa@@%@%em%“‘? wdgpendesty rormAng sRd tfﬂﬁ“ﬁﬁ%ﬂonéf servers supporting

the main inventory system

The separation of sell and availability services allows embodiments of the invention to
30 scale the sell or cancel service separately and independently from the availability service.
Again, this allows scalability of the availability services separately from the sell services,
without getting blocked or slowed-down by sell transactions. As availability transactions are
read-only services, they do not require synchronization, locking any database records, or
any database updates. Therefore embodiments of the invention are not inhibited by the
35 limitations that impact sell services. The architecture according to embodiments of the
invention allows availability services to be scaled up at much higher rate and independently

from sell services.



This is because the need to scale up sell transactions is significantly

| ess than that of 10 availability transactions. This is a result of the
fact thatwewver/tokzagh t he vol unme of people travelling i rCTP200051386 S
increasing, and in turn nunber of sell transaction volunme is increasing,
this increase is much less than the incfease in avai lability transactions.
As such, the inventors have appreciated that sell transactions do not need

to be scalilisip Caatra &h 1egacy e BH MNIchyCaNPaintead: YR AIOUANHO R e Sherkping
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and hive 'él”oé'PB%I@Wﬁj’eﬁa“t"ﬂ%tﬁ%r‘”\’@f‘l??& SYSPas TBRTeRuyRERIMERie Gt dhe invention

enbodi menh sy @pidh8 AuRMRNToE ADaIRLMY SvaeGHHiG B giaiel akin ihbYnue@les W abhaRs.
This is because enbodi ments of the invention run conplete availability

cal cul at iSYRRO'ie tr@\f@@'ﬂ? IYERINaBYSI§Ty request instead of relying on stale
answers which have been cached froma 25 previous response. Consequently
t he result of the availability calculation will reflect any %'SonFaCt of any

pot ent i alTEhEnBREUSH Thhaerditniscar Warel Ipesscliethts 89§'f'c%@&t'e ncane! b| d

pricao fanesabildtasehctbhs. MistiBiaSreb@y of BBIAE tRERNdVenAhodghethk WeRId SpddRrvi de
accurate ava| lability regardl ess of the inventory control |ogic such as OD
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i s neededndehdisy, ahks! hbRass &/ ieASEsAFRPCIhat iferetkd h Tab@nabmw@aﬁm‘ﬂms As
avai l abi | i t%/dre guests received due to hj ?rh traffic vol une. Furt her nore,

enbodi merft§N.dhe feniory Bais Ipnsedialrd it isalbransaciiens dhnelgiRrelde O ssalegePsas

35w t h nonsdpesd alaiizgidly harshpoes. (HW, thereby reducing hardware costs and in
turn, inplenmentation costs for enbodi nents of the invention. WO

2012/1%04229PCT/ EP2012/ 051386 9 Enbodi ments of the invention are also hi ghly

reliabl e.FyHakbs ths w@eh@%hév@ﬁpér@@iaﬂéﬂ‘?’(ﬁéﬂ Nﬁ'e%llgdridda@rléﬂht?Q@n'&ié@hoﬁé impose
embodi ments of the invention. In the id, if of the nodes or servers

fails, orfiffesent FRAUBEHERS neudae dFvesr@?rVe?@t%sgl%érat”ﬁ%CtPBF e'Bf MPrfe MU &d

server orintBpses: THiysSreggid %kmgrtnbto&téﬂaeewédr@rfbﬁ @v@r?ﬁidn@a'ﬁloﬁ%ré@ﬁ]lré‘&
provided there is at |east one operational >server or node. The entire

i nvent or YAPEPR HPARE S RVRY T18RINSUIT HBTS{Xe dheY RE PREBHYS BhoGAS Ub ety ed
on azgri gn ekediBOY-tiG@MENH BV DbloSefy RatEreiasefleOPpéder rBy@sts/ol une needs of an

airline. Sell

Further, embodiments of the invention provide accurate availability calculations. This is
because embodiments of the invention run complete availability calculations for every
availability request instead of relying on stale answers which have been cached from a

25 previous response. Consequently the result of the availability calculation will reflect any
impact of any potential changes in the Point of Sale (POS) controls, seat sold count, bid
price, fares, and so on. In this way, embodiments of the invention provide accurate
availability regardless of the inventory control logic such as OD controls and rules.

30 Being able to provide accurate availability where it is needed helps airlines save cost
associated with the large number of availability requests received due to high traffic

volume.

Furthermore, embodiments of the inventions can be implemented on commodity servers
35 with no specialized hardware (HW), thereby reducing hardware costs and in turn,

implementation costs for embodiments of the invention.



and availability services may be |l ogically separated. Neverthel ess, the
sell and availability 10 services may be deployed on the sanme conputer or
server. TWop1294120ng as at | east one conputer remains PCAMPROIG/05138¢ he
grid, both availability and sell services are avail able. However, the
ability to separate the availability andl sel | services l ogically al so
allows sell and availability services to be deployed on physically separate

conput er STRRONBERIE 0§ thernyaIdon AlReAbe FighlrlpblerHines 'ﬁ@ rgRull Wp%? HaAMNecHH cal

feature qfcHildeusOblbnBBdiRRAfESH MbaRvdiok N tﬂaé'g?\deﬁté?fysof tﬁé'Hob@é or isBrvBFd Or
art inventory systens, a large quantity of data i1s input to and output from

(1/0 frdails Ree PhW@rﬂ“@ﬁry"Ogé? PEPEVEIFAPSUNES difsrOkt & tbeﬁ@@ﬁéerw Ph”?@d\}r@'% sk

| /O and tdex.gwbeﬂﬁﬂs HeZ9steh ©YoHlinld Rh&BnFAGHRESISHERIAS a8l ieSbl driRUsRAatRaNeS
in nulti-node clusters. Such 20 systens often end-up reducing disk I/0O but

have Pncri€a$ed Aed8work 1/ 0 instead. This neans that prior art sol utions
tend to approach the limts of network bandwi dth, and often saturate their
net wor ks _neani ng that they are sujitable for smal | -scal e applications only.

Enbodi ment'§ ‘?ﬂ‘“ret fentaietHsih 289 g0t SaWoinslie AE ey NEPIPRNEAYRE BeRipYast sk

and net Wynka gdof Bk canputerst dWerveld Bided ddthk Wigkewbilte hbedd éfyarr@mh@gsémst
recently used availability data stored in nenory referred to as a

menory,  tHEABIRGIRY SRTVITES daykPe Jogically seraEatast '?ie‘f?é@ﬂ@assl e g6l and ayva b@'FY d

NMeNDry Orsefladed rhély bO@ePbisH BRI ¥arhs chBplieneeserkd. rAusialsqond bs bslekst dieved
from storage such as a hard disk and | oaded into the grid nmenory. 30ln sone

enbodi mefPEIPUiSE SRRl §BIING yn &sr 06, bath @yalatdiir ad 18T servicsnignavailable.

avai | abi IHdweveeaHE ShiligNe ePhrade 8RR hvdilgsiitg naf i s@n@éé@d@@balgﬂﬂs@é%vﬁ aaly,
t he invent ory server i's confi g@ed to performboth sell avai lability

request s ANNGRIRPIBY §RISOD RIS ERDDMSS HRBEEH0STRA I ROMAIH PheRYE'S i the

pl ural i t ynhtory dribalhisi i Yarseipeetast RicAniBAIORARS of @ie BEILTIGH Bbfeciaitd by the
avallablllty request and not a sell request. In sone enbodinents, a

di st 'PbutMERi%¥erver, for exanple an airline server, or a call centre server
or acity ticket off| ce server, is provided. The avai lability server and
the distribution S5server are prOV|ded on a single server such that

di st ri butfiU§Hes & DT FLIMVETERYSYRIRTY: a?b'ﬁrqetqua@a}y\/%rda\va 1SHERM! 1RSNAPUPUR EPTor k.
BRI EF DEEQBLP%% vehidey EEOMN NGEh Ephieds iR beroehed WRh inBY@NELRNOMA trp@v be

descri be way of exangl e only, and wth reference to the acconp n |ng
dr awi ngs, oppwlz\%hité:}y utilizing caches such as distributed caches in multi-node clusters.

20 systems often end-up reducing disk /O but have increased network /O instead. This
means that prior art solutions tend to approach the limits of network bandwidth, and often
saturate their networks meaning that they are suitable for small-scale applications only.

Embodiments of the invention avoid these problems by optimising both disk and network

25 input and output. /O is optimized by firstly having most recently used availability data
stored in memory referred to as a grid memory, thereby reducing disk /0. If the data
needed is not in the grid memory or data in the grid memory is no longer up to date, it is
retrieved from storage such as a hard disk and loaded into the grid memory.

30 In some embodiments, the availability server is configured to perform an availability request
and not a sell request for a product and preferably, the inventory server is configured to
perform both sell and availability requests.

In some embodiments, the inventory server is communicatively coupled to the availability

server in real time via a network such as a Wide Area Network or a Local Area Network.



10Figure 1 shows a schematic representation of a system enbodying the

i nventi on; Figure 2 is a schematic di agram show ng how i nventory
data i s paotnizomed according to enbodi nents of the i nveariBrR012/051386
Figure 3 is a schematic di agram show ng how enbodi nents of the invention
split processing resources into a grid Oout | ng | ayer and a processing

| ayer; 15Figure 4 is a schematic di agram show ng how sell and availability
request s 128 eBHAPIIBGN e CoPHTAY Plo2 GBI nEsRYSS Gire thRevidad, R tRegiarming an

Fi gure 5 dvgilabilE RRIBS hdHohE kaMeghew ng how enmbodi nents of the invention
deploy renote availability spaces; Figure 6 is a flow di agram

showi ng the main steps perfornmed by an enbodi nent of 20the invention; and
Fi gure 7 Ipsomecsradinents.ondistribuhen pergey, Hraypmpieon irlg"@r@r@rswowcalgcwfet her

st eps wWhigh IRy aRGy Q%Rét%ffﬁ%dsebyera@ &H@H@d MR av2lalliftg sbRXE Qﬁ('fi Qe didiBution

fol l owi ng description i's of di stributed inventory system use 1 n the
avi at Pon sep®r jarrlgeavided dud smﬂ%sweremﬁpthatr @Sfa'hd“cmt %Veraﬁ:ﬂ@l qm,eay Ay by t he

inventi o Wd LitBb§she Ldiggygsed. For exanple, the inventory system may be
used in tneeeralI l’ﬁ Sugtry and coach travel industry. Further, enbodinents

of the invention may be advant ageously used in any system V\/nere Revenue
ManageneRIED A=t RIPAIEN (¥etHE TBAWIINGD| e to sell a perishable comodity.
Exanpl es i nclude, but are not Iim'ted to, inventory control systens for
hot el 30r ntals,.cruise ne dv Semen in tel V|S|on or
adi o duri P! dpe RS Ry bt isrRee By BT BL PPy 2o g CALS
utiliti eseferéf@emtt@/atﬁéﬂaﬁrﬂﬁﬁdﬁlamzl 054386 11 (NG ) system and operates
as a di stri buted inventory systemas will be explained in further detail
bel o one main inve tor Sys one or nore
i o SMOANYIAG

avai | le | i t é‘?‘{f%r 53?‘05’5 ffﬁe’l“itf repregentayon 0131?3\/ MePRyl e

main i nventorf@tétzmsl 8 funemiatediadra® isAYRING ORdw SiedrRchy NBatar BS pdeitiefedone
servers 103, 106, as will be described in further

or nore co
detai | béCtH! 'WH%EE%HE'UI%‘FS AR YVERi®er vers 103, 106 are usual |y | ocated or

depl oyed in a Figira et Echendibl dipaghstHdMing hemrmbddingiis ef the intentionvepnt ory
system conpri ses a dat abase whi ch. stores mventorgﬁg?ata The dat abase may

be st or e $rFSSHAY I FRAYFAES YO AHHOUPRINIJRYEE &g & Progsss vy, enbodi ments of
t he i1Bventi on Figee neisnardchamass sidglen showmgehdWiNAS) adevavessbility requests are

decoupled according to embodiments of the invention;
Figure 5 is a schematic diagram showing how embodiments of the invention deploy
remote availability spaces;
Figure 6 is a flow diagram showing the main steps performed by an embodiment of
20  the invention; and
Figure 7 is a continuation of the flow diagram of figure 6 showing further steps
which may be performed by an embodiment of the invention.

The following description is of a distributed inventory system for use in the aviation
25  industry, but this is exemplary and other applications of the invention will also be
discussed. For example, the inventory system may be used in the rail industry and coach
travel industry. Further, embodiments of the invention may be advantageously used in any
system where Revenue Management concepts are used, for example to sell a perishable
commodity. Examples include, but are not limited to, inventory control systems for hotel
30  rooms, car rentals, cruise lines, advertisement in television or radio during a time slot, or on

the internet, electricity, gas or other utilities.

Referring now to figure 1, this shows a distributed inventory system 101 according to an
embodiment of the invention. The system 101 is referred to as a Next Generation Inventory



The inventory system 101 includes a processing |ayer, not shown in figure
1, as well as 15 one or nore grid nodes, also referred to as cluster nodes
or serverwoadesl4iBbe grid nodes will be described in furch@apr2adetsisss bel ow
referring to figure 2 while the processing layer will be described in
further detail below referring to figurld 3. The grid nodes or servers 205,
207, 209, 211, 213 shown in figure 2 are also shown in figure 3, and are

| abel | ed MW EYRieRe W@P@PW%H@F@P?O' IDENERLE BYHRT\ASTWit pe ﬁé@é'”?@ﬁ“ fulther can
per f orm sekdipbefncel , availability and other inventory functions. Further,
the servers or nodes 103, 106 nmay be renotely |located fromthe one or nore
availability servers 111 to 116, and 121 to 126. For exanple the servers or

nodes 103rhe1é%/§téawa§@t lé&@ﬁé@éﬂ marh m@ntbggéyetbn@ranaro%e ,orVibreeaanebiRy sERER
avallablllty server 11 | ocated in a different region or area. In

one exanplld; 1ﬂ%e”§er1\7ér %r”r@od\ggmﬂ%a Sigle ARn BReniepaese™ is Riqvidedatithi | e

one or mﬁ\%nﬁif@'si/é}@m'mé%e%ﬁeV&f SndBY mbRe tARRIteOnddesEIs@RRrP1 0Asi0d, 85 waot h
Europe and Asia. The availability server or servers may be | ocated in cl ose

pr oxi mi t)PetQ?%*éﬁde'”tfHﬁh%rr%'l belgn e BPMBHIRRPOIRSEH SR ‘{ﬁr%é@@ hCY&iUSHBIN i ty
request iigca@ftRployb@in £¥aleirel N the sane city, or town, or state or
country. 30 The inventory systens 103, 106 nmay be |located in a data centre.
I nventory data for each of the inventory nodes 103, 106 is stored in a

dat ahgse AihdughavnsHownf il |h9g B 2. thAvdnadry |sy§t¥m5<%n"/pﬂfs§s 35dat¥¥dse which stores
2012/ 104229PCT/ EP2012/ 051386 12 further detail bel ow, the availability
servers CASRIANatE@Iay AN HARRASE BRYeRe oHOTERY BRt 3t YNYEOIRTY oG meY e?eéveénd
current ipRRMAY, erbointntd\bi B irdE AL RRMARk AbcdRMIH abrdgBRABAHSVIddsom t he
main inventory system 5In the enbodi nent shown in figure 1, one or nore
further availability servers 121 to 126 are al so be provi ded. However ,
these ar quﬂn@e&ﬁéry%%t'eﬁﬂ@dﬂ m-EhEi%@ o %bé@l’ngamgéﬂ abt bhdwh BefigLes 9, lalglfvélloasl26

may be fail-over servers. ai |l -over avail server 1s_a redundant or
st andéy SBR\REMRARISEA NOFRS: k?é?%@é?drqdﬁoﬁifé'%ri’twﬁﬁ&f S@Mer erdegpl @e grd pages

avai | abi Ijiff e 2REMD id WiktHe? ddhd tefi refdTkid REfigurt PewiiRt e Préeasing Mayleh il

servers 111 to 116 and 121 to 126 may be stored _10 in one or nore
partitior¥. Efﬁ&f"éeq'r’éyfuﬂgerpé?t?i' P?@We@f‘?rﬂngatchﬂ%érS dievipsnodsst o $RRYErBe0P; 1 st
partitioned ago,gne, beyshodyindigutd Dere AlsoBhERE ANARITY 3, a¥Elare BBERIRYh he
partltloned b Cxlgln Destination or Market definition. The partition
preferené@@“ﬁé?”H@eéﬂﬁnged i f needed. The availability servers 111 to
116 mgy be | ocal availability servers which nay be 15positioned in close
proximty to where users request|n$@g¥allablllt are | ocate

Al t er nat i58[ySCTY LT RsEl HEY 1 10PyCAe @ gefly cpge 1%V%*9/"t%é"]6’r BPUEeTRYany

| ocat i on,fyfdtioms. dﬁﬂﬂthbh&iﬁe Eé}eé/rs%ﬁlfﬂxoéé%ﬁ@mlmétrﬁay%é *bn’ﬁd!@lymm g engbmeorl 07
or airline or Cltkﬁlgtlc et off and t he a WAN or LAN. 20 In

one enbodPrERvVaIAHEY §6%PISabl Foc 1%5@’\%?%1 ffﬂzet oﬁoiféamwﬂhﬁéei\%s onRgdes
servers 103, 14@mayry |b@téwys¢rﬁeaﬂebwndﬁmr@y%.|@@na oilnﬁwb%vmmt;p@érv@@wgr

For exarrpl e, the single physical server may be | ogi cal I%
parti 2pi okedosaied iichdiflerzay ORI BFRR I AR SEIARIG (RS FENETS r%’d%?r 19%606 may
ava:c | abi ljuet Besed e hdadd wHile chkber hdde hwilddify RAGrS aiyadesSiotaRd id Ghr&anobe
erfornme
P A3|a or both Europe and Asia. The availability server or servers may be located in close
proximity to where the travel agency or other user making the availability request is located,

for example, in the same city, or town, or state or country.

30
The inventory systems 103, 106 may be located in a data centre. Inventory data for each of
the inventory nodes 103, 106 is stored in a database 217 shown in figure 2.
Availability servers

35

It should be noted that the availability servers 111, 112, 113, 114, 115, 116 do not store a
subset of the inventory stored in the inventory system. In contrast, as will be explained in



25si ngl e physical server. Alternatively, a separate physical server may be
provi ded for each of the availability servers 111 to 116, 121 to 126, and
servers 1W8,20b0H422bn this case, availability servers 1llpctr@®pridib/osrsds 121 to
126 may be located in a different physical |ocation to the servers 103 and
30 106. For example, one or both of ser’ers 103, and 106, may be located in
Atl anta, whereas one or nore of the availability servers 111 to 116, 121 to
126 may HBethescstalpeiaw. tip ayqilabifity gervers salrdateayaligtlitpppseden HuerpivHatPh
further Ciiﬂreﬁhétew Ay E@feit eNeRohPsthl@WiIRcP aReb@Ytcast all RQuRY #tbRBks!tidnY the
servers 111 to 116, and 121 to 126 may perform availability functions only.
35Fur t herMaif HIeRIPEY $¥8Mi ty servers 111 to 116, and 121 to 126 may be
arranged to forma grid of availability servers. The servers 111 to 116,
121 to 126 may be conmunicatively WO 2012/104229PCT/ EP2012/ 051386 13
conneét edn {ia $mRRARER eV HigH g TeBRfBnTe R i Bhenavalrbilihnsensets eAdo 4% @€ Bot h
the avai |y dd provie Meheevbl ihé drdtn fakRdptiopal FResdinper MeNIsoik) 3erve61 By
formpart of the %rggd The d may initiall I d on conputer

. gri . |1y be depl oye
servers df 16dBaY ?"'?Lt%.seA‘éfgﬁ-tﬁ\6%5@”?@%\')@( §er1’§r1'-51%G?d%@ﬁmﬁ%ﬁéaﬁpybe
added t o exleeRghidhh&robd dséPindihbfeebainthal 88ab Adge ofl the Hklisbid) lseMerd e to
i nventory systemto have si gm@%:oﬁz%kr]]%tsperfornance i nprovenent conpared to
A

known i nvidRteyupet dhssdat 1 the s¢rversnidripap and 19dtle 1EATaY ko aored
I NVeRpor Yin 9Ak Bk e bartiBHEL Ualﬂ@maglb%t pdritrgliidla AdewRY ef wayd1 a4 hthydressal | ow
enbodi nents _of the invention to be highly scal able and run at hi

. . her
per f or marR@EitigBeq RLPNG l¥gUBhRITRGa AISPFPRARNY [eXRls B8R BRY% Pe Aartioned gif Argirent 1 y

proc eSSed)es@_‘iﬁ_ioWorWrﬁethefiﬁih@miﬂh\é?&?tﬁibM pREENBESs B be EASndeS iCitaegt ed to
each availability server 111 to 116, and 121 to 126 via a conmuni cation

means. The conmuni cati on neans may be shared between the servers 111 to

116, and thélatabikfy- sémerl h1casesis ey eenBdi saibsiity 15i@aNGhidRYmBE
network such as a LAN or a_ WAN. Distribution Channel The system 101 shown
in filgur POBPIRY REHOSERHPITMELLY Whfke Jpeiropa asHieArRYIiyiase 1cBi®di on 20
channel s 108. Each distribution channel 108 may include a gl obal
distribution system otherwi se referred to as a general distribution

system dtieMalikelsnhe gyaiepdity eiversed 1118416 Amials ROV SISEd ISZRY ECEHOWEF P\idgsan

136 di st rh&uhéPBarbysh@BicatSHe thy ,shbﬂﬁq% kediné 107 9F Riring brodity SiRéteIcel BB
134, 135, 136 do not include a CRS. 25The distribution channels 108 all ow

an airl i fEoee et YUY o heNr i nventory to the public.
20

In one embodiment, the availability servers 111 to 116, 121 to 126, and servers 103, 106
may be physically deployed on a single physical server. For example, the single physical
server may be logically split or partitioned in such a way that that the separate functions of
the availability servers 111 to 116, 121 to 116, and servers 103, 106 can be performed on a

25  single physical server.

Alternatively, a separate physical server may be provided for each of the availability
servers 111 to 116, 121 to 126, and servers 103, 106. In this case, availability servers 111
to 116 and 121 to 126 may be located in a different physical location to the servers 103 and

30 106. For example, one or both of servers 103, and 106, may be located in Atlanta, whereas
one or more of the availability servers 111 to 116, 121 to 126 may be located in Europe or
Asia. This feature will be described in further detail with reference to figure 5 below.

The availability servers 111 to 116, and 121 to 126 may perform availability functions only.
35  Further, the availability servers 111 to 116, and 121 to 126 may be arranged to form a grid
of availability servers. The servers 111 to 116, 121 to 126 may be communicatively



Further, each distribution system 133, 134, 135, 136 is connected via a
communi cation neans to one or nore of the availability servers 111 to 116,
and 121 twokaf/10¥ize nmain i nventory systemresiding on secr@ap301203138406 may
operate as a full inventory 30 systemw thout the need for the rest of the
di stributed systens, such as availabili¥& servers. For exanple, the main
i nventory system can function as an inventory system independent of the
di st ri but®aNeHRENIEr FaEhBWi WY thEOMmpBIsRligh. means| @ {H@ gﬁb@ﬂ@n@ﬁw §fown
in figureydiadimeserdestini byt i®nos st eohidServdid4.0318%6 miy forinSpadbsranngsd.ed to
an availability server 113 to 116. Preferably, each distribution system
133, 134, 135, 136 is also connected to further availability servers 123 to
126. At emigagid/ oy, initd¥) BOARIIEA2IPETERE0L3BR18BRodd 0T M 0 Addti on

e

system may be connect to a single avallability server, although this
confi gur ENGRS 1 §1-hb8 Hola® 5an ke geded i exignd Bp e g wtifesentdeeaiines s reodidhay
al so i ncldugRs are Mvehione syabsi loendvblsigANeat tRokRar®R infpréveddrRiohiphles 8y ver
111. The airline website 141 may be optionally connected to a further
avai | abi IKPYNdR¥PEYY B¥emehEOWRTT itBRiTRR ETh &h ARtesthabBiatdyveriasy spiyEPuife a

cal | centf@eQhar®jubyttel g HoQklEC thelddd §8NRRWeEMbaIimEAls| ABhd I ¥ntfRr vae 112.
The call centre or city ticket office 142 may be optionally connected to a

further U 85130l gndBinMigNes Pefeimachep atieadpietavaalilith KagtReHr ©@mos
may abso gensHidisitly préded¥el. agency 143 connected to a Distribution system
133, a travel agency 144 connected to Distribution System 134, a travel
agency 145 connected to Distribution System 135 and ot her agencies 146 such

as Sabre,of oMAbIedSIRRS inGENBECSRebrt Q0B 119 ik RUAh&ledWSdRMal dfabilbp E&eexanpl e,
each of a Cal e Ticket Ofice f(QCTO) or |ssuing Ticket

| Centr CC).or City Ticg or
Office (19d)61a%d 421 &g S‘?? N fEBIMIUBICREAN MERNBe  ifi PRBMHYICRIHhBERRY MaY De
avai | abi Ighbyeaseswesn kbZsamdrbaul b hes nged12 0t s onRgehesk, e 8brbfuhiebidron
systens 133, 134, 135, 136. In this way, the Cty Ticket Ofice and the

ai rli'Ae VBIRTSINPEY PG BCHIOFeRYChASRSAN©LH2MAN: 20 avail ability server of the
inventory control system Therefore, the distribution channels 108 are
directly or indirectly connected to the availability servers 111 to 116,
and 121 tRIsUBtenLhand8huni cati ons neans. The conmuni cation means may be a
network such as a Local LAN or a WAN. The connection between servers 111 to
116, and 121 to 126 and website 141, Call centre 142, travel agency 143,
travel agéfcsysean 10f pun 15N, T 1MBherseRINRYishe C81e2y 1781 EVerdas| figirRuiny ed

connegt i Ghaksels NOBN Ebdh fdididigiod  chhgelaigd hizg MEIbSeE taegidBdl distriBaResistsmyi a a
shoppi ng engine 107 to an availability server 111 and 121 V\nthgut_ t he need
to acces Sot%e%msgtrpiebr@pite@ss%gg@@@llggtnbgtgw system, such as abacus 133, Galileo 134,

Amadeus 135, Sabre or Worldspan 136 distribution systems. Usually, the global
distribution systems 133, 134, 135, 136 do not include a CRS.

25  The distribution channels 108 allow an airline to distribute their inventory to the public.
Further, each distribution system 133, 134, 135, 136 is connected via a communication
means to one or more of the availability servers 111 to 116, and 121 to 126.

The main inventory system residing on servers 103, 106 may operate as a full inventory
30  system without the need for the rest of the distributed systems, such as availability servers.
For example, the main inventory system can function as an inventory system independent

of the distributed inventory embodying the invention.

In the embodiment shown in figure 1, each distribution system 133, 134, 135, 136 is
35 connected to an availability server 113 to 116. Preferably, each distribution system 133,
134, 135, 136 is also connected to further availability servers 123 to 126. Alternatively,



135, 136. Alternatively, the airline website 141 may be directly connected
to the availability 30server 111,121 without the need for a shoppi ng engine
107. The wonetziom20f the shoppi ng engine 107 is to findrseaPr2aeasizability
on an availability server for a customer who makes a request for seat
availability via an airline website. Thé shoppi ng engi ne 107 may return
seat availability which matches one or nore user set 35 criteria, such as
price, tiaRehghdriigidics syptem Mt bareNtased (ke single aralebilivessrven Rubgh s

havi ng a RfRRLES: 8RS8 SHwnan §§@RAI. Ng tool may be used to performthe
function of the shopping engine. WO 2012/104229PCT/ EP2012/051386 15 The
system 101 shown in figure 1 provides seat availability renmotely by having

one or nome @YAbLERI EHdnneBerosemay blsb indludd Gn ARelRdodite ABcyMMesidab aan
integrated with the inventory servers 103, 106. As described in further

detai P bevalgbitthserver i i nHisediringeveksda drmanbs onopallt sanpactee o chisriel to

send an availdoaly bédyr mJlerl*iﬁetdpstlﬁ’o&@ﬁtch%nélé“?’%hﬁ'&%lsﬁ:&’uﬁ&l@ﬂé aRdali ckhge or cuty
availabiljty O?Bruerl es are resol ved ally using distributed avail a

ili
servers Fehetolfice1l2 congeated ta %Vaiéfé"ty%rv\ﬁ[ e bré‘eéé@ﬂlcﬁptﬁ%élr Fily t\"h?ttfﬁ@?e H@t ai l

bel ow, t hegaysiysb@BndPlcdinericd &5 a aitY aldibiilyl deweangmer 10 whi ch has been
calcul ated at the time of the processing by the system The systemthen

responds with an exact number of seats available. This is in contrast to

pri orpar tFusiet, e diviibGibEanh&8 ROB Y 415 WERRE aﬁltlﬁbﬁégé%y aychatceased s,
because for exarrpl e, they use old cached avail abi| i tg/qtansmers Thi s nmeans

with pri d?'StHPlﬂt'oé‘y%/?@ﬁ’sw aftfavghaoegan 1apprrdiecied tp Pistibytion Sysleay! S4RdiRveEh

fact thergepte18s bddnesralts DatabliRh F/stedi 188bAd offieMabanidids 14MQRhPdd Sapbrar t
15 systens use ol d cached availability answers, it can appear that t he

f1ight i<LrdpRKISEFRROPHSERFHO |[HStF'*él§|°i”t§Y5tet”hé §light is in fact closed for

sale. In this way, the need for devel op| ng aI ternate aval | ability solutions
such as, AVS, AVN, Proxy, or_cac der to keep the
i nf or'Rat i"GR eéﬂ“@'ﬁeeaé:@aﬁf Iaaﬁﬁ”l @Ei%}res(&c\)éf Q'tﬂth?foOfi'% CEFH)QO&%SP QQOT'E‘% Qifra o

20 date, (el ospamR \Qébs‘ﬁéﬁ\@.ﬂ?rméyoo% @fecl{ BocR a8 2V SildoMestrasry 1datiosch
as i nvent ory control par aneters and the current inventor Yy status to the

| ocal avai$ Befq ioke Gereerd o distripyionsystegirg! 382134:d 382636 - The i nventory status
indicates if a booking class on a flight segnment is open or closed. The
br oadcast i n%éof up-to-date inyentory data fromthe servers 103 or 106 to

one or mof éNigtWRhehavaiM Alskel Bificeeirb e e yek e Bgyg 9isect1a5cq3selq &he

schemst i GahiiabilBhoywer 6 t35fd\/@|ﬂlfo€y dorhidbl dpsbradTRéreRWS tADdisERiubérh Bearfne@m dghe
servers 103 or 106 . towards the avajlabi]ity servers 111 to 116, and 121 to

126. As W%Qi%‘ﬁ%’l%'@ﬁ?t&‘ Gogectgd & thgiavaiapibneavgrsshyd e i Gednidr s B2/ i pl e

i nvent or ¥y &@fivBhiSations means. The communication means may be a network such as a Local
LAN or a WAN. The connection between servers 111 to 116, and 121 to 126 and website
141, Call centre 142, travel agency 143, travel agency 144, travel agency 145, and others

25 146 is usually a wired connection

As shown in figure 1, the airline website 141 is connected via a shopping engine 107 to an

availability server 111 and 121 without the need to access a distribution system 133, 134,

135, 136. Alternatively, the airline website 141 may be directly connected to the availability
30  server 111,121 without the need for a shopping engine 107.

The function of the shopping engine 107 is to find seat availability on an availability server
for a customer who makes a request for seat availability via an airline website. The
shopping engine 107 may return seat availability which matches one or more user set

35 criteria, such as price, time and date of flight and the like. Alternatively, instead of having a
shopping engine, a shopping tool may be used to perform the function of the shopping
engine.



103, 106. One of these servers 103 or 106 may be allocated a sell space. It
is the sell 30space on one of the servers 103, 106, which broadcast the
changes twothe/m¥apl ability space servers 111 to 116, amdTEP1R05BR6. The
broadcasting of inventory control paraneters will now be described in
further detail. Assune, for exanple, tha an airline offers a non- st op
flight from London to Malaysia, and 35 that there are only 10 seats |eft
on the flight. If the airline has to unexpectedly change the type of

aircraft N#é's?@tem {01 é}%mMSﬁﬂgur@H érb@idéé é@ibvéu%bﬁitﬁr@m&(@y b@hé\ﬁﬁ@f)he offagre this
wi Il cause the nunber of seats avail able on i ato \Be reduced. Wth
Eg’% 0

convent i ciyalabilily eatversy 1t r bf: 3%1%19/1?@4‘@?9'?3@@ B8 T§eRiPst ens

such as tapRes WiB ClDEIFR deseASdeindRARE §&hibERW, tHidlehmMRRRASHE Hlkdtibeach
i nvent ory control systemw ||l incorrectly generate an availability answer

based®on dHePWie ¢FERYCSA AbiavAaPilishGURY . o ThiCE R INVeRda IYRkRM.-tAkthe

convent i %éilabllwgtﬁér%hré%brv@b |SORR @:ﬂh%’dis rlbbfbéica\faﬁ’é’dlllty sEQbr 1 11th e 18NGwer
that there are seats avail able on t light, when in fact, 5 because

of the cHande 186 aircraft type to a smaller aircraft, less than 10 seats
may be available. In the worst case scenario, such a conventional inventory
control s stemmght return an availability answer of 10 seats when in

fact, Wil epelaiiedi I Aniher dpiRl Getpus SISy d Of IRTQVIgRsaH) @ilakilfy answer

avai |1@b| Iitioh B BEdrscdiddiated ot ¥ tiRB G Pr‘o@eée%fg PRERl MRtedn. T Hyspad emst
nmessage fromone of the inventory control systens 103, 106. The inventory

control SHIAERF 1G5 %YGWB”B’F‘B%I@W aY?"BWEaF@a '$ KVEHIERY ogRsior 3 systems

par amet erghi@hag YESHRAY WitAuEBhE MYimbeAbUsydifolt RearY Bédakk kbt dkafifla/ @fidy dskl to
116 and 121 to 126. The broadcast i nvent or control paraneters may incl ude

data def i9% fRFN&A axrilabribe anspre s peans)with, E%f FotysiEns ipghant canaPPeaeaI

i nvent or Yt gaddeal whah aMeic tSerdhirs BiiMa¥aR eavafiie férosaid. EImagy eiienlfdr sH06 to
t he avallablllty servers 111 to 126, 121 to 136 include total nunber of

seat 49 nuRBEMSoFSeHld Greled availpbilbp gpaverpuitisap apPepy et the HB! SeeRa eYflinber

of economyoidahSeal VQhéV'fﬁIg{P?'t 5 RaGbt Qbsddes talet NethWRES thefnedb sbedsrRpgand
nunber of w ndow seats br oadcast |nventory control paraneters may aI SO

i ncl ude &gEaie A@lAbIEYgALToRSEIFSS AKS, AVNt i casiicie iRHRRges in t he
equi pnrent type, and changes to booking limts by cabl n, user defi ned rul es

that inpact availabilit . Further, the para ters which are sent in
the. br ondeALIe! (e Py TERACRE) oo BRI PRETRATT I e TS Hobi SA R Bt r o

al goppt hrgaus edsed¥pade G sdiséet 0325 Tine brptrbas |mmdaﬁd£té@,a§t¢ a§ Invéltﬁto%/ control
particul ar fre g ag%y Further, the frequency with ch the update is

br oadcastPHAHYCEES FEHPE GUIEHITR/erang SF@F‘@gﬂé'P\%E}GC%'faV?P@"Bif sayeEst itAVARt I
data may {2e ts@be %@ﬂv@itéﬂy@t@u@ﬁ)ﬂ%ﬁt@snga @Boiiuﬂfgeblés;‘.)éﬁbergﬁm@@gm@ﬁt isrByerber
based on network capacity o net wor k Pamty and airline eferences

The mess&fe&dnkye B@aHF%%'G%a’éP@&O %@rmv%orum HIOARE s8EYeRet®t o HY Rowe o

figure 2,ortrhdrg cﬂh@é"@v&ulﬁbﬂ@%er@’@%aﬂ h t8f116handi1st b hubes skmameaicany ssyet #m 101
shown |nf|9ure ) gure is a schematlc di agram showi ng how data is

par t i*Pi orléH eahﬁhaa%{’eﬁlﬁf‘f{?é\fs e F{?r”?ttﬁ‘g ﬁ@ﬂé?eﬁ%"er?ﬂ)@s oL Y toyirds the gvailpRilith odes

205, 207,5¢R@%s 12{lib, 1131anshown 128 . figure 2 nmay be partitions of the
availability servers 111-116, 121-126. 35

As previously explained, a single inventory system may run on multiple inventory servers
103, 106. One of these servers 103 or 106 may be allocated a sell space. It is the sell

30 space on one of the servers 103, 106, which broadcast the changes to the availability
space servers 111 t0 116, and 121 to 126.

The broadcasting of inventory control parameters will now be described in further detail.
Assume, for example, that an airline offers a non-stop flight from London to Malaysia, and
35 that there are only 10 seats left on the flight. If the airline has to unexpectedly change the
type of aircraft which will be used for the flight to a smaller aircraft, then this will cause the
number of seats available on the flight to be reduced. With conventional inventory control



WO 2012/ 104229PCT/ EP2012/ 051386 17 Alternatively, a nunber of grid nodes
205, 209, 211, 213 may be provided on a single availability server 111. For
exanpl e, wbeogrioge2nodes 205, 207, 209, 211, 213 nmay be IPogiRrad12pausssé ti ons
of one or nore of the avail abi I|ty servers 111 to 126. 5The primary use of
the grid 205, 207, 209, 211, 213 is linifted to partitioning, routing,

broadcasting, and transacti onaI protection, where | ocal caches retain the
bul k of tSHECHSHChiaseinges R st & CaEte bi‘?@ég@"&'ﬁ)”t tis gepes that dylivedoto an

absol ut elyniRGICHBEN )Wllp mc)zﬁrred_ Nﬁ%ﬁérﬂe@ﬂﬁﬁa@@lﬁty #%er 238ed dhline 2IS chtdude

avai lability space onl is wll be 10 explained in further detail
with ref VBRI GNRYH- s@‘éﬁt v%éﬁeraé}bthaﬁ tikye F@G\Cﬁ%‘f’”%lr@v?fﬁﬂré! CHH®! &YEEM™MBW sel |

request s i@ofreblPRASPale ahbRedihhdiRadar 20 3eatd Qlaildtd on el flighil JyHaRYin B,
depl oyed toget her in the sane |ocation as a cluster 215 or individually at

di f f ePentberdiésst Plothis, CWQ%I%ﬂ@ﬁaﬁ Wee feansBallgr Girprabiy lesartpan 40jspats may be

appr oxi mafvgiiapid. Ne tiseaiBrst @aad E&hafb, Mh%c@ﬂ\@nﬁ&@ﬂﬂﬁ/bﬂl@rﬁ agetoneystéy rhigat sane
LAN. 15 Each grid node 205, 207, 209, 211, 213 has a id menory, not shown
in figurdelm %évﬁ'ﬁp'dtyr?é‘ﬁwﬁﬂ/‘)f Y %?sat?a‘i"'l‘%ﬁ g f?%ﬂ’&fb?ﬁaé%é@ﬁ’a%ry (RAM. In
order to reduce the network traffic on the grid, sone data is partitioned
and sone data are reg{ll cated across each grid node, Data that is replicated

across alll OFier © 8Qlyg B¥sPigplenb desavallabifiyyseripst {ikiodhiea i1 h (b8 res6tve 20

creatig ”jS@édéaétsﬁké@@g‘é’ﬂ%m reel bicietventtiy Scoh@brsjdiehsides, a06.! TRLinventory
pref erence configuration paraneters, and so on. O her data, as will be

descri be&oﬂiﬁo'fﬁy?tﬁﬁb?o%@t%qer@%‘C@wﬁslaé‘ %a{th P\tﬁﬁ‘é‘dy&(%’ﬁ‘é@@afﬁﬁ‘éet@rﬁad’dﬁddégt 205,
207, 209,invhibry 2ibRis36 thdalaileacd serefs ode thar@besiayapsability requests

based on the content of the availability request. 251t should be noted that
the main inventory systens 103, 106 may al so receive availability requests

whi ch t heghehrygidast |ﬁ\r/éiﬁ@r§%onﬂ'é'llpﬁrdn$etbr@ rASEINEILOS dhig de'ﬂﬂm@éﬂldlraﬂft' thde/to be
requests which are th | ocal avail abi | i servers 111 to 126.

Duri g i ises dpr §efﬂ'9|'ﬁ é‘f’dﬁ'ﬁ@a' 'ﬁwﬂ?rargpr%rygpemmqt%rs.»gh'%tr@%wﬁeanm@fmme an
avai | abi lgeterd egniess 16 Wl%lb@bllﬁslllfy%éfr\@s 191 enex@f12ihe 1@gahdiad lotdi YwEBEV B S
111 to 116, 121 to 126 or to one of the servers 103, 106 formnmn 30 the
mai n i nveEREy yuipet ghpugi 'ﬁeﬁssc'%%?eseiﬂt%dé@lh%@f If'b?éﬁ@saeieéFSm”H@‘?eO\H EHEO N

avai | abi Isehis, BAGWASIN édchS@NhedeD N BuPbert Heaisio GahtsayRi hidhbdr dfymﬁafvv@éas 111
to 126 or_one of the main |nventor&ﬂ%h}ésterrs 103, 106. Durin | oyment or

i nt egr at i /61§ APRRCAPL INYRNIRI¥CaPHY! RaER dNPhASRI5LEE S S5t P‘d@l"gu% Wanﬂﬁﬁ'rand

t her ebor aphe vlagsRe! &Iﬁn@é@ﬁﬁtﬁéfe'qgfi)mém tybe bgnd @mfngds t&Wﬂ(ﬁ‘\gCIInhlfs‘Jﬁy FRAH esEs
recei ved b %hl d nodes 205 in fi have the sane format as

the cli erﬂe (et atr'%é?@@"%?“%ﬁé P&?S tﬁ\*éthgre%‘ P%fa'I‘G§rS 105367 BEHGT f1ife

Mai N i NV RAickstSifedrery datmbip depdRyen ﬂl'ég)a‘ﬁtﬂmarﬁrwaﬂto@f cénidl brblithht Ysdoasjuest
can be received by WO 2012/ 104229PCT/ EP2012/ 051386 18 | ocal servers 111 to
126 or séM\AM8e.103, 106 forming the main inventory systemin the data center
dependi ng on where the request is comng from Availability requests are
routed tqo the nost |ogical servers, and this is determ ned during initial
set @p. SAS YpdriesgeARePRARRP! fha ParicHar reriercy- fBEins e Feaysrey W

stores t hge npatefis Wﬁétymu%@ ¢dwglmta@rey THatirRquEkdyt Biethe Brbgdddat mvehiered i n
the grid meno nost. recently used | nventory data

stored i rﬁ%’ﬂ“&%&&ée&%aﬂ PH fgeymne@gt%éhﬁ'éewf%w HNf ?%bﬁ%f‘d’eo BRWPEK 213
t o requeshpdafyaof m tigvelat airsty 2hé eante réTBreBds. 0Thd hBedalhbs NASE 205

to 213 receives an availability request.
broadcasted over the LAN or WAN.

30
Referring now to figure 2, this shows further detail of the distributed inventory system 101
shown in figure 1. Figure 2 is a schematic diagram showing how data is partitioned among
a number of grid nodes 205, 207, 209, 211, 213. The nodes 205, 207, 209, 211, 213 shown
in figure 2 may be partitions of the availability servers 111-116, 121-126.

35

For example, a single grid node 205 may be provided on a single availability server 111,
and a single grid node 207 may be provided on availability server 112, and so on.



10 Usual Iy, the database 217 is stored in one or nore hard disk drives,
associated wth a database server. The database server is connected to each
of the grwo andes22205, 207, 209, 211, 213 via a conmmuni eawrBPR0IN®EIS6 The
conmuni cation nmeans may be one of the communi cati on nmeans previously
described. 15 Data stored in the grid rﬂgrmry is partitioned over the grid
nodes 205, 207, 209, 211, 213. That is to sa each grid node 205, 207,

209, 211 A”@'l@“ﬁ%ly/ aterbediof 8f d1odea £08, PR9, 251 g?r1|3d"ﬁ%ér?6r|@f°v'ﬁ%‘? Oéxaaﬁtﬁ‘lgLf’ at

| east  somRamfvillthSerdat £ 1l Foﬁ@;@afm 'tﬁ’e gﬁ@ﬂomeW needot 0 18 hdleosSrgRal The
data stored in the grid nodes 7, 209, 211, 213 may be partiti oned by
a 20key S@EHioRs ohgneer mpieIqf Hie %’@"W“%F?UPW HddpilR&ti on of the availability
request. For exanple, it may be deci ded duri ng initial set up that grid
node 205 will handle all availability re ue ts with an origin destination
from AAA the BETTY| Yper i Beveid 2Bhef0ar@v il abil$ it Yyted de artitoningc &3UEe wi t h

an origi rbr@édcéétmgq@ﬂdﬂ %ﬂsadﬁ@ﬁ‘él'\&?dtb@ﬁbn ther bbb ca%ﬁe@Fe%iﬁ?eﬁé Pak YRy 4483
exani nes the content of the request, det ermi nes that the request has an

origin ofthnBirigedairast: *#ﬁ%gep?fd@%%‘i’ ﬁdeﬂﬁ%}?@rtoéﬁé}?ﬁ%?'yt’tﬁéeéﬂygtnﬁ and as the
origin falls within the origin destination of AAA to BBC assigned to grld
node 205, it routes the request toggrld node 205, During initial set up

the syst e Gitbnesesngite 294r PR Hr 2P IBC!HeRi 8%l RPUYIRRACE B GIdahisapi! |Q,eul ar

avai ligbi Iéxbmlr@@wemrtheTmetauatvltwaetéh@e Y Ho@Md = afv@ﬂtIUﬂlt}aYé‘%juthbhﬂe' f¥de, and
30requests to particular avail a |I|t¥ servers which rid nodes that

handl e t 0 PR SPE iPRHESE aiel RIBPFSSE)- 7188 GEd edesz@oy %Qﬁ 3%8 déti S mawep

made basefprpeditdobticp M the shiRbhtisH &b adsustdrrd 16N ieRiallp bt §Reeht WeRRINE. or
sone others. Preferably routi ngﬁl s based on Airline code only for snall

carriers.BY 485t itq WﬁaWVSP%8 &VBRS'8 PRBFPXIRIFIYHBE S5HE '8??&'0029@4"1‘3}‘ P r

for Iarngﬁﬁédté@fO@ethfghb)sme%ah%cme Iarger carriers may need to further
part|t|on to be able to achieve the required system performance. WO

2012/'904229PCT/ EP2012/ 051386 19 Sini | arly, grid node 207 may be assigned to

handl e av@ichaidliobly 2080207S beo Vi 1t N2 BNh &Y A gHAnesdr) Nk sRGWPn BBk £ oTHE Erid
while grid node 209 may be assi gned to handle availability requests with an

ori gi n deBETHAT HRHAYY %@Dd‘?'ﬂ J0568S BePARt (hid o IneOrden® gAbeF Ksddwargraliigz,

209, 211,0n2k8 griahsbridraa@fio pastiighsPardSoray abladdie Irblitafaratesss é@d&h@hd%@@ort
those grid nodes, are also connected via a conmmuni cation neans to a client

201, suctPaathahs replgatgd AYRTReY! AMseryds ShBYRFSHY SRE VAl e Which fapenet vi a
a progessrde | ayiordO0ZsLeE! WHEMNIrepNEatod. ML MAACaRRIMREY SENNVET SrefeféiRes,
function of the 10processing |ayer 403 will be described in further det ai |
with ref seafigsaton ar@raat@r% and soon. Other data as will be described in further detail below

is partitioned across the grid nodes 205, 207, 209, 211, 213 so that each grid node handles

availability requests based on the content of the availability request.

25 It should be noted that the main inventory systems 103, 106 may also receive availability
requests which they have to process. This is in addition to the availability requests which
are dealt with by the local availability servers 111 to 126. During initial setup of the
inventory system, it is determined whether an availability request should be routed to one
of the availability servers 111 to 116, 121 to 126 or to one of the servers 103, 106 forming

30 the main inventory system. It is the processing logic determines whether an availability
request is sent to one of the local availability servers 111 to 126 or one of the main
inventory systems 103, 106. During deployment or integration time it is determined where
the processing logic will run and therefore, where the transactions will be routed.

35 The client requests received by grid nodes 205 to 213 shown in figure 2 have the same
format as the client requests received by one of the servers 103, 106 forming the main
inventory systems. In this way, the same type of availability request can be received by



The availability servers 111 to 126 previously described, and grid nodes
205 to 213 may communicate with the processing |ayer 403 using a Java call.
A Java apwbi2emtioenzopr ogramm ng i nterface (APl) may be uget/HPeoialob13es
external systens to access to the 15distributed inventory system 101. Once
transaction is received, based on the t'ansaction type and its content it
is forwarded to the rlght node 205, 207, 209, 211 in the grid 215. The npbst
common t reGe 8RYVEEnk! 108 rRE N SavE(E Wb A teening the maieinveRiertSYSiemainghe data

avai | abi Idehder dBferfiditd of WABRAGERI rBfSest Boddmih @roﬁﬁ'AvarPeﬁbq ﬁahéﬁubﬁb'éré tolted to
transactions share a great deal in 20 functionality or exanpl e, each sell

t ransact i'6hMoEYAYFRISERP R ABE AR & ARlRMiRgs durng ”E%ﬂ'@ﬁi Wion. This is
necessary to nake sure the seat shown in availability transaction is still
available, This is due to the delay between availability and sell it is

possi Bl e Ayl hexriaged é’hBWﬁ‘eé\?‘&Iai"élﬁ'Q"l’tWetgﬁ Ad88EPNOROMSgHE MR drasesniysol d.

25H0W8Veruseél hﬁ/eﬁl%hﬁdéfh malriren tﬁ’é déﬁ%’ftoré& & ﬂhé@'r H'rﬁéfn¢r§ n@aﬂ%@b@@y d?rtlﬁlé? oSt
whi ch requires nmany resources as data includ ggeares fare-rul es,

| egs, sedRetly, “Sﬁﬂl'@ﬁﬁ?ry é'é?@n@@'ieﬁdﬁsdat%b&ﬁ? 93 TPHSIQY@H’é g8 fer- @rchseride

i nf or mat iRRe J0gErMBtth 98qIRRO ARG HhfabbA £ RBEMCHIUAK WS of thdThlid Bugdet s,
bi d-prices, gradients, AVN or ANS info, etc. Neverthel ess, putting aside

t he updatd8 19 813 &eesives g @vaiabilint ®auGHi ch i s a side-effect of sell
tranggctions, 30availability transactions are, in theory, a read-only

concept. On the other hand, if the availabili tI{%gr oblemis solved, sell
t r ansact i$ially dieidaiabase 16 g8 sieed i opser Jeere- st didotines, arositesh wBhia

very | i mdaefbake SeHEEEPeSHSBba®e §abimisiddhpEdI®d k@ BacH b thféegnd bdsmorhen7 of
sell transactions is a small fraction of the availabilit % 35transact| ons.

WO 2012/ F8422HbEHPRISS OB THBECD G195t His Capyiipaliogsm PREDEONF Chifte

avai | abi IdownJrr@ﬁg,aﬁ{éagggr@;@gy%gbmdby enbodi nents of the invention wll
now be described. Availability request received by local availability

servdP 5
Data stored in the grid memory is partitioned over the grid nodes 205, 207, 209, 211, 213.

That is to say, each grid node 205, 207, 209, 211, 213 may store different data in its grid

memory. For example, at least some of the data in each grid node does not need to be the

same. The data stored in the grid nodes 205, 207, 209, 211, 213 may be partitioned by a
20  key such as by an airline or by origin-destination of the availability request.

For example, it may be decided during initial set up that grid node 205 will handle all
availability requests with an origin destination from AAA to BBC. In this way, when an
availability request is received with an origin of Albuquerque, New Mexico, then the

25  processing layer 403 examines the content of the request, determines that the request has
an origin of Albuquerque. The processing layer examines the origin, and as the origin falls
within the origin destination of AAA to BBC assigned to grid node 205, it routes the request
to grid node 205. During initial set up of the system, one or more particular grid nodes are
deployed on a particular availability server. This allows the system to route availability

30 requests to particular availability servers which support grid nodes that handle that
particular availability requests.

The routing decision may be made based on different criteria such as airline code, or OD
city pair or some others. Preferably routing is based on Airline code only for small carriers.
35 Routing may also be based on Airline code and OD city pair for large carriers. This is
because larger carriers may need to further partition to be able to achieve the required

system performance.



The main steps perfornmed by an enbodi mrent of the invention shown in figures
1 and 2 when a seat availability request or transaction is received by one
of the | owaloevmiizability servers 111 to 126 will now becu&rerizloemdse

Ref erence will also be made to the flom1d|agrantshomn in figured 6 and 7.

In principle, it does not matter which 'Yerver 111 to 126 an 10 availability
request is routed to since all availability servers may have up to date
availability information as a result of the broadcasts fromthe main

i nvent or ysigi&iye FPid Hede IFOmaliterRigneiNoMiadelld &ilabilitydegSedidwitiBdieos@ASEe tO
use a server in Europe to service a custoner in Asia. For exanple, during

set up ofdeplatiegA HRD itq Gty Walederld Bedr £° Mt & ap¢ionealq Bwidle eyailbiitlest s
recei ved bqimd WiV eh oAGE BEMInkASh ¥ @Cbhe DXbacus distribution system 15133.
In this way, the systemis set up so that a travel agency uses a

di strPbution systemwhich is closest to it to naxinise system perfornance.

A client Figmemn@e, theayR nat@anms, k43, caenanabes a meaiidrabhlkb e ReMSHty at
step 601. The travel agency 143 then sends the request to its distribution

syst em 138/Verhwhigh §HPWQ§UWP%@19%”%‘§P§ éff f’l%%‘:‘t’H@ﬁteﬂd’r‘%%@”‘t“ﬁ@ar'%ﬁ‘@%s Bh to

the procesgidhg zbdiy%ch‘lgs?theﬁltraﬁél%eﬁ@&:f 143Ngs BRORE DS thE drRWarinAQBire onRs ises
one or nore processin ayer servers, whi ch are described in further det ai l

bel ow r efREPGESHIGIt BV 8@& é”%wd'%énﬁr?fcg?ﬁ RIOTESFEP SR det B nHREON Aatha he

t ransgct igpsedssingMayay ab3 alide dascliiaing aGtHe? Qe wWithokieRGhcato fiflRe gont ent of the
request. If the processing |ayer 403 determ nes at step 60 that t he
request is a sell or cancel request, 25 then the request is forwarded to

server 10%eOdval&iity QenRFOFESE M5 BlevRUSH RB8HbeanAnd ikia rroaesi@esrm Q&Q rhdy
further detail below under the heading "sell or cancel request

however, SRMMYUGRIGONIN iR RIPFFSELEi [RYCT 408r UDB el ntdes tRyP ?M‘C?%est

is an aVEHrcbgﬁrbmhtnﬁ |ﬁtéﬁ¢ét!é5€APlf bd1@isBd Q6 efisivNEkibra¥E ByAd3s fioravaests td e
request to avail abili server 123, at step 607. 30Figure 2 schematically

showd ShoWi§iaputed Wﬁ@‘&rydéx%e’ﬁﬂW r Slfed aa%%ﬁt'Patﬁ rqoelyef cbiiresh @ Hicer#sPE¥EY on
the grid pedes it0%nteis RARardéd b thd kgniodeNBsPLOL &88i 2y |h@h’§§rrcﬂ@ﬁ3. The

processing | ayer 403 routes the availability request to one of the grid
nodes 205, 207, 209, 211, 211 using content based routing of, for exanple,

the ori glrrrredﬁésttIcaatﬂdhrtr@tsa&thﬁs%érfawﬁéd @bemwm@ﬁgt&sﬁe in@Sntiieirt auslaility
descri bed. occasi ons an avail abili t%/\t c‘uest ma g}assed fromone grid

node to a?}ﬁ‘St R IS SO PEY ands A t‘%utféi'ﬁ@ tt?é‘ér % & §rah@Eabit or e

a tragsaghh@onany.i ¥8s dxampiedr ésthnede, trérrz»,béndnarr tyre@cgwémbedé&@d availability
2012/ 104229PCT/ P2012/ 051386 21 At | east sone i nvent or

partiti of@FUFEPHeElS §ricgesrstele Dase sygie sel, Sh?‘ﬂ’i " 9‘1%'5‘%'5%’&@”5?10%?”R%?t'” as

previ ouslavafidsse riHke”. dueob tﬁé@@lak/%etv@éema\leﬂy@ny%rnm s@atias ippssblertest the saagri d
menory which i s associ at ed @% articular grid node. The key may be an

origin §ha\é{§ﬁvﬁl§>¢bi|®htr@{b$§\dl% ’PHBU etfeN$a% nmay be partitioned using ot her
keys such as airline, or date range. As described in further detail bel ow,
t he processr ngél ayer determ nes whi ch %rr d node the avail abili ty r equest

shoulfd be'PBYFedNt 6o EaIYhORLSesE AV IRPERY'S 4 $OrPRiEx BESEEhWRI) rRRitiERdEaDhe
key whi cheddurstsess well Badhid ineINdhE 9adal Rrd s, Reyst s@gHwarts Oigrls neiRed¥pst o
213, then the request is routed to that grid node.
cabins, influences, point-of-sale information; reservation bookrng designation (RBD)
buckets, limit buckets, bid-prices, gradients, AVN or ANS info, etc. Nevertheless, putting
aside the updates to “seat-sold” counts, which is a side-effect of sell transactions,

30  availability transactions are, in theory, a read-only concept.

On the other hand, if the availability problem is solved, sell transactions require only

updates to the seat-sold counts, needing only very limited resources such as cabin

information. Further, the number of sell transactions is a small fraction of the availability
35 transactions.



In this way, routing of requests mnimzes the need for data traffic

I n-between grid nodes 205, 207, 209, 211, 213. The partitioned data is

stored orwe 2gryw41renory associ ated with one of the node®Cc2(P201207138&209,
211, 213. The grid nmenory stores a subset of the data stored in the

dat abase 217. Usually the subset of dat® is the nost recently requested
data 15from t he dat abase 217. For exa%‘n I f the availability request

rel ates tdaer detgit oldiayinael agd Avaiad wrsacw%rﬁreméd'ﬁ?Bx@woﬁgnqr&%fr 403

det er m nage Irkattidnhal Al Beetfriddae avail ability request relates to Denver at
step 607 and routes the availability request to node 209 which handl es

availability 20requests for origin destinations CCD to DXX, at step 611.

The grid mesapdidPrddirBt fdeenles Bytatal dvanasility)serfest up to date data in the
grid nenory, at step 613. If the data in the grid nmenmory is not the nobst up

to daPa, then the grid nodes 209 requests the main inventory systemto send

that dat arHeOmbinestfisd FeMPHRA4N%n B8mbdbiRne b7 theaﬁlv&ﬁﬁ)h%mﬂﬁwntf Qredl { @V\d 2
poi nting fromthe database 217 towards the grid node 209 in agure ,

by arrowW5 & FeHMEHARILY (PRISE! OpirRBIacHeT \'/%TWGUP" o ARt eroc tav%'la@lé'ty613

a det er myalkON MRY1 BEWITRAR RSddLRrivdie tfgdrehdrewl ey E@Qaaéﬂt@thlea‘loﬂ%/&hd?rﬁm €
fromthesgrld menory. This_may be because the grid na¥] not 30know i it has

t he conpl P\é‘”§@tf'98fedd§taé‘dréqlﬁ‘ PEwinle, i Keeg Moy ”??étﬁbr‘"sh' | PEVR §1 4 d 25 tae

gri d 10odewvhihsieguest iSPltdtdMesitce dravaRadiitg seidbabaaghadk/ud & dat ahansiithe
data. For exarrpl e when all the fares needed for a given market are

requi r ed, NPHBALGR; 8 FotRSUH G SNRJYTORGERIS Froml thet Rain Bveionr &YsePeddy dP8r ed

in the ngdiver\V@mhypraJttwr af @ed, ndtheay |sdn§l§)€53 %stquﬁlmﬁapbh@ slatisbase
217 in order to. obtain this information. in turn, does

i ncr ease VAOMEEEHORS ™R FHEMAEHSHENASRL W Bffth? ﬁéStPﬁ‘vgrﬁTﬂ‘?‘yoPle peefes @lﬁflo&'tea%]bl d
this typeywal¥BildP 1 b0k 228E0(dd B8RO 2VD2L386) 143 via the abacus distribution system

15 133. In this way, the system is set up so that a travel agency uses a distribution system

which is closest to it to maximise system performance.

A client, such as travel agency 143, generates an availability request at step 601. The
travel agency 143 then sends the request to its distribution system 133. The distribution
20 system 133 then forwards the request on to the processing layer 403, at step 603. The
processing layer 403 comprises one or more processing layer servers, which are described
in further detail below referring to figure 3. The processing layer 403 determines that the
transaction is an availability transaction by looking at the content of the request. If the
processing layer 403 determines at step 605 that the request is a sell or cancel request,
25 then the request is forwarded to server 103 or 106 for processing at step 609, and this is
described in further detail below under the heading “sell or cancel request”. If however, at
step 605, the processing layer 403 determines that the request is an availability request,
then the processing layer 403 forwards the request to availability server 123, at step 607.

30 Figure 2 schematically shows how partitioned data and routed availability requests are
matched on the grid nodes 205, 207, 209, 211, 213 by the processing layer 403.

The processing layer 403 routes the availability request to one of the grid nodes 205, 207,
209, 211, 211 using content based routing of, for example, the origin-destination of the

35 availability request, as previously described. On occasions an availability request may be
passed from one grid node to another grid node. However, as the routing decision is made
before a transaction arrives to a grid node, this rarely occurs.



22 of request fromthe grid that increases access to the database. The data
inthe grid nenory is replaced with new data fromthe database as needed.
The dat a woanediosr2ot he grid nenory on the grid node 209pcmapeaesstsbe nost
recent 5inventory control paranmeters and current inventory status broadcast
by the main inventory system If, on tifd other hand, it is determned at
step 613 that the grid node 209 has the nbst up to date data or/and the
grid node has all the required data, then, the grid node 209 then

10det er m A}§&ast 88e @Y Fvealdh) Hatd |§bat’ﬁ¥|&’fé06&&/v@é’n gﬁd Hgdéshg)eﬁi@ba sfpred 213 the
grid nmenmory on grid node 209, Onc grid node 209 has determ ned whet her

seats ar @aa%PP@meéf ﬁap&w%@'wqﬁécm |Fabrﬂ1<arﬂ@)e,rwﬁwentpwﬁtﬁﬂs slatagriAg t he
answer t gridhBedbat Whiek'tis @Qsoﬁ:vaﬁé@mnﬂﬂa? a:tnc@hfe@n@%de 15 WY Gyl e BHIRigin .

forwards the answer to travel agency 143 i.e. client 201 at ste 619.

procesSs fgytinalen key aliioedl & ¢3r 'P%@?”'ﬁﬂ)’é‘?q B9 pHhpr lk@éﬁ.@ﬁhsas HAINEnOof

course, TIfye %%é eﬁsﬁdé’s‘%ﬂbéd iﬂﬁhﬂhé‘rfo%faﬁirﬂeld‘)\} 'trﬂﬁr!)r%céw}@ ayerdef@ined 3RGYgrid 4,
travel agency her clients 146. Further, as expl ained above, each

client ndpdfdee av%'?P‘f'@rréﬁ‘feséﬁg@Lﬂ‘i’ BGtVP'tbtﬁdé%Qﬁ% OrTL@@ea@HdFeéa'(f: FeasRA SR | ty

request el theWe§dviidrRistusdbifth @ariibn avauhlid b towrtRekyY efid néle 208803 BY
upon initjial configuration of the system Further, since each availability

request d3& IR rpRyestisgPEend Wﬁ*?@%‘?ﬂe dependi ng upon the contents of the

avai ligbi lity request, subsequent availability requests may be routed via a
di fferent ?rld node 207, 209, 211, 213 as previously described. 25In this
way, the 'giiig ey (Raisg SHEAUSEIB MiRZeS e %ePHPhd%tﬁéraéf#q g kiei‘ﬁeeﬁb%%f‘%’es

processeposhpeh @gezfﬁcmlsr ¢He fparnmuﬁecaaatbh@ shirahesth RSHEAbE éa@@@idtedSMﬁh as
avallablllty requests ge is reserved for work wh

requi r es ¥R e P@g%ﬁj?%szws 39% %113 5\731 T'éfbgf‘@' W EETN G ?‘o’i‘t@setﬁéh%ﬂétae t he

avai | abi |s|tdr¥dfrwh@tda@db%sér2¢7plgédény AR5 PO it tRE nidsh FedRfleFeqdBSted 2815
209, 211, 213 forming the grid 215. 30 The remai ni ng processes, such as the

schedal e@%"ﬁ‘&é’a%ﬁﬁéé?l ons, etc. are pushed onto the one of the
processi ng nodes (i.e. servers 405, 407, 409, 411 shown in figure 4)
W t hout consent. Tapping into proceSS| ng nodes 405 407 409 411 resources in

the procéd®$ |eﬁ@mP'§yE-ﬁheaPY%ﬁB"'Wd?q%ﬁfHﬁ ign 40 adlight PHEINRYNGCEYB LfgVemittenpditer to

be provi qﬁ@bes'sﬁhg Sayet 803 HERrmIES tHH: wsOng%ot tlﬁ@ dVﬁMﬁlt)PfquéQtde@ﬂe% tWﬂDeﬁﬁber
al l ows the to serve nore clients such as airline

city ti cl?éts%ﬁ PPEeanfigutss g\?e?"aé!@@myreﬂﬂ‘?ﬁt t94’29d91a%9 AAPFopRT'es f&@'agﬁ'%ss

t he I@OOC%(gﬂd%% foR¥&din 46indtieh2CSBIY DXX, bedtep bed to as an NG -proxy. WO
2012/ 104229PCT/ EP2012/ 051386 23 Routing availability requests via one of

the grid nodes 205, 207, 209, 211, 213 avoids accessing distributed objects
over the Melgﬁfdaiod%@Q tREIE Bhdtks ST MR B MALE B b dé@rﬂa{t@irﬁthe?g(hhaﬂéthg@ at
route, and so on which are used when an availability cal culation is nade.
step 613. If the data in the grid memory is not the most up to data, then the grid nodes 209
requests the main inventory system to send that data to the grid node 209, at step 617, as
25  shown by the arrow pointing from the database 217 towards the grid node 209 in figure 2,

and by arrow 105 shown in figure 1.

Alternatively or in addition, at step 613, a determination may be made as to whether the
required data is available from the grid memory. This may be because the grid may not

30 know if it has the complete set of data required in the grid memory. In this case, the grid
node in question may have to go to the database 217 to retrieve the data.

For example when all the fares needed for a given market are required, the grid node does
not know if all the fares are already stored in the grid memory. Therefore, the grid node
35 interrogates the database 217 in order to obtain this information. However, this, in turn,
does increase the response time. Embodiments of the invention preferably avoid this type



5 Nevertheless, the integrity of the grid data stored on the grid nodes
205, 207, 209, 211, 213 must be protected for other potential users.

Ther ef or ewotzhe/igui2d servers 205 to 213 do not furnish tireT@mregi2oaids€opy of
an object, such as revenue nanagenent controls, schedules, route, and so on
upon request; rather, they clone the ob%2ect even if the client needs no 10
update on the object. This is because cloning can take a toll on garbage
col | ect i &h "EAVESdIRMs e SRE. e 6ERaTBRESCHTS tohie Adtahaseon "eveRla Thing &

uti l'i zi ngnéRedlis RPEHRBE WP theRULL froMBRGESEEadcNEF@cqver the grid. In this
way, enbodinents of the invention may be inplenented in a programmng style

to 15 avoid generating garbage to the nmaxi mum extent possible. Sone
programig bARJHBE[SIn BECHidMmelANR ot ¥R GAHDRER 009 liRGideaNte MBES rdcen@n
automati ¢ Java function which is executed in order to maintain the data

i nt egPi t YTVERIRAY N REANYAEARHUER SVeRIPI TS DIRARaRT&Y. (NGWE {NBN§Er bage
col l ectiqpsigtarts it can have a significant inpact on the system

per formance. Enbodi ments of the invention therefore avoid unnecessary

gar bage 20creation. By avoiding creating garbage, garbage collections can

be | ess fif gauRNbthet RETELRYs HEBMAMEMET SYS BEMHREL fHeOd iR BOMRANes must fip &Yy | or
art systens. Sell or cancel request 25The steps perforned by enbodi nents of

. . p .
the i nverfidfbAaRRIRANCONIE] 915! BOdSe RS bithe spauvgd e ragede, Orih NPdergly iHeen
descrpbedicpdrinhdseletf 8RMsoilit) at E@BAS bl Usthg3he Aat&dtbretiimfheafid REMbS: orl dlid
general, a relatively slow and I nfrequent transaction, while an
availabiﬂpp9299ansaction is faster and nore frequent than the sel
transaction. The sell or cancel requests are handl ed by servers 103 or 106

formng the main inventory systemso that the availability servers 30111 to
126 are fdices|ngHd depile 8§9 H{ﬂ?i HeletBINge r Wigithe's 8Fats oirecariiiabler Bgirdios thethe

speed anfbvfailﬂlﬂﬁ%e_@lf, tﬁéﬂﬁi_t wbﬂns&ﬁQ.aQWéH l@hhéioﬁéfriﬁmiaﬁ%%tbhof@ Qﬁﬁé@@ﬁ?,on
the ook to book ratio. This is defined as the nunber avail abilit

f
{1 andBot METEN ThiVeh TouARISAE BISEPnE B IA0erPandRor: Bie 2AE 4\ 6P B0
ratio i s Ré@d8MaPHheh derdpR8tedSor ARl alaliablifyoRGuestS aRHicA AP QodrseNmahed-ar

East. The frequency of the sell and avail abili tY transactions is closely
rel ated t8CaiYRe! Ko AESNHFIRES SUBT 2pHEavEl AORRRY 14 dlrvst resncYahth 1 ¢ther
sour ce ofciigMe 1460 rAPthef, 194 249 RG44 EiBd0d 26851 3ként 24af rRBSAGtPaS diE@bution

exanpl e, automated web sited tend to create very hi gh_vol unme transactions.
Figure 3 ROV TRBvAhBY Rl requRst MRV &5t PBIInER 2 AT B VAVRDINBRIVEd a
t wo- toper &fdpending upon initial configuration of the system. Further, since each availability request
can in principle be different, depending upon the contents of the availability request,
subsequent availability requests may be routed via a different grid node 207, 209, 211, 213

as previously described.

25 In this way, the grid servers 205, 207, 209, 211 within the grid 215 perform processes
which are required to run at the highest possible speed, such as availability requests.
Therefore grid usage is reserved for work which requires shared-resources, such as
availability transactions. Therefore the availability functions are performed by one of the
grid nodes 205, 207, 209, 211, 213 forming the grid 215.

30
The remaining processes, such as the schedule change, connections, etc. are pushed onto
the one of the processing nodes (i.e. servers 405, 407, 409, 411 shown in figure 4) without
consent. Tapping into processing nodes 405 407 408 411 resources in the processing layer
allows for additional central processing unit power to be provided. This, in turn, minimises

35 the usage of grid 215 which allows the grid to serve more clients. All clients, such as airline
141 city ticket office 142, travel agency 143, 144, 145 and others 146 access the
processing layer 403 via a service referred to as an NGl-proxy.



5 approach in which the systemis divided into a grid 215 where contenti ous
resources are shared and where availability requests are handl ed, and a
processi ngol2ayen42203, whi ch deci des where a sell or avaipcalmpRoypsrisguest
shoul d be handl ed, either using the processing |ayer 403 if the request
does not require high performance resp e tinme, such as a sell or cance
request or using one of the grid nodes 205 to 213 if the request has high
10per formance requirements such as an availability request. Therefore, the
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servers, such as a sell request, and send it to one he servers in the

processi rYSEAPe FMlPdimpRNtS (ﬂf HBe IPveqiien yoidythisnly pit %’& é‘?“ﬁb CRGfiRST kb PRISFS |

Thi's is agseeld Bhedd via the §84.Vi ce Bus. The calling systems do not
necessarily need to know where each server resides. The services are

automatically identified by the Service Bus. 30 Wien a sale occurs, the

servers 1Q%is HR9, é‘rh@odi@ﬂéhtstm th@irdahtdni Maj bBe ﬂw@lbhfé‘v‘&te@gn\&ap(rogr'éﬂ{mlﬂé%m@ & an
up-line system such as a travel agency 144 requests the sale and sends the
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the requestvadd. When the garbage collection starts it can have a significant impact on the
system performance. Embodiments of the invention therefore avoid unnecessary garbage
20  creation. By avoiding creating garbage, garbage collections can be less frequent, thereby

improving system performance compared with prior art systems.
Sell or cancel request

25  The steps performed by embodiments of the invention when routing a seat sell or cancel
request, will now be described with reference to figures 1 to 3. A sell transaction is, in
general, a relatively slow and infrequent transaction, while an availability transaction is
faster and more frequent than the sell transaction. The sell or cancel requests are handled
by servers 103 or 106 forming the main inventory system so that the availability servers

30 111 to 126 are not slowed down by having to perform sell or cancel requests.

The speed and frequency of the sell and availability transactions depends on the look to
book ratio. This is defined as the number of availability transactions which generate a
single sell transaction. The look to book ratio is around 200:1 in the US, 400:1 in Europe,
35 and 1000:1 in the Far East. The frequency of the sell and availability transactions is closely
related to the business process of the airline in question, and to the source of the



determ nes that the request is a sell transaction. As the request is a sell
request, one of the 5 servers 405, 407, 409, 411 then forwards the
transact iwo 20/ee290f the conputer nodes or servers 103Pon/EPO@2883pOrti ng
the main inventory system I|f the request had been an availability request,
then the contents of the request woul d #fave been deternined by the
processing | ayer and request woul d have been forwarded to the relevant grid
node as prEVRGIFEFy FAESREAMNG ReP@Rath§/ePo SHedyped 60 §igatth&eselols dplimee  of
t he mai n ygpeeRibAsy system then requests one of the availability servers 111
to 126 or 103, 106 to calculate the availability with the nost recent
information received in the broadcast fromone of the sell servers 103,
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updated in the follow ng way, dependi ng upon the performance requirenents.
25For exanpl e, supposing that a seat has been sold, and the database 217
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seat 8ol Precsgnthg slowe sl 48858di9nfeeds to be updated to take into account
there is only one seat left on a particular flight. This is inportant,

since subsequent availability requests will only return the correct seat
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whet hgr tifgrseat sold count data in the grid nemory is nore up to date than
the seat sold count in the database. In this way, subsequent availability
requests which are received by 5 the systembefore the data in the

dat abase MhaprbeeBing st echvehrisk 4@71 e1obl 201 adileetnibdrh? sefvicds mrﬁhrdénttﬁ
determine which is the nost up-to-data of the data stored in the g
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menory orOU&Haluge aca%ﬁﬁea&yeg ng e nRiste LIPTYRS didt & taﬁa'ﬁ@P‘F%lWﬁVttHeWh'Ch a

avai |l abi |Uu%Me§§lb|Ciéiefﬁhb@él directorft@ndat @&edno tsbarclabed aagiclisr b thewWiddot he
data stored in_the menory a short del ay lOHowever, in sone cases, data
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data to dFPGEFEING0IAYRT d" WEh Y BRE BEYIERF byhile |p§°%}§§'”aa{aé( i tSe\ere-i 1B Is

updat ed accomplished via a Service Bus. The calling systems do not necessarily need to know
where each server resides. The services are automatically identified by the Service Bus.
30
When a sale occurs, the servers 103, 106 are kept up to date in the following way. For
example, an up-line system, such as a travel agency 144 requests the sale and sends the
transaction to the Galileo GDS 134.

35 The distribution system 134 then forwards the sell request to one of the servers 405, 407,
409, 411 in the processing layer 403. A Service Bus may link the servers 405, 407, 409,



15i n the database and then broadcasted to the grid later. In this way, the
nmet hod of recording data depends on the performance needs. Data that does
not requiwe 2higi4performance is witten to the databasepdirmretizpsisgs t he
processing |ayer first and then broadcasted to the grid |ater. However,
data which is critical to the 20availaf? ity calculation (such as seat sold
count) is witten to the grid nenory first then witing to the data base
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This configuration has the advantage that par al servers 103 and 106
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new server 35can be added to the inventory systemso that there is al ways

at | east PEGYsY eescabed iRsrNGOriagFe hi ch can be used in case one of the
servaps 103 or 106 fail. WD 2012/104229PCT/ EP2012/ 051386 27 Referring now

to flgure 4, this diagramshows a |ogical picture of how sell and
avai | abi | |hPy39|”d‘>ﬁ&Vd<‘reo(Pf he imaln IVeNNaHERN AaNasAVeEs one fhE vty gpers
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15 1o meet the availability request, as previously described. This checks that there is still seat
availability which matches one or more parameters included in the sell request, such as
price, airline, origin and destination etc. to make sure a future sale is only allowed if there is
still availability for the requested fare class.

20  The availability server then forwards the transaction back to the sell service for processing.
An acknowledgement that the sell transaction has been completed is then sent back, via
the Galileo GDS 134 to the travel agency 144. In response to the sale, data is updated in

the following way, depending upon the performance requirements.

25  For example, supposing that a seat has been sold, and the database 217 needs to be
updated to take this into account. Prior art inventory systems lock the database until the
data is updated. This means that there is a bottle neck because availability services cannot
respond until the database is updated.

30 Embodiments of the invention solve this problem by asynchronously writing data to the
database. For example, supposing the seat sold count in database 217 needs to be
updated to take into account there is only one seat left on a particular flight. This is
important, since subsequent availability requests will only return the correct seat availability
if the database has been correctly updated.

35
Instead of updating the data in database 217, the server 405 sends a request to one of the
servers 205, 207, 209, 211 in the grid to update the seat sold count in the grid memory.
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the disk 1/Orequired by a sell transaction. 10 However, there still needs
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integrity intact. Enmbodinments of the invention also reduce the number of,
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avallablllty request 15 arrives and if is in collision
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In an alternative embodiment, data is sent both to servers 103 and 106. Data is routed to
either server 103 or sever 106 based on the content of the data being sent. In this way, the

30 database is partitioned across servers 103 and 106. This configuration has the advantage
that the parallel servers 103 and 106 have more capacity to handle any potential increase
in traffic.

In both cases, in the event that one of the servers 103, 106 fails, an additional new server
35 can be added to the inventory system so that there is always at least a single fail-over
server which can be used in case one of the servers 103 or 106 fail.
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occurs when an avail abili

second. This keeps the network usage at a minimum. The updates are schematically
shown in figure 4 with an arrow pointing from the sell space 301 to the availability space
303.

20
However, it should be noted that the availability space 303 does not send any updates to
the sell space 301. This is because availability is a read only process, and as such it does
not update any data. Therefore, the sell and availability transactions can be said to be
asymmetric since performing a sell or cancel transaction requires the availability space 303

25 1o be updated, whereas performing an availability transaction does not require the sell

space 301 to be updated.

In this way, the availability transactions are sent more quickly than slower sell transactions
because they are largely decoupled from the availability transactions.

30
Embodiments of the invention also reduce or eliminate distributed transactions. Distributed
systems eventually incur and suffer a distributed-transaction cost. This is a heavy price to

pay in performance, or results in a compromise in transactional integrity.

35 Embodiments of the invention do not suffer from these problems. This is achieved by
localising all read or write objects in a single partition, therefore avoiding distributed



request says there are seats available for a given product type, but in
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separated fromthe inventory server, and in particular in which the

avai habi |ErbyodkAEMSIof itfe indetiofl dchRyEMhis 9 Gatigon db@ichiee db]é‘é?ﬁfaﬂé%er&ﬁﬂé)/ﬂ’fe
3. An inventory control systemaccording to claim1 in which t

avai | abi IQ”E‘Wée‘I‘%kPY PN e ed 8*8!%"(9%@‘?? orman availability request and
not a sell request for a product and preferably in which the inventory
server is_configured to performboth sell and availability requests. 4. An

i nvent or YAt %Yeré’s?gﬁ%ﬁﬁ(ad'@?'&%ﬁvﬁﬁt“?ﬂl\’ eeedsiP Pei updgiedonth e mos) esnest §/e3§er ver
i s conmmunioraiior@biort o Rtbrbgidaefravahk abillshhde 6T Weheh BnrRalladiiyPedues: a

netvvork such as a Wde Area Network or a Local Area NetworKk.

15 Tarrives and if it is in collision path with a transactional update, requests and updates are
handled within the local cache before a transactional update to the grid is made. This
results in no slow-down in service execution. Even though the local grid updates maintain
fransactional integrity, service requests sustain no deterioration by such transactional
updates.

20
Embodiments of the invention also have availability which is distributed over a Wide Area
network. Embodiments of the invention achieve this by separation of availability
transactions from sell transactions by having the sell transactions confined to the sell space
301 and the availability transactions confined to the availability space 303, and using a

25  mechanism to update availability in much slower frequencies and in-bulk, makes it possible
to deploy multiple, independent, remote availability spaces.

Embodiments of the invention which separate availability and sell allow the deploying of
remote availability spaces where they are needed the most for example at GDSs, big

30 airlines, and the like. It reverses the network traffic: availability transactions become local,
they are deployed where they are needed and cheap; and updates to availability spaces
are low-frequency, in-bulk, and extremely efficient and low-cost.

Figure 5 shows an embodiment of the invention including deployment of remote availability
35 spaces, and the reverse traffic from the central grid to remote spaces.



255. An inventory control systemaccording to claiml in which a plurality
of availability servers are provided for performng an availability request
and not aweebiz/merpwest. 6. An inventory control systempat@mreai2ngi3s® cl ai m
1 further conprising a distribution server, for exanple an airline server,
or a call centre server or a city ticket® of fice server, wherein the
availability server_ and the distribution server are provided on a single
server. 300Urg5 'Aﬁ'm'méwlaws Sotitd H anglae B fzﬁ’é%?%h%‘@ '?Et?”agiyerbﬁ'@cr@éﬁr%cecl aim
further GRS & AlEnAToeBERriBEWEhiANAldetaHodRr the SRBYEMENE6dWn in
arranged to receive a or the availability request and in particular to

det er m ndi%t¥eSalas 0584 ferlgymenta ipriBdeRe By FBhpadi vy 6Ad REPvides 8valabiitict
par amet ergmsersQbEalIQ thefBbLaldUEN tHLY tRASANBALHSIng BefaS RABARId Serddr@o&tiohhe
35availability servers receiving an availability request. 8. An inventory
contr8l $y&k8rd8¥8rding to any preceding claimin which the availability
server further conprise one or nore grid nodes. WD

2012/ 104229PCT/ EP2012/ 051386 31 9. An inventory control system according
to clai migi§ HeWﬁY’Eﬁ“teﬁQ?hO@YiRﬂO\f‘HﬁfeC%f&?%rﬁv%%b”ﬁy g%nﬁwerrrmavsy.but algQ cregles

I nvent or g EthRO bosty SdvihsaBE Aifhidting Othe | @sdf Rihdfgl Bvanbbicl) fr&®actions to
availability request is routed via one of gri d nodes dependi ng_upon the

)f t he _
content dflebife HERETHIY PP iihe ipagaduroKk raje, thaposh sadres ray st Y&y sidpdicamt

accongi Nhekushe UifolRk of baiaiBusBed drodDAlIdhtIMd ABiaddnd B&®be $OBBnMtarithaedy i d
nodes are |ocated on different availability servers. 12. An inventory

control Y%t adaby i@nartiess 8HYNai§E- of clains 9 to 11 wherein each 10grid
menory stores one or nore inventory paraneters of the nost recent

avai lability request received by the grid node, .13. An inventory control
syst em ad@SHAIMYY+ BMRAGYMEAIS 8f (e Averiics Rravide the apHide f Siskibult rep!HERoPly
stores atseh@@st SRANBIIPUSNERLYE RREMR! ebos¥hhe WAKE withbiietheHigh nvemhicher

15i nventory paraneters store he other grid nenories. 14. An inventory

| ored int
cont gl Ayatabiihatcoyrels AEMINY HieoRe"dFFRS ai ms 9 to 13 in which the
inventory paraneters are sent fromthe inventory server to one of the grid
menories if the inventory paraneters of the re%uested product are not

stored i NihelTgPRigs iRl \ANerlyRe € STES 2680etad i PORe /o4t 8" FYNamEEEA0NY

and cache solutions previously described. A type 1 error occurs when an availability
request says there are seats available for a given product type, but in fact there is none,

20  thus sell cannot be successfully processed. A type 2 error occurs when an availability
request says there is no seat available for a given product, but in fact there are seats
available, consequently airlines loses a potential sale opportunity.

Embodiments of the invention scale to multiple locations. For example, if a particular
25  solution is adopted by one customer, it can easily be converted for use by another
customer because it is easy to quickly deploy a new grid at each GDS.



15. An inventory control system according to any one of clains 9 to 14 in
whi ch the inventory paraneters are routed to one of the grid nenories in
dependencwoupmmoiize content of the availability request PCZEP206/05/386
inventory control system according to any preceding claimfurther
conprising an updating neans arranged t¥ update the inventory paraneters
stored in_the inventory server and the inventory paraneters stored in one
of the grqa'"i‘ﬁenorl es. 3017.An inventory control systemaccording to claim
16 in which the updating neans is arranged to asynchronously update the

i nvent ory paraneters stored in the inventory server and the inventory
par anet erls st FFEHVEHROYHENHI! SYHEMGHAP I§ERDri es 18. An i nventory control

syst em accor digpdneditdr 3bMedBr Sloridd invBntdh SdtamBRrBsiRlg ¢he3R BB Priductt
updates the data stored in one of the grid nmenpries and then the inventory

paranét ers st G¥edya|lqpiltty seveRAFATSEY t% @09@? apfavgilabdity reGHe@éWc%PrOE’P‘ansact i on

i s received by,@Radin M@aﬂﬂﬁﬁ%%dﬁsﬁﬁgﬁ MSdated Mntory parameters from the
2012/ 104229PCT/ EP2012/051386 19. An inventory control system according

to any on@esfory pefiven lpdhe éval'gb'i”iif SRAEh t he updating means first updates the

inventory par aiRk&h theShdigslity @e.tveecjétemﬂé@fmé 8ty Nfle tapRslbProiicp
stored in one of the grid nenories if the inventory server receives bid

price 5dé9cyé3°6}pa§6%8%P"em€E?rﬁf€€‘fqtQﬁraﬂéﬁt%mé? ORGPEMAE 'HVYHOT S HRYESIT| e dat a.

20. AQ | ¥&IHneE Yo BaivERoilBY S4reEn ra6SaRg A AviiRbAfyreBni@gedi ng clai m furt her
conprising one or nore processing servers for receiving a request and in

particular for determning the type of request. 10 21. An inventory

control gyst emrﬁﬁﬁéﬂ@y%nﬁ@ SHEEMPAREREHINS cfdidi 1h hichhthé lavéliaamtyrh\é@\rérw y
server is Ioa%l cally physically or both | ogically and physicall

separ at edod¢ W?H%faWa{fqné el pOREr. ang rpbaticy! "f‘f\l@:mh&hﬁh%é\‘ﬁ”lae'l“g’syst em

accor di nGeh@r &y aRiifeGest Ghtieh & MefitidhRey s&Q8Pri sing one or nore additional
inventory servers. 23. An inventory control system according to claim 22

in wiPch the inventory paraneters are partitioned across the inventory
servers such tAahv@ash) coRir@RySEdh £LbMRTG to claim 1 in which the availability server is

configured to perform an availability request and not a sell request for a product and
preferably in which the inventory server is configured to perform both sell and availability
requests.

20
4. An inventory control system according to claim 1 in which the inventory server is
communicatively coupled to the availability server in real time via a network such as a Wide

Area Network or a Local Area Network.

25 b An inventory control system according to claim 1 in which a plurality of availability
servers are provided for performing an availability request and not a sell request.
6. An inventory control system according to claim 1 further comprising a distribution
server, for example an airline server, or a call centre server or a city ticket office server,
wherein the availability server and the distribution server are provided on a single server.
30
7. An inventory control system according to any preceding claim further comprising
one or more additional availability servers each arranged to receive a or the availability
request and in particular to determine the availability of a product by comparing one or
more product parameters to one or more inventory parameters in response to one of the
35 availability servers receiving an availability request.
8. An inventory control system according to any preceding claim in which the

availability server further comprise one or more grid nodes.



20stores at |east sone inventory paraneters which are different fromthe

i nventory paraneters stored on the other server. 24. An inventory
control syetemvmerording to claim?22 or 23 in which onePCmEPR4IQNYI3SEr VEr i S
a fail-over server for the other inventory server, the fail-over server
storing a copy 25of the inventory par amdters stored on the other invent ory
server. 25. An inventory control system accordi n%_to any one of clains 20
to 24 in Swhi cH\ORKETEETY CRBIYSYEIBESAGIG e I SHAM SHD WIHGHLRAEE of i §0FR §OIBBESaSo one
of the grd ghidvadgsrnif the request is an availability request. 30 26. An
inventory control systemaccording to any one of clains 20 to 25 in which
one of tH&- pr SEEELGHYY SEPVRSYSERAGHGRAHRIES P PHAGTe s dlapiber ver i f

t he requegdudssisdosieh viadneCAMeLyrid stE8Hependbd d892théQARRAPETHH ERZDLBYi)51386
33 28. An inventory control system according to any preceding claim
further ¢B8MHStsing one or nore additional fail-over servers. 29. An

i nvent or yj 1coNtA OhyamREA) BN FONRERET RBoRFHYbIPl B8 DSBS Dt IMIIHIAT M least

parameters on an inventory ce|V|ng on an availability server
X

_ server;  recei
an avai | 28M&; ¢'yne eilieedesrdsp logalsd oatiferenayatrRRARY $¢14e"8si ng broadcasti ng
means updated inventory paranmeters fromthe inventory server to the
availability server; wherein the availability server determ nes

ver, 11y
the avai l'&bi | i’%’y'”bef”t‘?rﬁéof‘té‘d&é%tﬁ@cﬁéﬁP'ES’d?,@ctf’ a9y e AP %EP bhehgeinsaca
prodygt RAHIEHEH Stdres BREohoRDRReNtdlY REPiteR RN BEEhSStTeddht BRSIRBINGE tO the
availability server receiving an availability request. 30. An inventory

control BRYFSHTELEVEH @Y HiF 96 8998 m 29 in which the availability server is
|l ogically separated fromthe inventory server, and in particular in which
the availability 15server is in a different |ocation to the inventory

server. '31. AN INYRARIY GPYIR SHEIEEY AGTRIAIO ALY SPBIChEANT ¢ 1%l 12} eagy

further cpiMArBoRNGIREEa0BadTREMcAGENtdrPPalanias Waithl drk WifeRIY @BM tBach
arranged to receive a or the availability request and in particular to

he .
det er'fi nd"EREOTRPAIRMEAETE StAediN the piNgHaid MeNoE8Fpari ng one or nore 20pr oduct
paranmeters to one or nore inventory paraneters in response to one of the

availability servers receiving an avajlability request. _ _
1 An inventory control system according to any one of claims 9 to 13 in which the

inventory parameters are sent from the inventory server to one of the grid memories if the
inventory parameters of the requested product are not stored in the grid memory or are not
20  the most up to date parameters.

15. An inventory control system according to any one of claims 9 to 14 in which the
inventory parameters are routed to one of the grid memories in dependence upon the
content of the availability request.

25
16. An inventory control system according to any preceding claim further comprising an
updating means arranged to update the inventory parameters stored in the inventory server
and the inventory parameters stored in one of the grid memories.

30 17. An inventory control system according to claim 16 in which the updating means is
arranged to asynchronously update the inventory parameters stored in the inventory server
and the inventory parameters stored in one of the grid memories

18. An inventory control system according to claim 16 or 17 in which the updating
35 means first updates the data stored in one of the grid memories and then the inventory
parameters stored in the inventory server if a sell or cancel transaction is received by one

of the inventory server.



32. An inventory control nethod according to any one of clainms 29 to 31 in
which the availability server further conprise one or nore grid nodes. 25
33. An i nwenvmww4rentrol nethod according to claim32 i mCrEPed1208386 gri d
node conprises a grid nenory. 34. An inventory control nethod according to
claim32 or 33 in which the availabilit%? 30request is routed via one of the
grid nodes in dependence upon the content of the availability request. 35.
An inventory control nethod according to any one of clains 32 to 34 in

whi ch at {geastarsiai@ht cbh@ol%&&t@m%@@i 18 dn0 @Ak @dciam &b td &3 Bini@vikl abi lity
servers. WD 2012/ 104229PCT/ EP2012/ 051386 34 36. An inventory control nethod

accor di ng'Peglingnirednielirgfurdeias iae ByerigryazraReles sowddh e iNEimseyestt es one

or nore iRMERERRY RBFATRLRE 8f Bb ohb endMGlesiifh®Hveatvd) i rbdelvdsamiuBhde
received by the grid node. 537.An inventory control nethod according to any

one of cldihe sphedige sennastiohfRia o6 R dgia o breiRepsrus ¢ds at | east sone
inventory paraneters which are different fromthe inventory paraneters

stored in the other grid nenories. 38. An inventory control nethod
accor di ng0 o YNGR ICORIRiSyglemaacerdye P RIWRIRITINE S0 fNSA CBMPTIYEY anet er s

are sent dneQ@Mnidi€ pldRBedILPEM VSR TN EEC AN BTe@lest B BIdarticRINSri REerinidd e
inventory paraneters of the requested product are not stored in the grid

menory orYRE ¥ rR¥HeSt-he nost up to date paraneters. 39. An inventory control
met hqg according to any one of clains 32 to 38 in which the 15inventory

paranmeters are routed to one of the grid nenories in dependence upon the
content of'- t hHOWNIAYICPITSY SYBigTIeRACOrdingnio any Prereaine SIAIMdbWhICBItheBy fiaary

accor di nGeh@r &N¥gieals Ronhgdiddig®r Bothtigyissly fantipAgsicAQ eph Sttt tHepdat i ng
means arranglged_ to as[ynchr onously update the inventory
availability server.

15 22. An inventory control system according to any preceding claim further comprising

one or more additional inventory servers.

23. An inventory control system according to claim 22 in which the inventory
parameters are partitioned across the inventory servers such that each inventory server

20  stores at least some inventory parameters which are different from the inventory
parameters stored on the other server.

24. An inventory control system according to claim 22 or 23 in which one inventory
server is a fail-over server for the other inventory server, the fail-over server storing a copy

25  of the inventory parameters stored on the other inventory server.

25. An inventory control system according to any one of claims 20 to 24 in which one of
the processing servers only routes the request to one of the grid nodes if the request is an
availability request.

30
26. An inventory control system according to any one of claims 20 to 25 in which one of
the processing servers routes a request to the inventory server if the request is a sell or

cancel request.

35 27. An inventory control system according to any preceding claim in which the product
parameters are compared with updated inventory parameters.



20paraneters stored in the inventory server and the inventory paraneters
stored in one of the grid nenories. 41. An inventory control nethod
accor di ngvoeo@miazw40 i n which the updati ng neans first papdeb@s/051386 dat a
stored in one of the grid nmenories and then the inventory paraneters
25stored in the inventory server if a sBl | or cancel transaction is

recei ved by one of the |nventory server. 42. An |nventorr¥ control nethod
accor di ngf8 o ARNUYYSPNUAl SwﬁewrﬁC@ﬂmmetolﬂﬁum%ams&% fgrthes compaEi@s t he

i nvent or YorRar ATBRE aEGtSPFRhveNsdl@si nventory server and then the 30data
stored in one of the grid nenories if the inventory server receives bid

price data or schedul e connection data or fare data or business rule data.

43. An i peent XryinGaibry QoniB Qs RESREREINEcdrtbramg: one of clainms 29 to 42

further conprising onée or nore processing servers for receiving a request
and i A parti cHANIfRCNERY BRSMAE 9§ AHRV AP SBer equest . WO
2012/ 104229P@é<§éﬂﬁ@%8/y Qﬁ%3§@bﬁﬁ/ SveNani SVERIBIRY beciBSILTHIOA pf@S@hEtOd according to

any one of clains whi ch the inventory server ogically or
physical ly or bé%ﬁdr?aﬁtﬁ@l ld:%ﬂg WOQMSB'PE/%‘PE%? PQF%%%'QY%W%I Haf%m‘?tﬁﬁefroﬂﬁlel ability

server. Sdznf¥ly 5EVENbARY a¢RBbiliQlsePRy:hod according to any one of claim29 to
44 further conprising one or nore additional inventory servers. 46. An

i nvent ory contwrﬁre'ﬁﬁl%‘@”%@&ﬁlsl'ivﬁbd?tér”&'f‘%?f thepailabilnpidhe remesieddredicy

par anet ersy RhpaRag bhé bOMBE BBHRSE PatdifetéR\E BRObYMBRY Medriog Wakarhdtals ieach
i nvent ory server 10stores at | east sone inventor par aneters which are

di f f er ent®$RBET {hEeiaFEaRbF ST arRiYIBY 8 SVBIRBUYIRIYSR: ot her server. 47,
An inventory control nethod according to claim45 or 46 in which one

inventory server is a fail-over server for the other inventory server, the
fail-oversOser \fé}mgqrg(pryﬁﬁméolé%pod according to clalm 29 in which the availability server is

logically separated from the inventory server, and in particular in which the availability

15 server is in a different location to the inventory server.

31. An inventory control method according to claim 29 or 30 further comprising one or
more additional availability servers each arranged to receive a or the availability request
and in particular to determine the availability of a product by comparing one or more

20  product parameters to one or more inventory parameters in response to one of the

availability servers receiving an availability request.

32. An inventory control method according to any one of claims 29 to 31 in which the
availability server further comprise one or more grid nodes.

25
33. An inventory control method according to claim 32 in which each grid node

comprises a grid memory.

34. An inventory control method according to claim 32 or 33 in which the availability
30 request is routed via one of the grid nodes in dependence upon the content of the
availability request.

35. An inventory control method according to any one of claims 32 to 34 in which at
least some of the grid nodes are located on different availability servers.
35



150f the inventory paraneters stored on the other inventory server. 48. An
I nventory control nethod according to any one of clains 45 to 47 in which
one of thwopnmes=edbng servers only routes the request tecomPeb/os5i386gri d
nodes if the request is an availability request. 20 49. An inventory
control nethod according to any one of ¥ ains 45 to 48 in which one of the

processing servers routes a request to the inventory server if the request
is a sel I3%r AMWEENter¥EaRLe! metBehacerding ATy e AlaiBs At royheet?ai ing to

any one QfridGh@ht stfed ndér threVm\i'érJfbrg BrapiEhd O tHRahaETREQIS addiRbgMPar ed
wi th updated i nventory paraneters. An inventory control nethod

accor di nged¥sshrRretae Py inecgrig npdero to 50 furt her conprising one or nore
additional fail-over servers. 30 52. A conputer program product or

conputer readabl e nmedi um whi ch when | gaded onto a conputer executes the
met hod of37any ASHBVESHOT¥ |cantil maghegacpprding to any one of claims 32 to 36 in which each

grid memory stores at least some inventory parameters which are different from the
inventory parameters stored in the other grid memories.

38. An inventory control method according to any one of claims 32 to 37 in which the

10  inventory parameters are sent from the inventory server to one of the grid memories if the
inventory parameters of the requested product are not stored in the grid memory or are not
the most up to daie parameters.

39. An inventory control method according to any one of claims 32 to 38 in which the
15 inventory parameters are routed to one of the grid memories in dependence upon the
content of the availability request.

40. An inventory control method according to any one of claims 29 to 39 further
comprising an updating means arranged to asynchronously update the inventory
20  parameters stored in the inventory server and the inventory parameters stored in one of the

grid memories.

41. An inventory control method according to claim 40 in which the updating means first
updates the data stored in one of the grid memories and then the inventory parameters
25  stored in the inventory server if a sell or cancel transaction is received by one of the

inventory server.

42. An inventory control method according to claim 40 or 41 in which the updating
means first updates the inventory parameters stored in the inventory server and then the

30 data stored in one of the grid memories if the inventory server receives bid price data or
schedule connection data or fare data or business rule data.

43. An inventory control method according to any one of claims 29 to 42 further
comprising one or more processing servers for receiving a request and in particular for

35 determining the type of request.
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44, An inventory control method according to any one of claims 29 to 43 in which the
inventory server is logically or physically or both logically and physically separated from the
availability server.

45, An inventory control method according to any one of claim 29 to 44 further

comprising one or more additional inventory servers.

46. An inventory control method according to claim 45 in which the inventory
parameters are partitioned across the inventory servers such that each inventory server
stores at least some inventory parameters which are different from the inventory

parameters stored on the other server.

47. An inventory control method according to claim 45 or 46 in which one inventory
server is a fail-over server for the other inventory server, the fail-over server storing a copy

of the inventory parameters stored on the other inventory server.

48. An inventory control method according to any one of claims 45 to 47 in which one of
the processing servers only routes the request to one of the grid nodes if the request is an
availability request.

43. An inventory control method according to any one of claims 45 to 48 in which one of
the processing servers routes a request to the inventory server if the request is a sell or

cancel request.

50. An inventory control method according to any one of claims 29 to 49 in which the
product parameters are compared with updated inventory parameters.

51. An inventory control method according to any one of claims 29 to 50 further

comprising one or more additional fail-over servers.

52. A computer program product or computer readable medium which when loaded
onto a computer executes the method of any one of claims 29 to 51.



