| mprovenents in or relating to inventory control and optim zation. Field of
the invention The present invention relates to a nethod and apparatus for

i npr ovi ngwonuentsesoy control and optini zing the manner i pCwWEPCRIBI4B0 i S
provi ded, particularly but not exclusively in respect of optimzing an
inventory in the travel domain. Backgrounﬂ of the invention In industry,

i nventory systens are commonplace. This is particularly the case in the
travel industry. An inventory systemis one which can control availability
of resources, for exanple through pricing, revenue nanagenent associ ated
with profit or cost and any cal cul ati ons associ ated therewith. This enables
a custoner to purchase or book an avail able resource, for exanple, a hotel
room a seat on a vehicle such as an airplane or a tr ot her

Ui bl e r os YBPERVERenEYER Bf Shlatingald YRt SRy c SyteObAd RbiRIZatBhov der 1 o
manage the avail abl e resources and nmaxi m ze revenue and profit in provision
of these resources to the custoner. In general today's inventories in the
travel donaiﬁﬁddaﬂﬂbnﬂnuehﬁdnby means of recommendati ons upl oaded from an
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10 Background of the invention

In industry, inventory systems are commonplace. This is
particularly the case in the travel industry. An inventory system is one
which can control availability of resources, for example through pricing,
revenue management associated with profit or cost and any calculations

15 associated therewith. This enables a customer to purchase or book an
available resource, for example, a hotel room, a seat on a vehicle such as
an airplane or a train, or any other suitable resource. In addition, the
inventory system allows a provider to manage the available resources and
maximize revenue and profit in provision of these resources to the

20 customer.

In general today's inventories in the travel domain are controlled by
means of recommendations uploaded from an offline revenue
management system. Whilst these work, there are a number of problems
with their operation. In particular, the process of relying on an offline

25 upload is both time-consuming and cumbersome. In addition, the offline
revenue management system tends to make too many calculations, and
not necessarily at the right time in the process, which again causes
problems of delay and unnecessary processing. In addition, the data on
which the off-line computation is made may not be up-to-date at the time

30 the optimization process takes place. Finally, the current off-line revenue



the optim zation process takes place. Finally, the current off-Iline
revenuemanagenent systens degrade their network optim zations by using

i nt er nediwbeoseesvdendat i ons nessages to the on-1ine requesr2@vabiiad i on
system since these recommendati ons nmay not convey all the dinensions of
the optimal solution. A nunber of sol utiogs have been proposed to inprove
t he revenue managenent problem but all r®ely on off-line conputations of
reconmendati ons. For exanple, "Revenue managenent in a dynam c network
environment” (M T/ 1 NSEAD: Transportation Science, Vol. 37, No.3, August
2003, pp. 257 to 277.) discloses a nethod for optim zing the cal cul ati on of
avai | abi | i ty managebosrki sgstéommidegrite theihogktwers dplinizatidrsndy asthe@nl i ne
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at the time the recommendati ons are used by the online requested eval uation
syst em10rher €2lcyladionupbavatabiliiynic aske@king "domain.  The method uses two

systems, one online and one offline. The online system is merely

indicated and there is no suggestion of any technical details. The patent

literature in the form of WO05/0621958 discloses a method and apparatus

for revenue management of callable products such as airlines and hotels.

15 Similarly, US 5,918,209 discloses a method and system for determining

marginal values for use in a revenue management system. Both patent

documents disclose a single system for optimizing revenue by selectively
deciding what to sell, to whom, and at what price.

Effective revenue management is critical to the success of many

20 inventory systems. The main disadvantage of existing revenue

management systems is that they are ftraditionally offline systems

computing recommendations meant to be used in an online environment.

This is a historic distinction that has remained a problem. The result of

offline computing is recommendations based on input data that may not be

25 up to date at the time the recommendations are used by the online

requested evaluation system. There is a number of unnecessary

calculations carried out which may never be used in controlling the

inventory. Improvements have emerged with the advent of dynamic

pricing approaches, but again, the overall method is still based on

30 imperfect information that is generated at regular intervals rather than at



cal cul ations carried out which may never be used in controlling the
i nventory. | nprovenents have energed with the advent of dynam c pricing
appr oacheso 2besr138@ai n, the overall nethod is still basegcuEprRomp@sisect
information that is generated at regular intervals rather than atthe tine
required by the system In addition, naiqiaining interfaces between two
such systens is intrinsically a source ofYcost and potential problens and a
solution is sought to overcone this. Summary of the invention An object of
the present invention is to alleviate at | east sone of the problens
associated wth the prior art systens. A further object of the present
invention isthe tmeviedeiredney hihd aysieappalmataddition, dyambainimigl yntegaces ze an
inventory as reqguests co in. According. to one aspect of the esent
| nventi on ¢ hOBIVGE BB TUSBSYSteRBHEANBNSIFENL A SRUER §Toestad, PBIeN Bbms i n
order 1o OPt ifb@BnseH RN SoloRlls SalgfiBIcRRIcdRe @aCr ated, by optimi zing the
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revenue gene ed by one or nore av l e 1tens requested by a user by
nmeans of a request, the nethod conprising the steps of: calculating an

onl i ne ti e of a first element (such as marginal revenue) associ ated
with the avai lﬁBV‘@rYtoéﬁ{‘edﬁY%Qﬁ'%?i ng an online estimate of a second el enent

(such as oppor t unignyolsieet of the 3REseitamveMtioh is 6 afddhlca® |Bast Sithe SO fRAT | NY
the estinmates of the first and second el enents; and accepting the request

when the onl ipfeblestsiaagoeiaied with the psior ertéiysims.s substantially equal to or
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aspect of the prese 'S provi nagement
system t o nmar@parfis thdgmdralcallpbptitngrsat ihveptarpiasereybestsopmaips gener at ed,

t hereby optim zing the revenue generated by one or nore available itens
whi ch af%ke request g@cggil@g {@ epe aspect of the présent invention there is provided a
method of managing an inventory of items in order to optimize revenue
which can thereby be generated, by optimizing the revenue generated by
one or more available items requested by a user by means of a request,
the method comprising the steps of: calculating an online estimate of a
15 first element (such as marginal revenue) associated with the available
item; calculating an online estimate of a second element (such as
opportunity cost) associated with the available item; comparing the
estimates of the first and second elements; and accepting the request
when the online estimate of the first element is substantially equal to or
20 above the online estimate of the second element.

According to a second aspect of the present invention there is
provided an inventory management system to manage an inventory of
items to optimize the revenues generated, thereby optimizing the revenue
generated by one or more available items which are requested by a user

25 by means of a request; the system comprising: an online calculator for
estimating a first element associated with the available item; an online
calculator for estimating a second element associated with the available
item; a comparator module for comparing the first and second element

estimates; and an acceptance module for accepting the request when the



by neans of a request; the system conprising: an online cal culator for
estimating a first elenent associated with the available item an online
cal cul at owof2009/88308mat i ng a second el enent associ at ed wpCh/BErb@oasané abl e
item a conparator nodule for conparing the first and second el enent
estimates; and an acceptance nodul e for agccepting the request when
theestimate of the first elenent is substantially equal to or above the
estimte of the second el enment. There are many advantages provi ded by the
present invention. For exanple, by operating the inventory system of the
present invention the requirenent to rely on pre-conputed values fromthe
revenue managstimate of tHecfinst sleatdrevis substantiallyf equal td loe above ¢né estvetale
managenent sy }ems beco sugstanti ally redundant as a result of the
present inve fEHSEEINARIEMESN, the i nventory system of the present

nvention IS abl e Tire BRARMBANEAMIE Srodlded'sy B pr8EHERLeRor. FoP

required time. As a res i ne co nicati'on wth any other system and
associ at ed d&sxampleyr kyeparasingothieoinyentory gystest .of Ahe @resdérd inweriiarothe syst em
of the esent i.nvention provides for a Sﬁ%;qemthat Qerforms t he

u
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addition, the revenue optimzed inventory systemcan evaluate in real-tine,
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handl ed with the present inproved inventory system That results in an
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request, andghy AdAELIQNIAER A6y AreHFABEr required.

Also, the inventory system of the present invention provides for a
system that performs the calculations required at the point when they are
required by the next incoming request, rather than at a time dictated by

15 another system. In addition, the revenue optimized inventory system can
evaluate in real-time, dynamically, both marginal revenue and network
opportunity cost for any incoming request. The ability to do this online in
real time means that the best and most up to date data is always used for
any calculation which in turn guarantees maximum profit. Availability

20 transactions can also be handled with the present improved inventory
system. That results in an increase in accuracy in the opportunity cost
evaluations with each incoming request, and in addition renders irrelevant
the historical differentiation between online inventory systems and offline
revenue optimization systems.

25 Such a method of controlling an inventory may be referred to as a

Dynamic Inventory Control.

Brief description of the drawings
Reference will now be made, by way of example, to the

30 accompanying drawings, in which:



the historical differentiation between online inventory systens and offline
revenue optim zation systens. Such a nethod of controlling an inventory nmay
be referrwo0®/@830a Dynamic Inventory Control. Brief degcrinrbeconsabot he
drawi ngs Reference will now be made, by way of exanple, to the acconpanying
drawi ngs, in which:Figure 1 is a block di@gram of the overall process of
the revenue optim zed i nventory systemin”accordance with one enbodi nent of
the present invention, by way of exanple. Figure 2 is a block diagram
denonstrating an architecture of the revenue optim zed inventory systemin
accordance with one enbodi nent of the present invention, by way of exanple.
Figure 3 is a fl oWigurart js debfook diadrangopéhd ovérdihgrogess e shefretdraud i gure 1

and 2 apparatus in accordance with one enbodi nent of th resent_invention,
Dy iy o e SRDTULCDITEGY SSLET Bt PerTBPNEn v B o08: SERPOITRE B bt
i nvention relp@é%tq&,@]tibﬁysyﬁ%yr@@gm@_t met hod and system which can
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in the framewor k &figueudiisjaeblock riaghany etiemensgiratingopn iarchitettiuneyehtre y
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i nvention thefend prdsBat RABAtGM ByhRapefekampledf the optim zation and a
sinplification of the business processes, due to the conbination of
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present invention, by way of example.

10
Detailed description of the embodiments

The present invention relates to a revenue management method

and system, which can evaluate online, the marginal revenue (MR) and
the opportunity costs (OC) in the framework of a unique event driven

15 revenue optimized inventory system. The evaluation and comparison of
marginal revenue and opportunity costs are referred to as dynamic
inventory controls. Using the present invention there is increase in the
accuracy of the optimization and a simplification of the business
processes, due to the combination of optimization and inventory

20 processes in the framework of an online system. The system operates
using a single GUI, simplified data management and full control of the
end-to-end process. This avoids the need for multiple system interfacing
and inaccurate data and calculations, as would be the case in the prior art.
The below described revenue optimized inventory system increases

25 revenue gains by suppressing the potential suboptimal decisions taken
between two offline optimizations. In addition, the inherent suboptimal bid
price heuristics in the network environment are avoided. By dramatically
reducing the business complexity by merging two systems into a single
system, flight analysts can be in full control of the end-to-end process of

30 marketing and selling their inventory for maximum revenue.



end-to-end process. This avoids the need for nmultiple systeminterfacing
and i naccurate data and cal cul ati ons, as would be the case in the prior
art. The Wwel20ey/Gd8®6ri bed revenue optim zed i nventory Ssy®CEBPRIVONSASES
revenue gains by suppressing the potential suboptinmal decisions taken
between two offline optimzations. In addition, the inherent suboptimal bid
price heuristics in the network environnent are avoided. By dramatically
reduci ng the business conplexity by nmerging two systens into a single
system flight analysts can be in full control of the end-to-end process of
marketing and selling their inventory for maxi mumrevenue. The present
invention will noWheepdsent invedtion tvill rrefve bendesdribeginwithwefdrenge dodarr evenue
managemnent systen1fonEJhe sal e and reservaEio? o) airling seats.. Th%s i's

merel'y one eXRMFNYY A HYRBHS (MR HRNSYSIMAMHe R H8AY resRIVRIOWPT | be
appr eci at ed thifhe SBEtP FHEN g%é{%&ﬁrﬂé’@x&rﬁﬁle@@@'dérﬁ&s%@fhé §)e8i0dng and

revenue managenent systens, han those relating to the sale and
reservati on ofiethod) ane itswiltlze apppoiaied that thebpresenidinagntion oén apptsk bl e

i nventory and,managenent system 100 in accordance,with an epbodinent of the
or econt e tiain TSR, 8d ETEA0E rRoaEE e oBtaThS o sffbr TR Gt or y
system 110 Wﬂél@hn@% therdal®aind @seAtdn o SiRife08kat’d, F@!u$é Mi Ruhigieclend

reservation system (not shown). Custoners 120 and suppliers 130 nay be
connect ed t odiagsaa rofi ge passiileginvgstann and. Manragamentnsybeoki A@0syst em 110

I ncludes a n f Qi ff f i ' .0 Fjoure 1
but expl ai neéggﬁg{dﬁ%%%{rheﬁégﬂtbc? dﬁﬂéhﬂréﬂggfﬁgﬂtgﬁ\ém% tsﬂg%\,\gfjgrt%\?i 10(8}1
i nformation andudeseusvaiid cptiniged iihvairtorgsisadr an 0obhithendy eendart ovent i on
and which are described bel ow. Referring nowto figure 2, the airline

i

booki ng Gsyst @ @1IBe | BOekBa nslistiRE N RAH reRerVALieN | RKSIBBLKNAG S i s
shown gener ald \i&HerPP238Ad suppliers 130 may be connected to the airline booking

system 110. The airline booking system 110 includes a number of
different functional modules (not shown in Figure 1 but explained with
reference to figure 2 and figure 3) that provide information and resources

15 to facilitate operation of the present invention and which are described
below.

Referring now to figure 2, the airline booking system details are now
described. The airline booking system is shown generally as 200 and
includes a global distribution system (GDS) 210, a reservation system 220

20 and a revenue optimized inventory system 230. An incoming request (not
shown) from a customer is received at the GDS 210. The GDS includes
the reservation system 220. The incoming request includes all expected
information for a passenger wishing to travel on an airline to a destination.
For example, the information includes departure point, arrival point, date

25 and fare class of booking, number of passengers, etc. The customer may
be an individual, a booking agent, or any other corporate or personal
entity. The GDS then generates a booking request 215. The booking
request 215 is passed to the revenue optimized inventory system 230.
The revenue optimized inventory system 230 then dynamically determines

30 a marginal revenue estimation 240 based on the booking request through



i ncludes a global distribution system (GDS) 2 10, a reservation system 220
and a revenue optim zed i nventory system 230. An incom ng request (not
shown) frwonzaoessioener is received at the GDS 2 10 . ThecE&pB0mobaudes t he
reservation system 220. The incom ng request includes all expected
information for a passenger wishing to travel on an airline to a
destination. For exanple, the information includes departure point, arrival
poi nt, date and fare class of booking, nunber of passengers, etc. The
custonmer may be an individual, a booking agent, or any other corporate or
personal entity. The GDS then generates a booking request 2 15. The booki ng
request 2 15onfn@adsterminatibhs, ard emunaggital nogpeettunityesostr gstimatiem 2380. The

revenue optim zed inventory system 230 then dynam cally determn a
v g1 nal FevOREE0eQT | g POUkBYoI RIS 0TPLGRe BOBRINE PLHEEATODN clthon! i ne
det erm nat i ORStin@fieng a'F@chJ'nﬁl?éreBEBQBMWHet M?%Fbtedﬁélbﬁﬁia!n@lna 2feRid@sed on the

booki ng request through a network optim zatli on. e estimations are
conpar ed, as m#dd asetodedethidredr bot dov, acoept dheldwiokingnrégueshd@1ays tThenhet her

tt t the booki 15 . The t j,ecti f
he book ng. Aehteetice &7 aeliinn STES bebbitoraurel i BpRHeL o &R ory °
system 230t @eydHucCBStiRiZER) inENtBRANs&im NEXS 89 245DS TR0, P nfedkd bhen

comuni cates the decision_to the original custoner. One of the nodul es

i ncl uded i n trrResegeedde opbenBP&d 211 Avihenocgmeystieaies stha desisinnetonthtagenent
nodul e whi ch _ai uate the necessary and sufficient conditions to
grant a sal egﬁgl@hgggﬁ}%éﬁ between a custonmer willing to pay a nmaxi num

anount for a cert@re el GRo@NEs AnslatEd da theorsvéaueVbptiniredtinvestbly t hi s
service not below a mninmumprice, to enabl e acceptance of a request. Two

essenti¥l ne&¥8iEH} JS #ndCRITUS SNAIRICEMHII MPEHIE WD SHBBItE BelHBle g an
airline to ageeplsdend fidbnfcsiftffiord to grant a sales transaction between a

customer willing to pay a maximum amount for a certain service and a

service provider willing to sell this service not below a minimum price, to

enable acceptance of a request. Two essential necessary and sufficient
15 conditions that should be met for an airline to accept the sale of a seat or
leg of a journey are as follows:

. the evaluated marginal revenue (MR) must be greater than the
associated opportunity cost (OC). This equates to the traditional
revenue management problem of determining the point at which to

20 sell a commodity, if it is expected that more lucrative use of the
commodity can be made in the future.

J The evaluated marginal revenue must be equal to the estimated
willingness to pay (WTP) of the customer. This relates to the
traditional issue of determining whether or not to sell a commodity

25 at a price lower than the customer is prepared to pay and which is
the maximum price above which the customer will not pay.
After the marginal revenue has been evaluated, the optimal
inventory decision function F is in the form:
F(request) = MR(request) — OC(request, network);
30 where F must be positive in order for the sale to be accepted.



|l eg of a journey are as follows: the evaluated marginal revenue (MR) nust
be greater than the associ ated opportunity cost (OC). This equates to the
traditi onwb 20@vB83e8 nManagenent probl em of det erm ni ng t lreTEPROW/O8L400v0i ch toO
sell a commodity, if it is expected that nore lucrative use of the
commodity can be made in the future. The, eval uated margi nal revenue nust
be equal to the estimated willingness toe%ay (WIP) of the custoner. This
relates to the traditional issue of determ ning whether or not to sell a
commodity at a price |lower than the custoner is prepared to pay and which
IS the maxi mum price above which the custoner will not pay. After the

mar gi nal revenue Mag rfegenuevadnagjemtenttinedelpévaladtes oot troargirde cegernre

function Fis in the form request) = MR(request) - OC(request, network);
where 7 must 298 GRESTIIY DRt 6P GLPURY ARPAEE Y T5USEOIEdPTTHE Pevenue
managenent m@%e%@a@@&@%m&mrg @3nd W@B&@yf&%ﬁy?ﬁﬁﬁé?é&bééﬁ 6Pt as

accurately as pos y reducing the conpl exi e I nstantaneous
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the purposes required.. In addition, the inplenentation of .the algqrithm
nvol ved to. RLRDE: ABOHBIT Aarokatod gl o IR e HRR, doatiof Ead br at ed
online. Thergparfefaird 64llbrateaddrAiNeadrSereCareepditic@Bl adlantdges tdibat@n
online evaluation of the opportunity costs, which advantagés have not been

provi ded i n &Rle kxndl@iewyiseear onfing @Wa@lﬂ%ﬁ thﬁcq)mtlﬂﬁfé @mtSJ whieho use
e, o e U oG b BB SR, U Sp R S ot "
control and revenugesaimaiieiEiec adlsilityato e eedl Bydt Becurane dystfom 4l at her
than two systenms . , , .
10 calculations. There is no reliance on batch data which can be out of date
very quickly. As the functions of inventory control and revenue
management are carried out by the same system (rather than two systems
in the prior art) there are cost savings, further efficiencies, no requirements
for complex interfacing, training and interoperability.
15 In accordance with the present invention, the expected network
revenue Rnetwork (a), expected from the sale of the remaining capacity
(where the network is in a state “a”) can be compared with the revenue
after acceptance of the request Rnetwork (b), similarly expected from the
sale of the remaining capacity minus the potential sale (where “b” is the
20 state of the network after the to-be-made sale). This comparison can give
rise to the value of opportunity cost, in accordance with the following
formula:-
OC(request, network) = Rnetwork (b) - Rnetwork (a)
This formula is valid irrespective of the method chosen to calculate
25 the values of Rnetwork. For example, an applicable method may be one
that is a leg-based system such as an expected marginal seat revenue
(EMSR) based system or the method may be a network-based system.
The present invention embodies the concept of an online inventory
platform, offering optimization and availability calculation features in the

30 scalable community environment. The following steps are examples of



in the prior art) there are cost savings, further efficiencies, no

requi rements for conplex interfacing, training and interoperability. In
accor dancwowddn3give present invention, the expected net ROTHPL@YOIE0
Rnetwork (a), expected fromthe sale of the remaining capacity (where the
network is in a state "a") can be conpar with the revenue after
acceptance of the request Rnetwork (b), stTmlarly expected fromthe sal e of
the remai ning capacity mnus the potential sale (where "b" is the state of
the network after the to-be-nade sale). This conparison can give rise to

t he val ue of opportunity cost, in accordance with the follow ng fornul a: -
OC(r equest , msemmad)orroﬂmeemnelps(rb)qurrecﬂ?lh@bmmlﬁ dy thei revéouenaptimized/al i d

i rrespective, of the met hod chosen to cal cul ate the val ues Qg Rnet wor k. For
exampl e, an 4PN %(b!”eOFF&rhEHaﬁ%p 6" STt P nPaing. EedEcler & R such as

an expected m, Leh Q¥ ) (OPJRRS e bE may be
a net wor k- based&é@agre%qe@ %e%pﬁggnééyﬁge t|on enbogl g?sa%t5 éeﬁg%ﬂ% pt of an
online i nvenmn‘}meCdﬁﬁa@ewS offering optim zat ion and availability

cal cul atj on feature in tnﬁ scal abl e conmu E an ronnent. The {E | owi ng
steps ark exanpl eP FlEL8E ?dﬁ'”%f@%ﬁ??%%‘le s‘t" hdne inpaming regueet n by
the revenue opt i MrgReheiny @R GRD ANPTHEO M 8Ihagén damy. an i ncom ng
request for a given itinerary, in a given class of service (or given mx of
cl asses), for a guEssema’neltftemauglnakmweheesafthmqelest ne the itinerary

associ at ed W|th the i request (also referre "O&D pat h" for
Origin & Desti nat %@H”}i‘g?% %?gﬂ re(aﬁﬁlen?raq ginaro c!?aiﬁ@%&f tgx( £ BReskquest .
Estimate the canc%ét%tdagn and no-show probability of the request
(optional).

10 J Estimate the impact on demand forecasting of the request
(optional).
. Estimate the opportunity cost of the request and the network.
. Accept or deny the request based on the calculations made.

Each of the above-mentioned steps will now be described in greater

15 detail, by way of example. Methods of handling marginal revenue
estimation can take many different forms. For example, a look up in a
database of O&D path yields or a sophisticated rule-based evaluation
model, which takes into consideration many attributes of the request.

O&D means Origin & Destination, i.e., the union of one or several flight

20 segments. For instance, the “BA341-BA179” O&D (departing from Nice,
FR, and arriving at New York, USA) is the union of the BA341 (departing

from Nice, FR, and arriving at London, UK) and BA179 (departing from
London, UK, and arriving at New York, USA) flight segments. An “O&D

path” is the union of the fare classes of all the flight segments traversed by

25 an O&D. For instance, the “BA341/D — BA179/C” O&D path means the
union of both the D fare class on the BA341 flight segment and C fare

class on the BA179 flight segment. An example of the attributes of the
requests which may be taken into consideration in the present example
include: journey data, itinerary data, point of sale, point of commencement,

30 fare rule conditions, class of service, interline and code sharing pro-



Estimate the inpact on demand forecasting of the request (optional).
Estimate the opportunity cost of the request and the network. Accept or
deny the wequesissimased on the cal cul ati ons nmade. Each ofCtrh®2009/054400
above-nentioned steps will now be described in greater detail, by way of
exanpl e. Methods of handling margi nal re\ﬁﬁnue estimation can take many
different forns. For exanple, a |look up in a database of O8 path yields or
a sophisticated rul e-based eval uati on nodel, which takes into consideration
many attributes of the request. O neans Origin & Destination, i.e., the
union of one or several flight segnents. For instance, the "BA341 -BA179"
O&D (depart i mgtionsyprddwst deRtandaniénaand slasticipt, edewl NemkanrdsA)p which thee uni on
of the BA341 (departing fromN ce, FR and arriyving at Ltondon UK), and BAl
79 (departin @rgg}%' LENEBNE eRMaligh &3 rmadagSanongR eerRItalRart 19 ﬁ}ﬁ

segments. AN invefRoRAtRiver LiHe OIAR Rim! ectf @58nRkiBRSesreRfui@hl hhg f11 ght
segnents traversed by an OSD. For 'I nstance, the "BA341/D - BAL 79/C' O&D
pat h neans t lietutahcaleutatiobstim acherdantearveticthespresent myeBiaa.1 Adcoghinglyegnent

and C fge cl.ass on the E;eé_79 flight seamsgt. An exanpl e of dt he.attributes
of the equeyf% WATEH fhge M RAREN N B RS IMAET U GAN; BE 3% pPe:

exanpl e i ncl %@Velo@%ﬁ?%‘fh&%_ rppﬁiét@%éﬁb(erdat a, polnt Of sal e, point of
commencenent, fare rule conditions, class of service, interline and code

sharing prorati on©ngsr diecMmargin@hdreveésrgndasl bsenciasjimaied. ortigemd@ner in

the. i nventi of e halsbeP WRe Tl pRtreRRae, TRRGd, ndm 3 PEERRARel o, o

future cal culakienn®)iin thedygrdasichevbddkind@vene geuest)takés @aceAcaaigli ngl y,
t he manner of determ ning the marginal revenue can be as descri bed above or
any ot & appediiresaie dpigifdpation of the extent to which the incoming request

conveys information related to the forecast demand in order to optimize

the operation. The remaining demand may be evaluated from a Bayesian

point of view, considering the parameters of distribution are essentially

unknown. Thus every new booking provides information which enables a

15 more accurate estimation to be made, and hence the distribution

parameters will vary as new requests or bookings are received. The

implementation will take into consideration the distribution, as known at

the point at which the request or booking is received. From this

distribution, an online calculation of the most probable demand D’ will be

20 determined. The demand, net of cancellations and no-shows, will be

assumed to be at least superior to the bookings already in the inventory,

including impact of the present request. When the step of the re-

evaluation of the forecasted remaining demand is not performed (since it

is optional), obviously D’ equals to D. The value of demand D’ then

25 becomes an input of the calculation of Rnetwork (a); and (D’ minus the

number of seats in the present request) then becomes an input to the
calculation of Rnetwork (b).

After the calculations described above, a determination is made as

to whether or not to accept the request made by the customer; this will be

30 described in greater detail below. Other optional calculations and



Once the margi nal revenue has been estimated, online reeval uation of the
initial forecasted renai ning demand (subsequently nanmed D) in the |ight of
t he bookiwgQ 2emems306r equest) takes place. This requires acagpesogionabs on of
the extent to which the incom ng request conveys information related to the
forecast demand in order to optimze the1qperation. The remai ni ng demand
may be eval uated from a Bayesi an point of 'view, considering the paraneters
of distribution are essentially unknown. Thus every new booki ng provi des

i nformati on which enables a nore accurate estimation to be nmade, and hence
the distribution paraneters will vary as new requests or bookings are

recei ved. Theetemiieatorisatiagnaledlbe tedaz before aptididg nvetétber thacdest of but i on,
as known at the point at which the request or booking is received. From
this distri bG@PME he f0ussti ne cal cul ation of the nost pr obabl e demand D
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present request) then becomes an input to the cal cul ati on of Rnetwork (b).
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overbooking profile per segment, class, point of sale or whatever can be

applied online by an appropriate forecasting module.

Other optional evaluations may also be made depending on the
nature of the inventory system in question and the nature of the requests

15 and products to which the inventory system relate.

A further evaluation in accordance with the present invention is the
online opportunity cost evaluation. As previously indicated above, the
opportunity cost can be defined as follows:

OC(request, network) = Rnetwork (b) - Rnetwork (a).

20 The state in either case is to be understood to be defined in terms
of an overbooked network with remaining capacity for sale, and in terms of
remaining demand forecasts for that remaining capacity. The calculation
of Rnetwork, given the state, may be implemented using a Linear
Programming (LP) mechanism in a network context, since linear

25 programming complexity is generally manageable in a real-time frame; see
for example Section “3.3.1 The Deterministic Linear Programming Model”,
pp93-95, of the G. van Ryzin & K. Talluri book (The Theory and Practice of
Revenue Management, Springer, ISBN 0-387-24376-3).

Calculating the Opportunity Cost (OC) on-line using Linear

30 Programming (LP) consistently outperforms off-line Bid-Price (BP)



cancel l ati on or "no-show' of the customer meking the request, in order to
provi de a degree of overbooking for such eventualities. Factors which
af f ect t hwol2ndvelssdveod of cancel | ati on or no-show i ncl udecrmre@o/osave, tier
of travel, booking class, point of sale, etc. This may be achi eved by

I mpl ementing an overbooking profile (cangéllation and no-show) for each
booki ng class, which may then update an er booki ng profil e database to
take into account, in the calculation of the Qpportunity Cost (OC),the
over booki ng profile per segnent, class, point of sale or whatever can be
applied online by an appropriate forecasting nodule. O her optional

eval uati ons meyrislic médtisodsadin adgitonli megthoastdxstrtatuseestothddtie demamd or y

systemin question and the nature of the requests, and products to ich the
hventory Sy A AIEMTRIRL FOMEK 89 MBSOt Eub e BRI BOPF et
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I ndi cat ed above, e opportunity cost I ned as follows:

OC(request, montokk) = Rnetwork (b) - Rnetwork (a). The state in either

case is to be und tood to he defined in terns of an..qverbooked., network
Wi th refaining capdbPQPROEENGY,Ccast is Kiown todbeeots asonling e e e

forecasts fokorebasteteatNadsbreriPagddhy leglBRo®a! it ake angraf wiinedvaN kup gi ven
the state, may be inplenented using a Linear Programm ng (LP) mechanismin

a network comt@ievershappens; wekgulgiongr whafingg i eppPExNity CD§t" geeermatibe
ranageetl e | BahdE L, Thel i Efeh 060 SRS B8 WRer bl ¢
Tal | uri book apphies Tieekyioand tReawhblensiwdrey BouendyasiagRMgnapplproi ager, | SBN
0-387-24376-3). Calculating the portunity Cost. (OC) on-line using Linear
10 sub-network of the'whole. For example,’in relation to'a particular airline, a
particular route, a particular point of sale, or through prior identification of
the optimal O&D path. In certain circumstances, the method may require
more than one linear optimization between the state before sale and after
sale. In such circumstances, it is reasonable to assume that the optimal
15 solution of both problems can be approximated by heuristic methods.
Forecasted load factors may be provided in an offline context, as
they relate to long term trends and change over longer periods and, as
such, online access may not be necessary.
As the present invention relates to an online system the ability to
20 view all legs of a journey are provided. This gives a better ability to
determine which request to accept and which to reject. For example, if a
passenger wishes to travel to Bangkok from Nice, at least two flights
would be required (e.g. Nice — Paris; Paris — Bangkok). The second leg of
the journey (Paris — Bangkok) may influence the decisions on accepting or
25 rejecting a value statement for the first leg. As overall the airline would
sell more seats. To be able to view the request with up to date online data
ensures the best decisions are made.
The step of determining whether or not to accept or deny the
request will now be described with reference to figure 3. A new incoming

30 request 300 is received at a booking engine associated with airline or



Programm ng (LP) consistently outperfornms off-line Bid-Price (BP)heuristic
nmet hods. I n addition, nethods exist to use stochastic demand in a |inear
progr ammiwg 20@nt3g308 so that the nethod can easily be extemdgwdodosaceount

for stochasticity as long as conputational time remains under control. If
the opportunity cost is known to be zero, 3@ will be the case if the
forecasted | oad factor for each | eg showg that the flight wll not fill up

what ever happens, calculations relating to opportunity cost need not be
carried out. The present invention assunes that |inear conputation applies
in relation to the whole network, but may simlarly apply to any

sub- net wor k efgquiMatenthelipplidror Eneanelheesti mayelcmenby aneapsiréfi @uldecti rl i ne,

a particular route, a particular point of sale, or throygh prior
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heuri stic nmethods. Forecasted, |l oad factors nay, be oyided ip a ffline

cont et S e eheyn Poed i Bloah iR R Bhde TR Pl d50 8 Sl e et 1 oats
and, as suchgpffldl NeetAefieTeEvERe ifer BeNSSIRS 330Y andStHeh®pRAfRS aftwbrr/ent i on
relates to an online systemthe ability to view all |egs of a journey are

provi ded. Thirevejugckelgre e saleadhl.ias/atresdbobie REWVIRCYRINdegEeiest. t B accept
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may i nfluence the decisions on accepting or rejecting a value statenent for
the firdt | egeveyien\aldhlthet mewaiontimal BYRHes dIguradr S9eandd I0.péhaabl e to

view the requeshrithi t&stt Ordfe® RQLESE id2bBtermined 370. A numerical
comparison is made between the estimated yield of the request and the
opportunity cost of the request to determine whether or not to accept the
request. The comparison is numeric. The marginal revenue (numerical

15 value, expressed in a given currency) is compared with the opportunity
cost (also a numerical value expressed in the same given currency). The
marginal revenue is a yield, altered by a demand elasticity factor (which
can be equal to 1). For example, a booking request for the O&D path
“‘BA341/D — BA179/C” is expected to yield (bring marginal revenue of),

20 say, $2000 to the airline. That has to be compared with the opportunity
cost, say, $1800. The opportunity cost can be seen as the minimal price
(revenue) at which the airline will sell a seat (otherwise, it looses money on
that seat). Hence, a comparison is made to determine whether the airline
is making sufficient revenue to sell the seat.

25 In order to determine whether sufficient revenue is generated, the
whole process accepts only requests which maximize the revenue
generated by the sale or potential sale of seats. To optimize the revenue,
comparisons are made, for example with a threshold value. The threshold
is, for example, the required revenue level to accept a request form a

30 customer. Any such threshold may be provided online and updated as



ensures the best decisions are made. The step of determ ni ng whet her or not
to accept or deny the request will now be described with reference to
figure 3 woAoceenssioaconi ng request 300 is received at a lpoukiro@oesgine
associated with airline orequival ent supplier. The request nmay cone by
means of a direct custoner via the Inter qﬁt or any other online service, by
means of a booking agent, or in any other "appropriate way. The current
inventory network state 3 10 and the new i nventory network state after the
sale 320 are then used in gl obal revenue managenent nodule 330 to estinmate
the optimal network revenue after the sale 340, and the optinmal network
revenue bef orcectiimstasmes dbhgeasAkemnesuely, tfe tomparson icookl g basgdast . | n

paral l el, the new jncom ng request gjves rise to an estipmated margi nal
Pevenue (al s@llr 8¥alatle ltssE @ selarion cgldbpsaaaher dhet FRYesper i

revenue and eRRUOR ok diRUGENS, | IMBHEBIne A 0B LBmaRBoRRRAIG Ui tY

cost of the request Is determned 370. A nunerical conparison is na

bet ween t he &30 batieedyi el d of the request and the opportunity cost of the
request to determ ne whether or n o_accept the request., The conparison
o humed 0. The maliGHTAE HRRTERGEY hakdpfod SomPUEBtORS 5 Bitaed SIFES. B ven
currency) is copipadtRmM ot idlohd1em@RPees tdantiéd cu@Sbr (RFGena esmBhtsCal theal ue
expressed in the sane given curréncy). The narginal revenue is a yield,

al tered by aoyersin®regesst i clhg Yaiusr combpingiiongnare nejulimited D) thoger
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to be conpar estamipld) thee imgpiohunidyy beosibed sty all§cat806r absRyropisudsulr ty cost
can be seen as the mninmal price (revenue) at which the airline will sell a
seat (other widdterent enyeyurensnaychhastthaeatra sgals. replat sarsa AHE $88. i s made

to determ ne Waptheks t Biel &dddimodation etc (ie., any perishable goods and

services). It will be appreciated that in each different environment, the
characteristics, criteria and rules analyzed will be different.
The resources stored in the inventory are any item available or
15 otherwise which may be requested by a user, depending on the
application of the system and method. The item will depend on the exact
application of the inventory system or methods, and similarly the
calculations relating to commercial parameters will depend on different
elements than the marginal revenue and the opportunity costs described
20 above. Again, these elements and parameters will depend on the exact
nature of the application of the invention and be apparent to the person
skilled in the art.
It will be appreciated that this invention may be varied in many
different ways and still remain within the intended scope and spirit of the

25 invention.

Furthermore, a person skilled in the art will understand that some or
all of the functional entities as well as the processes themselves may be
embodied in software, or one or more software-enabled modules and/or
devices.

30



is making sufficient revenue to sell the seat. In order to determ ne

whet her sufficient revenue is generated, the whol e process accepts only
request s wibi20dp/138308M ze t he revenue generated by the saleTmr2@oienbe al sal e
of seats. To optim ze the revenue, conparisons are nade, for exanple with a
t hreshol d value. The threshold is, for eﬁgnple, t he required revenue | evel
to accept a request forma custoner. Any Such threshold nmay be provided
onl i ne and updated ascircunstances change. Alternatively, the conparison
coul d be based on all available requests and sel ection of those where the
revenue is maximzed in order of revenue. Many other neans of conparison
could also be used. It will be appreciated that various conbi nations of

met hod steps,..in conbination or alone, may be carried out for different

el enents of (Ha&M%eral |l process. The various combinations are not |inited
to those described above; instead they may include any other conbination.
For exanple, the invention nay be used to allocate or assign places in

di f f erent envir onfemeathod wfmasagihgaan évestary, ofritarnalin cadsr, taoptimigee seat s,

apartnents, other acco dation etc, (i.e. n eri shabl e goods and

Sbrvi ced) 1 fouRTuS BENGD e tereR heuoferalith B IGRPIRNSe T FKAR ¢ ne
characteri stigeperdted b§Tdrie éNshofe! kegilaNalitkArqiesteddy didde? b§thearddef .
resources stored in the inventory are any item availabl e or "ot herw se which

may be requestr€qupst, thaigwthodiepmptsing toa stens efppl i cati on of the system and
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par anet ers wgalhilglstpétach;on different el enents than the marginal revenue and

the opportunity costs described above. Again, these elenents and paraneters
will defdend orfalgdatingaap online estimate of a Second element associated with the

available item;

- comparing the estimates of the first and second elements;

- accepting the request when the online estimate of the first element is

substantially equal to or above the online estimate of the second element.
15

2. The method of claim 1, further comprising calculating the or each

estimate for each online request, in real time.

3. The method of claim 1 or claim 2, further comprising rejecting the
20 request when the on-line estimate of the first element is below the on-line

estimate of the second element.

4. The method of any preceding claim, further comprising comparing
the estimate of the first and second element is by means of a
25 mathematical operation.

5. The method of any preceding claim, further comprising comparing
multiple requests to select the requests for acceptance which optimize the
revenue.

30



nature of the application of the invention and be apparent to the person
skilled in the art. It will be appreciated that this invention may be

vari ed i rwoany/gdsfoser ent ways and still remain wthin tpeTiEPR@OASCOGCOpPE
and spirit of the invention. Furthernore, a person skilled in the art wll
understand that sone or all of the functignal entities as well as the
processes thensel ves may be enbodied in é ftware, or one or nore

sof t war e- enabl ed nodul es and/ or devices.Clains 1. A nethod of managi ng an
inventory of itens in order to optim ze revenue which can thereby be
generated, by optim zing the revenue generated by one or nore avail able
itemrequest & by Theusethdayoieay prededing erpiras fyrtHdrecomebrigin cecgivingieng t he

steps of: - calculating an online estiymate of .a first e|enment associated

o Ehthe avar PR Torb USBr il 4, et ang SHiCHRIN e ecvaiabliee! Bededond

el ement associated with the available item - conparing the estimates of
the first and second el enents; - accepting the request when the online
estimate of trhe filhst glethenht dfs aubstpaecadind y aajoal fudher abovwising: onl i ne
estimate of the second eh%rrent. 2 . Tﬂﬁ nmet hoscd; of, claim1, further

conpri sithg c&PEINMURIFRING KIE ErceRinret NREEAUFHAO N HSGn!l i ne request, in
real time. 3 . The nmethod of claiml1l or claim?2, further conprising
rejecting the request when the on-line estimate of the first elenent is

bel ow t he ondl.i ne T&stMatag @f anheresedingdclainarferther gompriggrietauraingTg any

preceding cl g o, JfinE PR OERstif 80 S HE rd% ement.

10 9. The method of any preceding claim, further comprising determining
the opportunity cost estimation as the second element.

10. The method of any preceding claim further comprising calculating
the commercial parameters, such as subsequent allocation of an item with

15 different effects or statistical determination; overbooking considerations;
forecast impacts.

11.  An inventory management system to manage an inventory of items

to optimize the revenues generated, thereby optimizing the revenue
20 generated by one or more available items which are requested by a user

by means of a request; the system comprising:

- an online calculator for estimating a first element associated with the

available item;

- an online calculator for estimating a second element associated with the
25 available item;

- a comparator module for comparing the first and second element

estimates;

- an acceptance module for accepting the request when the estimate of

the first element is substantially equal to or above the estimate of the
30 second element.



the estimate of the first and second elenment is by nmeans of a mathenmati cal
operation. 5 . The nmethod of any preceding claim further conprising

conpar i ngvoubaypk@3requests to sel ect the requests for acTaErra@oOsi4vhi ch
optim ze the revenue.6 . The nethod of any preceding claim further
conprising receiving a request froma usqz for an item and determ ning the
availability of the item 7 . The nmethod of any preceding claim further
conpri sing comuni cating the acceptance of the request to the user. 8 . The
met hod of any preceding claim further conprising determ ning the marginal
revenue estimation as the first element. 9 . The nmethod of any preceding
claim further conprising deternining the opportunity cost estimation as

t he second el of an ecedi n i mfurther

Conpr i o g cdPeu ThengyStaR BhMANC] 41 e SReIE O SAbHe ST REn i RAs

al  ocation ofynfRe FdGIBINId A r@?ftfu%?”t ef fects or statistical determ nati on,
over booki ng considerations; forecast inpacts. 11. An inventory managenent
system to nenage an inventory of itens to optinize t he revenues gener at ed,

t her eby optimi,zi ng.,.t he reve rat on nore available ifens
whi ch are rea}?fest g_@ oy Séerﬂscgu&ﬁgn :]rga‘?fs 2r gp a{HAUSSISP SRSCHTDr i si ng:
- an online Q\#ié?ﬂﬂh@té}ﬁllrfeoéstﬁﬁét'ef@*th@qlrﬁ él'eﬁiv‘ént% BRI 1S Ak ESEmetd h the
available item - an online calculator for estinmating a second el enent

associ at ed wiof e seCangglPE®ING item - a conparator nodul e for conparing the
first and second el enent estimates;

14. The method of claims 11 to 13, wherein the estimate of the first and
10 second element is made by means of a mathematical operation.

15.  The method of claims 11 to 14, wherein multiple requests are

compared to select the requests for acceptance which optimize the

revenue.
15
16. The method of claims 11 to 15, wherein a request from a user for
an item includes determining the availability of the item.
17.  The method of any of claims 11 to 16, wherein the acceptance of
20 the request is communicated to the user.
18. The method of claims 11 to 17, wherein the first element is a
marginal revenue estimation.
25 19. The method of claims 11 to 18, wherein the second element is an

opportunity cost estimation.

20. The method of claims 11 to 19 wherein commercial parameters,
such as subsequent allocation of an item with different effects or statistical



- an acceptance nodul e for accepting the request when the estimate of the
first elenment is substantially equal to or above the estimte of the second
el enent . hRo.2000mss®Yst em of claim 11, wherein the or eaclpcesipeomiosssh®r each
online request is in real time. 13 . The systemof claim 1l or claim 12,
wherein a request is rejected when the oagine estimate of the first el enent
is below the online estimate of the seco el ement. 14. The nethod of
clainms 11 to 13, wherein the estinmate of the first and second el enment is
made by neans of a mathematical operation. 15 . The nethod of clainms 11 to
14, wherein nultiple requests are conpared to select the requests for
accept ance wiletdrnopation; zeovdreookingnueonsieratibhe; midrieedstof impactss ade to 15,
wherein a re%ueié froma user for an itemincludes determning the
avai | abi ity “8fCU#edi tem 17 . The nethod of any of clains 11 to 16,
wherein the acceptance of the request is communicated to the user. 18 . The
nmet hod of clains 11 to 17, wherein the first elenent is a margi nal revenue
estimation. 19 . The method of clainms 11 to 18, wherein the second el ement
is an opportunity cost estimation. 20. The nethod of clainms 11 to 19
wherei n~commerci al paranmeters, such as subsequent allocation of an item
with different effects or statistical determ nation; overbooking

consi derations; forecast inpacts are cal cul at ed.



