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COMPUTER SYSTEM AND METHOD FOR DETERMINING A TRAVEL
CHEME - MINTMT G VEL COSTS FOR AN ORGANTZA:ION

Background of the Fnvention
_ The present invention relates to a computex system
5 ar:1 a method for denermznlng the dlstrlbutlon of B
; tr"nsportatxon carr;er support - that will result in''the lowest
: toual travel ‘cost for an organization. More particularly, the
invzation relates to a computer system and method for
dSVE1oping a model to represent an organization’s travel

10 *© recuirements in'orGEf to maximize and leverage benefi:s

ob»a;ned from individual transportatzon carriers.
. Typ;cally, a larger size organzzat;oﬂ will ‘:end to
pu#chese a significant amount of travel aerv;cgsmfrom a number
of travel carriers.’ For example, a large corpofétion having a
is he:rdquarters office and several far-flung div;siOnal offices,
i mawufacturlng plants. and the like may be expected to have its .
m.loyees and/or representatzves travel therebetween as well |
as o other 1ocat10ms in the ordinary course of businees.
Such .an organization typically negotlates special incentive.

20 arrangements with one or more travel'carriefs in orde: to

obtain a discount for supporting the travel carriers.
Nevertheless, a particular incentive arrangement may
actually cost the organization more money than is being saved,
fo: any of geveral reasons, For example. the organization may

25 tale advantage of a particular incentive arrangement Ly using
a jarticular travel carrier to travel between a location A and
a2 . pcation B. However, in doing so, the organization mey have
to suffer the fact that the travel carrier does not provide
fast and/or frequent service between the two locationme.

30 2Alternatively, the travel carrier may not provide add:.d
‘berefits that another travel carrier offers for traveling
between the two locations. Still furtheyr, in supporting the
one carrier, another less costly alternative may be ignored.
Inevitably, the lack of an organized travel scheme causes the

35 organization teo incur significant addirional total travel
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costs. Thus, it would be highly advantageous to have a system
and wethod for organ;z;ng a'coherent travel scheme based on
the organization’s travel demands, the negotiated travel '
_ incentives the organization has with particular travel _
5 .  carriers, and the service each travel carrier provides between
partxcular travel 1ocanione- ‘as well as several other factors,

' in order to minimize the total travel cost 1neurred by the
_organizatzon. . o
3 ) Summa ‘of the Invention
10 , : The presenn invention is .directed to a computey
’ syste€m and a ‘method for determ;nlng a travel scheme for
mlnlmizing travel costs for an organization, where tha
_'orqanzzation expects to purchase travel trlps for a plural;ty
.of travelers for a plurality of predetermined travel -links.
a5 Each travel link comprises a travel origin and a travel
' demﬁinetien._and is served by et least one of a plurali:y'ef
truvel carriers. The systém comprises a data input device for
receiving travel information relating to the carriers and the
llﬁks, a data storage device for storing the travel

20 iniormation received by the data input device, a processor,
‘and ‘a data output device. The system constructe an objective
fuaction and a set of constraints from the travel ‘information.
Tha objecczve function represents a travel cost to the

- organization to purchase travel trips. for the plurallty of -

25 travelers for the plurzlity of predetermined links, zad . the
coustraints comprise restrictions relating to the objsctive
fuaction. The constreints are applied to the objective
function ‘to determine a solution of the objective furstion
that satisfies the constraints and that minimizes the travel

30 costs of the organization. The data output device then
generates a report representative of the solution.

Preferably, the travel information comprises travel
cost information for each lznk for each carrier serving the
link, demand and supply information pertaining to a projected

35 demand for each link and a projected supply for each carrier,
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ehd'carrier.goal information pertaining to any predetermined
goal the organization may have with respect to any of the
carriers. From the travel cost information for each link for
each carrier serving the link, a weighted value representing
an actual cost to thé organization for traveling the link
using the carrier is determined' 'éreferably. the cbjecnive
function comprises the sum of a travel cost for each 11nk the
travel cost for each llnk comprisee the sum of a travel cost
foxr each carrier serv;ng the link, and the travel cost for

. each carrier serving the link comprises the weighted value

represent;ng the actual cost to the organization for craveling
the link usimg the carrier multipl;ed by a variable
representing a number of: trxps to be purchased from the
carxier for the link. .

Preferably, the constraln:s are derived from the

dewand and supply znforma:ion and the carrler goal

1nformation.. Also preferably. the conetraints comprise link

~der-and constra;nts, carrier supply constra;nts, and carrier

goal constraints. The link demand ‘constraints require that

for each link the sum of the variables repreaent;ng ‘the numbex

of : trlps to be purchased frcm all carriers for the link be.
equal to the projected demand for the link. The carrier
supply constraints require that for a particular carrier the
sur. of the variables representing the number of trips to be

‘purchased from the carrier for all links be in a predetermined

range. Each carr;er goal constra;nt requlres that the goal
the organmzat;on has with respect to a particular carr:er be
accomplished.

Preferably, the information is organized in the form -
of a matrix or table,'where each cf the plurality of links is
laid out in a first direction, each of the plurality of
carriers is laid out in a second direction, and each carriex
gserving a partlcular link is designated by a cell having
information pertaining thereto. Also preferably, the 1ink -
demand information is organized according to each_link and the
carrier supply information and the carrier goal information is
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orijanized according to each carrier. Preferably, linear
programming is implemented to apply the constraints to the
ohjective function to determine the solution Information
from the solution may be communicated from the computer system
5 to point of sale terminals for use 'in setting travel _ "
.:arrangements. o |

The computer system and method are preferably
employed by a travel agency to provide a travel optimization
service to an organization. The fee for the service may

10 ¢comprise a portion.of the savings realized to the organization
bv employing the travel oPtimization service.

ef onofthe-' wings
The foregoing summery, as well-as the follouing
de:ailed description of a ‘preferred embodiment cf the
is invention, will be. better_understood when read in- conjunction
' with the appended drawinge.' For the purpose of illustrating
the invention, there is shown in. the draWings an embodiment.
which is presently preferxed. It.should be understood,
however, that the invention is not limited to the precise
20 arxangemente and instrumentalities shown. In the drawinge.
' T Fig. 1 is a echematic block diagram of a computer
system for determining a travel scheme minimizing travel costs
. foxr an organization in accordance with the present invention;
Fig. ' 2 is a schematic block diagram of a tspical
25 travel link; _
| Fig. 3 is a flow diagram of the functions serformed
by the system of Fig. 1; :
, Fig. 4 is a fiowhdiagram of the data in the system
of Fig. 1; | |
30 Fig. 5 shows a matrix or table comprising typical
1nput information for the system of Fig. 1; and | |
Fig. 6 shows a matrix or table comprising typical
output information from the system of Fig. 1.
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Detailed Descxription gg-ggefofgeg Embodiments

Certain terminology may be used in the following
description for convenience only and is not limiting. The
wcrds "right", “left" “upper" and "lower“ designate
directions in the drawings to which reference is made. The
words “anardly" and "outwardly" are further directiona toward,
and away from, respectively, the geometr;c centexr of the
referenced element. The terminology includes the words above )
specifically mentioned, derivat1ves thereof, and words of -
similar import..

Referring to the. dfawihgc in detail, wherein like

numerals are used to 1nd1cate like elements throughout, there -

i¢ shown in Fig. 1 a block diagram of a computer system 10 in
accordance with the present 1nventxon._ The computer system 10
may 1nclude a centralized main-frame computer hav;ng extended

‘storage and process:ng capacity and the ability to 1nterface

with a plurality of local and remote extérnal data scurces,
svch as an IBM E90 mainframe computer. Alternatlvely.'the
computer system 10 may include a personal computer (not shown)
having the proper power, programming, cOmponente, and external
duta access capabilities. For example, an IBM PS/2 Model SO
X¥436 personal computer may be emﬁlcyed. However, one skilled
inf the art will recognize. that:the computer system 10 may be
any. computer system having the ability to perform the
functions to be described below.

As seen in Fig. 1, the computer system 10 js bi-
directionally linked to a plurality of data sources i2, via a
plurality of communications links 13. - Preferably, one of the
drta sources 12 is a computerized-:ravel reservation system
(CRS) 14. The CRS 14 may comprise one or more of th
computer;zed reservation systems widely used by travel agents
tv gather travel data and make travel reservartions.

Typically, such a computerized reservation system contains
travel information on most if not all regularly scheculed
travel services provided by most if not all major travel
cerriers. Such information includes, but is not limited to,

HOLINVSY . 1662 L9¢g STZ T® 8v:3T  €6/12/€0
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thz scheduled departure and arrival time for each travel
service, the current fare or fares for the travel sexvice, the -
nuinber of travel services offered between -a particular travel
origin and a particular travel destination, whether a

5 perticuler travel service requires a connection or stop.over.
and if so, the connection or stop-over time, as well as ‘other
information relating to the travel services. As may be
recognized, a connection comprises a physical change-of.travel_
venicles at a connecting location while a stop-over comprises

10 a atop at a connection location without a physical change of -
t:=ve1 vehicles. Preferably, the computer system 10 can
transmit information to as well as receive information from
thé CRS 14.  Such information may be transmitted and received

- via well-known protocols. ' :

is - ' As should be recognized, the term "travel service'

' reFers to airline travel if the travel provider is an airline,
rail travel if the travel provider is a railroad line, and the
like. As may be.expected .thougn, the,large majority qf
travel service provided will_be_eir travel provided by}air

20 carriers. As should also'be_recognized, and as shown in Fig.
2, travel between a travel origin and a trevel destination may
be accomplished either directly or via a connection or Btop-
over. For example, when traveling between Philadelphia,
Pennsylvania (PHL) and Palm Beach, Florida (PBI), the CRS 14

25 may show a direct air flight 16 offered by USAir Airlines
(Us), and a series of connecting air £lights 18A from PHL to
Newark, New Jersey (EWR) and 18B from EWR to PBI .offered by
Continental Airlines {CO). Thus, the travel link comprising
the travel origin 20 of PHL and the'travel designation 22 of

30 PBI may be served by at least two carriers, with one carrier
offering at least a direct flight 16 and the second carrier
offering at least a series of connecting flights 18A and 18B.
As is kpown, several other carriers may provide service for
the PHL-PBI travel link, and those carriers may offer direct

35 flights 16 and/or a series of comnnecting flights 182 and 18B
connecting through several intermediary .travel connections 24.

3 ——- : 19T  96/12/¢0
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‘Referring to Fig. 1 again, the data sources 12 also
preferably include an historical travel database 26 having

" information includihg, but not limited to, recoxds concerning

: 34vel_previously performed or arranged to be performed on

5 ' behalf of the organization. Such information is preferably
used to compile travel statistics for the organization,

* including: the demand for parEicular travel links,.aﬁd
historical patterns for using particular travel carriers.
However;_one skilled in the art will recognize that tae

10 historical travel databaaa 26 may also include other travel
information pertinent to the. organizacioh, and that other
pertinent travel: statis:;cs may be compiled or derived from

 the travel 1nformatzon.- ' .

- Preferably, the data ‘sources 12 further include a
_lsf cltent or organizatlon discount program database 28 1nclud1ng
N 1nformation £rom the organ;zation repreaentative of 1ncent1ves :

' and d;scounts the organlzation has negot;ated with partzcular -
travel carriers. For example. a part;oular ‘organization. or
client may have nego:ia:ed a discount from United Airlines

20 (UA) wherein the organization -automatically receives a‘'ten
percent discount on fares.: similarly, Ehe'organization may

‘have negot;ated a discount arrangement with American Azrlznes
(Aa) wherein the organization will receive a twenty percent
discount on all fares only if the organization preferentially

25 travels a particular travel link via the airline. sStill
further, the organization may have negotiated éreferential
seating arrangements with British Airways (BA) on flights to
London only if the organization purchases a predetermined
nutbexr of travel trips from the airline. Here, the term

‘30 *travel trip" refers no.a trip on a particular travel link.

Preferably, the data sources 12 also include
particular client and/or organization information from the
organization travel manager or the like 30. Such information
30 includes, but is not limited -to, predetermined travel

35 - preferences an organization may have, travel policies or rules
the organization may have, and the like. For example, an
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oréanization may wish to give a preference to Delta Airlines
(DL) wherever possible, since the organization wishes to
negotiate better travel incentives with carrier DL sometime in
th#'fﬁture. Also, the infermation 30 may include details that
:he organ;zatlon w;ehee to emphasize such as preferred
counectlng times, when to choose a dzrect route over a , -
coanecting route, the preferred times of day for depart:ng and
arc¢iving, and the like. _ :

As will be recognized the data sources 12 wnay
inslude other Bpec;f;c ‘sources of electronlc- and ‘paper-based

_da-a and the like. Additionally, it will: be. recognized that
information deta;led above as being available from one
particular data source 12 may in faet be available from

another particular data source 12.
- Preferably, the: computer syetem 10 includes a main

praocessor 32 which has adequate power to. receive and process
large amounts of travel informat;on from the varzous data

soarces 12. Ong skilled in’ the art will recognize that any

”euiteble processor 32 may be used in the’ computer system 10 X

wicthout departing from the spirit and scope of the invention.

" Travel information recelived by the. proceasor 32 may
be etored in a main memory 34 for lmmediate access or in a.
loager term storage 36 when immedlace_acceee is not necessary.
One skilled in the art will recognize, however, that
circumstances may require the exclusive use of the main memory
34 or the longer term:storage 36. Preferably, the main memory
34 is a semiconductor memory and the longer term memory. 36 is

a non-volatile memory such as a hard disk, magnetic tape, PROM

or a floppy disk. Bowever, the invention is not limired to
such dev;ces and suitable subsc;tunes may be used. :
Preferably, computer system i0 includes a printer 38
fer'printing output data 40 associated with the computer
syatem 10. Such output data 40 may include, but is not
limited to,_a travel analysis of an oxganization, information

reteived by the computer system 10 from the data sources 12,

calculations performed on the information from the data
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sources 12, and the like. Moreover, printer 38 may b&“”
employed to print output data 40 concerning the "status of the
computer system 10 or any of the data sources 12. As will be

reccgmized, printer 3B may be any suitable printer that can be

interfaced with computer system 10 and brOcessor'Bz.
Preferably, the printer 38 has the capability to prlnt the

information output from the computer system 10.

Preferably, the computer system 10 1ncludes a CRT oxr

”monrtor 42 attached to the processor 12 to enable a user of

the system-10 to view information associa;ed with the computer
system 10. Also preferably, the computer: system. 10 includes a
disk drive 44 for allowing the transfer of data between the
computer system 10 and a remote location by means of a
compat;ble floppy disk 46 or magnenlc tape. - A8 -one skilled 1n
thw ‘art will recognize, disk drive 44 and floppy disk 46 can
be ‘of any suitable type. Data received by the computer system
10 from the disk drlve 44 may.be_actively_used in the
processor 12, displayed on the'monitor 42, retained in mdin
memory 34 or the longer term memory 36, or a combination .
thereof. A keyboard 48, also associated with the processor
12,;..allows a user to act1vely input data into the processor
12. . The keyboard 48 may be a conventional ASCII or other type
keyboard which is suitable for use with the processor '12.

A scanner or a faceimile machine 50 may also be .
associated with the processor 12 to allow data in the-.form of
a printed document 52 to be input:ed to or cutputted from the
processor 12. With the scanner or facsimlle machine S0, the
printed document 52 can be scanned and. :ransmitted in the form
of electrical data signals to the processor 12 in the manner
which is well-known in the art. The data signals may then be
displayed on the monitor 42 or stored in the main memory'34 or
longer term storage 36 for later use,

Data can also be received or transmitted from or to
a remote location by use of a modem 54 via communications
links 13b or 13c. As seen in Fig. 1, communications link 13b
inﬁerconnects the modem 54 with a remote modem 56 having

HOLINVy 1662 L9¢ ST T& 6¥:3T $6/7¢/¢€0
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dirzct access to at least oné of the data sources 12.
Similarly. communications link 13¢ interconnects the modem 54
wita'.a remote modem 58 which can access ar, least one of the
data sources 12 via a computer 60. sStill further, a
5. oommunioations link 13a may dixrectly interoonnect the
processor 12 with at least one of the data , sources 12.
Data may also:be exchanged between at least one of
the data. sources 12 and ‘the computer system 10 by way of
. floppy disk 46 output data 40, and/or printed documen: 52.
‘1o '-Accordingly, a oomputer 62 having eooess to a data source 12
‘would be provided with the proper disk drive, scanner,
. priater, and/or other data transfer device ‘for purposes of .
' inputting and outputting information As one akilled in the
art will recognize, other. means for transferring data between

1S - the data sourcea 12 and the computer system 10 may be employed
while still being within the spirit and scope of the present
invention. o - :

: With the computer eystem 10 and data sources 12.as
shown in Fig 1, a travel scheme for minimizing travel costs
20 ° for an organization is determined in the followxng manner.
'Preliminarily, an seen at step 301 in Fig. 3, the computer
system 12 obtains the necessary travel information from the
- data. sources 12. The travel information obtained may be
stored either in the main memory 34, the longer term storage
25 36, or both. Preferably, the processor 32 uses the
information to comstruct a matrix or table (hereinafter
"table"), as seen in Fig. 5. '
~ As seen in Fig.'&,,the'travel information comprises
travel cost information 72, demand and supply information'74,
30 and carrier goal information'76 The travel cost information
72 is used to determine weighted values representative of the .
actual cost.of traveling ‘particular links using particular
carriers. The demand and supply information 74 is used to
determine link demand constraints 78 and carrier supply
35 constraints BO. The carrier goal information 76 ies used to
determine carrier goal constyxaints B82.
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The table of Fig. 5 is organized in columns 64 and
rous 66, with each column 64 having information- representative
of a partlcular travel link and each row ss having information
reureeentat;ve of a particular travel carrler. Thus, a cell

5  at the intersection ‘of a particular column 64 and a particular
row 56 holds 1nformatzon representative of a parclcular :ravel
‘carrier serving. a particular travel link, should in fact the
carrier serve the link. As seen in the table, the trivel
carrier for each row &6 .is ident;f;ed in the left-most column

10 and the travel l;nk for each column 64 is identified in the
upper-most row. | |

The table as descr;bed may have any number of rows
66. each row 66 representing a travel carrier, and may have '
any number of columne 64, each column 64 representing a travel

18 lrak.- Preferably, each caxrrier and each travel link zncluded
| -in the table is predefined accordzng to client and/or
ozganzzatlon information receiVed from the travel manager 30,
as seen in Fig. 1. ' However, such 1nfcrmatmcn could also be
obiained from the historical travel database 26, as well as
20  other data sources 12. In ahy_case, it is preferable that the

' truvel links appearing in the table are those travel Links
‘thrt are most often used by the travelers of the organization,
and that the carriers appearing in the table are thosn
carrlers that have scheduled service for the aforemenL;oned

28 travel llnks, ‘a8 well as thoae carriers w;th which the
| orgaxization has arranged travel -incentives.

Once the structure of the table is defined, the
computer system 10 uses the travel cost information 7-.
ob'..ained with respect to each link_and each carrier serving

30 that link to determine for each carrier serving each link’'a
weighted wvalue 68 representative'of the actual cost of.
traveling the link using the carrier. Rach weighted value 68
is preferably expreased in terms of monetary units (e.g.
dollars), and is placed in the appropriate cell.

35 As an example, a weighted value 68 may take into
consideration that a carrier charges an actual cost of C for a
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travel txip on a link, and that a diseount of D percent is
given to the organization. Thus, the weighted value €8 = C *
{1t -D). 1If the'weighted value 68 also takes into account
thit the carrier prov;des an upgrade worth U, then the
5 wemghted value 68 = C * ( 1 -D) - U -If the welghted value

still further takes into account that all voyages on the, link
-recuire a connection with a connection delay of H hours, and
that the value of time is V, then the weighted value 68 = C *
(1~-D) -U+V+*H 2as may be surmised, the weighted value

10 68 may take into account all factors that'affect'the cost of
travellng a particular link uszng a particular carrier. Such
factors may include probabllistic factors. : |

Thus, for each carrier. servzng each llnk, :zavel

cost information 72 from the appropriate data - aourcee 12 is

15  obtained in. order to determine sﬁch'fadtors as the expected

' fare or fares of the carrier, any discounts the carriex
prcv;des to the organizatzon, any- added costs and any benefita
received in conneet;cn ‘with craveling the link using the
carrier, the number of non-stop voyages and connecting voyages

20 avajlable on the link from the carrier, any expected transfer
delays, and the percentage of total voyages the carrier -
provides for the link, as well as other pertinent travel

information.
Preferably, the expected fare or fares that the
25 carrier charges for travelang the link are obtained from the

CRS 14 and/or the historical travel database 26 and take into
acesunt seasonal variations in the fares. Preferably, any
discounts the carrier provides the organization is 'determined
froan-the client or organization discount program database 28,
30 and takes inte account any incentive the carrier may provide,
as well as any negotiated arrangements the organizatica may
have with the carrier. Preferably, any added costs ani any
‘benafits received in connection with traveling the link using
'~ the carrier include factors that either provide a beneiit or a
as detriment to the traveler. For example, a benefit may be a
seaiing upgrade or some other special service, and a detriment

p < 08:9T  88/12/£0
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ma’’ be extra baggage costs or the like. Preferably, the

nuiber of non-stop voyages and comnecting voyages available

from the carrier for the link is obtained from the CRS 14.
With all of the,aforeméntioned'factore, as well as

‘others, the computer system 10 determines for-each carrier.

serving each link a weighted value 68 representative of the
actual cost of traveling the link using the carrxer, and
places the weighted value 68 in the appropr;ate cell, as seen
in the table of Fig. 5. Several eells are unoccupied,
indicating that the carrier in the relevant row 66 does not
serve the link in the-releﬁant column 64 or that the carrier
for other reasons should not be considered. Such a reason -may

. be that the organization refuses- to allow the carrier to serve
S its employees and/or representatlves in connect1on with the

15

20
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30

35
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_relevant link, among other: reascns. ~ As one skilled in the art
~will recogn;ze, the method for: producing each weighted value .
' sa may.be any one of. several methods that properly takes into

account ‘each factor eons:dered pertinent.

Each occupied cell is assigned a variable/
designation 70 that both refers to_the.partieular cell and
acts as a variable representing the number of trips to be

pu:ﬂhased from the carrier for. tlie link represented by the

cell. .

For each link as repreeented by a column 64, the
computer syetem 10 determines a relative capacity for 'each
carcier serving the link. The relatlve capacity is determined
£rom infermatioﬁ'ohtained.from the CRS 14 and represents the
relative service each carrier provides the link. The relative
capacity may also be weighted depending on the type of service
provided by the carrier for the link. For example, in the
PHL-LHR (London, Heathrow, England) link, the carrier UA
provides five percent of the v0ya§es serving the link, carrier
BA.offeIS'eighty~five percent of the v0yagee Bexrving the link,
and carrier AA oﬁfers ten percent of the voyages serving the
link. As one skilled in the art will recognize, the relative
capaeity for each carrier sefving'a particular link may be

HOLINVg 1662 L9¢ STZ T& 0g:9T €6/T1¢/€0
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re:dily determined based on the number of voyages offered by
the carrier for the link and the total numbex of voyages
ofiered by all carriers for the ;ihk,'for example.

The demand and supply information 74 obtained by the
computer system 10 is used to decermlne a projected demand for
each link and a projected supply ‘for each. carrier, and may be
received from aeveral of the data sources 12. For example,
the;hlstorxcal travel database 26 may contain information
showing that the organization has had an average demand of
sixty-one segments for the.PHL-BRU'(BrusSela, Belgium) link.
Alternatively, client information from the travel manager 30
may reveal that because of an upcom;ng event, the orgaaization
will have a passenger demand of forty-eight segments for :he

PHL~MEX (Mexlco City, Mexico) 11nk. As w111 be recognized,

the passenger demand. for each l:nk may - be determined. based

- -upon.any of -several well- known techniques for forecastxng

demand. qu example, the demand for a link may reflect actual

" past usage'of the‘link as well as any projqctéd changes.’
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Similarly, the demand may reflect a projected usage based on
expected travel needs. Once the passenger demand for each
link is determzned, such link demand information is organized

in the table according to each link. Accordingly, and as seen

in fig. 5, the link demand informatlon is found in the lower-
mosc row. - | _

 From the link demand information and from the .
det:2rmined relative capacities for each carrier serving a
link, carrier supply information may be determined. For
example, since carrier AA in the table in Fig. 5 has a
relitive capacity of -seventy-five percent for link PHL-SJU
(San Juan, Puerto Rico), and since the link PHL-SJU has a
passenger demand of ninety-eight, it is to be expected that,
absent other factors, seventy-five percent of the ninety-eight

' passenger demand or approximately seventy-four passengers

would be served by carrier AA. Similarly, an expected number
of passengers to be served may be determined from each of the
othar links served by carrier AA. The sum of all the expected

HOLINVS 1662 198 STz 18 18:9T S6/T¢/t0
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passengers for all links served by carrier AR, one hundred
ninety, represents the expected carrier supply or goal'value
86 for carrier Aa, absent other factors.: Similarly, carrier.
supply information may be determined for each of the other
carriexs in the table. ' :

hlternat;vely, carrier supply information for a

"partiCuler carrier may be replaced by carrier goal information

10

is.
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76 which pértains to any predetermined goal the organization
may have with respect to the carrier. For example, the

- oxganization may have prev;ously negotiated a discount with

carrier UA wherein the discount is received enly if carrier UA
rece;ves a minimum predetermined amount of business from the

'organlzation Such carrier goal 1nformatzon 76 is represented .

by a hurdle 84 of $1oo 000 in the right-most column at the row
66 for carxrier UA, as seen in the table in Fig. 5.
Alternatlvely, the carrier goal information 76 may
represent a goal on the part of the organization to heavily
support one- carrier, or lightly support-another carrier. In
such a case, the carrier supply or goal value 86 originally
determined to represent the antlcxpated carrier supply would
be adjusted up or down, as the case may be, to represent a
goatl of the organization, and inserted in the table in Fig. §
in che right-most column at the row 66 corresponding to the
relavant carrier as a carrier supply or goal value 86. As may

_be .recognized, each carrier'Supply'or goal value 86 may be

adjusted freely depending on any maximum or minimum value the
organization wishes to achieve. Thus,'the_right-moet-column
of ithe table of Fig. 5 has values representing supplies and
goa ., each supply value requiring that for a particular
carrier the sum of the variables representing the number of
trips to be purchased from the carrier for all links be either
above or below the supply value, and each goal value requiring
thaz the goal the organization has with respect to a
particular carrier be accomplished. As may be recognirsed, the
demand and supply information 74 and the goal information 76

HOLINV<y 1662 198 STZ TR 16:9T §6/12/€0
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. may be updated accordxng to goals and aupplies already

fuj £filled.

Once a table as eeen in Fig 5 has been conetructed .

- from the 1nformatlon 72 74, and 7€, the computer system 12 -

constructs an object1ve funct;on, as seen at stép 302 in Fig.

3. 'The objective function represents the total travel cost ‘to -

the organ;zation for purcha31ng travel trips for travelers

. - traveling on behalf of the’ organizat;on on the pluralxty of

10

_.pred ztexmined travel llnks uling the plural;ty of
' predetermlned travel carriers. - Preferably, the objective
- funection comprises_the sum of a travel cost for each link

- . wherein the travel ccs:ifor'eachilink comprises the sum of the

.20

25
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35
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travel cost for each carrier serving the link. In order to
determine the travel cost for each carrier serving the link,

the weighted value éa aeeigned to the cell for the carrier

sexving the link is multiplied by the variable 70 representing

‘the number of trips to be purchased from ‘the carrier for the
link.

For example, and with reference to the table of Fig.

-5, sznce thirteen cells are occupxed, the objective function
' conetructed from the table would be the sum of thirteen
'facrors, each factor oompr;s;ng the weighted value in a
particular cell multiplied by the wvariable 70 representing
that cell. SPecifically, the objectlve functlon would be:

($1496 * xl) * ($1760 * x2) . (SSSD » x3) + (53008 *
x4) + ($1558 * x5) «+ ($1730 * %X6) + (S3E5 * x7) +
($1474 * xB) + ($1804 * x9) + ($567 * x10) + ($3076
- xll) + ($326 * le) * ($193B * x13) '

51nce any travel echeme denermlned must minimize the

'travel costs for an organlzation, the objective function as

constructed should be m;nimazed. In order to do Bso, the

'computer system’ 12 constructs constralnts, as seen in s:ep 303
 of Fig. 3, and appl;es the conscralnts to the objectiva

function, as Been in step 304 of Pig. 3, .in order to determine ' .
a solution of the. Objectlve function that satisfies the '
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conecralnts and minimizes the travel costs of the
- organization. -Accoxrdingly, the: constraints must be produced
‘Lrom the demand and supply 1nformaticn 74 and the carrler goal
- information 76 determined with respect to the organlzatzon ‘and
"5 placed in the table of Flg. 5. .
| oo h Thus, each value in the lower-most row representlng
a passenger demand for a link is- uaed to construct a link
' demand constraint 78. For example, in the column 64
representing the PHL-MEX 1ink, the 11nk demand constra;nt 78
10 - would requ;re that the sum of the var;ablea representing the
nunber of trips to be purchased £rom each carrler for the
:, link, i. e.,_x3 + Xx10, be equal to the pasaenger demand of 48.

- For the table of Fig. 5, five link demand constraints 78 are
determlned as follcws.'

15 x7 x12 = 98 I (PHL=-SJU coustraint)

*
Xl + x5 + x8 = 83 - .. (PHL-LHR constraint)
X2 + X6 + %9 + x13 = 61 C " - . (PHL-BRU counstraint)-
X3 + X10 = 48. - Co - . - (PHL~-MEX cconstraint)
X4 + X11 = 44 . _ ~ (PHL-EZE constraint)
20 (EZE ‘represents Buenos Aires, Argentina)

SLmllarly, each value in the’ right-most column
repreaenting demand and eupply information 74 or carriar. goal
“information 76, as the case may be, is used to construct
carrier eupply constraints B0 or carrier goal constraznts 82,

- 25 as the case may be. For example, a hurdle 84 of §150,000 is
‘seem in the right-most ‘column. in the. cell correepondlng to the -
row: 66 for the carr;er BA.‘ Accordlngly, the. organization

| requires’ that at least $150 000 of business be given to
carcier BA by purchasing . trips on the PHL-LHR and PHL-BRU

30 11rke from carrier BA ~ From the hurdle information in the
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talrl2s of Fig. 5, the following carrier goal oonstralnts 82 are
constructed

$1600 * x1 + $1900 * x2 + 5525 * x3 + $3418 * X4 > ¥
$100,000

5 . N . : (UA hurdle constraint)
;$1750 ¥ x5 4+ $1938 *-xs » = $150,000
o (BA hurdle constraint)

The values $1600, $1800, §625, $3418, 51750, and $1938 are all
assumed to be the actual: pre—dlscounted costs charged by the
10 various carriers for trips in connection with cells xi, x2,
. X3, x& x5, and %6, res?ecti&ely. Suchﬁpre .discounted. costs
are required in order to ‘determine whether the hurdles 84 have
 been-: achieved : _ ' .
Finally, carrier Bupply constra;nts 80 and/cr
15 ‘carrier goal constraints B2 are constructed for each carrier
| where a carrier supply or goal ‘value 86 is d;splayed in the
'right»most column in a cell correspcndlng to the row 66 of :he
carrier. TFor example, sinceﬂthe supply or goal value 86 of 17
‘has previously been determined for the carrier US in the table
20  of Fig. 5, the variable x12 representing the number of trips
to e purchaaea-from the carrier US for the link PHL-SJU
should be greater than or équal to the carrier supply ox goal
value 86 of 17. Accordingly, the followipg carrier supply

constraints 80 and/or carrier goal constraints B2 are
25 constructed: '

X7 + %8B + %9 + x10 + x11 > =.196 {AA constraint)
X1l2 » = 17 (US coustraint)
x13 » = 3 | (SN constraint)

(SN rzpresents Sabena Airlines).
30 Although each of the above carrier supply
constraints B0 and/or carrier goal constraints 82 requires the
- sum of the variables to be greater than or equal to the’
carrier supply or goal value B6, it should be recognized that
an srganization may choose to have the sum of the variables be
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less than the carrier aupply or goal value B6 for any of a

variety of reasons. For example, the organxzat;on may wish to

limit business given to a particular carrier since the.service

provided by.the carrier has been deemed: sub-standard. '
. With the link demand constraints 78, the carrier

supply conetrdints 80, and the carrier. goal 'constraints 82

constructed, ‘the processox 12 may' then apply the constraints
to the ob:ect;ve function to determine a solution of the
objective function that eetisfles the constraints and that
minimizes the travel costs: of the organlzation, as seen at

‘step 304 in Flg. 3.

Preferably, the table as seen in- F;g. 5 is embodied
1n a computer spreadsheet. Also preferably, the computer
system 10 includea software for extracting 1nformation from
the spreadsheet to construct the’ ‘objective function and the
set of constraints, and linear programming software for

- applying the constraints to the objective funection to

determine a eolutlon Preferably, the linear programming
software 1nc1udes the software for extracting the information.
As may be recogn;zed linear programming represents
a technique for eolving multi-variable systems in terms of a
set of best values for maximlzzng or mlnzmizzng the system.
Essentially, the linear programming allocates the trips to the

carrzere in accordance with the travel information and the

constre;nts_to provide a first test travel scheme, angd
determines the cost of the first test fravel scheme. The
trips are then re-allocated to provide a second test travel
scheme,. and tlie cost of the second test travel scheme is
determined and compared with the cost- of the first test travel
scheme. The prodess is repeated until an optimum travel
scheme mlnzmizlng the travel costs in accordance with the
travel information and the constraints is determined.
Preferebly, the linear programmlng software
determlnes the solution. accordlng to a transportation
algorithm. As one skilled in the art will recognize, a
transportation algorithm minimizes the cost of a two-
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dimensional universe, each dimension having a plurality of
menbers, subject to'constraintes on each of the members of each
of the dimensions. More preferably, the spreadsheet is a
"LOTUS~-123"-type spreadsheet and the linear prbgramming
sofhware comprises "WHAT'S BEST!" linear programmlng software;,
a product of Lindo Syatems, Inc. of Chicago, Illln01n

Preferably, the soclution determined by the linear
programmlng software is organxzed by the software in a table..
as seen in Fig. 6, wherein ‘the table correaponds to the table
of the obtained informat;on. Thus, easy reference may be made
between the obtained information and the solution. As seen in
Fig. 6, the solution comprises a-solﬂtioﬁ“value g8 for each
variable 70. ' -

Preferably, the solut:on also compr1sea lower and
upper limite 90, 92 for each link demand value, carrier. supply'
value, carrier goal value, and we;ghted value 68 (the weighted
values 68 are shoﬁh as'"net coest® in the table of Fig. 6).

The: lower and upper: ilimits 90, 92 may be determined by the
linaar programming software.' As may be recognized, each value
way be adjusted between the limite 90, 92 while still |
maintaining the determined solution. Hbﬁever, should a value
chznge beyond a respective lower or upper limic 90, 52, the

"solution representing the minimum cost to the. organ;zation

will have changed and a new solution must be determined..

Once the processor 12 determines the solution of the
objectiVe function that satisfies the constraints and :chat
minimizes the travel cost to the organization, the computer
sys:em 10 preferably generates a report representative of the
solution, as seen at step 305 of Fig. 3. The generated report
may be output via the printer 38, the disk drive 44, the
scanner or fax 50, the mon;tor 42, and/or other means,
Further, the generated report may be- stored in the main memory
34 or the longer texrm storage 36.

The report may take the form of the table shown in
Fig. 6. Additionally, the report may include the table of
Fig. 5. However, one skilled in the art will recognize that
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the report may present the solution in any of a plurality of
ways using some oxr all of the obtained information, the
soJucion values 88, the upper and lower limits 80, 92, and
other informatlon.

. Once a report has been generated and rev;ewed. it
may be détermined that, fo; 2 plurality of reascns, a "

partlcular value should be: changed - For example, a particular

10

15

carrier goal value may baveé been set too high or too low, a
hurdle 64 may have been changed, or a link may have been
reiroved from consideration, among other things. Additionally,

it may be_recognieed.that:a*percicular-éoal is unrealistic or

inappropriate- and'shcuid be ignored. In response to such a

.change, the information may be . adjusted and a new: solution may
be obtained. '

It will be realized that several iterations of such

a process may be. necessary before a travel scheme is

' detarmined wherein the travel costs. of the organlzatzon are

20
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m;n;mized to the greatest.. extent possxble Once such a travel
scheme is determined, the scheme must -be melemcnted in order
to realize the benefits thereof. -

As may be recognized, travel arrangements made in
connection with traveling on behalf of the organization may be
set via a travel department 6f the organization, if one

existe, or a travel agency of the organization. Accordingly,

the implementation of the travel scheme requires that the
travel department or travel agency be aware of the travel
schame, or at least the relevant portions of the travel
sch=me. For exemple, a travel agency setting travel
arrangements for an employee wishing to travel the PHL-BRU
linx Bhould at least be aware that carriers BA and SN are
preferred. Aadditidnally, the agency should be aware whether
carriers BA or SN have already supplied the respective
prefecrred number of travel trips'Sé or 32, as detexrmined by the
solution values B8. As will be recognized, other information
may be provided, preferably on a need to.know basis.
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In oxder that the travel agency be made aware of the
necessary information from the travel scheme, the information
must be communicated to the agency.. Since a travel agency
typically accesses travel information from a CRS 14 via a

- - point of sale terminal (not shown), it is preferable that the
information from the'travel scheme be communicated from the
computer system 16 to the travel agenby po;nt of sale terminal
via the CRS 14.

The computer system and method descrlbed above may

10 ‘be employed by a travel agency to provide a travel '
optimnization-service to’ one or more organizations, and the
travel ‘agency may charge a fee to .each organlzacion for
providing thé service, As may be recognized, at least a
portion of the fee may comprise a portion of the savings

15 realized to the organization by employlng the travel
optimization service. : _

' In’ the foxegoing description, it.oan'bé Been that
. the ‘present inventlon ccmpriaes a new and useful computer
system and method for determin;ng a travel scheme that

20 minimizes the travel.costs of an organxzat;on. It will be
appresciated by those skllled Ain che art that changes could be
made to the embodiment described above without departing from
the broad inventive concepts thereof. It is understood,
therefore, tﬁat'this invention is not limited to the

25 particular embodiment disclosed, but it is intended to cover
modifications within the spirit and scope of the present

invention as defined by the appended claims.
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1.  .In a computer system having a data inpur 7-

device, a data storage device, a processor, and a data output
device, a method for: determining a travel scheme for
[ minimizihg travel costs fbf'an‘organization, whexre the
' oxrganization! expects .to purchaae travel trips for a plurallty
of =ravelers for a plural;ty of predetermined travel links,
each travel link compris;ng a travel origin and a travel
_ destlnatlon, ‘each travel 1ink being served: by at least one of
10 a plurality of travel carrlers, the method comprising the
steps of: .. _
obtaining travel informatlon relating to
the carriers and the links. via the data input device;
' snorlng the cravel information via the
15 data: storage device;
construc:ing an objective function from
the travel 1nformat;cn via the progessor, the objective.
function representing a travel cps: to the organization to
purchase travel trips for ﬁhg plurality of travelers for the
.20 plurality of predetermined links;
constructing a set of constraints from the
travel information via the processor, the constraints
comprlsing restrictions relating to the objectlve functlion;
applying the constraints to the objective
25 function vié the processor to determine a solution of the
objectivé function that satisfies the constraints and that
minimizes the travel costs of the organization; and
' generating a report representative of the
solution via the data outéut device.
30 2. - The computer system of claim 1 wherein the
) obtainlng travel information step comprises the steps of:
obtaining travel cost information for each
link for each carrier serving the link;
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obtaining demand and supply information
pertaining to a projected demand for each link and a projected
surply for sach carrier; and -

obtainihg carrier goal information
percalnzng to any predetermzned goal the: organization may have:
wlrh respect to. any of the carrxiers.

"3. The computer system of claim 2 wherein the
method further comprises the step of determ;ning from the
trzvel cost information for each link for each carrier servzng
the link a WEIthed value represen:;ng an actual cost to the
organization for travellng the link- uBing the carrier.

4. The. computer system of claim 3 wherein the
ob]ectzve function comprises ‘the sum ‘of a.travel cost for each
lirk, the travel cost for each 11nk comprlsing the sum of a
nravel cost for each carrier serving the link, the travel cost
for each carrier serving the link compris;ng the wexghted
value representing the actual cost to the:organlzat;on for
traveling the link using the carrier multiplied by a variable
representing a number of trzps to- be purchased from the
carrler for the link. .

5. The COmputer system of cla;m 4 wherein the
solution comprlaes a solution value for each variable.

6. The computer system.of claim 5 wherein the
method further comprises the step of determining lower and
uprer limits for each constraint, each constraint being

adjustable between the limits while malntalnmng the determined
solution.

7. The computer system of claim 5 wherein the
method further comprises the step of determining lower and
upper limits for each solution value, each solution value
being adjustable between the limits while maintaining the
determined solution. -

8. The computer system of claim 4 wherein the
constraints are derived from the demand and supply information
and the carrier goal information, the constraints comprising
link demand constraints, carrier supply constrainte, and
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carrier goal constraints, the link demand constraints
requiring that for each link the sum of the variables
representing the number of trips to be.purcﬁaeed from 211
carriers for the 1link be equal to the proaected demand for the
link, each carrier Bupply constraint requiring that for a
partzcular carriexr the sum of the variables représenting the
'number of trips to be purchaeed from the carrier. for all links
be in a predeterm;ned range, each carrier goal constraint
requiring that the goal the organization has with respect to a
partmcular carrier be acoomplzshed :

9.  The computer system:of cla;m :2 wherein the
method further compr;sea the step o: organ;z;ng the obtained.

-information in the form of a:;abie.

10. The computer system of .claim 9 wherein the

‘orgunizing step comprises organizing each of the plurality of

.1inks in a first direction on the table and each of the
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Zpluxallty of carr;ers in a second direction on the table, each
carrier serving each link bexng designa:ed by a cell on the
table having information pertaining to the carrzer serving the
link. B

11. The computer system of claim 10 wherein the
orgenlzlng step further comprises organizing the link demand-
infcrmation according to each link and the carrier supply
information and carrier goal 1nformation according to each
carier, . _

12, The computer sys:em of claim 11 wherein the
method further comprises the step of employ;ng linear
programming to apply the constraints to the objective function
to ¢etermine the solution.

13. The computer system of claim 12 wherein the
method further comprises the step of organizing the solution
in the form of a table corresponding to the table of the
obtzined information. _

14. The computer.eystem of claim 2 wherein the
obtaining travel cost information step comprises acquiring
current travel data from a computerized reservation system.
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15. The computer system of claim 2 wherein the
obtaining travel cost information step comprises acquiring
hist.orical travel data from a historical travel data file.

16. The cdmputer system of claim 2 wherein the

§ ' ' obtaining demand and supply information and obtaining carrier
goal information steps comprise acquiring the: demand and
supply information and the'carrier goal information for ‘the
organization from an organiza:ion‘discount program daté file.
17. The computer system of claim 1 wherein the
10 method further COmpriaea the step of employing linear
proygramming to apply the constrain:s to the objectzve fuiinction
to determine the solutzon._“ .
i8. A.method for determ;n;ng a travel scheme for
mlnxmlzzng travel costs for an. organizat;on, where the
15 . organization expects to purchase travel trlpB for a plurality
of travelers for a plurality of predetermxned travel 1inks,
earh travel link compris;ng a travel- or191n and a travel
destlnatlon, each cravel link being served'by at least one of
a plural;ty of travel carriers, the method comprising the
20 steps of: '

obtaining travel information relating to
the carriers and the links;

. constructing an objectlve function from
the travel information, the objective function representing a

25 travel cost to the organization to purchase travel trips for
the plurality of travelers for the plurality of predetermined
links; _ . -

constructing a set of constraints from the
travel information, the constraints comprising restrictions
30 relating to the objective function;
applying the constraints to the objective
function to determine a solution of the objective function
that satisfies the constraints and that minimizes the travel
costes of the organizationj and

38 - ) generating a report representative of the
solution. ' '
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19. The method of claim 18 wherein the obtaining

travel information step comprises the steps of:
obtaining travel cost informatzon for each
11nx for each carrier serving the link;

o : : obtaining demand .and supply 1nformatlon
perx:caining to a projected demand for each link and a- pro;ected
supply for each carrier; and ) ’ '

obtaining carrier goal 1nformatlon !
pertaining to any predetermined goal the organization may have
with. respect to any of the carriers.

20, The method of claim 19 further comprising the
step of determining from the travel cost:information for ‘each
1ink for each.cattier serving the link a weighted valusz
representing an actual cost to the ofganization for traveling“-

the link using the carrier.

21. The method of claim 20 where;n the objectlve
functlon comprises the sum of a travel cost for each link, the
travel cost for each link comprising the sum of a travel cost .
for each carrier serving the link, the travel cost for each" i
carrier serving the link ccmprising the we;ghted value
repxesenting the actual cost to the organization for traveling
the link using the carrier multiplied by a variable
representing a number of trips to be purchased from the
carrier for the link. '

22. The method of claim 21 wherein the solution
comprises a solution value for each variable.

23. The method of claim 22 further comprising the

-step of determining lower. and upper limits for each

constraint, each constraint being adjustable between the
limits while maintaining the determined solutien.

24. The method of claim 22 further comprising the
step of determining lower and upper limits for each solution

value, each solution value being adjustable between the limits

while maintaining the determined solution.
25. The method of claim 21 wherein the constraints
are derived from the demand and éupply information and the
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carrier goal information, the constraints comprising link
demund constraints, carrier supply constraints, .and carrier

'goal constraints, the link demand constraints requiring that
. for each link the sum of the variables representing the-number
‘of crips to be purchased from all .carriers for the link be

equal to the projected demand for the link, each carrier
supply constraint requiring that for a particular carrier the

sum of thie variables representing the number of ‘trips to be

purchased from the carrier for all links be in a predetermined
range, each carrier goal constraint requiring.that the goal
the organization has with respect to a particular carrier be
accomplished. o
26. The method of claim 19 furcher compr:aiwg the

step of organlzing the obtained 1n£ormatlon in the form of a
tabkle. ' - :

' '27. .The method 6f CIEim'zs wherein'the-organizing
Step comprises organizing each of the plurality of links in:a

" £irst direction on the table:ahd-each of the plurality of
. caxriers in a second direction on the table, each carrier

serving each link being deéignated by a cell on the table
having information pertaining to the carrier serv;ng the link.

28. The method of claim 27 wherein the organizzng
step. further comprises organizing the link demand  information
according to each link and the carrier supply information and
the carrier goal information according to each carrier.

29. The method of claim 28 further compriesing the
step of employing linear programming to apply the constrainte
to the objective function to determine the solution.

30. The method of claim 29 further comprising the
stép of‘orgaﬁizing the solution in the form of a table
corresponding to the table of the obtained information..

31. The method of claim 19 wherein the obtaining
travel cost information step comprises acquiring current
travel data from a computerized reservation system.
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32. The method of claim 19 wherein the obtaining
travel cost information step comprises acquiring historical
travel data from a historical travel data file.

; 33. The method of claim 19 wherein the obtaining
demand and supply: information and obtaining carrier goal
information steps comprise acquiring the demand and supply
information and the carrier goal information for the
organization from an organization discount program data file.

34. The method of cla;m 8] further comprising the

.step of employing linear programming to apply the constraints

to the objective funct;on to determine the solution.

35. A computer system for determ;ning a cravel
schkeme for minimizing: travel costs for an organization, where
the organ;zat;on expects. to purchase ‘travel, trips for a
plurality of travelers for a plural;;y of predetermined travel

lirks, each travel link comprising a travel origin and a

travel ﬁestina:ien, each travel link being-aerved by at' least
one of a plurality of travel carriers, the aystem cOmpriaing.

a data input device for receiving travel
1nforma:10n relating to the carriexs and the links;

a data storage device fox storing .the
travel information received by the data input device; .

a programmed processor for constructing an
objective function from the travel information, the objective
function representing a travel cost to the organize:ien to
purchase travel trips for the plurality of travelers for the
plurality of predetermined links;-

a programmed processor for constructing a
set of constraints from the travel information, the
constraints comprising restrictions releting to the objective
function;

the processor for applying the constraints
to the obgec::ve function to determine a solution of the
obiective function that satisfies the constraints and that
minzimizes the travel costs the organization; and
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a dete output device for generating a
report representative of the solution. .

36. The computer system of claim 35 wherein
the travel information oomptises'travel cost information for
each link for each carr;er serving the link, demand and supply.
information pertaining to a projected demand for each 1link and
a projected supply for each carrier, and carrier goal
information pertaining to any predetermined goal the
organization may have with reopect'to_any of the carriers.

37. The computer system of claim 36 wherein the
processor determines from the travel cost znformatlon for each
link for. each carrier serv;ng the: link a weighted value
representing an actual cost to the organization for travel;ng
the link using the cerrler.

38. The computex sys:em of cla;m 37 wherein the
object1Ve function comprlses the sum of a travel cost for each
link, the travel cost for each link comprising the sum of a
trevel cost for each carrier serv;ng the link, the travel cost
for each carrier serving the link comprising the weighted
value representing the actual cost to. the organization for
traveling the link using the carrier multiplied by a variable
representing a number of trips to be purchased from the
carrier for the link. |

38. The computer system of ¢laim 38 wherein the
solution comprises a sélution value for each variable.

40. The computer system of elaim 39 wherein lower
and upper 1imits_for each oonstraiot are determined by'the
processor, each constraint being adjustable between the limits
while maintaining the de:ermihed solution.

4). <The computer system of claim 39 wherein lower
and upper limits for each solution value are determined by the
processor, each solution value being adjuscaﬁle between the
limits while maintaining the determined solution.

42. The computer system of claim 38 wherein the
constraints are derived from the demand and supply information
and the carrier goal information, the constraints comprising
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linik demand constraints, carrier supply constraints, and
carrier goal constraints, the link demand constraints
requiring that for each link the' sum of the variables
representing the number of trips, to be purchased from all

5 carriers for the link be equal to the projected demand for the
Tink, each carrier supply constraint requiring that for a
particular carrier the sum of the varlables representlng the
number of trips to be purchased from the carrier for all links
be in a predetermined range, each carrier goal constraint

10 requiring that the goal the organization has with respect to a
particular carrier be accomplished. '

43. The computer system of cla;m 42 wherein the
- goal constraint comprises a predeterm;ned discount from a
‘particular carrier only if the carrier receives a miniwum-

15 predetermined amount of buéinesa'from the organization.

' 44. The: computer system of. cla:m 36 wherein the
information retrieved by the processor is organlzed in the
form of a table. '

. 45. The .computer system of claim 44 wherein the
20 table is organized with each of the plurality of links laid
.out in a first direction and each of the plurality of carriers
laid out in a second direction, each carrier éerving each link
being designated by a cell having Lnformatzon pertaining to
the carrier serving the link.

25 46. The computer system of claim 45 wherein the
link demand information is organized according to each link
anéd wherein the carrier supply information and the carrier
goal information is organized accoxding to each carrier.

47. The computer system of claim 46 further

30 comprising software for extracting information from the table
to construct the objective function and the set of constraints
and linear programming software for applying the constraints
to the objective function to determine the solution.

48. The computer system of claim 47 wherein the

35 solution is organized in the form of a table corresponding to

the table of the obtained information.
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49. The computer system of élaim 36 further
comrirising a means for acquiring travel data from a
computerized rqser#ation eYstem, wherein the travel cost
information for each link for each carrier serving the link is

5 compiled at least in part from the traﬁél data. '
.. 50. The computer system of claim 36 further
comprising a historical travel data file having historiéai
travel déba, .wherein the travel cost information for each link
for .each carrier serving the link is: complled at least in part
10 .from the histor;cal travel data. : '
' 51. The computer gystem of claim 36 further
- comprising an organization discount program data file having
the demand and supply Lnformation and the carrier goal
information for the organization.
15 S2. The computer system of claim 36 wherein the
' travel cost information for each link for each carrier serving
the .link includes a member of the group selected from an
expected fare the darrierséharges‘fOr traveling the link, any
discounts the carrier provides to the drganiza:ion, any. added
20 . costs in connectlon with travel1ng the link using the carrier,
any benefite received in connection with travelzng the link
usiag the -carrier, the number of non-stop voyages available,
the number of connecting voyages :available, any expected
" transfer delays, the peréehtaga of total voyages the carrier
25 provides for the link, and a combination thereof.

53. The computer eystem of claim 35 further
comprising software for extrécting information from the table
to constxuct the objective function and the set of constraints
and linear programming software for applying the constraints

30 to the objeétive function to determine the solution.

54. A method for determining an optimum travel
scheme for minimizing travel costs for traveling a plurality
of travel links being served by a plurality of travel carriers
by selectively allocating travel trips on each link to the

35 carriers'aeiving the link, compriaing the steps of:
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{a} determining travel information

'representatlve of the links and the carriers serv;ng the

lznks,

(b) determining cons:raints on allocatlng the
trips te the carr;ers, H
A {c) allocating the trips to the carriers in
accordance with the travel information and the con-tralnt- to
provide a travel scheme; .

(d) determining a cost of the travel scheme of
step (c); I

(e) répeating steps (¢) and (d) until the
optimum travel scheme minimizing the travel costs in

accordance with the travel information and the constraznts is
determ;ned and

_ (f£) generating a report representative of the
optlmum travel scheme. : o

55. The method of claim 54 wherein the determining
travel 1nformatlon step compriees the .steps of:

obtaining. travel cost. information for each
link for each carrier serving the link;

obtaining demand and supply information
pertaining to a projected demand for each link and a projected
supply for each carrier; and

obtaining carrier goal informat;on
pertaining to any predetermined goal the organizaticn may have
with respect to any of the carriers.

56. The method of claim 55 further compriesing the
steo .of determining from the travel cost information faor each
link for each carrier serving the link a weighted value --
representing an actual cost to the organization for traveling
the link using the carrier.

B7. The method of claim 56 whereln the cost of the
travel scheme comprises a function repreaent;ng the sum of a

‘travel cost.for each link, the travel cost for each link

com»rising the sum of a travel cost for each carrier serving
the l1link, the travel cost for each carrier serving the link
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comprising the weighted value representing the actual cost to
the organization for traveling the link using the carrier
multirlied by a variable represent;ng a number of trlpB to be
purcnaaed from the carrier for the link.

5 . 58.° The method of claim 57 wherein the optimum

" travel scheme comprises a solution value for each variable.

59, The method of claim 58 further comprising the
step of detérmining lower and upper l;mzts for each
constraint, each conatraint being adjustable between the

10 limits while ma1nta1nzng the optimum travel scheme.
60. The method of claim 58 further comprising the
step of determining lower and upper limits for each solution
:valﬁe, each solution value being adjustable between the limits
while maintaining the optimum travel scheme. )

B - T 61. The method of claim 57 ‘'wherein the constraints
_are derived from the demand and supply information and the
carrier goal information, the constraints compr;eing 1ink
demand constraints, carrier: supply constraints, and carrier
goal constrainte, the link demand constraints requiring that

20 for each link the sum of the varlables represent;ng the number
of trips to be purchased from all carriers for the link be
equal to the progecned demand for the link, each carrier
supply constraint requiring that for a particular carrier the
sum of the variables representing the number of trips to be

25 purchased from the carrier for all links be in a predetermined

| range, each carrier'goal-constraint'rquiring that the goal
the organization'haa-with respect to a particular carrier be

accomplished. . _
62. The method of claim 55 further comprising the
30 step of organizing the obtained information in the form of a

table.
: 63. The method of claim 62 wherein.the organizing
step comprises organizing each of the plurality of links in a
first direction on the table and each of the plurality of
35 carriers in a second direction on the table, each carrier
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sexving each link being designated by a cell on the table
having information pertaining to the carxier serving the link.
64. The method of claim 63 wherein the organizing :.
step further comprises organizing the link demand information
s according to each link and the carrier supply information aﬁi
the carrier goal information according to each carrier. o
: . 65. The method of claim 64 further comprising the
"' step of employing linear programming to apply the constraints:
to the function representing thé cost of the travel scheme to

10 . determine the optimum travel scheme. '

- 66. The method of claim 65 further comprising the

step. of organizing the optimum travel scheme in the form of a

..takle corresponding to the table of the obtained information.
67. . The method of claim 55 wherein the cobtaining.

15 - :ravel cost information step comprisea acqu;ring current
'travel data from a computerized regservation system.

. 68. The method of claim 55 wherein the obtaining’
travel cost information step- comprises acquiring historical
i travel data from a historical travel data file.

20 69. The method of claim 55 wherein the obtalnzng
demand and supply information and obtaining carrier goal
information steps comprise acquiring the demand and supply
information and the carriéf-goal information for the
organization from an organizétion discount program data file.

‘25" 70. The method of claim 54 further comprising the

- step of employing linear programming to determine the
solutiion. ‘
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