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Abstract. Large b o dy of recen t w ork has b een dev oted to m ulti-agen t systems

utilized in e-commerce scenarios. In particular, autonomous soft w are agen ts par-

ticipating in auctions ha v e attracted a lot of atten tion. In terestingly , most of these

studies in v olv e purely virtual scenarios. In an initial attempt to �ll this gap w e dis-

cuss a mo del agen t-based e-commerce system mo di�ed to serv e as an airline tic k et

auctioning system. Here, the implications of forcing agen ts to ob ey actual rules that

go v ern tic k et sales are discussed and illustrated b y UML-formalized depictions of

agen ts, their relations and functionalities.

1 In tro duction

Broadly understo o d e-commerce is often view ed as a paradigmatic appli-

cation area of soft w are agen ts [11]. In this con text soft w are agen ts are to

facilitate higher qualit y information, p ersonalized recommendation, decision

supp ort, kno wledge disco v ery etc. When dev elop ed and implemen ted, agen t

systems are to b e, among others, adaptiv e, proactiv e and accessible from a

broad v ariet y of devices [13]. Suc h systems are also to deal autonomously

with information o v erload (e.g. large n um b er of e-shops o�ering the same

pro duct under sligh tly di�eren t conditions�price, deliv ery , w arran t y etc.).

In this con text, mo dern agen t en vironmen ts (suc h as JADE [9]) can supp ort

implemen tation of quasi-realistic mo del e-commerce scenarios [8]. Moreo v er,

adv ances in auction theory ha v e pro duced a general metho dology for describ-

ing price negotiations [6,7]. Com bination of these factors giv es new imp etus

to researc h on automating e-commerce and autonomous soft w are agen ts are

cited as a p oten tially fruitful w a y of approac hing this goal [10].

Unfortunately , the picture is far from p erfect. While there exist a large

n um b er of attempts at dev eloping agen t-based systems, they are mostly v ery

small-scale demonstrator systems�later describ ed in academic publications.

In the mean time, some applications utilize the agen t metaphor, but not ex-

isting agen t to ols and en vironmen ts. Separately , it is almost imp ossible to

�nd out if agen t systems exist in the industry; e.g. establish the true role of

the Concordia agen t system within the Mitsubishi Corp. Finally , and this is
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v ery imp ortan t in the con text of the curren t pap er, most of w ork dev oted

to either automatic price negotiations (see [6,7], or m ulti-agen t e-commerce

systems (see [8,10,11]) in v olv es �virtual realities.� In other w ords, auctions

are conceiv ed, for instance, as a general case of an English auction used to

negotiate prices of pro duct P , while for m ulti-agen t systems buy er agen ts are

send b y users U1 and U2 to e-shops S1 , S2 , . . . , Sn to buy pro ducts P1 and P2 .

As a result, prop osed systems do not ha v e m uc h to do with real-life. When

virtual agen ts comp ete to purc hase non-existen t pro ducts, their b eha viors are

also virtual, as they are not grounded in an y p ossible actual application.

The aim of this pap er is to mak e an initial attempt at bridging the gap

b et w een theory and practice. W e start with a mo del agen t system presen ted

in [1�4,8]. In this system w e ha v e mo deled a distributed mark etplace that

hosts e-shops and allo ws e-buy ers to visit them and purc hase pro ducts. Buy-

ers ha v e an option to negotiate with represen tativ es of e-stores to c ho ose the

shop from whic h to mak e a purc hase. Con v ersely , shops ma y b e approac hed

b y m ultiple buy ers and through auction-t yp e mec hanisms, ha v e an option to

c ho ose the �b est?' p oten tial buy er. F urthermore, this system attempts at rem-

edying the w ell-kno wn con�ict b et w een agen t in telligence and mobilit y . By

precisely delineating whic h agen t mo dules ha v e to b e transferred and when

should this happ en w e w ere able to reduce net w ork utilization. Since this sys-

tem is theoretical in the ab o v e describ ed sense, in this pap er w e will discuss

its mo di�cation required to apply it to a more realistic airline tic k et auction-

ing scenario. What w e found particularly in teresting w as that this could ha v e

b een ac hiev ed with only relativ ely minimal c hanges in the o v erall system.

Before pro ceeding let us mak e explicit some of the assumptions made in

our curren t w ork. (1) In the original system e-stores w ere drivers within the

mark etplace � buy ers could purc hase only pro ducts that w ere a v ailable for

sale through existing e-stores. This b eing the case, w e ha v e decided, in the

initial phase of our w ork, to accept this approac h (while planning to remo v e

this limitation in the future). Therefore, curren tly m ultiple �tra v el agencies�

sell tic k ets to a v ariet y of p opular destinations. They ob ey basic rules of airline

tic k et trading, but it is only �them� who decide whic h tic k ets to sell. In other

w ords, if the user of the system w ould lik e to �y from Hattiesburg, MS to T ri

Cities, W A, she ma y not �nd suc h a connection. A t the same time, connections

b et w een Amsterdam and Detroit, MI ma y b e sold b y ev ery e-store. While

this assumption ma y seem limiting, w e w ould lik e to p oin t out that success

of priceline.com (and other auction places that sell airline tic k ets) mak es our

mo del scenario �realistic enough.� (2) W e are still utilizing the CIC agen t that

stores b oth �y ello w-pages� (what?) and �white-pages� (who?) information as

the approac h to matc hmaking [12]. Ho w ev er, w e see in teresting extensions of

its role in the system (e.g. b y allo wing it to study mark et trends and sell this

information to in terested sellers � see b elo w). (3) In all situations where it

w as p ossible w e utilize existing structures that ha v e b een describ ed in [1�4,8]

and in terested readers should consult these sources for further details. This



Airline Tic k et Auctioning System 3

b eing the case w e can fo cus curren t pap er on mo di�cations in tro duced b y

grounding the system in the real-life rules that go v ern the air-tic k et sales.

2 Description of System
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Fig. 1. Use case diagram

W e describ e our system through its UML-based formalizations. W e start

with the use case diagram depicted in Figure 1. Here w e can see all agen ts

presen t in the system, their in teractions and their in teractions with external

systems � e.g. the Global Distribution System (GDS). This system stores

all information ab out �igh ts, n um b er of a v ailable seats, b o oking classes and

so on. In realit y , there exist sev eral GDS serv ers a v ailable to airlines to o�er

their in v en tory for sale; e.g. AMADEUS, SABRE, W orldspan, Galileo etc. In

our w ork w e base our description on the actual functioning of the AMADEUS

GDS through whic h more than 200 airlines o�er their services. Note, ho w-

ev er, that replacing AMADEUS with a di�eren t serv er, or adding additional

external serv ers to the system w ould not require substan tial c hanges in its

functioning and in functioning of its constituen t agen ts (e.g. the Flight O�er

A gent w ould only ha v e to comm unicate with m ultiple external serv ers).

W e can distinguish three ma jor parts of the system. (1) The information

c enter ar e a where white-page and y ello w-page data is stored and serviced

b y the CIC agen t. Let us note that ev ery request for whic h the CIC had to

send a �negativ e answ er� (i.e. no suc h tra v el is a v ailable for sale) is stored. As

indicated ab o v e, in the future this data can b e utilized (purc hased) b y Shop

A gent s to decide whic h tic k ets should b e o�ered to address existing and/or

c hanging mark et-demand. (2) The pur chasing side where agen ts and activities
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represen ting user-buy er are depicted, and (3) the sel ler side where the same

is presen ted for the user-merc han t. In the mo di�ed system, in comparison

with the original one [4], w e not only ha v e the external GDS but also t w o

new agen ts: the FlightO�er A gent and the R eservation A gent . T ogether they

replace the functionalities pro vided in the original design b y the W ar ehouse

A gent . Let us no w describ e in more detail these agen ts that are substan tially

di�eren t or new to the system (in comparison with these describ ed in [4,8]).

2.1 Shop Agen t

Shop A gent ( SA ) acts as the represen tativ e of the user-merc han t and, at the

same, time as a Contr ol Center of the Sale Pr o c ess . In the curren t stage of

conceptualization of the system w e follo w the path selected in the original e-

commerce system, where the user-merc han t w as sp ecifying the input pro vided

to the system. Th us w e assume that user-merc han t inputs all necessary data:

departure airp ort co de, destination airp ort co de, b o oking class, fare basis

co de, initial rule b y whic h seats are to b e o�ered for sale. F or example, if user-

seller w an ts to sell out seats that w ould ha v e b een o�ered for A dv anced Pur-

c hase Excursion F are�APEX, but time limit for this fare has expired, user-

seller w ould sp ecify the n um b er and the p erio d for whic h he w an ts to o�er

seats on �igh ts. This info is used in a v ailabilit y c hec k and price retriev al. The

p erio d is needed to set b ounds within whic h �igh ts will b e o�ered. Optionally

user-merc han t can sp ecify �igh t n um b er as w ell. This narro ws do wn the a v ail-

abilit y list and ma y b e necessary in the case when there is more then one �igh t

p er da y b et w een t w o giv en destinations. F urthermore this can b e used also

in the case when, for instance, user-merc han t w an ts to o�er seats on morning

�igh ts, but not on the ev ening �igh ts. So, she sp eci�es whic h �igh t n um b er(s)

can b e c hosen from. In this w a y , all other p ossible �igh t n um b ers are excluded.

In the near future w e plan to extend functionalit y of our system. In partic-

ularly , while at presen t our system acts only as a �distributor� of a prede�ned

set of tic k ets, w e w ould lik e to mo dify it in suc h w a y that the SA could

start distributing (acquire and put for auction) not only what user-merc han t

w an ts to sell but also what user-clien ts are lo oking for. Observ e that w e ha v e

already in tro duced a mec hanism to facilitate this goal. Since the CIC agen t

stores information ab out all unful�lled user-clien t queries, an SA will b e able

to obtain an access to this data (e.g. purc hase it), analyze it and decide that,

for instance, there is a gro wing need for tic k ets b et w een W arsa w and Delhi

and o�er these for sale. Statec hart diagram of the Shop agent is depicted

in Figure 2. A t �rst the SA creates the Gateke ep er A gent (whic h pla ys here

exactly the same role as describ ed in [4]) and w aits for a user-merc han t or-

der. After receiving suc h an order the SA creates FlightO�er A gent , whic h

comm unicates with the GDS and gathers needed information to create list

of o�ers for the Shop A gent (one FlightO�er A gent is created for eac h route

to b e serviced and exists for as long as tic k ets for a giv en route are sold b y

the SA ). List of o�ers includes information ab out ev ery itinerary: data ab out
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[there are seats] do / send(GA,Se_ID)

Introducing

[else] exit / send(CIC,itinerary)
do / create(Se_ID)

Creation/Updating of a Seller Agent

do / Analysis of situation

MCDM

Waiting for a FlightOffer Agent answer

entry / transform(ordering)

Creation FlightOffer Agent

[no more seats]

[empty answer]

Notification of User-Merchant

Waiting for a User-Merchant order

do / send(CIC, GA's address)

Creation of a GA

[no further action]

do / kill(Se_ID)

Cleaning

Control Center

no more working SeA

time is overCounting time

do / create(ID_RA)

Creation of a Reservation Agent

msgSeA

do / add to KB

Registering result

[reservation impossible]
exit / kill(ID_RA)
do / send(BA,refuse)

Refusing

[done]

msgRA

Sale finalization

msgBA [confirm]

[reject]

Cancelling sale

Listening

[new template]

do / send(GA,new template,Se_ID)

Changing the template of negotiations

[order for FOA]do / send(FOA,itinerary)

Requests FlighOffer Agent

Fig. 2. Shop Agen t statec hart diagram

b oth (in b ound and outb ound) �igh t n um b ers, n um b er of seats and class of

service for b oth �igh ts etc. On the basis of this list Shop A gent creates Sel ler

A gent (s) (one for ev ery itinerary), in tro duce them to the Gateke ep er and en-

ters a complex state called Contr ol Center . Note here that Sel ler A gent s pla y

exactly the same role as that describ ed in [4]; they are to in teract with in-

coming Buyer A gent s and through some form of price negotiation mec hanism

(e.g. an auction) select the Buyer that ma y purc hase the tic k et. In the Con-

tr ol Center state the SA is listening to its Sel ler A gent (s). After receiving

a message from one of the Sel ler A gent s the Shop A gent acts dep ending on

con ten t of that message.

1. If the Sel ler informs ab out a winner of price negotiations the Shop A gent

w aits for the corresp onding Buyer A gent to con�rm that it plans to actu-

ally buy the tic k et. Here, w e ha v e to stress, that in our general e-commerce

mo del it is natural that m ultiple Buyer A gent s visit m ultiple e-stores [8].

Sp eci�cally , separate Buyer visits eac h e-shop that o�ers a giv en pro d-

uct (in our case a tic k et satisfying needed itinerary). The end of price

negotiation means that the Buyer should consult with the Client A gent .

Therefore, the SA do es not kno w if the auction winner will actually at-

tempt at making a purc hase.

2. If the Buyer A gent con�rms it w an ts to buy tic k et, the Shop A gent creates

a R eservation A gent ( RA ), whic h comm unicates with the GDS to mak e

a reserv ation. There are then the follo wing p ossibilities:
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� If the RA w as able to reserv e tic k ets (it is p ossible that while the

negotiations w ere taking place all tic k ets a v ailable in a giv en class of

service etc. are already gone), it sends the reserv ation data to the Shop

A gent . Up on reception of the data (all comm unication in the system

is carried using A CL messages) the Shop A gent transfers it further

to the Buyer A gent and carries out standard pro cedures in v olv ed in

completing the sale (state �Sale �nalization�).

� In the opp osite case (the RA w as not able to secure the reserv ation)

the Shop A gent noti�es the Buyer A gent that reserv ation is imp ossible

and kills the R eservation A gent .

3. If the Buyer A gent sends message that it do es not w an t to mak e a pur-

c hase, this fact is registered in a lo cal Knowle dge Datab ase . More precisely ,

all information ab out pro cesses that tak e place within the shop when it

is attempting to sell tic k ets is recorded in the Know le dge Datab ase . In

the future, this information will b e used b y the SA to adapt its b eha vior.

Curren tly w e denote this fact b y in tro ducing the MCDM b o x, whic h de-

notes m ulti-criterial decision making. In our system w e utilize a mo di�ed

negotiation framew ork [2�4] in tro duced originally b y Bartollini, Jennings

and Price [6,7]. In this framew ork, the negotiation pro cess w as divided

in to a generic ne gotiation pr oto c ol and a ne gotiation template that con-

tains parameters of a giv en negotiation. These parameters sp ecify , among

others, the negotiation mec hanism itself. Observ e, in Figure 2, that one

of p ossible results of MCDM is c hange of the negotiation template. In

other w ords, the SA ma y decide that since only v ery few tic k ets are left

but there is also only v ery short time to sell them, it will deep discoun t

them and sell them with a �xed price, or through a v ery short time

lasting English auction with a lo w threshold v alue and a relativ ely large

incremen t.

4. If there is no winner, the Shop A gent writes information in to the Know-

le dge Datab ase and starts to analyze the curren t situation (the MCDM

b o x in Figure 2. As a result it ma y c hange the negotiation template, or

request another itinerary from the FlightO�er A gent . Finally , it ma y es-

tablish that for that giv en route (user-seller order) either there is nothing

more to do (all tic k ets ha v e b een sold) or that nothing can b e done (the

remaining tic k ets cannot b e sold in the curren t condition of the mark et).

Then it will remo v e all �serv an t� agen ts servicing that route and inform

its user-merc han t ab out the situation.

It is imp ortan t to note that w e assume that in all price negotiation mec h-

anisms the Sel ler institutes a time limit for negotiations. This momen t is

presen ted within the Shop A gent diagram as a sub-state �Coun ting time�

(within the �Con trol Cen ter� state). If the Sel ler do es not sell an y tic k ets

within that time the Shop A gent , again, registers this information in the

Know le dge Datab ase , kills this Sel ler and noti�es its user-merc han t accord-

ingly . F ollo wing, the SA en ters the Multi-criterial De cision Making state. As
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describ ed ab o v e, here it can decide, among others, to sell more seats on some

sp eci�c itinerary or to c hange the template of negotiations or to conclude

that nothing more can b e sold and its existence should b e completed.

2.2 Fligh tO�er and Reserv ation Agen ts

These t w o agen ts ha v e b een added to the system and their role is to com-

m unicate with the GDS . The statec hart diagram of the FlightO�er A gent is

presen ted in Figure 3. This agen t comm unicates with the GDS to �nd infor-

mation ab out �igh ts that satisfy conditions sp eci�ed b y the user-merc han t.

If suc h �igh ts are a v ailable the FlightO�er A gent prepares (pro cess repre-

sen ted b y m ulti-state b o xes �Chec king a v ailabilit y ,� �Find Class of service

capacit y ,� �Price retriev al� and �Analyzing mo dule�) a �List of O�ers� for the

Shop A gent . All the m ulti-state states��Chec king a v ailabilit y ,� �Find Class

of service capacit y ,� �Price retriev al� and �Analyzing mo dule��in v olv e com-

m unication with the GDS . On the Figures 4 and 5 w e presen t statec harts of

�Chec king a v ailabilit y� and �Price retriev al� states to illustrate the nature of

prop osed comm unications b et w een the FlightO�er A gent and the GDS . Up on

sign-in failed do / t++
Count re-tries

do / create(list of itineraries)

Checking availability

sign-in succeded

[t=t_check]

[t=t_check]
Notify user about failure

do / creat(completing list of seats)

Find class of service capacity

response not received do / t++
Count re-tries

wait for response

[t<t_check]

response received

do / sign-in with credentials

login on GDS

wait for responseWaiting for an order

[t<t_check]

do / send identification

Connect to host

do / complete list by info by price-list

Price retrieval
do / send(offers)

Notify Shop Agent about offers

do / creation final offers

Analyzing module

Fig. 3. Fligh tO�er Agen t statec hart diagram

obtaining all the necessary information form the GDS it sends the information

to the Shop A gent . Note that the role of the �Analyzing mo dule� is to c hec k

the request of the user-merc han t against the data retriev ed from the GDS to

mak e sure to assure consistency of the �nal o�er (e.g. if the user-merc han t

requested 10 seats, but only 5 are a v ailable then only 5 can b e in the o�er).
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do / t++
Count re-tries

error handled

do / ANDDMMMXXXYYY/CK/AYM*DDMMYYYXXX/CK/AYM

send an transaction to GDS [t<t_check]

unable to handle error

[t=t_check]

do / create an transaction for all dates in line with the rule

creation of list of availability transactions

parse received data

response received

wait for response

Error handlingerror

do / add(itinerary,n= number of seats)

get number of available seats for flight/date

availability display received

[no more item]

[one more item] response not received

Fig. 4. Fligh tO�er Agen t's �Chec king a v ailabilit y� substate statec hart diagram

unable to handle error

[t=t_check]

exit / send FQD transaction to GDS
do / create FQD transaction

create pricing transaction

[t<t_check]

wait for response
do / t++
Count re-trieserror

error handled

response received
parse received data

[error]

Error handling

do / send(itinerary, n, m,reservation price, top price)

retrieve the price

price display received

Fig. 5. Fligh tO�er Agen t's �Price retriev al� substate statec hart diagram

The second agen t that comm unicates with the GDS is the R eservation

A gent . It is created b y the Shop A gent after receiving con�rmation of will-

ingness of making a purc hase from the Buyer A gent . Its function is to mak e

an actual reserv ation within the GDS serv er. In case of successful completion

of its task the R eservation A gent transfers all reserv ation's data to the Shop

A gent . If reserv ation is imp ossible it informs ab out it the Shop A gent . Both

cases mean that its job is complete and it then self-destructs. Its extremely

simple statec hart diagram is omitted.
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3 Concluding Remarks

In this pap er w e ha v e discussed ho w to mo dify a mo del agen t-based e-

commerce system to turn it to a simpli�ed airline tic k et auction-system. T o

ac hiev e this goal w e ha v e studied the w a y that airline tic k ets are sold and

assumed that e-stores in our system can connect and comm unicate with a

Global Distribution System (e.g. AMADEUS) and act according to the ex-

isting rules go v erning its b eha vior. In this stage of the pro ject w e ha v e decided

to pro ceed with only minimal mo di�cations to the existing e-commerce mo del

system and w ere p ositiv ely surprised that w e will b e able to k eep unc hanged

the original Client and Buyer agen ts, as w ell as practically unc hanged the CIC

agen t. Th us, the pur chasing and matchmaking parts of the original system

remain unc hanged. F urthermore, the Gateke ep er agen t, that is resp onsible for

admitting Buyer agen ts to the host and to negotiations, as w ell as managing

ne gotiation template c hanges can remain unc hanged.

The prop osed c hanges to the system consist of: (1) replacing the W ar e-

house agen t b y the R eservation A gent that is resp onsible for comm unicating

with the GDS and establishing if it is still p ossible to mak e the requested

reserv ation. (2) In tro ducing the FlightO�er A gent that acts as a liaison b e-

t w een the Shop A gent and the outside w orld. Its role is to comm unicate

with the GDS and �nd out details of �igh ts that satisfy the request of user-

merc han t. In other w ords, the user-merc han t sp eci�es whic h routes she w orld

lik e to sell and the FlightO�er A gent �nds connections that can b e used to

serv e these routes and returns this info to the Shop A gent start selling sp eci�c

itineraries. (3) Finally , the Shop A gent underw en t a substan tial mo di�cation

to act as a seller of airline tic k ets. F or eac h of the new and/or mo di�ed agen ts

w e w ere able to formalize its functioning through it UML statec hart diagram.

Separately , w e ha v e iden ti�ed the next step in the dev elopmen t of the

prop osed system. Curren tly , the system is merc han t-driv en, whic h means

that users can buy only what merc han ts o�er them and if they w an t to �y

di�eren t routes, they are out of luc k. W e ha v e in tro duced in to the system

appropriate mec hanisms that when explored and utilized will mediate this

problem. Namely , e-shops will b e able to learn ab out unful�lled user requests

and resp ond to them. F urthermore, w e ha v e sp eci�ed ho w, in the future, it

will b e p ossible to mak e Shop A gent s able to adjust their b eha vior. These (and

an initial implemen tation of the system�whic h will in v olv e mo di�cation of

the existing co de-base of the original system and whic h will require obtaining

actual access to the GDS, whic h w e hop e to b e able to secure in the near

future) are also directions of our curren t researc h. W e will rep ort on our

progress in subsequen t pap ers.
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