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Abstract : Recently , agents that automatically trade
in an electronic market (e.g. Online auction) have at-
tracted attention as a topic of research. And, the event
of Trading Agent Competition (TAC) on research of
such agents hasbeenheld onceevery year since2000. In
this paper, as the �rst phaseof research for realization
of such agent, an agent strategy for TAC Classic game
is designed. As the results of experiment, it turns out
that a good result can be obtained in a certain situa-
tion. However, when a competitor's behavior changed,
there was a casethat a result becamebad. From these
results, it can be said that it is necessaryto take the
in
uence by behavior of competitors into consideration
also in an actual agent strategy. And it can be said the
accuracy of price prediction might a�ects the result.

1. In tro duction

Recently , trading in an electronic market has at-
tracted attention as a topic of research in the �eld of
Arti�cial Intelligence and multiagents systems. Online
auctions are the onemain �eld of electronic market, and
agents that automatically trade in such an auction are
studied. If such agents are realized, it will be thought
that inconvenienceof usersby online trading is reduced.

In such background, the event of Trading Agent
Competition (TAC) on research of such agents hasbeen
held onceevery year since2000[1][2][3]. The main pur-
poseof TAC is promoting high quality research about
strategies of agent that trades combinations of substi-
tutable and complementary goods automatically on si-
multaneous auctions.

Various researches on such strategies of agent are
made besides TAC. However, they are holding some
common problems. For example, becausethe standard
problem does not exist, there is a problem that an ex-
periment result can not be compared. Therefore, in
TAC, in order to solvesuch a problem, the market game,
which is constituted by simultaneous auctions for sub-
stitutable and complementary goods in the domain of
travel shopping, has beenmade as a standard problem.
The competition is held using this game. Participants
bring agents, and compete in the game. Thus, by com-
peting in the standard problem, it is thought that new

proper knowledgeof agent strategy is studied.
The purpose of our research is to design the agent

strategy in the actual simultaneousauction for multiple
goods. As the �rst phase for realization of such agent
strategy, we design the agent strategy for TAC Classic
game. The experiments using the agent are conducted
and the result is considered. In this way, research on an
element required for such an agent is conducted.

2. Trading Agen t Comp etition (T A C)
2. 1 TA C Classic game

The outlines of TAC Classicgameare as follows [4].
In the game, each agent (each participant) is a travel
agent, with the goal of assembling travel packages,and
eight clients who expresstheir preferenceindividually
are assignedto each agent. The objective of the agent
is to maximize total satisfaction of its clients. The pe-
riod which can be used for a travel is for �v e days.
Travel packagesconsist of three elements, 
igh t ticket,
hotel reservation, and entertainment ticket, and these
are traded in separatemarkets with di�eren t rules. The
following is detailed explanation about each goods.

Fligh t tic ket : In TAC Classic game, TACAIR is the
only airline. Flight tickets are sold in single seller auc-
tion, and each agent can only buy it. Each ticket has
an individually appointed date during the �rst day to
the �fth day and direction (in
igh t,out
igh t). Sinceall
clients must stay at least onenight, there are no in
igh ts
on the last day, nor out
igh ts on the �rst day. The price
of a 
igh t ticket is updated at random every 24 to 32
secondsaccording to the stochastic function decided in
advance. In many cases,the more time passes,the more
a price goesup. A 
igh t ticket is not sold out, and if an
agent bids at a price higher than a current ask price, it
can purchaseimmediately at the ask price.

Hotel : There are two hotels: The Tampa Towers(TT)
and The Shoreline Shanties(SS). TT is a hotel better
than SS. A client can not move between hotels. Each
hotel has 16 rooms per day during the �rst day to the
fourth day. Sinceclients needhotels only from the night
of their arrival and through the night beforetheir depar-
ture, no hotels are neededon the last day. There is one



auction every combination of hotel and night, each with
16 rooms. So,there are eight auctions in total. They are
traded in the ascendingmulti-unit auction. Theseauc-
tions are closedoneby onerandomly during four minute
to eleven minute every minute, and the auction clears
when it closes.The ask price is sixteenth highest price.
The bid submitted oncecan not be canceled.And when
agent submits new bid, they must follow the following
rules. When the current price is ASK, the new bid B
must be satis�ed following conditions:

1. B must buy at least one unit at a price of ASK+1
or greater.

2. If the agent's current bid B' would have resulted in
a purchaseof q units in the current state, then B
must buy at least q units at ASK+1 or greater.

En tertainmen t tic ket : There are three kinds of enter-
tainment tickets, Alligator wrestling, Amusement park,
and Museum. Each ticket hasan individually appointed
date during the �rst day to the fourth day, and it can
not be usedfor other day. A client cannot usean ticket
on the day of departure. At the time of a game start,
each agent receivesthe �xed number of ticketsrandomly.
These tickets are traded in contin uous double auction,
and agent can buy and sell. A price is determined ac-
cording to the balanceof supply and demand. Note that
only one kind of ticket can be used for one day.

An agent trades in thesegoodsand assemblesa travel
package. Each client has individual preferences,which
are a preferred arrival date (PA), a preferred departure
date (PD), a bonus of staying in TT (H B), and a bonus
of every kind entertainment ticket (AW; AP; M U). And
each client's utilit y (U) is calculated by the following
formulas according to thesepreferences.

U = 1000� tr avel penalty + hotel bonus+ ent bonus
tr avel penalty = (jAA � PAj + jAD � PD j)
hotel bonus= TT?� H P
ent bonus= AW ?� AW + AP ?� AP + M U? � M U

AA and AD are client's actual arrival and departure
date. TT? is the 
ag which shows whether the client
stayed at TT(0or1). AW ?, AP ? and M U? are the 
ag
which shows whether all kinds of entertainment ticket
are contained (0or1). Finally, an agent's score (evalu-
ation) is calculated by pulling the total cost from the
sum total of eight clients' utilit y.

Figure 1. The image of TAC Classicgame

2. 2 What is di�cult?

When agents operate within such simultaneous auc-
tions, there are many di�cult problems. Someexamples
are enumerated as follows. The �rst problem is that the
prices of each goods are not known until each auction
is closed. If prices are not known when an agent deter-
mines the combination of required goods, an agent can
not determine the optimal combination. So an agent
must predict prices by somemethod. The secondprob-
lem is that the necessarygoods can not be necessarily
obtained. To obtain popular goods is di�cult, because
a competitor exists in the market. If necessarygoods
are not obtained, the combination of goods has to be
changed. However, the lossesincreaseby changing the
travel packageagainand again. Thereforean agent must
avoid the popular goods as much as possible. The third
problem is timing in which 
igh t ticketsarebought. The
more time passes,the more prices of 
igh t ticket goes
up. However, becausethe ticket that bought once can
not be sold, buying the ticket too early loses
exibilit y
of changing travel package.

3. Design of agent strategy
This section explains the agent that is used in the

experiment of this research. Two kinds of agents, the
agent that is the object of our main considerations(this
is called GAAgent) and the agent that is usedasa com-
petitor in an experiment (this is called SimpleAgent),
areused. For implementation of agent, SICSTAC Agent
Ware beta 6, which can get at TAC Homepage[4], was
used. The following is explanation of each agent.

3. 1 The outline of GAAgen t

GAAgent's decision-making is roughly classi�ed, it
consistsof two parts. One is the part that predicts the
price, and another is that calculates the number of re-
quired goods. GAAgent regards TAC Classic game as
the maximization problem of a score. In each time of
game, GAAgent predicts the prices, and search combi-
nation of travel packagein which the scorebecomesthe
maximum. Next, theseparts are explained in detail.

3. 2 Price prediction of GAAgen t

The various techniques of the price prediction are
alsomounted in past TAC [5]. In this research, it carries
out as follows.

� Flight Ticket � The updating formula is known in
advance,but it contains an unknown constant that
is in the range of 10 to 90. Since this is decidedat
random, it is di�cult to know correctly. However,
the lower canbeestimated from changeof an actual
price and the value can be narrow down. From
the formula and this narrow-down value, expected
value of next price is calculated.

� Hotel � The price is predicted using Neural Net-
work. It is madeup of three layers: the input layer,
the middle layer, and the output layer. The input
layer has three units, the middle layer has eight



units, and the output layer has one unit. Input
data is the past three change of price, and it out-
puts the next predicted price. Each weight of Neu-
ral Network is determined in advance. They are
determined in such a way that meanssquared er-
ror is made minimum by GA using the data of the
price in the preliminary experiment which consists
of eight SimpleAgents. A neural network is individ-
ually prepared for every date and auction.

� Entertainment ticket � Special prediction is not
performed, and present price is used.

3. 3 Calculation of necessary goods of GAAgen t

Necessarygoods are calculated by GA. The design
of GA is referred to PaininNEC, which is the partici-
pating team of TAC [3], and added somechanges.One
client's travel package is represented in the character
sequenceof length 5, te1e2e3e4. t takes the value of -
1� 19 and represents the schedule of a travel and the
kind of hotel. A hotel type is decided by the size of
t. 0 � t � 9 represents hotel type is SS, 10 � t � 19
represents hotel type is TT. And, one of all possible
schedulesthat is di�eren t little by little is individually
assignedto each value of t. For example, t = 0or10
represents arrival on the �rst day and departure on the
secondday, t = 1or11 represents arrival on the second
day and departure on the third day. Exceptionally, if
t = � 1, it represents that no goods is bought about the
client unconditionally. e1e2e3e4 take the value of 0� 4
and each e represents the kinds of entertainment ticket
included in that day. The subscript represents the date.
For example, e1 = 1 represents that ticket of Alligator
wrestling on the �rst day is included, e1 = 2 represents
that ticket of Amusement park on the �rst day is in-
cluded, e1 = 3 represents that ticket of Museum on the
�rst day is included, e1 = 0 represents that no ticket on
the �rst day is included, and so on. One chromosomeis
represented in the character sequenceof length 40, and
it represents eight clients' travel package. The �tness
function is the scorecalculated from the travel package,
which is represented by each chromosome. Each chro-
mosomeis selectedusing Tournament selection. Then,
crossover is done using One-Point crossover, and muta-
tion is done. The GA parameters are as follows. The
number of generationis 8000,population sizeis 100, the
crossover probabilit y is 0.9, and the mutation probabil-
it y is 0.05. This calculation by GA is performed every
at oncein the time of a gamestart, and 3 � 11 minutes.
As prices of each goods, an averageprice in a prelim-
inary experiment is used at the time of a game start,
and prediction price is used in 3 � 11 minutes. This
GA optimizes the travel packageunder hypothesis that
all goods can be obtained certainly. A bid is submitted
to the goods that determined by this calculation.

3. 4 Bidding rule of GAAgen t

� Flight ticket � The pliabilit y of a travel pack will
be lost if a ticket is purchasedearly. But, if too late,

a price may soar. Therefore, if a prediction price
exceedsa threshold decided in advance, it will be
purchased.

� Hotel � A bid is submitted by prediction
price+alpha (alpha is the constant decided in ad-
vance and it meansmargin to avoid risk that it is
not possibleto make a successfulbid).

� Entertainment ticket � The purchaseprice is raised
astime passes,and a selling price is loweredastime
passes.This rule is common to SimpleAgent.

3. 5 The outline of SimpleAgen t

SimpleAgent doesnot perform complicated decision-
making like GAAgent. The procedureof operation is as
follows. First, if a gamestarts, the travel packagewhich
aims at completion will be determined. At this time,
a schedule is set up as the visitor wished. The type of
a hotel will be set to TT if the client's hotel bonus is
larger than a threshold (this threshold is determined at
random for every agent). Otherwise, it will be set to SS.
An entertainment ticket is contained in the high order of
a bonus as possible. Once a travel package,which aims
at completion, is decided, a changeof the target travel
packagesto others will not be made. Exceptionally, if
it turns out that the goods which a certain client needs
can not be obtained as the result of an auction, or if
a budget is exceeded,the bid only about the client is
stopped. A budget is set as the utilit y, which can be
acquired when a travel packageis completed.

4. Setting of an exp erimen t
In order to consider the agent strategy, the experi-

ment in three kinds of setup is conducted. As �rst exper-
iment, in order to considerthe tendency of fundamental
operation of GAAgent, gameis performed by oneGAA-
gent and seven SimpleAgents. As secondexperiment ,
in order to considerthat changeof a result when a com-
petitor changes,game is performed by four GAAgents
and four SimpleAgents. As third experiment, in order
to consider that a result when all the members use the
same strategy, game is performed by eight GAAgents.
100 gamesare performed for every experiment.

5. Exp eriman tal result and Disscusion
As shown in Figure.2, in the �rst experiment, the

GAAgent has taken the good score rather than Sim-
pleAgent and the standard deviation is also small. This
shows that change of the goods that is submitted bid
by GA depending on circumstanceshas succeeded.In
other words, it can be said that this strategy is e�ectiv e
rather than it stops bid. However, the result that the
whole performancefell was also seenas agents with the
same strategy increasedin number as the secondand
third experiments. Therefore, it can be said that the ef-
fectivenessof strategy is greatly in
uenced by competi-
tor's strategy. In order to obtain a better result, change
of the strategy according to the competitor's behavior
or the strategy which is not in
uenced by competitor's



behavior may be needed. As a feature of a game with
a low score,it is mentioned that the bid inclines toward
one kind of goods. So, it is necessaryto control devia-
tion of a bid by somesort of method.

Figure.3 shows averagevalue of total squareerror in
the 11 times price prediction on a game at every ho-
tel auction of 100 trials. It turns out that if environ-
ment changesa lot, the means squared error will in-
creasegreatly. It is thought the reason being that the
formula of Neural Network is �xed and information on
the state of the environment is not usedas an input.

Figure.4 shows scoreand meanssquarederror in the
�rst experiment. And, Table 1 shows correlation coef-
�cien t of scoreand meanssquarederror in each experi-
ment. In the �rst experiment, correlation that the score
is good in a game with a small meanssquarederror is
seena little. However, in the secondand third experi-
ments, such correlation is not seen.

The following considerationscan be said from these
experimental results. In order to realize a more e�ec-
tiv e strategy, the method of decision-making which is
not in
uenced as much as possibleby changeof behav-
ior of competitors, or which can changeown action ac-
cording to behavior of competitors is required. And,
it is thought that the technique of the price prediction
which is not in
uenced as much as possible by change
of a situation is also required.

Figure 2. Averagescoreand Standard deviation of 100
trials in each experiment

Figure 3. Averageof total squareerror of 100 trials

Figure 4. Scorevs. Means squared error of prediction
price in �rst experiment

Table 1. Correlation coe�cient of score and means
squarederror

experiment �rst second third
correlation coe�cient � 0:3090 � 0:1748 � 0:1845

6. Conclusion
As the �rst phase of research for realization of an

agent strategy in the simultaneous auction for multi-
ple goods, we designedthe agent that operates in TAC
Classicgame,and experimented using it. In reality, it is
necessaryto take into consideration the element of time
of when the goods can be purchased. However, because
it is very di�cult, the agent strategy is designedunder
hypothesis that all goods can be obtained certainly at
once in this instance. Someelements of time are taken
into consideration only about a 
igh t ticket at the time
of a bid. The following things canbesaid from the result
of an experiment. Agent succeededin obtaining a good
result by correcting the bid so that the scoremight be-
comethe maximum at the time of the gameeach. How-
ever, the decreasein the entire performance was seen
as the number of agents that had the samestrategy in-
creased. And, it can be said that the accuracy of the
price prediction might in
uence the result. From these
results, it is thought that the decision-making and the
price prediction that takesthe in
uence of competitor's
behavior into consideration are neededin the agent of
the reality. There are problems in achievement of the
purpose mentioned in Section 1 still more. However,
knowledge required for the achievement of the purpose
was able to be acquired in these experiments. The fu-
ture work is achievement of the decision-makingmethod
that takescompetitor's behavior into consideration,and
that takesa time element, which is not consideredthis
time, into consideration.
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