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Abstract. This paper proposes an approach to design behaviour-based
double auction mechanisms that are adaptive to market changes un-
der the Trading Agent Competition Market Design platform. Because
of the dynamics of the market environment, it is not feasible to test a
mechanism in all kinds of environments. Since the strategies adopted by
traders are well classified and studied, we will analyse and utilise the
behaviour of traders with each kind of strategy, design specific (trader-
dependent) mechanisms for attracting them, and finally integrate these
trader-dependent mechanisms to achieve adaptive mechanisms.
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1 Introduction

A double auction market allows multiple buyers and sellers to trade commodi-
ties simultaneously. Most modern exchange markets, e.g. the New York Stock
Exchange, use double auction mechanisms. In a typical double auction market,
buyers submit bids (buy orders) to the auctioneer (the market maker) offering
the highest prices they are willing to pay for a certain commodity, and sellers
submit asks (sell orders) to set the lowest prices they can accept for selling the
commodity. The auctioneer collects the orders and tries to match them using
certain market clearing policies in order to make transactions.

An annual Trading Agent Competition (TAC) Market Design Tournament
(CAT Tournament) was established in 2007 to foster research in the design of
double auction market mechanisms in a dynamic and competitive environment,
particularly mechanisms able to adapt to changes in the environment [I2]. A
CAT tournament consists of a series of games, and each game is a simulation
of double auction markets including traders (buyers and sellers) and specialists
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(market makers). Traders are simulated and provided by the tournament organ-
iser, while each specialist is a double auction market set up and operated by a
competitor. Traders dynamically swap between specialists to trade, while special-
ists compete with each other by attracting traders, executing more transactions
and gaining more profit. Therefore, the CAT tournament environment simulates
not only the dynamics of traders but also competition among specialists, which
renders the market design particularly challenging.

Although certain winning market mechanisms under the TAC competition
platform have been published [3J4/5I6], they cannot guarantee that a winning
mechanism is also competitive when the environment changes. This also ex-
plains why a winning specialist could not win all games in the final in past
tournaments. This is further demonstrated by Robinson et al. through one post-
tournament evaluation [7]. They showed that most specialists are susceptible to
environmental changes. This phenomenon raises the question of how to design a
competitive double auction market that is adaptive to environmental changes.

Central to becoming a winning specialist in the CAT tournament is attracting
as many good traders as possible in order to receive more good shouts, gener-
ate more transactions and therefore create more profit for both traders and the
market maker. This is also true for a real exchange market, as people normally
choose a market based on market liquidity and the number of traders in the mar-
ket. Moreover, there often does not exist a uniform mechanism that is attractive
to all kinds of traders, which also explains why different exchange markets use
different policies to target different traders in the real world. Therefore, it is very
important for a market maker to fully understand the market environment and
target the right customers. A key way to understanding the market environment
is analysing historical market information.

Therefore, in this paper we propose an approach based on traders’ behaviour to
design competitive mechanisms that are also adaptive to environmental changes.
By classifying and utilising traders’ behaviour, we first design mechanisms that
are competitive in environments with one kind of trader, and then integrate these
trader-dependent mechanisms to obtain competitive mechanisms for any complex
environment that is not known in advance.

This paper is organised as follows. After a brief introduction to the CAT
tournament platform in Sect. 2] we show how to classify traders based on their
behaviour in Sect. [Bl Section [ presents a way to utilise traders’ behaviour in the
design process and shows an experimental example. In Section [l we introduce
a more general extension of this approach, and conclude in Sect. [6] with some
suggested directions for future work.

2 Preliminary

This section will introduce the CAT tournament platform, called JCAT [§].
JCAT provides the ability to run CAT games. A CAT game consists of a CAT
server and CAT clients including traders (buyers and sellers) and specialists
(market makers). The CAT server works as a communication hub between CAT
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clients and records all game events and validates requests from traders and spe-
cialists. A CAT game lasts a certain number of days, say 500, and each day
consists of rounds. Each trading agent is equipped with a specific bidding strat-
egy and can only choose one specialist to trade in each day, while each specialist
is a combination of policies. Traders are configured by the competition organiser,
and each specialist is set by a competitor.

Each trader is configured with a private value (i.e. its valuation of the goods
it will trade), a market selection strategy and a bidding strategy. The market
selection strategy determines a specialist to trade in each day, and the bidding
strategy specifies how to make offers. The main market selection strategies used
in previous competitions are based on an n-armed bandit problem where daily
profits are used as rewards to update the value function. Bidding strategies
integrated in JCAT are those that have been extensively studied in the literature,
namely ZIC (Zero Intelligence-Constrained [9]), ZIP (Zero Intelligence Plus [10]),
GD (Gjerstad Dickhaut [I1]), and RE (Roth and Erev [12]).

Each specialist operates one exchange market and designs its own market
rules in terms of five components/policies, namely accepting policy, clearing
policy, matching policy, pricing policy and charging policy. Accepting policy
determines what shouts/orders are acceptable. Clearing policy schedules clearing
time during a trading day. Matching policy specifies which ask is matched with
which bid for clearing. Pricing policy calculates a transaction price for each
match given by matching policy. Charging policy is relatively independent from
other policies and determines the charges a specialist imposes on a trading day,
e.g. fees for each transaction.

3 Behaviour-Based Trader Classification

Given an unknown environment, the key to understanding it is analysing traders’
behaviour. Especially when the strategies adopted by traders can be clearly clas-
sified, we want to find out traders’ behaviour patterns for different strategies, i.e.
the relationship between traders’ strategies and their behaviour. Therefore, we
can distinguish traders in terms of their behaviour and apply different policies
for different traders. In this section, based on JCAT, we introduce how to col-
lect traders’ behaviour-related information, define the categories of traders and
finally show how to classify traders based on their behaviour.

3.1 Data Acquisition

In JCAT, for each trader i and each specialist s, all specialists can obtain the
following trader-related historical information.

— Accepted shouts of i by s.
— Cleared/Matched shouts of i by s.

The above information is also the only information about each trader available
for all specialists. The trader of a rejected shout is never revealed to any spe-
cialist, even the specialist whom the shout was submitted to. Therefore, the ac-
ceptance of a shout cannot depend on the sender’s historical information. Given



Behaviour-Based Mechanism Design 127

the above information about each trader, we need to pre-process it depending on
what we need for the design process, e.g. the average clearing price for a trader
in a specialist during a period of time and a trader’s trading time distribution.

3.2 Defining Categories of Trader

Given the perfect equilibrium price p} of a marke@, we classify traders into two
different categories, intra-marginal and extra-marginal:

— Intra-marginal: A seller (buyer) ¢ with private valuation v; is intra-marginal
if v; < p; (vi >p;).
— Extra-marginal: Otherwise.

The reason for classifying traders into these two categories is that intra-marginal
traders can bring profitable shouts to a market, while extra-marginal traders do
not. Therefore, a competitive specialist needs to attract more intra-marginal
traders. We can further classify intra-marginal traders in terms of their bidding
strategies.

3.3 Category Recognition from Behaviour

We say a trader is attracted by a specialist if the trading time the trader spent in
that specialist is much greater than the time it spent in any other specialist. We
know that a profit-seeking trader chooses a specialist that has given it the highest
profit in some past period. In order to give a trader profit, a specialist has to
match its shouts as many as possible with profitable clearing prices. Therefore,
intra-marginal traders are more likely to be attracted. Thus, a trader’s trading
time distribution (i.e. stability) will be the main information to be considered in
its category recognition.

Trading Time Distribution. As the main market selection strategy adopted
in CAT competitions, e-greedy selection determines what is the most profitable
specialist for a trader and then selects this specialist with probability of 1 —e and
the others randomly with probability e. This selection strategy uses reinforce-
ment learning method based on the profit a trader received from each specialist.
€ is mostly set to be 0.1 in CAT competitions.

Based on the above market selection strategy, we recognised the following
trading time distribution patterns. We say a trader ¢ is more stable if the time
(w.r.t. the number of days) that ¢ spent in each market varies significantly, i.e.
the standard deviation of the trading time is higher. Generally speaking, intra-
marginal traders are much more stable than extra-marginal traders under the
same bidding strategy, but the degree of stability varies with bidding strategies.

— Under the same bidding strategy. All intra-marginal traders have similar trad-
ing time distribution, in other words, intra-marginal traders with valuations

! The equilibrium of a market where traders truthfully report their demand and val-
uations.
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far from the perfect market equilibrium are not more stable than those with
valuations close to the perfect market equilibrium. Extra-marginal traders
with valuations close to the perfect equilibrium are less stable than intra-
marginal traders, but they still have preferences between markets. When
valuations of extra-marginal traders are far from the perfect market equilib-
rium, they have no strict preference for any market, i.e. the times spent in
each specialist are very close to each other.

— Degree of stability with different strategies. Given similar valuations, GD,
ZIP and ZIC traders are more stable than RE traders. One reason is that an
RE trader uses the profit that it was able to obtain in the most recent trading
in a market to adjust (increase) its bidding price, so it will keep increasing
its bidding price in a market until finally its shouts cannot be successfully
matched, which will cause the trader to move to another market.

Stability vs Intra-marginality. As we have mentioned in the above, most
intra-marginal traders are very stable. However, some extra-marginal traders
with valuations close to the perfect equilibrium can also be very stable if there
are some specialists that have very high probability to match their shouts while
others cannot do so. Therefore, a stable trader doesn’t need to be intra-marginal.
To find out whether or not a stable trader is intra-marginal, we need further in-
formation about their behaviour, e.g. bidding prices. If a stable seller’s (buyer’s)
average bidding price is above (under) the equilibrium price, then it maybe not
intra-marginal. In general, the selected information should be able to efficiently
classify traders into the categories you defined.

4 Behaviour-Based Policy Design

A mechanism in a specialist is a combination of different policies and the rela-
tionship between these policies are not completely clear, so searching a compet-
itive combination without restriction under this setting will be computationally
intractable. In general, we limited the search space for each policy to certain well-
known alternatives that are normally trader-independent. Moreover, there often
exist many policy combinations that are competitive under the same market en-
vironment, which can be seen from the results in [6]. However, in our approach,
since we have gained an understanding of traders’ behaviour, we are able to fur-
ther limit the search space by utilising traders’ behaviour. More importantly, we
want to further utilise traders’ behaviour information to design trader-dependent
mechanisms that attract one kind of trader, and integrate those trader-dependent
mechanisms to achieve adaptive mechanisms that are attractive to all kinds of
traders. In the rest of this section we will define the policies of a specialist by
using traders’ behaviours and propose a two-step method to search adaptive
mechanisms.

4.1 A Search Space of Behaviour-Based Policies

Combined with traders’ behaviours, the following policies are adapted from the
literature.
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Accepting Policy. Once a specialist gets a new shout, it has to first decide
whether or not to accept it. If too many extra-marginal shouts are accepted, they
will not be matched and therefore the transaction rate will be very low. So why
does not a specialist only accept shouts from traders that it wants to attract?
Unfortunately, a specialist does not know who is the sender of a shout before
the shout is accepted in CAT competitions. Instead some other general market
information can be used here, e.g. the equilibrium price of historical shouts
received in a market. We will use the equilibrium price of historical shouts to set
up a maximum (minimum) acceptable ask (bid) price for each day, as historical
equilibrium can approximately distinguish between intra-marginal and extra-
marginal shouts.

Given current day ¢, most recent M historical shouts HM, the maximum
acceptable ask price A? and minimum acceptable bid price A? are defined as:

A¢ = E(HM) + 6% « F2
Ab = E(HM) — ¢ « F?

where E(HM) is the equilibrium price of H;, F®, F? > 0 are relaxations, and
62,6° € [0,1] are the relaxation rates. F and F? are calculated for each day,
and 6%, 6" are dynamically updated during a day, say, updated after each round.

Matching Policy. The two most used matching policies are equilibrium match-
ing and mazimal matching. Equilibrium matching is used to find the equilibrium
price p. which balances the bids and the asks going to be matched so that all the
bids with price p > p. and all the asks with price p < p, are matched [13]. The
aim of maximal matching is to maximise the number of transactions/matches by
matching high intra-marginal shouts with lower extra-marginal shouts if neces-
sary. The main difference between these two matchings is that maximal match-
ing moves some profit from high intra-marginal traders to lower extra-marginal
traders so that lower extra-marginal traders are attracted. Actually maximal
matching can also be used for other proposes, e.g. stabilising some high intra-
marginal traders, which can be seen in a mechanism for attracting GD traders
in Section 3] But one disadvantage of maximal matching is that if it moves too
much profit from high intra-marginal traders, they will leave the market so that
other intra-marginal traders will be affected recursively. At the same time, since
equilibrium matching always gives more profit to high intra-marginal traders,
some profit seeking traders, like ZIC and RE traders, will keep increasing their
profit margin so that their shouts are difficult to match.

Because of the availability of each traders’ behaviour information, we will
adopt this information for the matching policy. The following are the two addi-
tional policies we used in this framework.

1. Double Equilibrium Matching. We run two matchings one after another. The
first matching is an equilibrium matching based on the bidding price of
shouts. The second matching rematches the matched shouts given by the
first matching in terms of the average clearing price of each sender’s current
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Algorithm 4.1. Modified Discriminatory k-pricing Policy
Input: a: ask, b: bid
Output: p: clearing price

if s(a) is more attractive than s(b) then k=1— minK;
else k= minK;

1 begin

2 if best(s(a)) = m; and best(s(b)) = m; then k = 0.5;

3 else if best(s(a)) = m; (or best(s(b)) = m;) then

4 if s(b) (or s(a)) is attractable then k= minK (or k =1—minK);
5 ‘ else k =0.5;

6 else

7

8

9

end

10 if p*(a) < p*(b) then p, = max(p*(a),p(a)); pp = min(p™(b), p(b));
11 else pa, = p(a); pp = p(b);

12 P =Dpa+kx(pp—pa);

13 end

best marketﬁ, called best clearing price. The second matching matches two
shouts if the gap between their best clearing prices is very small. This is
because their best clearing prices are good enough to attract them and also
don’t give them too much space to increase their profit margin.

2. Behaviour-based Mazimal Matching. Maximal matching is guided by traders’
behaviour so that extra-marginal shouts are matched only if the senders are
those whom we want to attract, i.e. stable traders.

Pricing Policy. Pricing policy will also play a very important role not only in
attracting traders but also in stabilising traders. We use a modified discrimina-
tory k-pricing policy, where k is dynamically determined for each match accord-
ing to the two corresponding traders’ behaviour. Let p(z) indicate the bidding
price of shouts z, s(z) indicate the sender of shout z, best(t) indicate the current
best market of trader ¢, and p*(¢) is the average clearing price for trader ¢ in
best(t). Assume the current specialist is m;, Algorithm [Tl gives the pseudo-code
of the modified pricing policy, where minK € [0, 1] is what we have to set up for
each different goal. The key idea of this policy is stabilising/keeping traders a
specialist has already attracted and attracting those that are not attracted yet.
The attractability of a trader is dependent on the overall design goal.

Clearing Policy. There are two main clearing policies used in TAC competi-
tions, round-based and continuous. Round-based clearing clears at the end of
each round, while continuous clearing clears whenever there is a new match
available. Matching policy is sensitive to clearing policy. For instance, maximal
matching will be useless with continuous clearing. Moreover, traders will have
chances to revise their shouts if the market does not clear for some rounds during
a day. We use a modified version of round-based clearing policy in this frame-
work. Instead of clearing in each round, we choose a fixed number of clearing time

2 The current best market of a trader is the market where it trades most.
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points according to the number of goods each trader has, for example, we clear
5 times a day if each trader requires to exchange 3 items. Then we distribute
clearing time points into the 10 rounds of a day by giving greater preference to
the first 5 rounds. Thus, we clear more in the beginning of a day while waiting
longer near the end of a day, because intra-marginal traders become less and less
when it is approaching the end of a day and we want to give unsatisfied traders
more chances to improve their shouts.

Charging Policy. Charging is a trade-off between traders’ profits and a special-
ist’s profit. It is not closely related to the above policies, but it affects traders’
market selection. Therefore, most specialists in previous competitions do not
charge in the beginning of a TAC game in order to attract traders. However, for
most high intra-marginal traders, charging does not affect their profit too much,
because they already reserved a large profit margin by bidding a very low (high)
price to buy (sell). This framework will only focus on profit fee, as other fees,
i.e. registration fee, transaction fee and information fee, could lead to O profit
even for a trader who has successfully traded in the market.

4.2 Searching Adaptive Mechanisms

We know the main challenge for stabilising/attracting traders is stabilising their
bidding prices, which depends on their bidding strategies. In other words, we
might not be able to find a uniform mechanism that is attractive to traders
with any kind of bidding strategy. Therefore, instead of searching for competi-
tive mechanisms in a mixed environment from the very beginning, we propose
a two-step approach. We first identify trader-dependent mechanisms that are
competitive in an environment with only one kind of trader. Then we combine
trader-dependent mechanisms together to achieve mechanisms that are compet-
itive in any environment.

Trader-dependent Mechanism Design. Given the goal of a trader-dependent
mechanism that we want to achieve (or a function of trader-dependent mecha-
nism to maximise), we first set up the testing environment according to the goal
and an initial mechanism as the current best mechanism, and then monoton-
ically modify only one of the parameters in the search space to compete with
the current best to find the next best one that increases the goal function the
most, until we cannot find any modification that has any significant improve-
ment of the function. Note that we require the modification of each parameter to
be monotonic, i.e. update/change in one direction. Algorithm describes the
searching process for trader-dependent mechanisms. This algorithm will return
mechanisms that locally maximise the goal function. In order to get an overall
optimal mechanism, we can repeat this process with different initialisations.

Adaptive Mechanisms with Trader-dependent Mechanisms. Once we
get trader-dependent mechanisms for each kind of trader offline, we will adapt



132 D. Zhao, D. Zhang, and L. Perrussel

Algorithm 4.2. Searching Trader-dependent Mechanism

Input: mo: initial mechanism, fp,: a function of mechanism to maximise, §: the
minimum improvement

Output: m*: the local best mechanism

1 begin

2 CurrBest < myg;

3 repeat

4 m” «— CurrBest;

5 foreach policy parameter r do

6 m’ « monotonically update r in m*;

7 if fm(m') > fm(CurrBest) then CurrBest — m’;

8 end

9 until f,(CurrBest) < fm(m*)+4 ;

10 end

them online for any market environment. The main idea is to use the classifi-
cation learned in Section Bl to determine each trader’s category and apply the
corresponding trader-dependent mechanism. However, we might end up with
many inconsistent trader-dependent mechanisms that are required to run to-
gether for some environments. In such a case, we have to either apply only one
of them or mix them by giving different priority to apply each of them. In or-
der to make such a discrimination, we need to ascertain which trader-dependent
mechanism will attract more good traders, which can be done, for example, by
statistical analysing traders’ behaviour.

4.3 Experiments

In this section, we show a trader-dependent mechanism that is attractive to intra-
marginal traders with GD bidding strategy, which is also the most attractive
bidding strategy adopted by traders [14].

GD traders use the market history of submissions and transactions to form
their beliefs over the likelihood of a bid or ask being accepted, and use this belief
to guide their bidding [IT]. Then the bidding strategy is to submit the shout that
maximises a trader’s expected profit, i.e. the product of its belief function and
its linear utility function.

Based on the search space given in Section EIl and our specialist agent
jackamoﬁ, we identified a trader-dependent mechanism that is very good at
attracting intra-marginal GD traders. The value of each parameter of the mech-
anism is given in Table [I, where A, and B, are respectively the accepted asks
and bids until round r in one day. We have tested this trader-dependent mech-
anism (JaGD) with other competitive agents available from the TAC agents
repositoryll, CUNY.CS. V1 (Cu09.1), CUNY.CS.V2 (Cu09.2), Mertacor (Me09),
cestlavie (Ce09), jacakroo (Ja09) from CAT 2009 final, and PoleCat (Po10), Mer-
tacor (Mel0) from CAT 2010 final. Tables2land Blshow the average trading time

3 Achieved 3rd, 1st, and 2nd in CAT Tournament 2008, 2009, and 2010, respectively.
4http://www.sics.se/tac/
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Table 1. GD Attractive Mechanism

Policy |Parameter Value
F2 F? 6
Accepting 0° 1 — max(0, ATA*TBT)
o° 1 — max(0, BTL;TAT)
Matching |Behaviour-based Maximal Matching
Pricing minKk | 0.15
Clearing Modified Round-based
Charging 12% profit fee

Table 2. Average Trading Time Distribution of Each Type of Trader

Specialists L.
Cu09.1[Cu09.2[Me09 1\110 Pol0]Ce09] Ja00 | JaGD |5 tandard Deviation
ZIC Sellors| 39.60 | 40.40 |54.20|136.27|56.83|55.07|42.87| 74.77 31.95
7ZIC Buyers| 41.77 | 36.13 |46.23|125.53|67.13/53.93]46.17| 83.10 29.64
7ZIP Sellers| 15.43 | 16.77 |50.00|179.20]62.50|50.83|59.40| 65.87 51.04
7ZIP Buyers| 18.30 | 21.07 |49.00|197.83|64.50/40.90|45.37| 63.03 57.24
GD Sellers | 20.73 | 22.46 [49.29] 77.80 |87.43]62.37|37.84|142.09 1021
GD Buyers| 22.91 | 19.57 |51.23] 69.50 |79.84|69.66|41.34|145.94 40.26
RE Sellers | 53.10 | 47.31 |53.59| 89.76 [69.46|67.90|55.91| 62.97 13.43
RE Buyers| 55.19 | 51.56 |55.61| 86.56 |73.07|64.94]55.07] 58.00 11.01

distribution of one CAT game (500 days), where the bold value in each row shows
which market the traders in this row selected most and the underlined value in
each column indicates which kind of traders were attracted most by the special-
ist in that column. The environment is mixed with 70 GD, 70 RE, 30 ZIC, and
30 ZIP buyers and sellers respectively, with valuations uniformly distributed in
[60,160], i.e. the perfect market equilibrium is 110. From Table 2l we can see that
JaGD attracted about 30% of GD traders’ trading time (the average for each
market is 12.5%). Table B] further shows that most traders attracted by JaGD
are intra-marginal GD traders, and some lower extra-marginal traders are also
attracted because of the use of maximal matching. It is worth mentioning that,
except GD traders, this trader-dependent mechanism is not appealing to other
traders, and it is also the case vice versa which can be seen from Me10.

5 A Framework for Behaviour-Based Mechanism Design

In this section, we want to summarise our behaviour-based design approach to
a more general adaptive mechanism design framework based on traders’ be-
haviour. This framework consists of data acquisition, behaviour-based classifica-
tion of traders, defining behaviour-based policies, trader-dependent mechanism
design and integrating trader-dependent mechanisms.

1. Data acquisition collects and aggregates market information, especially trader
related information, which will be the foundation of the other components.
Some statistical and data mining methods can be adapted here.
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Table 3. Average Trading Time Distribution of Buyers

Specialists L.
[Cu09.1]Cu09.2]Me09] Mel0 | Pol0 | Ce0d [ Ja09 | JaGD IStandard Deviation
intra-marginal buyers (with valuations between 160 and 110)
ZIC| 27.60 | 17.27 |34.13]|181.27| 65.27 | 46.20 [36.73| 91.53 53.39
7ZIP| 18.70 | 20.85 [42.10|256.15| 58.85 | 27.40 |40.90| 35.05 79.31
GD| 23.97 | 18.64 {36.72| 70.92 | 75.42 | 64.81|18.53{191.00 57.02
RE| 42.53 | 39.88 [48.84|113.66| 82.91 | 68.22 |47.84| 56.13 25.12
lower extra-marginal buyers (with valuations between 110 and 90)
ZIC| 48.25 | 49.38 |56.13| 79.38 | 71.88 | 58.75|50.38| 85.88 14.62
ZIP| 16.60 | 23.40 {46.00| 89.80 | 71.80 |60.20 [34.20{158.00 45.77
GD| 28.44 | 21.44 |38.89| 47.67 |108.89| 65.22|33.56|155.89 46.81
RE| 68.86 | 57.86 |55.14| 66.00 [70.29|62.71 [59.14| 60.00 5.43
other extra-marginal buyers (with valuations between 90 and 60)
ZIC| 64.71 | 61.43 [60.86| 58.86 [65.71|65.00 [61.57| 61.86 2.39
ZIP| 18.40 | 19.60 [79.60| 72.60 |79.80(75.60 |74.40 80.00 26.99
GD| 19.40 | 20.24 |76.56| 75.32 | 75.76 |78.24|77.00| 77.48 26.36
RE|65.16 | 62.19 [62.71| 63.23 | 63.55 | 62.06 |61.61| 59.48 1.64

2. Behaviour-based classification of traders distinguishes traders in terms of
their behaviour. This step heavily depends on the information obtained in
the first step. Some machine learning methods, e.g. decision tree leaning,
might be useful here.

3. Defining behaviour-based policies determines how to utilise behaviour in spe-
cialist policies. The main contribution of traders’ behaviour in this stage is
connecting the loosely coupled policies to reduce the search space.

4. Trader-dependent mechanism design identifies mechanisms that are compet-
itive in environments with only one of kind of trader.

5. Integrating trader-dependent mechanisms combines all trader-dependent
mechanisms to achieve mechanisms that are competitive under an environ-
ment containing a mixture of any kinds of traders.

6 Conclusion

We have introduced a behaviour-based adaptive mechanism design approach
under the Trading Agent Competition Market Design platform. This approach
consists of behaviour-based trader classification, mechanism design for specific

environments (called trader-dependent mechanism design) and integrating trader-
dependent mechanisms for any complex environments that are not known in

advance. To the best of our knowledge, this is the first market design frame-

work heavily depending on traders’ behaviour (i.e. market history). By integrat-

ing traders’ behaviour into market policies, we are able to constrain the search

space of double auction mechanisms. More importantly, because of gaining an

understanding of the market environment from traders’ behaviour, the resulting

mechanisms will apply differential policies for attracting different traders and

therefore be more focused, more competitive and adaptive.

However, how to use traders’ behaviour information more efficiently in trader
classification and specialist policy design is worth further investigation. For in-
stance, we might be able to use certain well studied methods from data mining,
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e.g. decision tree learning, in behaviour-based trader classification, and even
build a clearer relationship between the loosely coupled policies of specialist by
using traders’ behaviour information to further improve the design quality.

References

1. Cai, K., Gerding, E., Mcburney, P., Niu, J., Parsons, S., Phelps, S.: Overview of cat:
A market design competition version 2.0. Technical report, University of Liverpool
(2009)

2. Parkes, D.C.: Online mechanisms. In: Algorithmic Game Theory. Cambridge
University Press, Cambridge (2007)

3. Vytelingum, P., Vetsikas, I.A.; Shi, B., Jennings, N.R.: lamwildcat: The winning
strategy for the tac market design competition. In: Proceeding of the 18th European
Conference on Artificial Intelligence, pp. 428-432 (2008)

4. Stavrogiannis, L.C., Mitkas, P.A.: Cat 2008 post-tournament evaluation: The mer-
tacors perspective. In: IJCAI Workshop on Trading Agent Design and Analysis
(2009)

5. Honari, S., Ebadi, M., Foshati, A., Gomrokchi, M., Benatahr, J., Khosravifar, B.:
Price estimation of persiancat market equilibrium. In: IJCAI Workshop on Trading
Agent Design and Analysis, TADA (2009)

6. Niu, J., Cai, K., Parsons, S.: A grey-box approach to automated mechanism design.
In: Proceedings of the 9th International Conference on Autonomous Agents and
Multiagent Systems: volume 1 - Volume 1. AAMAS 2010, pp. 1473-1474 (2010)

7. Robinson, E., McBurney, P., Yao, X.: How specialised are specialists? Generalisa-
tion properties of entries from the 2008 and 2009 TAC market design competitions.
In: David, E., Gerding, E., Sarne, D., Shehory, O. (eds.) AMEC 2009. LNBIP,
vol. 59, pp. 178-194. Springer, Heidelberg (2010)

8. Niu, J., Cai, K., Parsons, S., Gerding, E., McBurney, P., Moyaux, T., Phelps, S.,
Shield, D.: Jcat: a platform for the tac market design competition. In: AAMAS
2008 (2008)

9. Gode, D.K., Sunder, S.: Allocative efficiency of markets with zero-intelligence
traders: Market as a partial substitute for individual rationality. Journal of Po-
litical Economy 101(1), 119-137 (1993)

10. CIliff, D.: Minimal-intelligence agents for bargaining behaviors in market-based en-
vironments. Technical report (1997)

11. Gjerstad, S., Dickhaut, J.: Price formation in double auctions. In: E-Commerce
Agents, Marketplace Solutions, Security Issues, and Supply and Demand, pp. 106—
134. Springer, London (2001)

12. Erev, 1., Roth, A.E.: Predicting how people play games: Reinforcement learning in
experimental games with unique, mixed strategy equilibria. American Economic
Review 88(4), 848-881 (1998)

13. Friedman, D., Rust, J.: The Double Auction Market: Institutions, Theories, And
Evidence. Westview Press, Boulder (1993)

14. Phelps, S., Mcburney, P., Parsons, S.: Evolutionary mechanism design: a review.
Autonomous Agents and Multi-Agent Systems 21, 237-264 (2010)



	How to Make Specialists NOT Specialised in TAC Market Design Competition? Behaviour-Based Mechanism Design
	Introduction
	Preliminary
	Behaviour-Based Trader Classification
	Data Acquisition
	Defining Categories of Trader
	Category Recognition from Behaviour

	Behaviour-Based Policy Design
	A Search Space of Behaviour-Based Policies
	Searching Adaptive Mechanisms
	Experiments

	A Framework for Behaviour-Based Mechanism Design
	Conclusion



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


