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Preface

Welcome to Game-On 'NA 2007, the third North American sister event of the
well-established European Game-On conference series on Al and simulation in
computer games. The University of Florida in Gainesville is the setting for this
year’s event and as one of the driving forces behind simulation and research the
ideal venue for hosting this topic related event.

Just like previous years game Al and content-generation constitutes the main
focus of the event with simulated board games coming in as the second most
important factor in game development.

As well as the peer-reviewed papers, Game-On 'NA 2007 features a keynote talk
by Jim Brazell, Consulting Analyst, Digital Media Collaboratory, University of
Texas, Austin entitled: “The Future is Here: Video Games, Virtual Worlds and
Mixed Reality”.The second invited presentation is by Roger Smith Ph.D. Chief
Technology Officer U.S. Army Program Executive Office for Simulation, Training
and Instrumentation entitled: “Taking Game Technology Seriously* Last but not
least there is also Tutorial on Mixed Reality by Charles Hughes, University of
Central Florida

Game-On 'NA 2007 is of course, also about making contacts in the computer
game research community. Several social events are planned, including, a
conference dinner and tours of the Digital Worlds Institute - REVE and Atrtificial
Studios. This tour will include, a tour of the office to all who'd like to see it, and a
demonstration of the company's various products (which include "Reality
Engine", "CellFactor”, "Monster Madness" We hope you find your time at this
Game-On '‘NA productive and enjoyable while also enjoying the Florida
hospitality.

Paul Fishwick and Benjamin Lok
Conference Chairs

University of Florida

Gainesville, USA
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Games-Nano-Bio-Info-Cogno: How are video games connected to 21
century science and learning?

Jim Brazell,
Consulting Analyst,
Digital Media Collaboratory,
University of Texas at Austin
im@ventureramp.com

Keywords: Video Games, Virtual
Worlds, Serious Games, 21 Century
Science, Convergence, Transdiscipli-

nary.
Introduction:

"... not only is change a constant,
but the pace of change is accelerat-
ing. It's growing exponentially. And it's
about doubling every decade. And so
in the next 25 years we'll see 100
years of progress at to-day's rate of
progress... It's not just a matter of
dealing with one revolution. We have
many intersecting revolutions in
biology, information science, materials
science with nanotechnology and so
on. We're going to have to deal with

this panoply of intersecting,
accelerating trends." --Kurzweil,
Voices of Innovation, American

Association of Engineering Societies

Today, we are witnessing the con-
silience (‘jumping together,” Wilson) of
natural and physical sciences. This
jumping together of scientific domains,
evident in the fusion of nanoscience,
bioscience, information science and
cognitive science is expressed in the
literature as “nano-bio-info-cogno” and
“convergence.” The trend of consilience
resurfaces the  requirement  for
transdisciplinarity.

...transdisciplinarity concerns that which
is at once between the dis-ciplines,
across the different dis-ciplines, and
beyond all discipline. Its goal is the
understanding of the present world, of
which one of the imperatives is unity of
knowledge. --Nicolescu, 2003

Transdisciplinarity implies solving
real world problems that do not have
prescribed answers in such a way
as to unite learning, R&D and
innovation into one act. --Brazell,
2004

Workers with transdisciplinary skills are
needed in government, military, industry,
and academia  (World  Technology
Evaluation Center; Turpin, 2000; Stanford
University, 2002; Arts and Humanities
Research Board; Daly, Farley, Thomson,
2001; MST News, 2003; World Technology
Evaluation Center; Office of Scientific and
Technical Information, 2002; TANSEI,
2002; De Marca, Gelman; Carty, 1998;
Nanotechnology Research |Institute). To
meet the needs and challenges of the 21°
century, science, industry and private
sector leaders are calling for a qualitative
evolution of learning systems:

‘Half a millennium ago, Renaissance
leaders were masters of several fields
simultaneously. Today, however, special-
ization has splintered the arts and



engineering, and no one can master
more than a tiny fragment of human
creativity. The sciences have reached a
watershed at which they must combine
if they are to continue to advance
rapidly. Convergence of the sciences
can initiate a new renaissance
embodying a holistic view of technology
based on transformative tools, the
mathematics of complex systems, and
unified cause-and-effect under-standing
of the physical world from the nanoscale
to the planetary scale.

“‘Educational institutions at all levels
should undertake major curricular and
organizational reforms to restructure
the teaching and research of science
and engineering so that previously
separate disciplines can converge
around common principles to train the
technical labor force for the future.

“Manufacturing, biotechnology, infor-
mation and medical service cor-
porations will need to develop
partnerships of unparalleled scope to
exploit the tremendous opportunities
from  technological convergence,
investing in production facilities based
on entirely new principles and
materials, devices and systems, with
increased emphasis on human
development.” --World Technology
Evaluation Center, 2002

Transdisciplinarity may seem like lvory
Tower language, however, transdis-
ciplinaritry implies beyond the dis-
ciplines—a concept that is beyond
many specialized academics. Where
can we find transdisciplinary actors
today?

You may be surprised with the
answers—virtual worlds, serious games

and network video games. The mod’ers and
builders affiliated with these communities of
practice are transdisciplinary actors.
Mod’ers fuse artistic, scientific and
engineering techniques. Mod’ers often
straddle learning and commercialization--a
key aspect of transdisciplinarity (“Counter
Strike” and the origins of “Space War”). To
sum the connection between gaming and
21+ Century Science: both endeavors
require whole brain, adaptive leaders able
to cope and even flourish in uncertain,
complex situations requiring effective
human collaboration in network
environments.

Educational programs, economic develop-
ment initiatives and workforce programs
should recognize the relationship between
popular network game youth culture, the
needs of 21st Century Science and the
pressing requirement for new engineering
and science-related teachers, executives
and R&D professionals. Gamers represent
a bridge to the natural learning systems and
creativity needed to cope with the increased
velocity of new scientific and technical
knowledge.

Links between 21st Century Science,
gaming and learning are emerging. In
medical science Cai, Snel, Bharathi, Klein,
and Klein-Seetharaman have developed
BIOSIM, a network learning game and
Problem Solving Environment (PSE). The
game uses data from the human genome, a
game engine, and four and five-year old
children to teach biology and simul-
taneously to identify the chromosome
responsible for fatal meningitis. The
BIOSIM Problem Solving

Environment contains three interaction
modes: role-play, voyage, and networked
problem solving meningitis (Cai, Snel,



Bharathai, Klein, Klein-Seetharaman, example of transdisciplinarity. BIOSIM

2003). illustrates cross appropriation among K-12
education, network games, network

This cross appropriation of innovation learning and bio-informatics domains.

from one domain to another through

social construction of knowledge is an

Source: Cai, Snel, Bharathai, Klein, Klein-Seetharaman, 2003

The knowledge domains in the games, with the exception of increased
BIOSIM example illustrate unity of emphasis on cognitive science and subject
systems--transdisciplinarity. The func- matter expertise in the domain of inquiry
tional domains required to create (genetics).

BIOSIM are nearly identical to network
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Games-Nano-Bio-Info-Cogno curri-cula
and practicum should mirror self-
organizing communities of practice,
learning through social construction of
technological sys-tems, critical thinking,
collaboration in network environments,
and distributed cognition. Theoretical
underpinnings should be taught through
applied learning environ-ments and
tools such as telescience,

whereby experimentation drives inquiry
and innovation. Studies in ethics, social
consequences of technology and
philosophy should be emphasized. A
transdisciplinary path of unified learning,
IP creation and commercialization should
also be explored with special attention to
cultural, political and legal values and
systems.

Games-Nano-Bio-Info-Cogno

K-12 schools, colleges and universities
should consider  forming trans-
disciplinary learning models with inter
organizational  networks  supporting
specific  historical and emerging
industry, market and technology clusters
relevant in each locality and as a
component of a larger holistic network of
regional and global economic
development activities.

Swarm learning through semi-auto-
nomous networks should be used to
shift our focus from replacing teachers
with technology to human mentoring
and peering through online tools and
environments; from teaching to learning,
from assembly line systems and
organizations to  self-synchronizing,
network structures; from theory or
practice to theory and practice; from



proprietary learning systems to
open learning systems; from eLearning to
the whole learning ecology; from pro-
prietary teaching architectures to open,
egalitarian learning systems.

Education systems with a focus on state-
of-the-art and emerging technologies and
cultural practices should support the
fusion of games-nano-bio-info-cogno with
the following goals:

+ Establish a new, broader learning

systems model through transdisciplinarity.

* Network academics with industry and
government needs.

* Fuse learning, R&D and
commercialization.

* Unite disciplines through situated
learning, problem-based inquiry and
collaborative discovery.

* Explore the value choices made possible

by modern science and technology.

* Pursue local, regional, statewide,
national, and global network linkages.

* Facilitate the diffusion of new
technologies, new knowledge, and new
processes that work based on empirical
validation.

To learn more about Games-Nano-Bio-Info-
Cogno, please download the full report
Gaming: A Technology Forecast — Impli-
cations for Texas Community and Technical

Colleges on the web at:

http://system.tstc.edu/forecasting/reports/dg

ames.asp
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Abstract — Many card games have their strategy defined
at high levels of play not by statistical probabilities of
cards being drawn, but rather by the interactions of the
players themselves. These interactions, often based on
prediction of the opposing players’ likely decisions and/or
holdings, become the determining factors in developing a
successful strategy. This play has often been seen as
psychological, falling under such labels as bluffing and
illogical play. The creation of a system that is truly free
enough to develop its own strategy without influence from
the limited expertise of the engineer is detailed within,
being of crucial importance. Through use of intelligent
agents that learn to play a game purely through empirical
observation, it is shown that agents can in fact be created
that are capable of reproducing such behaviour, directly
disputing the notion of such actions being either illogical
or psychological in nature, but rather resulting from
incorporating the opponents into the modelled system.

Keywords: reinforcement, learning, temporal, difference,
neural, network, Lerpa, Agent, Modelling.

1 Introduction

Traditional A.l. agents use simple statistical methods and
rules to govern their decisions in competitive card games.
These approaches, unfortunately, tend to make these agents
somewhat predictable, and hence no real match for a
human opponent, while also becoming useless for any
realistic simulation / analysis of the game involved, due to
the oversimplification of the interactions within it. In order
to create a strategy that is based upon the anticipated
reactions of one’s opponents, rather than the expected
intrinsic value of one’s held cards (one’s hand), a system
needs to be defined that allows for intelligent virtual
players, or agents, to interact with each other, and refine
their own strategies iteratively. The individual agents also
need to have enough freedom of strategy creation to be
unbound by the preconceptions of the designer, effectively
reproducing true learning, rather than learning what the
designer presents to them. With these criterion met, the
agents will be able to learn not only the general nuances of
the game at hand, but also the preferred strategies of their
opponents.

Tshilidzi Marwala
School of Electrical and Information Engineering
University of the Witwatersrand
Johannesburg, Gauteng, South Africa
t.marwala@ee.wits.ac.za

2 Lerpa

The card game being modelled is the game of Lerpa. While
not a well-known game, it’s rules suit the purposes of this
research exceptionally well, making it an ideal testbed
application for intelligent agent MAM. The rules of the
game first need to be elaborated upon, in order to grasp the
implications of the results obtained. Thus, the rules for
Lerpa now follow.

The game of Lerpa is played with a standard deck of cards,
with the exception that all of the 8s, 9s and 10s are
removed from the deck. The cards are valued from
greatest- to least-valued from ace down to 2, with the
exception that the 7 is valued higher than a king, but lower
than an ace, making it the second most valuable card in a
suit. At the end of dealing the hand he then flips the next
card in the deck to determine the trump suit. Regardless,
once trumps are determined, the players then take it in
turns, going clockwise from the dealer’s left, to elect
whether or not to play the hand (to knock), or to drop out of
the hand, referred to as folding. Once all players have
chosen, the players that have elected to play then play the
hand, with the player to the dealer’s left playing the first
card. Once this card has been played, players must then
play in suit — in other words, if a heart is played, they must
play a heart if they have one. If they have none of the
required suit, they may play a trump, which will win the
trick unless another player plays a higher trump. The
highest card played will win the trick (with all trumps
valued higher than any other card) and the winner of the
trick will lead the first card in the next trick. At any point
in a hand, if a player has the Ace of trumps and can legally
play it, he is then required to do so. The true risk in the
game comes from the betting, which occurs as follows:

At the beginning of the round, the dealer pays the table 3 of
whatever the basic betting denomination is (referred to
usually as ‘chips’). At the end of the hand, the chips are
divided up proportionately between the winners, i.e. if you
win two tricks, you will receive two thirds of whatever is in
the pot. However, if you stayed in, but did not win any
tricks, you are said to have been Lerpa’d, and are then
required to match whatever was in the pot for the next
hand, effectively costing you the pot. It is in the evaluation
of this risk that most of the true skill in Lerpa lies.
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The fact that the game’s rules are very simple, and that the
complexity lies in the player’s interactions, is one very
compelling reason to use this game. The multi-stage nature
of the game is also attractive for use with the TD(A) update
algorithm.

3 Lerpa MAM

As with any optimisation system, very careful
consideration needs to be taken with regards to how the
system is structured, since the implications of these
decisions can often result in unintentional assumptions
made by the system created. With this in mind, the Lerpa
Multi-Agent System (MAS) has been designed to allow the
maximum amount of freedom to the system, and the agents
within, while also allowing for generalisation and swift
convergence in order to allow the intelligent agents to
interact unimpeded by human assumptions, intended or
otherwise.

3.1

The game is, for this model, going to be played by four
players. Each of these players will interact with each other
indirectly, by interacting directly with the table, which is
their shared environment, as depicted in Figure 1.

System overview

*
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Figure 1. System interactions.

Over the course of a single hand, an agent will be required
to make three decisions, once at each interactive stage of
the game. These three decision-making stages are:

1. To play the hand, or drop (knock or fold)
2. Which card to play first
3. Which card to play second

Since there is no decision to be made at the final card, the
hand can be said to be effectively finished from the agent’s
perspective after it has played it’s second card (or indeed
after the first decision should the agent fold). Following on
the TD(X) algorithm, each agent will update it’s own neural
network at each stage, using it’s own predictions as a
reward function, only receiving a true reward after its final
decision has been made. This decision making process is
illustrated below, in Figure 2.
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Figure 2. Agent learning scheme

With each agent implemented as described, they can now
interact with each other through their shared environment,
and will continuously learn upon each interaction and it’s
consequent result.

3.2 Agent Al design

A number of decisions need to be made in order to
implement the agent Al effectively and efficiently. The
type of learning to be implemented needs to be chosen, as
well as the neural network architecture. Special attention
needs to be paid to the design of the inputs to the neural
network, as these determine what the agent can ‘see’ at any
given point. This will also determine what assumptions, if
any, are implicitly made by the agent, and hence cannot be
taken lightly. Lastly, this will determine the dimensionality
of the network, which directly affects the learning rate of
the network, and hence must obviously be minimised.

3.2.1 Input Parameter Design

In order to design the input stage of the agent’s neural
network, one must first determine all that the network may
need to know at any given decision-making stage. All
inputs, in order to optimise stability, are structured as
binary-encoded inputs. When making its first decision, the
agent needs to know it’s own cards, which agents have
stayed in or folded, and which agents are still to decide. It
is necessary for the agent to be able to determine which
specific agents have taken their specific actions, as this will
allow for an agent to learn a particular opponent’s
characteristics, something impossible to do if it can only
see a number of players in or out. Similarly, the agent’s
own cards must be specified fully, allowing the agent to
draw its own conclusions about each card’s relative value.
It is also necessary to tell the agent which suit has been
designated the trumps suit, but a more elegant method has
been found to handle that information, as will be seen
shortly. Figure 3 below illustrates the initial information
required by the network.



Figure 3. Basic input structure.

The agent’s hand needs to be explicitly described, and the
obvious solution is to encode the cards exactly, i.e. four
suits, and ten numbers in each suit, giving forty
possibilities for each card. A quick glimpse at the number
of options available shows that a raw encoding style
provides a sizeable problem of dimensionality, since an
encoded hand can be one of 40° possible hands (in
actuality, only “p. hands could be selected, since cards
cannot be repeated, but the raw encoding scheme would In
fact allow for repeated cards, and hence 40° options would
be available). The first thing to notice is that only a single
deck of cards is being used, hence no card can ever be
repeated in a hand. Acting on this principle, consistent
ordering of the hand means that the base dimensionality of
the hand is greatly reduced, since it is now combinations of
cards that are represented, instead of permutations. The
number of combinations now represented is “°Cy. This
seemingly small change from "P, to "C, reduces the
dimensionality of the representation by a factor of r!, which
in this case is a factor of 6. Furthermore, the representation
of cards as belonging to discrete suits is not optimal either,
since the game places no particular value on any suit by its
own virtue, but rather by virtue of which suit is the trump
suit. For this reason, an alternate encoding scheme has
been determined, rating the ‘suits’ based upon the makeup
of the agent’s hand, rather than four arbitrary suits. The
suits are encoded as belonging to one of the following
groups, or new “suits”:

e Trump suit

Suit agent has multiple cards in (not trumps)
e  Suit in agent’s highest singleton

e  Suit in agent’s second-highest singleton

Suit in agent’s third-highest singleton

This allows for a much more efficient description of the
agent’s hand, greatly improving the dimensionality of the
inputs, and hence the learning rate of the agents.

Next must be considered the information required in order
to make decisions two and three. For both of these
decisions, the cards that have been already played, if any,

are necessary to know in order to make an intelligent
decision as to the correct next card to play. For the second
decision, it is also plausible that knowledge of who has
won a trick would be important. The most cards that can
ever be played before a decision must be made is seven,
and since the table after a card is played is used to evaluate
and update the network, eight played cards are necessary to
be represented. The actual values of the cards played are
not important, only their values relative to the agent’s
cards. As such, the values can be represented as one of the
following, with respect to the cards in the same suit in the
agent’s hand:

e Higher than the card/cards in the agent’s hand
e Higher than the agent’s second-highest card

e Higher than the agent’s third-highest card

e Lower than any of the agent’s cards

e Member of a void suit (number is immaterial)

Also, another suit is now relevant for representation of the
played cards, namely a void suit. Lastly, a number is
necessary to handle the special case of the Ace of trumps,
since it’s unique rules mean that strategies are possible to
develop based on whether it has or has not been played.
The now six suits available still only require three binary
inputs to represent, and the six number groupings now
reduce the value representations from four binary inputs to
three binary inputs, once again reducing the dimensionality
of the input system.

3.2.2 Network Architecture Design

With the inputs now specified, the hidden and output layers
need to be designed. For the output neurons, these need to
represent the prediction P that the network is making. A
single hand has one of five possible outcomes, all of which
need to be catered for. These possible outcomes are:

e The agent wins all three tricks, winning 3 chips.
e  The agent wins two tricks, winning 2 chips.

o The agent wins one trick, winning 1 chip.

e The agent wins zero tricks, losing 3 chips.

o The agent elects to fold, winning no tricks, but
losing no chips.

This can be seen as a set of options, namely [-3 0 1 2 3].
While it may seem tempting to output this as one
continuous output, the facts that the results are in fact
discrete, and that discrete reqrds are better for stability
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purposes are compelling enough to represent the outputs in
binary format. Consequently, the agent’s predicted return
is:

P=34+2B+C-3D (1)
where
A=P(0=3) )
B=P(O=2) 3
C=P0O=1) @)
D =P(0=-3) 5)

3.2.3 Agent decision making

With it’s own predictor specified, the agent is now
equipped to make decisions when playing. These decisions
are made by predicting the return of the resultant situation
arising from each legal choice it can make. An e-greedy
policy is then used to determine whether the agent will
choose the most promising option, or whether it will
explore the result of the less appealing result. In this way,
the agent will be able to trade off exploration versus
exploitation.

4 The intelligent model

With each agent implemented as described above, and
interacting with each other as specified in section three, we
can now perform the desired task, namely that of utilising a
multi-agent model to analyse the given game, and develop
strategies that may “solve” the game given differing
circumstances. Only once agents know how to play a
certain hand can they then begin to outplay, and potentially
bluff each other.

4.1

In order for the model to have any validity, one must
establish that the agents do indeed. In order to verify the
learning of the agents, a single intelligent agent was
created, and placed at a table with three ‘stupid’ agents.
These ‘stupid’ agents always stay in the game, and choose
a random choice whenever called upon to make a decision.
The results show quite conclusively that the intelligent
agent soon learns to consistently outperform its opponents,
as shown in Figure 4. Alden is the A.I. agent, while Randy,
Roderick and Ronald are all random decision-makers.

Agent learning verification
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Figure 4. Agent performance, averaged over 40 hands

4.1.1 Cowardice

In the learning phase of the abovementioned intelligent
agent, an interesting and somewhat enlightening problem
arises. When initially learning, the agent does not in fact
continue to learn. Instead, the agent quickly determines that
it is losing chips, and decides that it is better off not
playing, and keeping its chips!

Alden quickly decides that the risks are too great, and does
not play in any hands initially. After forty hands, Alden
decides to play a few hands, and when they go badly, gets
scared off for good. This is a result of the penalising nature
of the game, since bad play can easily mean one loses a full
three chips and thus a bad player loses chips regularly.
While insightful, a cowardly agent is not of any particular
use, and hence the agent must be given enough ‘courage’
to play, and hence learn the game. The most sensible
approach is the ‘school-fees’ approach, ie forcing the agent
to play until comfortable, in effect paying his school fees to
learn the game, until such a stage as it seems prepared to
play. This was done by forcing Alden to play the first 200
hands it had ever seen, and thereafter leave Alden to his
own devices..

4.2 Agent Adaptation

In order to ascertain whether the agents in fact adapt to
each other or not, the agents were given pre-dealt hands,
and required to play them against each other repeatedly.
The results one such experiment, illustrated in Figure 9,
shows how an agent learns from its own mistake, and once
certain of it changes its play, adapting to better gain a
better return from the hand. The mistakes it sees are its low
returns, returns of -3 to be precise. At one point, the
winning player obviously decides to explore, giving some
false hope to the losing agent, but then quickly continues to
exploit his advantage. Eventually, at game #25, the losing
agent gives up, adapting his play to suit the losing situation
in which he finds himself. Figure 5 illustrates the
progression of the agents and the adaptation described.



o

-

: .

Figure 5. adaptive agent behaviour

4.3 Personality Profiling

Another advantage of the Multi-Agent system is that one
need not make the assumption that all players are
‘rational’, as is assumed in traditional Game-Theory. Many
poker players of reasonable skill complain bitterly about
playing against beginners, bemoaning the fact that the
beginners do not play as they should, as a “rational” player
would, and thus throw the better players off their game. A
good player, however, should not be limited to assuming
rationality from his opponents, but rather should identify
his opponents’ characteristics and exploit their weaknesses.
In order to perform this task, one needs to create
“personality” types in agents, this while sounding
somewhat daunting, is in fact a rather simple task. All that
is required is to modify the reward function for an agent
(equation #1) to reflect the personality type to be modeled.
Two personality types were created, namely an aggressive
personality and a conservative personality. The aggressive
agent uses the reward function:

P=34+2B+C-2D (6)

While the conservative agent uses the reward function:

P=34+2B+C-4D )

Where the symbols have the following meanings:

P denotes the expected outcome of the hand

e A denotes the probability of winning three tricks.

e B denotes the probability of winning two tricks.

e C denotes the probability of winning one trick.

e D denotes the probability of winning zero tricks.

As can be seen, in this case both agents modify the
coefficient of the D term in order to skew their world view.
This is certainly not the only manner in which the reward
function can be modified in order to reflect a personality,
but is the most obvious, since the D term represents the
“risk” that the agent sees within a hand. Using the above
modifications, the previously detailed strategy analysis
techniques can be performed on agents with distinctive
personalities. The static analysis of comes to the same
results as with rational players, due to the unchanging
nature of the problem, while the dynamic analysis yields
more interesting results. Dynamic strategy analysis finds
different dominant strategies when playing against these
profiled personalities. More specifically, the aggressive
player is not considered as dangerous when playing in a
hand, while the conservative player is treated with the
utmost of respect, since he only plays the best of hands.
Variations on these reqrd functions are of course possible,
each representing different personality ‘quirks’.

5 Conclusions and future work

The use of intelligent agents within a broadly-
encompassing system has been shown to be capable of
reproducing the complex strategies that humans employ
when playing games with considerable interaction-based
complexities. The agents have been shown to learn the
game successfully, and also to adapt to each others’
specific play-styles. This enables a researcher to find an
optimum play for a specific hand, taking into account the
other players, and not only the statistical odds of a hand
having a positive likely outcome. Moreover, the ability to
profile personalities allows a researcher to find the
optimum play not only for a given hand in a given position,
but also depending on the observed idiosynchrasies of the
particular players that are sitting at the table. Proposed
future work would be to optimise the learning speed of the
agents, in order to be able to compete with human players.
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ABSTRACT

Cheating in online computer games is becoming a significant
problem as the popularity of such games steadily increases. As
a result, it costs thousands of dollars to game designers in lost
revenue from disillusioned players who stop participating and
in man-hours used for prevention of different forms of
cheating. In this paper we review different forms of cheating
observed in computer games and in online poker in particular.
This is followed by a review of solutions developed to
counteract different forms of cheating in computer games.

INTRODUCTION

Multiplayer online computer games are quickly growing in
popularity with millions of players logging in every day. While
most play in accordance with the rules set up by the game
designers, some choose to cheat, to gain an unfair advantage
over other players. With the growth in the economic and social
importance of the virtual game worlds incidence of cheating
are becoming increasingly problematic (Brooke et al. 2004).

Cheating by some players makes the game less interesting for
the honest players. As a result, it costs thousands of dollars to
game designers in lost revenue from disillusioned players who
stop participating and in man-hours used for prevention of
different forms of cheating. Consequently, a great deal of
current research in computer science is aimed at detecting,
preventing and neutralizing cheating in game worlds
(Baughman et al. 2006; Chambers et al. 2005; Chen and
Maheswaran 2004; Kabus et al. 2005; Li et al. 2004). At the
same time cheating is being investigated by researchers in
media sciences who analyze social, ethical and moral nature of
cheating in games and virtual worlds (Foo 2004; Foo and
Koivisto 2004; Hayes, 2006; Kuecklich 2004; Kuo 2006;
Sicart 2005; Smith 2004).

SECURITY ISSUES IN GAMES
What is cheating?
Cheating in games can be defined as “any behavior that a

player uses to gain an advantage over his peer players or
achieve a target in an online game ... if, according to the game
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rules or at the discretion of the game operator(the game service
provider, who is not necessarily the developer of the game),
the advantage or the target is one that he is not supposed to
have achieved” (Yan and Randell 2005; Yan and Choi 2002).
Players themselves classify cheating into three often
overlapping categories (Consalvo 2005):

e Anything except unaided play Using strategy guides,
walkthroughs, cheat codes and hacking is all cheating.

o Code tempering Any modifications to the source code of
the game is considered to be cheating.

e Cheating other players The strictest definition which
says that cheating takes place only if another player is
disadvantaged as a result of the cheaters actions.

A game cheat may have numerous motivations such as:
obtaining free play, stealing virtual resources, completing
otherwise difficult game quests, getting stuck, enjoying
playing God, speeding up action, becoming a famous hacker,
sabotaging the game provider out of revenge or jealousy, or
acquiring virtual resources for sale in the real world (Consalvo
2005; Lyhyaoui et al. 2005). Rule violations can be classified
based on who is being targeted as a victim of the cheating
attack. While an attack against multiple targets is feasible,
three distinct targets are suggested by Lyhyaoui et al
(Lyhyaoui et al. 2005):

e Provider A cheating attack against the game provider
includes violation of implicit or explicit contract between
the player as a customer and game developer as a service
provider. Players may cheat the provider out of
subscription fees for the service via the use of stolen credit
cards. Colluding players may engage in theft of service via
account sharing and so reduce the profitability of
developing and running a game. In general, cheating
players undermine the confidence of other players in the
game’s security and so reduce profitability for the game
developer because of the reduced enrollment.

o Players The most frequent object of an attack is honest
players not involved in cheating. Almost all attacks
described in later parts of this paper deal with attacks
aimed at deceiving this type of target. Their money and
virtual assets may be stolen, accounts compromised and
overall enjoyment of the game experience ruined.

e Virtual society The moral rules which allow the virtual
social community to be rather stable may be compromised
by unscrupulous users for personal advantage, resulting in



the breakdown of virtual society. A good example of this
is known as camping which is a technique for remaining
in the same advantages location in a virtual world in order
to obtain resources and destroy opponents; while not
explicitly illegal it makes the game less interesting for
other players.

Types of cheating

Taxonomy of cheating methods used in computer games can
provide a good starting point for addressing security issues of
game design. A number of authors have proposed different
classification schemas aimed at categorizing types of attacks
seen perpetrated against this form of digital media. Prjtchard
(Pritchard 2001) has proposed six different categories of
cheating in online games:

1. Reflex Augmentation Using an artificially intelligent
computer assistant to perform actions faster and with more
precision. For example using an aim-bot in a first person
shooter game to quickly and precisely target opponents.

2. Authoritative Clients Utilizing hacked clients to send
altered commands to other players on the network to
deceive them about the state of the game.

3. Information Exposure Obtaining access to hidden
information by compromising client software. For
example using a wall-hack to see your opponents through
walls.

4. Compromised Servers Changing game state at the server
level to obtain unfair advantage.

5. Bugs and Design Loopholes Taking advantage of the
poor design of the game software either via security flaws
or logical errors in the game model.

6. Environmental = Weaknesses Abusing  operating
conditions or hardware configuration of the system’s
environment.

Yan et al. (Yan and Choi 2002) proposed a much broader
attack taxonomy which incorporated many types of online
computer game attacks not explicitly account for by Pritchard.
A total of eleven cheating methodologies were presented, but
the list was not complete and had to be expanded even further
as new ways to cheat were discovered by the dishonest players.
In (Yan and Randell 2005) Yan et al. proposed classifying
attacks into 15 categories, but it is a safe bet that in the future
this list will continue to grow as the computer games and all
the related technologies continue to evolve and produce even
more clever cheaters.

A. Misplaced trust From the client’s side it is possible to
modify the game client program, configuration data, or
both to obtain previously unavailable privileges.

B. Collusion Combining of forces by multiple players to help
each other, share information and work as a team against
players not involved in collusion.

C. Abuse of procedure or policy Taking advantage of
certain game server policies such as artificially
terminating connection to a game server to avoid loosing a
game.
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D. Virtual assets Cheating by acquiring game assets via real
money outside of game environment or cheating at such
real money transactions.

E. Machine intelligence Cheating by using artificially
intelligent assistant programs, a.k.a. bots to produce
superior play. For example asking a world champion chess
program to analyze a list of possible moves and represent
the selected one as your own.

F. Client infrastructure By changing properties of client
infrastructure for example making modification to the
graphics driver a cheating player can alter graphics being
displayed and so get access to information he is not
intended to have like knowing what is on the other side of
the brick wall.

G. Denial of service Often a server limits a number of login
attempts to about three to prevent brute force guessing of
passwords. A cheater may purposefully enter incorrect
login information for the victim’s account to prevent him
from logging in to the server. Alternatively a player may
be flooded with messages and other interactions
preventing him from participating in a game in a timely
manner.

H. Timing This cheat involves delaying own action in a real
time game until actions of other players are known and
thus obtaining an advantage over other players.

I. Passwords A compromised password allows access to
another player’s account including all the hidden
information, virtual resources and ranking scores.

J. Lack of secrecy A cheating player may obtain secret
information by observing unencrypted packets as they
travel through the network.

K. Lack of authentication If there is no proper mechanism
for authenticating a game server to clients a cheater can
obtain user passwords by setting up a bogus game server.

L. Design flows This form of cheating takes advantage of
game design mistakes such as exploiting inconsistencies in
asset pricing within a virtual environment.

M. Compromised game servers A cheater can obtain access
to the game host systems and tamper with game server
programs.

N. Internal misuse An employee of a game server
administrator may have privileges for creating virtual
assets or super characters which can be sold for real
money or generated as a favor to a cheating player.

0. Social engineering A method of tricking a player into
voluntarily revealing his user name and password for
example by impersonating a request from the game server
administration.

Similar classification taxonomies have been proposed by
others (Banavar 2006; Chen and Chen 2002; Lyhyaoui et al.
2005; Merch 2003; Webb 2006) but most cite Yan et al. (Yan
and Randell 2005) as their initial inspiration. The attack types
presented above are considered atomic by definition. Complex
attacks are comprised of multiple atomic attack techniques
used together to achieve multiple goals or to take advantage of
a multistage vulnerability.

SECURITY ISSUES IN POKER



While most security issues outlined above (passwords, denial
of service, etc.) are valid concerns for online poker
participants, many poker specific cheating methods deserve
additional overview and analysis.

Card eavesdropping Observing the cards of opponents by
capturing network traffic is only possible if the information is
being sent unencrypted which never can happen in a
respectable modern online casino. Some information may be
gained if a weak or poorly implemented form in encryption is
being utilized.

Client hacking As long as the information about opponents’
cards is stored only on the game server and is not transmitted
to every client, client hacking is a type of cheating which is not
likely to present problems either to other players or to casino
operators. Reports exist of people modifying images used by
the poker client such as the actual representations of cards.
Others have succeeded at hex-editing client software to allow
registration of forbidden user names such as those used by
casino  employees or containing foul language
(www.tips4poker.com 2006).

Exploiting bad randomness Poor design or implementation
of a card shuffling algorithm can result in biased card
distribution which can be taken advantage of to predict cards
before they are reveled. Modern online casinos use
independent security companies to verify correctness and
security of their software code but in the past this type of
problem has been successfully exploited (Arkin et al. 1999).

Escaping In many online casinos if a player gets disconnected
because of a network failure or his computer freezes he is
considered to be “all-in” for the amount of money he has bet so
far. This feature is supposed to protect honest players from
being penalized for hardware problems, but is often used by
cheaters to avoid loosing additional funds. A cheating player
simulates a loss of connection by disconnecting his computer
from the network and by doing so avoids committing any more
funds to the pot, but is nonetheless in contention for the
winning of the pot.

Profile databases Because players in an online casino have a
unique user ID and often play for many months if not years in
the same casino it becomes possible to automate the task of
player profiling and to do so in bulk, monitoring all players at
the same time. Information about the players’ aggressiveness,
tendency to bluff, strengths, weaknesses, betting patterns and
other statistics is automatically collected and made available to
anyone interested for a small fee. This allows a subscriber to
such a service to make educated decisions about strategy
against certain players without investing time and funds
necessary to learn their playing style. Web sites such as Poker-
edge.com and Pokerprophecy.com are two of the most popular
such services (Poker-edge.com, 2006; Pokerprophecy
Retrieved 20006).
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Collusion (active) A group of players working together
attempt to steal pots by raising and re-raising each other to get
unsuspecting players with marginal hands to fold. Typically
one player has a strong hand while the accomplice is in the pot
simply to increase the bets to the point where everyone caught
between them folds. Once the contention for the pot is over the
weaker of the two hands folds to a raise, and the strong hand
gets the pot (Snyder 2006).

Illicit information passing This is the most popular method of
online poker cheating. It involves two or more players
revealing to each other what cards they are holding. Usually a
communications channel independent from the casino such as
a phone line or an instant messenger is utilized to accomplish
this.

Self collusion Also known as the “Boiler Room” method and
“Multi-Accounting”, this cheating strategy involves setting up
a number of computers in the same location and registering
different accounts on each one of them yourself. This allows
you to run a poker room where everyone in that room is
colluding with you except for the victim who is quickly
cheated out of his money (www.tips4poker.com 2006).

Player-poker room collusion In this scenario cheaters can
manipulate the deck and trap other players into hands where
the poker room partner will eventually win. This is
accomplished by dealing a very good hand to the unsuspecting
player which as additional community cards become revealed,
or even immediately before the flop, is only second best.

Implicit collusion In a tournament settings where, for
example, only the top 10 players are paid and there are 11
remaining, implicit collusion involves all players at the table
just calling all the way through the river to maximize the
likelihood that the short stack be busted by having all hands
see the finish. This strategy is never explicitly discussed at the
table, but is followed as it gives an advantage to most players.

Chip dumping (tournaments) A group of players who have
agreed before the tournament to share profits play against each
other very aggressively, with the goal of having one player end
up with all the chips, and have the advantage over other
players as the chip leader (Snyder 2006).

Excess action hands The poker room deals an excess number
of great hands to encourage additional betting action. If the
distribution of action hands is not biased it should not hurt
individual players in the long run, with the exception of the
additional rake being paid to the casino (www.playnoevil.com
20006).

Rake abuse Casino operator can have a very complicated or
dynamic rake structure that reduces players’ winnings. As the
rake system becomes more complicated it becomes easier for
the game operator to add additional fees (www.playnoevil.com
2006).



Table 1: Taxonomy of Cheating in Online Poker

Type of Cheating Cheating Method Offline Exploiter
Independent Cooperative
Single (account) | Casino Operator | Multi (account) | Casino-Player
Player Player

Software Design Card eavesdropping

Flows, Bugs, Abuses R P P
Client hacking P P
Exploiting bad R R
randomness
Escaping R R
Excess action hands P
Rake abuse P

Collusion Collusion (active)

R R P

1111c1.t information R R P
passing
Self collusion R
Player.-poker room R R
collusion
Implicit collusion R R
Chip dumping R R
(tournaments)

Machine Profile databases

Intelligence
Bots R P
Bot networks R
Crowd bots P

Bots Artificially intelligent programs designed to play a hand
automatically are considered to be a form of cheating by most
players and online casinos. While they are currently not very
good compared to all but the novice players, they are not
feared by most, but they will undoubtedly improve in their
performance and present real danger to online poker players of
all levels in the near future.

Bot networks A number of bots at the same table can be
connected to create an information sharking network in which
all bots are actively helping each other to win either by simple
information sharing or via active betting. Additionally, an even
bigger edge can be obtained if such a bot network has access to
an external database of players’ profiles.

Crowd bots Some online casinos, particularly newly opened
ones, in order to make it seem like they have a large base of
regular patrons may employ artificial players to fill in any
empty seats at the tables. Depending on quality of such bots it
may either be to the advantage or disadvantage of real human
players. However, if such bots have access to the information
which a regular player would not have access to, such as
unrevealed community cards, this might give a huge advantage
to the casino.
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Table 1 shows taxonomy of cheating methods used in online
poker. Each cheating methods is grouped according to the type
of attack it belongs to, as well as by who is capable of
perpetrating such an act. Each attack is marked as either being
possible (P) or actually reported (R). A blank means that such
cheating method is not possible for a given assailant.
“Offline” column is marked if a corresponding cheating
method may be used in a regular brick and mortar casino.

EXISTING SOLUTIONS

A number of countermeasures have been proposed to combat
game security violations, some of them are outlined below
(Davis 2001):

e Secure Game Contract Ensures full synchronization of
game state information between all parties of the game
and reliable non-repudiatable communication of actions
and state changes. Allows for full reconstruction of the
game to certify that the game was played properly.

e Trusted Gaming Infrastructure Includes gaming
operator’s security infrastructure, interfaces between
different parties, and common elements shared by the
network gaming community.

e Transaction Security Mechanisms for securing e-
commerce transactions, for example, digital signatures and




certificates, as well as methods for reliable
implementation of distributed transactions.

e Encryption Prevents many hacker attacks intended to
disrupt or defraud gamers. Protects privacy of players and
supports security of e-commerce applications.

e Regulation, Insurance and Oversight A third party
independent verification of all aspects of game software at
the source code level needs to be implemented. Regulation
agencies similar to those in charge of overseeing brick and
mortar casinos may need to be set up.

Additional general approaches applicable to the broader field
of network security not just online game security are suggested
by Yan et al. (Yan and Choi 2002):

e  Built-in cheating detection An intrusion detection system
may be seamlessly incorporated into the game software.
Recently a system has been proposed based on style of
play utilized by the player to capture intruders
(Yampolskiy 2006; Yampolskiy and Govindaraju 2006).

e Make players security-aware Players need to be
educated about potential security threats for example
phishing.

e Good password practice and management Users should
be educated about what constitutes a secure yet easy to
remember password (Yampolskiy 20006).

e  Fair trading Third parties should be involved in exchange
and sale of virtual assets.

e The bug patching approach Software flows should be
addressed by the developer as they are discovered and
patched in a timely manner.

e An active complain-response channel A way for players
to report bugs and suspected cheating behavior should be
provided. A quick response from the game administration
is essential to insure players’ enthusiasm.

e Logging and audit trail Accurate records help to combat
insider cheating as well as help in investigation of
suspected cheating cases.

e Post-detection mechanisms Mitigation of damages from
cheaters is an important step in maintaining fairness of the
game environment. Cheaters should be punished and
victims restored to their original state.

Kimppa et al. (Kimppa and Bissett 2005) proposed the
countermeasures presented in Table 2 for the acts of cheating
encountered in first person shooters, strategy games and role
playing games.

Since collusion is probably the most frequently used way to
cheat in online games we pay particular attention to techniques
used to mitigate this form of cheating. Randomized partnering
is probably the best known solution to avoid collusion and is
most frequently used in online poker tournaments, however it
is not helpful in small single table games (Yan 2003).

Since we are not likely to fully avoid collusion in online poker
rooms the next best thing we can do is try to detect it. By
evaluating every decision made by the player we can

33

determine if information which is not supposed to be available
to the player is being utilized to make a decision. While a
single decision may not be sufficient to even suspect collusion
a series of optimal actions may provide sufficient proof
(Vallve-Guionnet 2005). Additionally, datamining tools can be
used to discover players who always tend to play together or
who win more frequently in the presence of particular players.
Manually analyzing particular hands with private information
about player’s hands may also allow us to confirm cases of
collusion and is frequently done after complains are received
from suspicious players at the same table.

Table 2: Countermeasures for computer games

Cheat Countermeasure

Camping (reserving a spot
which is ideal for spotting
and killing unsuspecting

players)

Kicking the player out after a
certain time interval.

Non-Stop jumping to make
aiming difficult

Preventing sequential
jumping over a certain
number of jumps at the server
level.

Wallhacks (seeing through
walls)

Divide map into chunks to
hamper the use of the map
information.

Reflex augmentation Kill the process for the well

known cheating software

Aim bots Kill the process for the well
known cheating software
Enhanced damage by Use checksums

compromised client

Raw materials which do not
belong to the player

Turn beta testing features off

Map revealing software Don’t send unnecessary

information to the player

Forbid account names which
resemble administrator
accounts

Fake messages from the
sever administration

Item duplication or creation | Kill the process for the well

known cheating software

CONCLUSIONS

With the steady increase in popularity of games and services
offered via the Internet the problem of securing such services
from automated attacks became apparent. In this paper we
have reviewed cheating methods frequently applied to online
computer games alongside approaches used to combat such
occurrences. In particular we concentrated on cheating
approaches observed at online poker tables.
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ABSTRACT

Writing programs to play the classical Asian game of Go is
considered one of the grand challenges of artificial intelligence.
Techniques used in a strong Go program would likely be appli-
cable to other games and to non-game domains. Traditional
game tree search methods have failed to conquer Go because
the search space is so vast and because static evaluation of
board positions is extremely difficult. There has been consider-
able progress recently in using Monte Carlo sampling to evalu-
ate moves. Such programs can be strengthened further by add-
ing domain-specific heuristics. This paper addresses the ques-
tion of where such heuristics are most effectively applied: to
modify the order in which moves are considered or to bias the
sampling used to evaluate those moves. Experimental results
are presented for three heuristics. We conclude that the sam-
pling “playouts” are the most effective place to apply heuristics.

KEYWORDS
artificial intelligence, Go game, Monte Carlo, UCT, heuristics
INTRODUCTION

Writing programs to play the classical Asian game of Go is
widely considered to be a grand challenge of artificial intelli-
gence (Bouzy and Cazenave 2001). While the best Chess pro-
grams are on a par with human world champions, the best Go
programs still play at the amateur level, at least on the standard
19x19 board.

The traditional approach to computer game play has been
minimax search with enhancements such as alpha-beta pruning
(Russell and Norvig 2003). Since the number of possible games
of Chess or Go is astronomically large (Bouzy and Cazenave
2001), it is not feasible to search the entire game tree. Chess
programs therefore rely on domain-specific heuristics for move
ordering (considering heuristically “good” moves first and
often omitting others) and static evaluation (estimating the
value of a board configuration before the game is over). This
minimax approach has not been successful for Go. Because the
branching factor is much higher in Go, there is a greater risk
that a move ordering heuristic might omit good moves. More
importantly, because “dead” stones can remain on the board for
hundreds of moves before they are actually removed, static
evaluation is extremely difficult.
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Several computer Go programmers, including the authors, have
recently begun exploring statistical sampling approaches called
Monte Carlo Go (Briigmann 1993, Coulom 2006, Gelly et al.
2006, Drake and Uurtamo 2007). Monte Carlo Go programs
respond to a given game situation by randomly completing the
game thousands of times, then choosing the move that has led
to the best average outcome.

While the Monte Carlo approach has not yet produced 19x19
Go programs at the master level, it has produced startlingly
strong 9x9 programs. At the 19x19 level, Monte Carlo pro-
grams are now at the level of the strongest traditional programs.
At the 12th Computer Olympiad, the top two finishers in the
19x19 competition (MoGo and Crazy Stone) were both Monte
Carlo programs; neither lost a single game to any other pro-
gram.

Because Go is such a rich domain, it is likely that techniques
that fare well in Go will be applicable to other domains. Monte
Carlo search techniques have been applied to other games
(Chung et al. 2005) and to non-game domains (Chaslot et al,
2006).

This paper begins with a brief summary of the rules of Go. The
Monte Carlo approach to Go is then described. We explain
several places where heuristics might be applied within this
framework. Three specific heuristics are then presented, fol-
lowed by our experimental results. The paper closes with con-
clusions and a discussion of future work.

THE RULES OF GO

While the rules of Go are considerably simpler than those of
Chess, space permits only a brief overview here. Interested
readers are directed toward any of the many excellent tutorials
available in print or on-line, such as (Baker 1986).

Go is a two-player game of perfect information. The board con-
sists of a square grid of intersecting lines; traditionally the grid
is 19x19, but smaller boards are sometimes used for teaching
new players or for computer Go research. The two players,
black and white, each have a supply of stones in their color.
Starting with black, the players alternate taking turns. A turn
consists of either passing or placing a stone on an unoccupied
intersection of two lines. The game ends when both players
pass consecutively. Each player scores one point for each inter-
section that is either occupied or surrounded by his or her
stones.



Three additional rules give the game its profound strategic
depth. First, a block of contiguous stones is captured (removed
from the board) if it is tightly surrounded, i.e., if there are no
vacant intersections adjacent to it. Second, a player may not
directly cause his or her own stones to be captured. Third, it is
illegal to repeat a previous board position.

MONTE CARLO GO

In general, Monte Carlo approaches to game tree search are
similar to traditional minimax search, but with statistical sam-
pling used for position evaluation. For example, a program
might do a full search to some fixed depth, with the leaves of
the search tree evaluated by sampling. To evaluate a leaf posi-
tion, random moves are played until the end of the game and
the score is recorded. The board is then reset to the leaf position
and random moves are again played to the end of the game.
After many of these playouts, the portion of games won by
each side gives a reasonable approximation to the value of the
position.

A further refinement of Monte Carlo Go is to focus the sam-
pling on more promising moves. This introduces a tradeoff
between exploration (sampling the result of each potential
move enough times to have an accurate estimate of its value)
and exploitation (spending the most samples on the moves that
have been most successful so far). The strongest extant Monte
Carlo programs use the UCT algorithm (Kocsis and Szepesvari
2006, Gelly et al. 2006). UCT stands for “Upper Confidence
bounds applied to Trees”. When choosing a move to sample,
UCT chooses the move with the greatest sum of value (portion
of won games) and uncertainty. It will therefore always choose
either a move that has a good winning record or a move that has
not been sufficiently explored. As the sampling proceeds, the
uncertainty shrinks and UCT spends most of its time improving
its estimates of the best moves. Heavily-sampled tree nodes are
expanded, so the search is deepest along the most promising
line of play. The algorithm is therefore able to make a confident
statement about which move is really best.

APPLYING HEURISTICS

A Monte Carlo Go program can be made even stronger by
adding domain-specific knowledge. A number of papers have
been published showing the benefits of various heuristics, some
of them quite sophisticated. There is some variety in where the
heuristics are applied. The options may be divided into two
major categories:

* Move ordering uses a heuristic to decide the order in which
moves are considered within (or at the fringe of) the search
tree.

* Heavy playouts use a heuristic to bias the “random” moves in
the sampling playouts, so that the results will more closely
approximate a realistic game.

It is not obvious a priori which of these approaches is superior.
Move ordering has its effect closer to the root of the tree, which
is more relevant to the decision at hand. Furthermore, move
ordering only requires computing the heuristics for a very small
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number of board positions. Heavy playouts require that the
heuristics be evaluated for every move of the game. On the
other hand, having more accurate playouts may be worth the
price of completing fewer playouts in the allotted time. Heavy
playouts certainly are better asymptotically, in that if the heu-
ristic were perfect (suggesting only the single best move), only
one sample would be needed from each tree node. At the same
time, an imperfect heuristic may destroy the benefit of Monte
Carlo sampling by exploring an unreasonable subset of the
space of possible game completions.

Heuristic Application in Previous Work

Chaslot et al. 2007 use move ordering, modifying the UCT
formula to take heuristic values into account for sparsely-
sampled moves. They also delay exploration of moves with
very low heuristic values, which they refer to as “progressive
unpruning”.

Coulom 2007 uses a very similar technique under the name of
“progressive widening”. Coulom also uses heavy playouts, pro-
ducing a probability distribution over legal moves.

Drake and Uurtamo 2007 use heavy playouts. For each move in
a playout, a heuristic is chosen with some probability; other-
wise a random move is chosen.

Gelly et al. 2006 use a different version of heavy playouts,
choosing a heuristicially-suggested move if there is one and
playing randomly otherwise. The heuristics therefore allow
“urgent” moves to be pounced on without slowing down the
playouts too much. They also use move ordering and another
progressive widening scheme.

Gelly and Silver 2007 use heavy playouts with a probability
distribution, but with noise introduced in a variety of ways.
They also use move ordering by initializing the value of a new
leaf according to heuristics, effectively pretending that the leaf
had already been sampled.

Cazenave 2007 uses heavy playouts with a probability distribu-
tion.

Our Heuristic Application Techniques

In the experiments in this paper, we apply heuristics in three
different ways: move ordering, best-of-n, and first-n.

Our move ordering technique treats untried moves at the fringe
of the tree as having a UCT value of 1.0 + ch, where ¢ is a
small constant and /4 is the heuristic value of the move. The
untried moves are therefore tried in the order suggested by the
heuristic. An untried move is preferred to a move that has been
tried once unless the tried move has a very high UCT value,
e.g., it has led to a win every time it has been tried. This is con-
sistent with setting the first-play urgency to 1.0 as described in
Gelly et al. 2006.

Our best-of-n technique is a heavy playout variation that at-
tempts both to remedy the high cost of computing heuristics
during playouts and to avoid over-biasing the sampling. At each



move during a playout a fixed number (1) of random legal
moves are chosen. The move with the highest heuristic rating is
chosen.

Our first-n technique is another heavy playout variation where,
for the first » moves beyond the fringe of the tree, the move
rated highest by the heuristic is chosen. After this point the
playout is completed randomly.

Three Heuristics

Our experiments involve three different heuristics: the capture
heuristic, the fighting heuristic, and the pattern heuristic.

The capture heuristic simply attempts to capture enemy stones
whenever possible. Moves that capture more stones are rated
higher.

The fighting heuristic, at an abstract level, plays moves in areas
of the board where fights are taking place. Recall that a block
of stones is removed if there are no vacant points adjacent to it.
These vacant points are called liberties. We define a pseudo-
liberty to be a graph edge leading from a stone to an adjacent
liberty. The number of pseudo-liberties a block has is at least
equal to the number of liberties it has, but may be slightly
higher if there are multiple edges leading to the same liberty.
Since counting pseudo-liberties is easier than counting liberties,
our board-handling code uses pseudo-liberties to determine
when a block has been captured. Pseudo-liberty counts are
therefore available for use in a heuristic without additional
computation. A group with a small number of pseudo-liberties
is in some danger of being captured, i.e., is in a fight. The
fighting heuristic prefers moves adjacent to blocks (friendly or
enemy) that have few pseudo-liberties.

The pattern heuristic involves a table of patterns. Each pattern
represents a 3x3 region of the board, with each point marked as
either black, white, vacant, or off-board (which happens if the
center point is at the edge or corner of the board). Associated
with each pattern is a weight indicating the value of playing in
the center.

Our patterns were automatically extracted from a database of
3199 9x9 games provided by Nici Schraudolph. Since the play-
ers of these games were much stronger than random players, we
wanted our patterns to suggest playing similar moves. Each
game was run through in each of the eight possible rotations
and reflections. For each move in each game in the database,
the pattern around the move was given a “win”. Each other
pattern that appeared elsewhere on the board was given a
“loss”. Any pattern with less than 100 wins was discarded,
leaving 1639 patterns. The value of each pattern was set to the
ratio of wins to (wins + losses) for that pattern.

RESULTS
Experiment 1: Direct Comparison of Heuristics
As a quick check of the quality of our heuristics, we ran a tour-

nament between different heuristics. Every move in these
games was decided by direct application of the heuristics, with
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ties between heuristic values decided randomly. Orego version
5.05 was used.

There were four contestants: random (no heuristic), capture,
fighting, and patterns. Each contestant played 1000 9x9 games
against each other contestant, 500 as black and 500 as white.
Komi was set at 7.5.

Random won 739 games, capture 1224, fighting 1514, and
patterns 2523. This suggests that all three heuristics are useful,
but patterns is the strongest and capture the weakest. This ex-
periment did not, however, take into account the time required
to compute the various heuristics. The next experiment ad-
dresses that issue.

Experiment 2: Time Test

In this experiment, we used four instances of Orego, each using
as a heuristic one of the four contestants from the previous ex-
periment. The heuristic was applied using best of 4 heavy play-
outs. This experiment was run on a Mac Pro with two dual-core
3 GHz Intel Xeon processors and 2 GB of RAM.

Orego was given 10 seconds to search for the best move on a
9x9 board. The random heuristic completed 308,112 playouts,
the capture heuristic 225,483, the fighting heuristic 269,760,
and the pattern heuristic 235,155.

We repeated this experiment with best of 81 heavy playouts.
The capture heuristic completed 77,054 playouts, the fighting
heuristic 85,360, and the pattern heuristic 59,956. (The random
heuristic would not be affected by this change.)

In both cases the fighting heuristic is the fastest, but the order
of the other two is not consistent. No heuristic is twice as fast
as another, so we do not expect the speed of the heuristics to be
a major factor in the next experiment.

Experiment 3: Heuristic Application Within UCT

This is the central experiment of this paper. We pitted Orego
against GNU Go (version 3.6), a widely-available Go program
with a conventional (non-Monte-Carlo) architecture. Each con-
dition involves a particular heuristic applied in a particular way.
In each condition, 320 9x9 games were played against GNU Go
(160 as black, 160 as white). Komi was set at 7.5. These ex-
periments were run on Athlon64 3200+ 800FSB RT CPUs run-
ning Linux, with Orego allowed 15 seconds to think for each
move.

Figure 1 shows the results for the capture heuristic. This heu-
ristic provides its greatest benefit when applied in best of 2
heavy playouts. Best-of-n for large values of # is worse than no
heuristic at all, presumably because the increase in the quality
of the playouts does not make up for the decrease in the number
of playouts.

The fighting heuristic (Figure 2) again performs best in the
best-of-n mode. Intriguingly, it performs better with larger
values of n. With first-n, we again see a decreasing trend. These
two trends are somewhat contradictory, since for sufficiently
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Figure 1: Results for the capture heuristic. The vertical axis
shows the portion of games won against GNU Go in each
condition. The best-of-2 and best-of-4 performances are
significantly better than random (no heuristic) playouts
according to a one-tailed T-test, p < 0.01 and p < 0.02 re-
spectively.
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Figure 2: Results for the fighting heuristic. Best-of-4 and
best-of-16 are significantly better than random playouts, p
< 0.05 and p < 0.01 respectively.
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Figure 3: Results for the pattern heuristic. None of the con-
ditions are significantly better than random playouts.
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large values of n these techniques are identical (on every move
in the playout, choose the move with the highest heuristic
value).

Given the results of the previous experiments, we were sur-
prised to see that the pattern heuristic weakens Orego in almost
every condition (Figure 3). These results do, however, provide
further evidence that heavy playouts (specifically the best-of-n
technique) are the best use of a heuristic.

CONCLUSIONS AND FUTURE WORK

We have reviewed previous research on applying heuristics to
UCT Go programs, with an emphasis on where heuristics are
applied. Two major categories of heuristic application were
delineated: move ordering and heavy playouts. Our experi-
ments, using three different heuristics, showed that heuristics
are most effectively applied in heavy playouts. More specifi-
cally, a best-of-n heavy playout technique seems more effective
than a first-» technique.

Two of our heuristics (capturing and fighting) proved success-
ful, while the other (patterns) did not. We speculate that the
pattern heuristic helps a player get into a good position, while
the others help a player take advantage of a good position. In
experiment 1, the capture and fighting heuristics were not at
their strongest because they didn’t have good positions to take
advantage of. In experiment 3, UCT achieved a fairly good
position before the playouts began, so capturing and fighting
had something to pounce on while the patterns didn’t help
much. In any case, direct games are not a reliable way of com-
paring heuristics.

Our results should prove useful in future Monte Carlo programs
for Go and for other domains. Knowing where heuristics are
best applied should save time in evaluating new heuristics. It
may also inform architectural decisions, e.g., encouraging in-
cremental updating of heuristic evaluations so that they may be
used throughout the long playouts.
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Abstract

Artificial Intelligence plays nowadays a fundamental
role in videogames and virtual reality applications.
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