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John Forbes Nash

(Nobel Laureate in Economics)

Portrayed by Russel Crowe in
the film “A Beautiful Mind”
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Player 1 (P1) Player 2 (P2) Player 1 (P1) Player 8 (P2)
If (P1 ==P2) { If (P1=P2) { If (P1==PR) { do(D)
do(C) do(C) do(C) stop
} else { } else { } else {
do(D) do(D) do(D)
} } }
stop stop stop
P1:C P1:D
P2:C P2:D
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AXELROD’S TOURNAMENT
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Robert Axelrod

-
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I
Robert Axelrod (1984)

investigated this problem,
with a computer
tournament for programs
playing the iterated
prisoner’s dilemma.

Axelrod hosted the
tournament and various
researchers sent in
approaches for playing
the game.
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“..You and a friend decide it would be a great joke to
show up on the last day of school with some
ridiculous haircut. Egged on by your clique, you both
swear you'll get the haircut.

A night of indecision follows.As you anticipate your
parents’ and teachers reactions [...] you start
wondering if your friend is really going to go through
with the plan.

Not that you don’t want the plan to succeed: the best
possible outcome would be for both of you to get the
haircut.

The trouble is, it would be awful to be the only one
to show up with the haircut. That would be the worst
possible outcome.

You're not above enjoying your friend’s
embarrassment. If you didn’t get the haircut, but the
friend did, and looked like a real jerk, that would be
almost as good as if you both got the haircut...”

Mike Wooldridge
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“..You and a friend decide it would be a great joke to
show up on the last day of school with some
ridiculous haircut. Egged on by your clique, you both
swear you'll get the haircut.

A night of indecision follows.As you anticipate your
parents’ and teachers reactions [...] you start
wondering if your friend is really going to go through
with the plan.

Not that you don’t want the plan to succeed: the best
possible outcome would be for both of you to get the
haircut.

The trouble is, it would be awful to be the only one
to show up with the haircut. That would be the worst
possible outcome.

You're not above enjoying your friend’s
embarrassment. If you didn’t get the haircut, but the
friend did, and looked like a real jerk, that would be
almost as good as if you both got the haircut...”

Mike Wooldridge
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GAME OF CHICKEN

The game of chicken gets its name from a
rather silly, macho “game” that was supposedly
popular amongst juvenile delinquents in 1950s
America; the game was immortalised by James
Dean in the 1950s film Rebel without a Cause.
The purpose of the game is to establish who is
bravest of the two players.

The game is played by both players dnwng their
cars at high speed towards a cliff. The idea is
that the least brave of the two (the
“chicken”) will be the first to drop out of the
game by jumping out of the speeding car. The
winner is the one who lasts longest in the car.
Of course, if neither player jumps out of the car,
then both cars fly off the cliff, taking
their foolish passengers to a fiery death on the
rocks that undoubtedly lie at the foot of the cliff.
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Cooperation dominates [
CC >;CD >; DC >; DD defect coop

CC >;CD >: DD >; DC defect DD DC

Deadlock (You will always do best by defecting)

DC >;DD >;CC >; CD CcOo0op CD CcC
DC >, DD >,CD >; DD
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Prisoner’s dilemma. ]
DC >;CC >; DD >;CD defect coop

Chicken . defect DD DC

DC >;CC >;CD >; DD

Stag Hunt COOP ' ep CC
CC>;DC>;,DD >, CD
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Scenario

Preferences over outcomes

Comment

PN

G C>C,h= D Cx» D,D
c,C»,C,D»;b,D>» D,C
C,C>D,C>;C,D>D,D
C,C> D, C>D,D> C,D
C,.C>D,D»;C,D»D,C
C,C>D,D> DC» C,D
C,D=C,C»D,C» D,D
C,D - C,C)‘-;‘D,D )—iD.C
C,D>D,C>;C,C>; DD
C,D»>D,C»;D,D»>C,C
C,D>; DD~ C,C» DC
C,D = D, D >-;'D,C>-iC,C
DC>C,C>;C,D>;D,D
D,C»C,C~;D,D~ C,D
DCC,D>;C,C>; DD
D,C» C,D> D,D> C,C
D,C>D,D> C,C>;C,D
D,C>D,D>C,D> C,C
DD C,C»>; C,D =i D,C
D,D>C,C> D,C>;C,D
D,D>C,D>C,C> D,C
D,D>;C,D>; D,C>,C,C
D,D= D,C»;C,C>;C,D
D, D >'1'D,C>'f cC,D>=;C,C

cooperation dominates
cooperation dominates

stag hunt

game of chicken
prisoner’s dilemma

defection dominates
defection dominates
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An Introduction to

MultiAgent
Systems

6

Multiagent
Interactions

Sa far in this book, we have been focusing on the problem of how ta build an
individlual agent. Bxcept in passing, we have not examined the issues associated
in putting these agents together. But there is a popular slogan in the multiagent
epstems comminnity:

There's ne such thing as a single agent system.

The point of the slogan is that interacting systems, which used to be regarded as
rare and unusual beasts, are in fact the norm in the everyday computing world.
All but the most trivial of & me containg a number of sub-gystems that must
interact with one another in order to successfully carry out their tasks, In this
chapter, T will start to change the emphasis of the book, from the problem of
‘how 1o build an agent’, to how to build an agent society'. T begin by defining
what we mean by a multiagent system.

Figure 6.1 (lrom Jenmings (20003 illustrates Uhe typical structure ol a mulliagent
system, The system containg a number ol agents, which interact with one another
through communicatinn. The agents are able ta act in an enviennment; different
agents have different ‘spheres of influence’, in the sense that they will have control
over - or at least be able to influence - different parts of the environment. These
spheres of influence may coincide in some cases. The fact that these spheres
of influence may coincide may give rise to dependency relationships between the
agents. For example, two robotic agents may both be able to move through a door -
but they may not be able to do so simultaneously, Finally, agents will also typically
be linked by ather relationships. Examples might be "power” relationships, where
ane agent is the 'boss’ of another.
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Michael Wooldridge,

An Introduction to Multiagent Systems,
John Wiley & Sons, 2002.

Chapter 6
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Gerhard Weiss (ed.),

Multiagent Systems: A Modern Approach to
Distributed Artificial Intelligence,

MIT Press, 1999.

Chapter 5
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5 Distributed Rational Decision Making

Tuomas W. Sandholm

5.1 Introduction
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A Concise Introduction

to Multiagent Systems
and Distributed Artificial
Intelligence

Nikos Vlassis

Nikos Vlassis,

A Concise Introduction to Multiagent Systems and
Distributed Artificial Intelligence,

Morgan & Claypool, 2007.

Chapter 3

P

CHAPTER 3

Strategic Games

In this chapter we study the problem of multiagent decision making where a group of agents
coexist in an environment and take simultaneous decisions. We use game theory to analyze
the problem. In particular, we describe the model of a strategic game and we examine two
fundamental solution concepts, iterated elimination of strictly dominated actions and Nash
equilibrium.

3.1 GAMETHEORY
As we saw in Chapter 2, an agent will typically be uncertain about the effects of its actions to
the environment, and it has to take this uncertainty into account in its decision making. In a
multiagent system where many agents take decisions at the same time, an agent will also be
uncertain about the decisions of the other participating agents. Clearly, what an agent should
do depends on what the other agents will do.

Multiagent decision making is the subject of game theory (¢ '

1). Although originally designed for modeling economical interactions, game theory has

developed into an independent field with solid mathematical foundations and many applica-
tions. The theory tries to understand the behavior of interacting agents under conditions of
uncertainty, and is based on two premises. First, that the participating agents are rational
Second, that they reason strategically, that is, they take into account the other agents” decisions
in their decision making

Depending on the way the agents choose their actions, there are different types of games
In a strategic game each agent chooses his' strategy only once at the beginning of the game,
and then all agents take their actions simultaneously. In an extensive game the agents are
allowed to reconsider their plans during the game, and they may be imperfectly informed
about the actions played by the other agents. In this chapter we will only consider strategic
games.

UIn this chapter we will use 'he’ or ‘she’ to vefir to an agent, following the convention in the literature
(Osbr , 1994, p. xii).




