
Adversarial Search

ÅRussell and Norvig, Chapter 5



Wednesday Tutorial

ÅEkkaholiday 17 August

ÅFor this week, people signed on to the 
Wednesday tutorial should either attend 
another tutorial or submit online by 5pm on 
Thursday

ÅEvery other week either submit online by 5pm 
on the Monday before the tutorial OR attend 
a tutorial and submit at the end of the tutorial



Assignment 1

ÅUp on the website sometime this week

ÅWill discuss the assignment during the lecture 
after the mid-semester exam



Mid Semester Exam

Å2 weeks time

ÅNormal lecture time, different place

Å2-3pm Tuesday 30 August 42-115

ÅRemember to bring a pencil and an eraser



Overview: aims

Åunderstand the difficulties in search that arise as 
a consequence of agents acting in the 
environment
Åunderstand the Minimaxalgorithm and its 

properties
Åunderstand alpha-beta pruning and how it assists 

in adversarial search
Åknow how heuristic functions can be used for 

making imperfect decisions
Åbe able to (in principle) build your own computer 

vs. human chess program



Overview: topics

ÅAdversarial search problems

ÅThe MiniMaxalgorithm

ÅAlpha-beta pruning

ÅHeuristics for adversarial search, making 
imperfect decisions



The Turk
The Chess player automaton by Baron von Kempelen

http://en.wikipedia.org/wiki/The_Turk



Deep Blue

http://www.thetech.org/robotics/universal/breakout_p11_ibm.html



AI and Game Playing

ÅWas Deep Blue (1997) a better Chess player than Garry 
Kasparov? (Won 3.5-2.5)

ÅDid Deep Blue possess Chess intelligence?

ÅDid Deep Blue have better Chess intelligence than 
Kasparov?

See http://www.research.ibm.com/deepblue/

Ratings:

1997: Kasparov (2806, FIDE), Deep Blue ?

2007: Kramnik(2769,FIDE), Rybka(2962,SSDF)

2009: Topalov(2813, FIDE), Deep Rybka3 (3224, SSDF)

http://www.research.ibm.com/deepblue/
http://www.research.ibm.com/deepblue/


Games in AI

ÅDeterministic

ÅTurn-taking

ïActions alternate

ÅTwo-player

ÅZero-sum

ïUtility functions are equal and opposite

ÅPerfect information 

ïFully observable environments



Games

ÅMultiplayer

ÅNon-zero-sum

ÅStochastic

ÅImperfect information

ÅPhysical

ÅΧ

ÅFor more information, read Chapter 17



Games and AI

ÅChess (1950s ςKonradZuse, Claude Shannon, 
Norbert Wiener, Alan Turing)

ÅCheckers

ÅOthello

ÅBackgammon

ÅGo



Chess

Photo from: commons.wikimedia.org



Checkers / Draughts

Image from: commons.wikimedia.org



Othello / Reversi

Image from: commons.wikimedia.org



Backgammon

Photo from: commons.wikimedia.org



Go

Photo from: commons.wikimedia.org



Adversarial search: 

Assumptions and aims

ÅMultiplayer

ÅFormal, well-defined problems, where perfect 
decisions are possible

ÅAt any position in the game, the player wants 
to know what move to make

Å{ǳŎŎŜǎǎ ŘŜǇŜƴŘǎ ƻƴ ƻǇǇƻƴŜƴǘΩǎ ƳƻǾŜǎ

ÅSearch forward:
ïExhaustive

ïHeuristic



Game search problem

Å Initial state

ïBoard position and player

Å Successor function

ïReturns a list of (action, state) pairs, indicating a legal move and 
resulting state

Å Terminal test

ïDetermines when the game is over

Å Utility function

ïNumeric value for a terminal state representing its utility for a 
given player.

ï In chess, the outcome is win, loss or draw with values +1, -1 or 0 



Game Tree

ÅDefined by the initial state and the legal 
moves for each player
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Terminal States

ÅUtility for player x
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Optimal decisions in games

ÅConsider

ïTwo players ςMIN and MAX

ïMAX moves first

ïTake turns moving until the game is over

ïAt end of game points are awarded to the 
winning player and penalties are given to the 
loser 



Strategies

ÅOptimal solution for MAX is a sequence of 
moves leading to a terminal state in which 
MAX wins

ÅHowever, MIN is also trying to win

ÅStrategy for MAX is to choose the path that 
leads to the best terminal state for MAX, given 
that MIN is trying to find the best terminal 
state for MIN



Optimal strategy and MiniMax

ÅMiniMax value of a node is the utility (for 
MAX) of being in a corresponding state from 
there until the end of the game

ïAssumes that both players play optimally

ÅMiniMax value of a terminal state is its utility

ÅMAX will prefer to move to a state of 
maximum value

ÅMIN will prefer to move to a state of minimum 
ǾŀƭǳŜ όŦǊƻƳ a!·Ωǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿύ



Tic-tac-toe (1)
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Tic-tac-toe (2)
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MiniMaxvalue =

ÅUtility
if n is a terminal state

ÅMax of successors MiniMaxvalues
if n is a MAX node

ÅMin of successors MiniMaxvalues
if n is a MIN node



A 2-ply game tree

A

B DC

Max

Min

3 12 8 2 4 6 14 5 2

b1 b2 b3 c1 c2 c3 d1 d2 d3

a1
a2 a3

3 2 2

3

= Max nodes

= Min nodes



MiniMax
function MINIMAX(state) returns an action

inputs: state, current state in game

v ăMAX-VALUE(state)

return the action in SUCCESSORS(state) with value v

function MAX-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
vă -¤

for s in SUCCESSORS(state) do
v ămax(v, MIN-VALUE(s))

return v

function MIN-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)

v ă +¤
for s in SUCCESSORS(state) do

v ămin(v, MAX-VALUE(s))

return v



Multi-player?



MiniMaxExample

10 2 -8 5 1 0 -2 9 9 4 8

2 15

Max

Max

Max

Min

Min



MiniMaxExample

8

5 0 8

10 5 2 0 9 8

10 2 -8 5 2 1 0 -2 9 9 4 8

2 15

Max

Max

Max

Min

Min



Pruning: Chess Example

Å2 players ïMIN and 
MAX. MAX to move. 
Utilities of results: 
win=+1, draw=0, 
loss=-1.

ÅIf MAX attacks  
opponentôs Queen 
(option c), MAX can 
be checkmated next 
move.

ÅThus, there is no 
need to consider 
any of côsother 
children.

(attackqueen)

a

cb

?-1

(MAX gets

mated)

MAX to move

MIN to move



Pruning

ÅConsider a node n

ÅIf a better choice m is available at the parent 
node (or further up the tree) then n will never 
be reached in actual play

ÅWe may be able to determine this by only 
looking at some of nΩǎdescendents

ÅIf so, we can prune at this point without 
looking at all of nΩǎdescendents



Alpha-beta pruning: use thresholds

Åalpha 
ïassociated with maximising nodes

ïcan never decrease

ïcheck whether the most recently created node is less 
than alpha

Åbeta
ïassociated with minimising nodes

ïcan never increase

ïcheck whether the most recently created node is 
greater thanbeta



Alpha-beta pruning (1)
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Alpha-beta pruning (2)
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Alpha-beta pruning (3)
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