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1. Minimax Search

2. Alpha - Beta Cutoff

3. Quiescence Search

4. Static Evaluation

5. Board Representation

6. Makemove & Unmakemove
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Pseudo code for the minimax search method

int Search (int depth, int ply)
{
int score, bestscore=-INFINITY;

if (depth less than 1) {
this is a "leaf." we need to call an
evaluation function to get a score
for this position.

return score for this position

}
generate the list of possible moves

for (every move) |
Laks move
score = ~Searchi{depth=-1,ply+1};
unmake move
if (score greater than bestscore) |
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hestscore=score;
the best move = current move
update the principal continuation
}
}
return bestscore;
}
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ply =0
depth =3

bestscore = -INFINITY
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if (depth < 1){
return eval;

}
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algorithms)

score — -search(depth- 1,ply+1);

mmgmaﬂﬂm score = -Seach mﬂwaﬂumsmumma"lﬂuurhﬂm%“sﬁumﬂum
e & muuﬂmﬂﬂnﬂnanmmﬂwmw

-opponent score = our score

opponent score = -oir score
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update the pel)f] array with this move.
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Depth (ply) Number of positions Time to Search

2 900 0.018 s

3 27,000 0545

4 810,000 16.2 s

5 24,300,000 8 minutes
6 729,000,000 . 4 hours

7 21,870,000,000 5 days

Alpha-Beta Cutoff Or Alpha-beta pruning
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/* alpha-beta.c - Discussion at
http://www.cis.temple.edu/~ingargio/cis587/readings/alpha-beta,htmi
*/

#include <stdio.h=>
#include <stdlib.h>

enum kind {Min, Max};

/* A node can have any number of successors.
We represent the tree using a binary tree. The link child goes
to one of the successors, and from there the link sibling will
take to all other successors.

*/

struct node {
char * name; /* used only for convenience in displaying information */
enum kind knd; /* if the node.is a Max node or a Min node */
int valug;  /* relevant only for leaves */
int alpha;
int beta;
struct node *child;
struct node *sibling;
IR
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/* preorder traversal of the trec */
void printNode(const struct node * const p)

{
const struct node * r;

for {r = p; r != NULL; r = r->sibling) {
printf ("name = %s\t kind = %d\t value = %d\t alpha = %d\t beta =
%d\n", r->name, (int)}(r->knd),
r->value, r->alpha, r->beta);
printNode(r->child);
}
}

#define min(x,y) ((x)<{y)?x:y
#define max(x,y) ((x)>(y))?x:y

/* The Minimax algorithm with Alpha-Beta cutoff */
int minimaxAB (stract node * n, int a, int b)
/* Here A is always less than B */
{
if (n->child == NULL)
return n->value;
n->alpha = INT_MIN;
n->beta = INT MAX;
if (n->knd == Min) {
struct node *r;
for (r = n->child; r '= NULL; r = r->sibling) {

int newb = min(b, n->beta);

CT 488
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int val = minimaxAB(r, a, newb);

printf{"minimax at %s, with a = %d, b = %d is %d\n",

r->name, a, newb, val);

n->beta = min(n->beta, val);
if (a >= n->beta) break;

}

refurn n->beta;

} else {

struct node *r;

for (r = n->child; r = NULL; r =r->sibling) {
int newa = max(a, n->alph‘a);

int val = minimaxAB(r, newa, b);

printf{"minimax at %s, with a = %d, b = %d is %d\n",

r->name, newa, b, val);
n->alpha = max(n->alpha, val);
if (n->alpha >=b) break
}
return n->alpha;
}
}

/* Just an example of a game */

struct node game[31) = {

*0*% {"A", Max, 0, INT_MIN, INT _MAX, (struct node *)(game+1),

(struct node *)NULL?},

/1% {"B", Min, 0, INT_MIN, INT_MAX, (struct node *)(game+3),

(struct node *)(game+2)},

220
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/2% {"Q", Min, 0, INT_MIN, INT_MAX, (struct node *)(game+5),
(struct node *)NULL},

/3% {"C" Max, 0, INT_MIN, INT_MAX, (struct node *)(game+7),
(struct node *)(game+4)},

/x4% ("] Max, 0, INT_MIN, INT_MAX, (struct node *}(game 9),
(struct node *)NULL},

/% 5% {"R", Max, 0, INT_MIN, INT MAX, (struct node *)(game+11),
(struct node *)(game+6)},

6% {"Y", Max, 0, INT MIN, INT_MAX, (struct node *)(game+13),
{struct node *)NULL},

j£7% {*D", Min, 0, INT_MIN, INT_MAX, (struct node *)(game+15),
(struct node *)game+8)},

g% °G". Min, 0, INT_MIN, INT_MAX, (struct node *Xgame+17),
(struct node *)NULL},

9% {"K", Min, 0, INT_MIN, INT _MAX, (struct node *}game+19),
(struct node *)(game+10)},

/*10* {"N", Min, 0, INT_MIN, INT_MAX, {struct node *) game+21),
(struct node *)NULL}, '

11 % {"S", Min, 0, INT_MIN, INT_MAX, (struct node *)(game+23),
(struct node “)(game+12)},

12 % {"V", Min, 0, INT_MIN, INT MAX, (struct node *)(game+25),
(struct node *)NULL},

/%13 % {"Z", Min, 0, INT_MIN, INT_MAX, (struct node *)(game+27),
(struct node *)(game+14)},

/*14 % {"Z3", Min, 0, INT_MIN, INT_MAX, (struct node *)(game+29),
(struct node *)NULL},

/%15 */ {"E", Max, 10, INT_MIN, INT _MAX, (struct node *INULL,

(struct node *)(game+16}},
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*16 */

/*17 %/

{*18 */

/*19 %/

*20%

/*21 ¥/

/*22 %/

/*23 %/

/%24 %/

/%25 %/

/*26 */

1*27 */

F¥28 */

/*¥29 %/
*30%

{"F", Max, 11, INT_MIN, INT_MAX, (struct node *)NULL,
{(struct node *)NULL},

{"H", Max, 9, INT_MIN, INT_MAX, (struct node *)NULL,
(struct node *)(game+18)},

{"I", Max, 12, INT_MIN, INT_MAX, (struct node *)NULL,
(struct node *)NULL},

{"L", Max, 14, INT_MIN, INT_MAX, (struct node *)NULL,
{struct node *)game+20)},

{"M", Max, 15, INT MIN, INT_MAX, (struct node *)NULL,
(struct node *)NULLY},

{"0", Max, 13, INT_MIN, INT_MAX, (struct node *)NULL,
(struct node *)}game+22)},

{"P", Max, 14, INT_MIN, INT_MAX, (struct node YINULL,
(struct node *)NULL},

{"T", Max, 15, INT_MIN, INT_MAX, (struct node *)NULL,
(struct node *} game+24)},

{"U", Max, 2, INT_MIN, INT_MAX, NULL, NULL},

{"W", Max, 4, INT_MIN, INT MAX, NULL, game+26},

{"X", Max, 1,INT MIN, INT MAX, NULL, NULL},

{"Z1", Max, 3, INT_MIN, INT_MAX, NULL, game+28},

{"Z2", Max, 22, INT MIN » INT_MAX, NULL, NULL},

{"24", Max, 24, INT_MIN, INT_MAX, NULL, game+30},

{"Z5", Max, 25, INT_MIN, INT MAX, NULL, NULL} };

int main()

{

int value;

/* Example from Nillson: Principles of Al, 1980, page 124 %/
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printNode(game});
value = minimaxAB(game, INT_MIN, INT_MAX);
printf("\nVaiue is: %d\n", val);

return 0;

siviufidudo Max FoisufiTnua A) %qmsmm Minimax naandeiiee 1450

>
mﬁu%‘qmmmunm Alpha dusAnay Lm.,mqmﬂuﬂm Beta (s un mmnmwﬁm

aglufifum misei 18 (value) sxifiusfioglugae INT_MIN < value S INT_MAX

T
w6 11 9 12 14 15 13 14 15

Here is a trace of the execution of the Minimax strategy with Alpha Beta Cutoff

NODE TYPE A B ALPHABETA SCORE

A Max I +H -1 +1

B Min -1 +1 -1 +H

C Max -1 +1 -1 ' +1

D Min -l +I -1 +

E Max I +1 10
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Y Min 10 +1 -1 4 4
R Max 10 +I 4 +1 4
Q Min 10 +1 -1 4 4
A Max -l +1 10 4 10

Quiescence Search
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De

Saneiuaail
int Quies(int alpha, int beta)
{
val = Evaluate();
if (val >= beta)
return beta;
if (val > alpha)
alpha = val;
GenerateGoodCaptures();
while (CapturesLefi(}) {
MakeNextCapture();
val = -Quies(-beta, -alpha);
UnmakeMove();
if (val >=beta)

return beta;
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if (val > alpha)
alpha = val;
}
return alpha;
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Generate Legal Moves

tﬂuﬁqﬁfs’uﬁﬁmﬁﬁﬁ'lumsﬁuﬂﬂzﬁmxﬁuIﬂﬂﬂ'i'nﬂw'lmﬂuﬂwnﬁu%ﬁz'fhmf

»
as = [] as & o
dunnzdaduvoshoiug sﬁ‘umﬂﬂuIﬂﬂﬂ%«’i’ﬂgnﬁmgﬂmmmH’ﬁwmwéammuq

»
voldiiorsanon Tusunsuntyn c++ &ei

ifl SideToMove = WHITE )/ lunsd@invisiuihomu

{
while( i< 64) // 'nzv'nmmﬂﬁﬁaunn‘ﬁmnun‘szmulﬁaﬂ'hﬁ'vmm;jnsa‘lnu'ﬁ'w
{
if{ b=>get_color(i) == BLACK || b->get_color(i) — EMPTY )
{
i dnmnszanafuiiudveshodmieseig hifidusezdmlalg
¥odlni
i+
continue;
}

switch( b->get_piece(i) ) / Tunsdifidiuavesfhovnzginiuses 1s

{
case PAWN : // 1 fashmsgaungiuiuuoslsfuer
if{ (b->get_color(i-8) — EMPTY) &&
(WPawnAttack[il{i-8]))
PushTree(i,i-8, TRUE);

ey

¥ »
r luﬂ‘mﬁﬁamﬂwu'hmmsnLﬁu'lﬂmungmﬁﬂzﬁmnﬁuﬁ'u'llJlﬁu'lﬂuIﬂsqﬁ%'wﬁagn

Teoludidedonttedsn Pushtree( from, to, promotion) */
if{ (b->get_color(i-9) == BLACK) &&
(COLG) > )
PushTree(i,i-9, TRUE);
ifl (b->get_color(i-7) = BLACK) &&
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(COLG) < 7))
PushTree(i,i-7,TRUE);
break;
case KNIGHT :
{
int offset{8] = {17,15,10,6,-17,-15,-10,-6};
e Yuduil offset vudusidufithamnsadulla »
int j = J"j;
white(j<8)
{
int to = i+offsetfil;
if{ (b->get_color(to) 1= WHITE) &&
(KnightAttack[i][to]) && INBOARD(t0) )
PushTree(i,to,FALSE);
i+
}
} break;

+ b
r l‘uﬂ‘immﬂm;umuﬁ’wuﬁ'uﬁzmmimﬁuﬂaﬂuﬁ'ﬂﬁsmxaﬁu‘lﬂﬁmﬁwﬁtm:mﬁﬂuﬁu

\ 2 A 4 v & @ o o ted a Yo o
Tau drulaufmiiouiisnaunuiia Faiuda lifinsSun 1481 break */

case KING :
{
if( (b->get_color(i+1) 1= WHITE) &&
(KingAttack[il[i+1]) && INBOARD(i+1))
PushTree(i,i+1, FALSE);
if{ (b->get_color(i-1) 1= WHITE) &&
(KingAttack[il[i-1]) && INBOARD(i-1))
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PushTree(i,i-1,FALSE);
- if( (b->get_color(i+8) != WHITE) &&
(KingAttack[i][i+8]) && INBOARD(i+8) )

PushTree(i,i+8,FALSE);
}
case CONE :
{
iff (b->get_color(i-8) 1= WHITE) &&
(WConeAttack[ilfi-8]) && INBOARD(i-8))
PushTree(i,i-8,FALSE);
H
case SMED:
case MED :
{
int offset[4] = {9,7,-9,-7};
int j = jj;
while( j <4)
{
int to = i+offset[jl;
if (b->get_color(to) = WHITE) &&
(MedAttack[il{to]) && INBOARD(to))
PushTree(i,to,FALSE);
AR
}
} break;
case ROOK:
{
int to = i;
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while{ COL(to) >0)

{
to--;
if{ b->get_color(to) = EMPTY)
PushTree(i,to,FALSE);
else
{
if b->get_color(to) != WHITE)
PushTree(i,to,FALSE);
break;
}
}
to=i;
while( COL(to) <7)
{
tot+;
if( by>get_color(to) = EMPTY)
PushTree(i,to,FALSE);
else
{
ifl b->get_color(to) = WHITE)
PushTree(i,to,FALSE);
break;
}
}
to=1i;
while{ ROW(t0) <7)
{
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to+=8§;

if{ b->get_color(to) == EMPTY)

PushTree(i,to,FALSE);
else
{
if b->get_color(to) = WHITE)
PushTree(ito,FALSE);
break;
}
}
to=1i;
while( ROW(to) > 0 )
{
to-=8§;
if{ b->get_color{to) == EMPTY)
PushTree{i,to,FALSE);
else
{
if{ b->get_color(to) = WHITE)
PushTree(i,to,F ALSE);
break;
}
}

} break; // end cal ROOK move
} // end switch
i+

} // end while

} // end white tomove
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Main Chess

Program
!\
~
"
GenerateMove /

Retum Number of Move MakeMove
Change Move history
SearchAtRoot
Retumn Best Mmm
o UnMakeMove
Chal Move hist
nge 4 Move Best Choice
GenemteMove
Retum Number of Move \

— Y

Chiange Move history E AlphaBetaSaearch
: Retumn best vaiue UnMakeMove
Change Move history
//f
GenerataMove /
Return Number of Move
MakeMove
Changa Mave history
Evaluation
Retum vakue UnMakeMove
Change Move history

amugaIm s lilsunsy
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Abstraction

Algorithim

Alphabet

Argument

Arthificial intelligence
Artificial Neural Networks

Axon

backtracking
Backus-Naur Form (BNF)
Behavior

black box

bottom-up

Class

Closed Loop of Neurons
Cognitive Processor
compile

Condition

conditional part
Connected graph
Cormectioness
Consistency

Cut

data abstraction

Decision Support System
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Declarative Programming

Deductive apparatus

Dendrite
Derivations
Different engine
Directed graph
Distributed system
Efficiency
Enrichment
experiential knowledge
Expert system
Expressions
Expressions
Expressiveness

Fail

Formal

Formal language
Formal system
Free variable
Fuzzy Logic
Fuzzy Sets
Generating

Goal

Graph theory
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Handbook of Artificial intelligence
Head

Heirarchical problem decomposition
Imperative language

impiement pattern

Inconsistent

Inference Engine

Inference systems

Inherit

Inteltigent Systems

Interpretation

Interpreter

Knowledge Domain

Knowledge representation
Knowledge-base container
knowledge-base expert system
knowledge-base system

Knowlegde representation language

Languages and environments for Al

Laws of Thought
Lemma

Link

List

Logic
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Loop

Machine learning

Medium

Membership Value

Meta language

Modelling hurman performance
Modelling the real world
Modularity

Module

Natural language understanding and semantic
modeling

Neuron Network

Node

Object-oriented
Object-Oriented programming
Objects |
Optimal solution

Paratlel Computation

Parallel Computing

Path

pattern part
Planning and robotics
Predicate

Premises
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Probability

Problem solving as search
Problem state

Proofs and theqrems
Proposition

Quantify

Rapid Prototyping
recognize-act cycle
Recursion

Recursive function
re-inventing the wheel
Relations
Representation language
Representation scheme
Robot

Rooted graph

run

Scope

Search

select-execute cycle
Semantics
situation-action cycle
situation-response cycle
Software engineering

Solution
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Solution path

Space

Specifying artifacts
State

Structure

Success of expert systems
super classes
Symbol pattern
Symbolic computing
Synapse

Syntactic level
Systax

Tail

Tautology

Theories

Tool

Top level

top-down

Tree

Well-defined language
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