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Artificial Intelligence(AD)

CS6659 - Al Notes

Home

Home

Introductory Problem-Tic Tac Toe

The game Tic Tac Toe is also known as Noughts and Crosses or Xs and Os ,the player
needs to take turns marking the spaces in a 3x3 grid with their own marks,if 3 consecutive
marks (Horizontal, Vertical,Diagonal) are formed then the player who owns these

moves get won. [(uJ ¢ Pvue,}i‘ heve Thvee a'ppyoad\w to /Jla; this j”‘”‘C

‘IW}\\(J-\ 1Ny tas W 3

Assume, "\ (l) fmmr\({xl—[j l)) e 0‘{' 3(4—1(rab/),a/60r\

STe c) Cfovff) of (her J) Ex {w} L;“{j of thav %oﬂcj\.
Player 1- X hmalile dge

Player 2 - O

§ A
N '

So,a player who gets 3 consecutive marks first,they will win the game .

Let's have a discussion about how a board's data s
tructu :
| algorithm works, re looks and how the Tic Tac Toe
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Boaydis Data Structure:

!

o e
o

The cells could be represent as Center square,Corner,Edge as like below

~ Number each square starts from 1 to g like following image

'

VL'!.,? ,‘5 YG
atel FAN NI [1]2]3l4]s5]e6]7]18]9]
2-D qame-boal 1-D Vector

Consider a Board having nine elements vector.Each element will contain

~ e 0 for blank
e 1indicating X player move
e 2 indicating O player move

- Computer may play as X or O player. First player is always X.

MovéeTable _?ﬁ .

It is a vector of 3”9 elements, each element of which is a nine element vector representing

\

board position.

; Totéi of 379(19683) elements in move table

_* Move Table

‘Index Current Board position New Board position
0 . 000000000 000010000
1 ' "000000001 020000001
2 s (1000000002 000100002
3 L ,:3000000010 002000010

" P
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Algerithm A @

" .- To make a move, do the following;

1. View the vector (board) as a ternary number and convert it to its corresponding
. decimal number.

2, Use the computed number as an index into the move table and access the vector
stored there.

3. The vector selected in step 2 represents the way the board will look after the move
-, that should be made. So set board equal to that vector.

Let's start with empty board

Step 1:Now our board looks like 000 000 000 (tenary number) convert it into decimal

no.The decimal no is 0

Step;2:Use the computed number-ie 0 as an index into the move table and access the

vector stored in

New Board Position.

The new board position is 000 010 000

Step 3:The vector selected in step 2(000 010 000 ) represents the way the board will
~ look after the move that should be made. So set board equal to that vector.

After complete the 3rd step your board looks like\

e \
-
N A
\ {0
Nowdah
J MY
. i J—
-~ '6ddoooood| |i 000000000 | @———=000 010000
S R e — \
"ooadooddi| | X
Yot I | ||
Y With this game-bosrd| . ' We can move
|
o A ey -
AN
g —{ i | =

This process continues until the player get win or tie.
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AFFYoaJ\ —411 ! , |
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Follo wing digits  t Ygruesl  blank, X player am«f(
O plajcv moves - The Choite  of  thue | hgibs Lol
be cleay in the Sfmllcfj [?av‘[ Given below-

Q- Rf-/wwcn{"nj blank Pog:'{r'on
3 - (n «cw{mj X Plaff” move
S - 't’\JleJ{“’ﬁj 0 ()lajw /Move

All 4 moves chYqu\llﬂa’ [27 am ’."feﬁﬁ" 1@”2 move )
T g (/MT move ). we will we the Fallowing vie
cudr pwcaa,uvv,sf
¥ (/\o(n) —_— l,u;nj this 711/4'\(_{'\-00 {,OMFW'(W (an mall e
| a4 Move N Sjuave N
¥ Make_ 2 —> This 71““0‘%” A"(TE» The AJ#)QJ.‘?« +
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X Posg“ln(P) _-—) Tt P(ﬂ/j"ﬂ/ [D (an win In ’t/\(
move  then it Y(/AAV% the  index
Frem (;‘ta ) ¢ The syuave +f

[ons#{uf% A W"f‘“'-”j Mmove, otheyas e
it vvas 0.

l’)oct

g{yofcjj;:
’,7')(’_ S{'Y;T[Zﬂj 079fa IGJ éj /'\U"‘aﬁ ‘)4'* {’A s ydmc

X _ wd
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5o then bIOClL e éi““"‘* f{ffa‘/",‘: S(c;nj \rgw (olumn ;}/iasmd
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/Qu/(/u) 147\/ Vine Moved

(C Pfayé X, H Ploys O) CH Plays X , c play s O)
[ move: 0\0(5) /Gm(r) 2 move ! T BlsT s Hank/
then
(no(s)
¢lse L
ho (1)
3 Mmove: :L—f B[9] 15 blank y move! iﬁj notd  hAuman (p ayi nj X)
then haon pdycd 2 mDV%B
bro (9) T+ PossWin(x)
|se
) Uinakenz 4 (m {blocl x
tho (3) (o (Posstvin (x ))
¢lse -
{makc -?ﬁ
(no (Make— ?,)
5. move {L%j how Loﬂw have pldyec:\' é—_ﬂ%ﬁ_@j NowW (orn[.wd‘/ /\M
— g mchs} plmjeof 2 moW-ﬁB
I-f— FOSSNmU() I‘l’ Poss Win (O) '
n v 'H'\
{'L\C {x w,,\s} wn {'O (A}r‘flS?j
(o (Poﬁsldm X)) (ro (POssb\an (O))
i+ else 14 - )
Gise Posslin (o) POESW'D(X),
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then ]
‘H\m&w (Poggldfﬂ (0)) (/\O(PO 55 Win LX))
else i+ B{17 is blank else tro (Make _2)
then (,,0(‘1)
e ho (3)
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T t9 moves, g move -
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T+ Poss Win (X) T Posswin (0)
’{'X ans} {O CU:/)S@, :
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else +F ah else
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BT foscliin (0) T PossWin (%)
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[is f’c_o/ &/ow .
<o (an Lb :
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AU\N‘?QL!‘% (‘H\umé YW("S),
: bwevds AT CW/?YMLJ"

hag’
It 0()}9/[(/5
tYC&iCJ ob one Sfc’p
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) not ab efbiciad oA 1
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Tn this appvoach, we choose boaxd position to be o magic square

APpProach3

of order 3% blocks numbered by magic numbes. The magic squave of
0¥der N consists of n¥ disHinct numbers(fyom L to n%), such that the
numbers tn all ¥ows ,all columns , and both diagonals sum to the same
Constant. Tt is genevated using the fpllowing method it 1 is odd. Thexe

might be va¥ious othes methods oy genexabing magic squave: The one
we have used s defined below:

=7 Tt begins by placing 4 in middle of top vow, +then r‘ncmmeni-aﬂy
Placing subsequent numbers in the square dlagonally up and vight.
3t o Hlled square is encountesed , move Vertically down ene square
instead , then continue as be fove. The counting is wyapped axyound, so
that falling off the top veturns en the bottom and falling off the
vight weturns on the left- One can easily show that the sum must-be
N[ nv+D) (2] for each vow; column , and diagonal -

— The magic squaxe of ordev 3 Is shown in the table [-3. Sum of each

wow, ¢column, and both diagonale (s |5

Table '3 Magic Square of Oyder 3

gl |"6
5| 2
U |q] >

45 this approach, we maintain a h'sl?'of! the blocks»p(m/ed by each
player- for the sake of eanvenience , each block is tdentified by its
numbey: The following sStrategy fox posSible win for o player is wuced.
Obviously tn our case, we ave considexing a Computer 4o be player 4o
which the Strateqy is suggested as Hollows:
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* Fach paiv of blocks a player owns S congideved .
* DitRerence D between 15 and the sum of the oo bfocki ts computed.

* Tf Dl0 o¥ D>9q ,then these two blocks axe not collinear and
S0 can be ignoved, othevwise if the block vepresenting dittererce
is blank ( te,not in efther list) then Player can move ¢n that

block . .
* This strategy il Produce a possible win foy a playey.

= Tt should be noted that fiyst tew moves ave fived ac gtven fn
Table I'2- 1o fllugtyate the method, congidey the lists of both the
Playess ;) say aftes Seventh move assuming that the fivst playey
vepresented by X’ 15 human CTable 14). Now it ic the twn of computer
at eighth move .

IWe choose o . . |
onwvention such that eigth block’ veters o

the block cont-afning the humbey a8, that s, the f¥st block of
magic Squaxe.

Table 'Y status of both [ists attey Seventh mouve.

Playex—x ¢ Human) B
N 181! |42 |
p!ager 0 Ccompu tex)
A
SBE
—L L L

AE this tuxn, computer checks it it cap o
N In - This chocki
Ng Is done

by considexing paiv-wise blocks fom iks last and +Hnd a block whrch
'l § w ’
is collineay . Heve D=15-(5+3) =1 and Since sevents block is not tn

either of the lists, computer can Play in this block apnd declave ptselp
e

as won. let us see the execution ot Progyam from the Stast p
‘ an
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the Sfmfegg uced by a Computesx.

EXecud -
on O0f a programy: Assume that human is the #vsk player.

> Twrn 45 suppoce H plays in the eigth block
™ Twrh2 ! € plays in fipth block (fixed move,see Table I 2).
= Turn 3. H plays in fivst block '
= Tu¥n 4 ! ¢ checke £ H can win o7 not
* Compute Sum of blocks playgd by 4
* S=g+ =¢q
* Gompute D= is-q =g
+ he Sixth block is a winning block oy H and not there op

eithey lisk: So,C blocks it and plays in sixth block < The
sixth block is vecovded in the list ot computey-

- Turn 5 H plays in the fouvth block.
— Tuyn ¢+ C checks ¢ € can win as follows .,
« Compute sum of blocks played by ¢
N

* compute D=15-1 =Y ; Discaxd this block ac it alsead y
exists th X list

* Now ¢ checks whethex H can win

* compare Sum of paiv of squares from the list of Y
which have not beery uced eavlies

S =gty =2
* Compute D =i5-[3 -3
* Block 2 is $ree, so0 ¢ plays in this block . The thivd b/oék
i vecosded In the list of computey.
2 TuN # . Tf H plays in second ox ninth block; the Computer wing,
Let us assume that H plays in secord block.
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= Tutn 8: ¢ checks it it can win as tollpws
* compute sum of blocks played by C which has not been use
eaxlied

¢ S=513 :3)

Compute p=i5-8=y
- Block 7 is free, s0 cplays in seventh block and win.s the game.
* T¢ H plays in seventh block at (ts tuxn 7, then theve f< a
dvaw |

= The Pprogvam will reqUlve mucb move time than othey two ac it
must search a tree sepresenting all possible move sequences
be fove making ea.ch move. gut the odvantage s that this
' aPPf?aCh Could be extended to handle three-dimensiona.
He -tac—toe . Tt could ol2o be extended 4o hand|e Games movye
Compli cated than b'c-tacl-+oe
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