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The Study of Artificial Intelligence Programming

for Gobang-like Games.

Student: Dei-Yen Huang Advisor: I-Chen Wu

Department of Computer Science and Information Engineering

National Chiao Tung University

ABSTRACT

Gobang (Five-in-a-row) is a game which is very easy to learn and so
popular. According to the " progress: of the Artificial Intelligence
technology and the accumulation of Human Intelligence, the rules of
Gobang are changing based on the original ones. If we can design the Al
focus on Gobang-like game, it will increase the score of the Al program

and help to check the fairness of Gobang-like game.

This thesis studies Al Programming for Gobang-like Games and
improves the original technology build on Gobang in order to apply it on
Gobang-like game. It also propose a new null-move search method to

prove Connect(6,2,3) is a Black-Win game.
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4 4 dk o Ris 4= - B line-pattern * @ e gL | 0 E A
Ja &b line-pattern X5 F= > T aZF B0 3Rz A2 0 R
A pxi p}éi‘iﬂh % &5% linespattern t & = K3 F= 0
7 T ek ik R M == (£ 5 A& 2 Threat) > 3% 7 B FAR

A ﬁ"“«’&' B AT

S4E - B GERE R R (E T )
£45 MR F line-pattern #7# # &2t 4 (info 1) o
B P44 % BT 3 B4 line-pattern #r i & iz g
(info2) °
4. Zzgsridam L 2 L& infol &2 3 info2 hi & -

e ee+ Fot ottt

0 0 0 1 0 1 0 0 1 0 0 0 1 0 1 0
277? X X Live2 X 1 Live3 X X Live2
77? X X X 100 X X
0 1 0 1 0 1 0 0 1 0 1 0 1 0 1 0
X X X Live3 X X X X Live3
X X X X X X X
(a) (b)

] 3-5 Line-Pattern Table # = BEF 3
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EN IFEI&’% Bl 3-5 chin| 3 kafads FE AP g oaE - B
AT L R A2 (8 > HFAPEZE 2 ine-pattern table 17 st
% i%?%’f‘-’%} o 4oB) 3-5(a) N P AT F g o] Flghenk Hooo

g A ffaijﬁ-i—i B E AT B S AL AN 4o 3- 5(a)‘f

GRAPT BT B2 1A B2 A RIRE s BT
I ETE FADEZT O APRT LS b - A EET (e
B 3-5(b)) °

e xR ek kfad) line-pattern B ¥ enFiLE b fask -

5% % #& &#73 line-pattern fF = Fil o

w4 2 line-pattern table 2 ¢ » fdim P enf+ > ¥ F &
EHZBT B3 e dE N TT*L? 2k 2 in 3 #ic (Evaluation
Function) ¥fiZgbiEs o

e g _Z& 4 ¥ty i linespattern table 3 & wehie R 97 &
80MB(;F'<; LN ‘\—* 4ol T )

o T PR BRI D IX2+2x27+3%27+ ... + 19x2" = 18x2%0+ 2
o T B IR E 1 (18x2%+2) x 2 bytes x 2 ~ 8OMB ¢

¥ Memory #-€ BB %% hRT L 0 AT 4

|2
=
T < ¥ 3 £ gl 0 Line-pattern Table » 488

BT AP Y hy BRI RS AR By £AT
53 I e N AR FESR S &5 By ;Ez;'rﬁv;;\:rﬂyﬁiiafg?i
? 2 i,



7 & chmove o 2 12 Connect6 5 5 » % d1 00T e B E

Ll e
T -
S

D. B Ty M enh B fs o i E T E Y ER W Bk

FehE L o
i (b)
&
R
()
rrbﬁ'oa

B] 3-6 Connect6b Move Generator

NP F KPR EE P ’a‘jizm Z ()R> A& F A4
Eifehy L~ AILfEO®H > 5 5‘53 AP NEGe P L EKEF D4R
B A e NP AT B &g P R ”’)’," fsd™ KikxT™
Fi 4 B g ANPT A AR GRE(RI(0) {ATHE R e PF
s 7 2% T EFGH 2.4 fick 8 e B 2> #7121 (AE) (AF) (AG)
(AH) 8 EA P ehiz 3 moves o 4ol 2 PRl A Bhin™ 33 F gL
BCD 4 1#5 I wy, w3, Wy I iEiE moves o & F AP AL 1F:E
moves %5 > FHHE A H G BB 9w B moves o T 5N PHF L

i t’l-i—)}" o
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pho 3T ok S H T T AR S > B R P - BEF LY
VoL OLIFETE p R+ g 0 PR B 3-6(a) & BLp %Kmﬁf;}%%fﬁ ' ®

BF6 T

I BN S 2 S BB F L hFE L ATRAE Y O] o
TENPFLEY O B HE S N Lo A FII - B F
LT T HIpREF oop 1R PFEL s #5-€ ¥ Tree-based Move Generator

p *F p

LR

AREE P BEI NG BRI Sl - BESHEG L o
ZEEAAT > T - BEAHERE G G - BRAALIEE
Fom 330 ) AR T RIS Sk 332 &4 8EG TR Jx.ﬁxo

B 3-7 & BEgLe B> il 4 g 3B
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I A #He

1200+500+125+25=1850

PP % A 0 0+40+0+250=250
~ 24 12100 A

3.3.2 &5 i S e

Yo aiEi Sl b

(leaf nodes) 2 = f';". % B

Ao ¥ G flar
o K ijg%mf;m S EE ,T‘y‘”* Bt B '?'g‘v%ﬁ

{‘Lb
i}i‘:‘;‘{;&/J\ I_E'_ o

B AR S

HPE S B SRR G

YETY S HrA - = - P

7 125 500 1200 6000

7= 25 100 400 2000
% 3-8 7 BEITE it A Bk

g [ - - B P

8 250 1800 2400 15000

7= 50 200 800 15000
% 3.9 Z LTl Y A Hick

o 4rHE F: %Lmla\gcﬁi L% &

Alpha-Beta :}%2"? ﬁ'?f B ﬁj—@ Vo E &k
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ME (TR ] 2eni S B A ) K
1283 i = 1000000
2% 5 1 1 Threat 2} -1000000
3.2 % 5 3 i Threat 11} 20000
4.2% = 5 2 i Threat 5000
YoOE Z1BE= +2000
yebx 51 BB +1000
yeaE 5 1Bz +1000
5.24 % 5 1 i Threat 2500
$}24E= BT 6.2 %7
35 5= -2000
Hg r = -2500
I +1000
pe=x 3% 1= +500
pe&E 51 Bp= +500
0. > 3 - EZ8 s B -5000
¥ 5 1 BE2 -2000
x5 1 BE= -1000
3= 5 1B~z -1000
7.8 s
H* 5743 -2000
W52 -800
#H2 3 1 -1000
A3 E= 3500
N g = 600
A s S 600
Ao 120
A R 150

% 3-10 545 g fick
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3.4 & F=H

vk 18RI FHE ¢ 35 VCT & VCF 7 Al-Search

£
(Threat Space Search > f$ & 2 @ £ % TSS) > % 3.4.1

U EFWEH S
J%ffﬁdwmﬁﬂgo“342JnJ”@iﬂwunﬂm?ﬂB

343 ) w2 M Ap B et gile & o

3.4.1 6 Fx el Agh 2
TSS &4 Allis 7P Gomoku 252k ¥ 2 3 & 2k ph - fif#’izt'! DA
- 4z e Search % ¥ 0 B § T ¥ Threats fp i cne 2 (¢ 3 =

BEIORER > I 8 F2 Baphd M icen £ odpF ;}éﬁ% FHiBIT
=i 8 FE 25 g s 2 N (Winning Threats Sequence) » % &_% pren

5w 24 45 ) (Fail) -

s AR T SO A ES A B
2773 3 Threat M1 5 = > Hag ™
v

0 #c¥ 1 = Threat engL b > — & 17
GBI TV R A ES 0@

By 3 - BERT LR
EWW R AT - 3F T B
SI7RAE S J’I-‘C»Jﬁt TAREF|T
FA%m Py 2Bt chThreats (%
- AP B HLAE SRR A IR B AR FNE LT p AR enfhinang
e xR FI T 2 qp %fﬂuﬂ@&k’ FTTIP@
- K= 3 dmove 1 F PRHERIER o - LBz E

Threats > 4o gt
B4 H L F ptl B(F) Lt chThreats 1 7 7 2 5% o

}~q

Fi
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B 3-11 TSS 7+ & B

342 @i

TSS teitsre> T (s L @F BOH AT € T - FiiE 0 IR
3-12 > {AC}.{B,C}.{B,D}) > pa2% f(Game-Tree) ! 5ijr ¢ 2 2 Heih
+ Aif(sub-tree) ¥ { HOF = P BEEE B R e L 7R A
PR I e T g

4500000

B 3-12 %= |7 &7 3 B

ot AP ERB T - BRean B D RK 2 M PE LY 2 AT
¥l E B ({ABCDH)MW TR (X PR L ERT R E
Conservative Defense) 7734 7 32 = 17 fjﬁl? 35 3] - % Winning Threats
Sequence & ®% » H 9 i& * & 4 5 Winning Threats Sequence % = 3
TEAATR P ORI RT o AT R e P d0F B
F % HF = %5 Hm F % - % Conservative Defense =77 sub-tree ,T}u
¥ %ﬁ'ﬁ“ EA i{j’%t“? 3 B TSS erdbE »e sk o

%5 Conservative Defense s 428 7 10 4|0 T = 8 TSS
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1. @& %3] TSS (Traditional TSS) : & iz 45 Jn & TSS WM F 1 1®
#x L A)es £ > 3 & % Conservative Defense e4 £ o

2. %= 4] TSS (Conservative TSS) : #r5 73 TSS fr = & X §
¥ W 7 Conservative Defense » 7 34 {7 #773 e £
%o (18] 3-13(a))

3. R & A TSS (Hybrid TSS) : #73 1TSS eifr = & £ » 7 LH
{7 Conservative Defense » 5 #_2 F 742 v Bigsz > w2 5 4
T ELE A ahfr T 2 L o (B 3-13(b))

fe §i¢ % A TSS eykin AT 0 FE v @ I3 F 4 pr(Fail) -

ﬂ?i%ﬁ%@ﬁiﬁﬂjﬁ%%ﬁ’&T—+$£Wﬁm—%w
+ > A @A TSS * £ ¥ 2P~ Winning Threats Sequence @ % %
FATSS A7 3lens ¥ 2 &7 - o i@sd] TSS ~ %= 4] TSS -

A& A TSS Bt di o

B 3-13 22 A TSS 7+ & Bl (a) %= 3] TSS (b) & & 3|54 TSS

343 F&yRES

ff = f TSS crdicdy vb §0F Bk 2 w0 0 o 30T F Hhap B AR sk
AEEPR R T 2 5 o AR AL B R R R TERIGE -
LA AL B hpF iz & - 3E B 54710 B move & &% B
1= % Mini-Max Game Tree » 4'% £ & €45 2 $Hfe0- = 5 683 b
Mg ¥ A > EA PR Al p AR EER » - £ gé_i
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']

PliE = 48 TSS ewkay > &8 7 )
1. & - J&TSS #8F 145 digsc = fE 2% o
3054 B4 6 > b|4c® 3-15(a) T L 2 ¢
2. F A TSS 45 7 Mise > BBy g o P RkiwEy 77 B
& o B4cB] 3-15(b)TF E H ¢ — B S o
= # TTS j;rs-”? § PR RIS i G o gL R R
3 9612 BE G o GlheB 3-15(c)T E H P - Bk S

12743 fﬁi*‘*n@ s .Ii;j_’g_%]l/] 18 iﬁ;%—iﬁ
2 ;Il» 32

hud

%

Casel | Casell |Caselll| Total

3054 7 9612 | 12743

23.9% | 0.6% | 75.4% | 100%

i G Hnt

] 3-14 5 5 bipirail G 42

63?
: Q
0.0
é
o7

(a) (b) (©

B 3-15 TSS 4 & 4 #5907 b

A bk e 12743 B4 & KPR = 48 TSS 45 ) Winning Threats

Sequence 1= 7 F Bk o AP AYE - B ehA s fE TSS IF

Rz @Dk st 3-12 9 -
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Case 3:

Search Search Sub-nodes Return
nodes
Traditional TSS 1213 7131 Success!
Conservative TSS 267 2249 Success|
Hybrid TSS 1868 9659 Success!
Search Search Sub-nodes Return
nodes
Traditional TSS 16,873 114 461 Success!
Conservative TSS 1,867 30,372 Fail
Hybrid TSS 40 242 168,093 Success!
Search Search Sub-nodes Return
nodes
Traditional TSS 341 2,158 Fail
Conservative T3S 165 661 Fail
Hybrid TSS 674 3,387 Fail

% 3-16 = 6 TSS & = fldiv

B e Bk

K wm = B A Fa 28 TSS (05 50 ¢

(a)

(b)

(©)

2% 3 5 124 Conservative

TSS ehrziy & 5 fpAX »FEHFS AR RE > FE - B

Winning Threats Sequence =79# .4 > Conservative TSS 27
VK (4o B8] 3-15(b))e f b it e
Threats Sequence 7+ 3 3131 B4 6 > HF M F~ 3] TSS #
Pen3054 BEG o 2 FFE 8% m R EA TSS BEAT
» e AT R R PR G B8R frE ot B 5 H

FEE T 45

& 5% e 100% % 7

3 g A TSS 22 %= 4] TSS ekt fe o

o & R 100% = 7 5

g AT

ERA e

3.5 & ¢ 485 At

/2‘ F] Av\ F] rT7
w ¥ 75 5 45 3| Winning
N ERE

L $5

PP i o AU R REER T @ RN TSS
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GAR OB B ES A4k A M S AR
o % i~ — B AT Node =hpF i 2L i £ % 28 @

VIR F AT R R T e
i {7 H 4 Alpha Beta Search o

S ~ N L _ -

Threat:$pace Threat-Space

Search for W Search for B
Threat-Space
Search for B

B] 3-17 TwozLevel Tree Search

d 3 G ardE it end gk v R pblE R S BhAT § A P TR F b
TSS » 24 {9 chrie iz £

1. f AL sty bt k= 3] TSS #0% -

2. FEARGFMAZEED ALIEFLFLT o AP
iterative deepening & 37| TSS & - » )*Ih{;ﬁ, » PR R
Bd ¥ 3iE A D=l Bdor 4ok L4 Arims - 8 HOF
3] D=19 %1k > 3% @5 TSS B s o — 3 5
FIHEREET 0 F - 3 G4 T kA TSS HF chd ke

T a3 x5 2k 3 Connect6 54 1A E 250 0 F 4N

AR B A AR B o auEe £ 88 LAk Pz o
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tie % E "
T g ¢
Z 7P Ren(6,2,3)% - B 2 +

- Z AP LS % (Null-move heuristic) [4][20]/& * *
’ﬁ »E £ (moves)sHFEL » T H 5

& 2% evg Rk o

ﬁf%gwg41%ﬁ?ﬁwmﬁv42$ﬁ$%mw%%%
(Relevancy Zone) 0§ 5 2 » 4.3 &% ¢ 2P Ren(6,2,3) 2 2 £ &%

%9 ] » P Null-move heuristic =i # 3 ;% o

4.1 % F R PERPEL

BT SRR > o RS O hA NP s k
T2 A g G T f*ﬁ_fiﬁk B ok F T I
o N LEREFEGHPRE Il A A AT 2 PpFiE o Bl
SR T FZm o AT ilﬂﬁégoil"?—& ’;’er,u H3 ¥ 14
TR RYERAD ¢ B AR T o

Al -2 F P APA %L TSS 2 45 4 2% 1 Continuous Threats
Sequence > F A - BE G I > T2pFo 8 33 5 F T
Threats e = > @ 2 > FH5EF > B @B %02 2 > ok R
KA 0 23 T AR ’,T‘i»l%»\{ii" [(CUEREE SRR = A
FBFRL KRG BRI E T 0 i F Tk 3%’% dopt -
Ko APFTUBEHEAFDRBIAL D AoF AP R A null move v 2 S R
MiMmi?*&%éﬁmV¥”i %gbaﬁm&%&%a%

ToE Y APRE R ES S RERT AR
B # 2 F 7 € F i o Threats & 5g% o

\\5 F—*
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4.2 ip i % # (Relevancy Zone)

Bgt- il # T 0§ e s % i F (Winning Threats
Sequence) & rz i ¥ & - B 4p B % 3 (Relevancy Zone[20] > f§
RZone): A1 %% il f Lie® B Ro 2 5 (3 0 Pl&s™ 1 R R

} et s g s H R -

Relevancy Zone ¢ 7 15 & 7| = 48 -
1. i&scf j&»s Threats ¢0f# = % © Winning Threats Sequence §
% % b p B+ ¢ Threats Je s 3T e SE% o 2 AR
% B {4 o0 Threats fr ¥ BLIE L F F 3"3)*237.% ¢
Winning Threats Sequence % #x 7 o
2. Winning Threats Sequence &4 @ F &_f# = = FgL & > 3%
Winning Threats Sequénce :&3x ~ [# 7 (e b 5 F o738 >
~ ¢ i¢ t¥3% Winning Threats Sequence # ;2 "8 i {7 o

’

3. B = 2 ¢k sTB(nversion-threats point) : %] 5 173 1
Winning Threats Séquence &= v/ » £ & 7 = > L {75+
{6 blr = AT > I PEFIOA A A7e0 Threat c7gs > #-¢ ¢ 7

1B 177 7 Winning Threats Sequence °

BT - &g AR Er - BF HEFE P2 Nul-move
1
=

heuristic = RZone s * = 2

o

= Jljﬁ’i;fu

WP A g Ren(623) fﬁﬁrﬁ% BTy
B o Connect(6,2,3) 5k ek A T £ L 1 23 A% - e v Ak
BT oA RFY R RS PRI ARV

TG RES o
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FRAEMZ G GBI AR BT OREE APT gy LR
rrhe‘.;;ﬁ_-\ )y e ﬂ_\gﬁﬂ‘s v g3 H’)@;’%-ﬁ fyf"j-%;\»:'ﬁ—»ﬁ 2l B P 4

3 ’%ﬁ_ﬂwﬁ o S TR E g ERE S LK o ok T I i

=N

X & B~ "’?Kﬁffﬁﬁ%ﬁﬂvﬁ“ﬁz’35—%\3‘:;:_?19'»554% o PR
ﬁnm;g_o _FﬂLLL » F\ ffa ﬂ?r N

’ 2

7‘/{;1’]' "“s—f/é’: o

ull-move Heuristic #1334 » &k fg8~ 1

~mbe

@
U S
ﬁn—.
B
|
R ; |
(a) Opening 5 ; (b)Black TSS after White null move
<o ol = o W a1
24 6 5. a2
— f.‘ 3
J 0
l.r"\ ':-h. i 2[ : ? p2
} | .
6 4 — 2 ;.
1 I ! ‘sr- S ﬁ.l - |
' ! ' I 1T T
(c)RZone 1 (d)RZone II for 1a

i8] 4-1 Solving Connect(6,2,3) by null-move and R-Zone
FAAPLBERLS - Bbbe 53 5B 41k
o RAPG BEHBI TS APIERERKY 2 HE Null—move(é‘l gl
LRGA Y T ARG RA) BRER A B2 B g7 )
* Threats Space Search #7% 1! Winning Threats Sequence S1(4 )
4-1(b))> & kg5 S; AP ¥ Uik - & R-Zone Z_& B~ 1! R-Zone I(#]
4-1(c)) > >+ R-Zone I — & b #igF W) cn@h % i 00 ™ cnf2 8
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1. A:A B2 4417 < Winning Threats Sequence # {¢ Threats =
PP BE s B - §485 R Pl a0 S - SR R

2. BB Bhfp = b g dEFR o o 3% w o0 Threat n A R:Z 5 £ &
- FRVUBI(BFTAYF) R fd A PRALES F B
AV T SRS n¥sg > ¥ A 3 33 < L 1 B Threat >
Ml RS- SRR e L E R AB w#‘wf PR o

3. C:C g SpEdt Threats =21 > X5 P42 3 P 7 LS K
7 Threat o

4. DD BAFEE AR R AP FIZRALES E Ry

VLT AR S s s AT R R T AR 2 (8T Y f#gt

N

Threat(s)sHBL(E = 8~ > = B~ ¢ ’]‘#G\l Threat =7gL)3% e —‘}';K B4
L5 E -
5. EE® T §2 7T £d 5 = 8o w207 ?:,ﬂ;;gf,g@
+ ey - Fd Conservative Defense #1733 = 75 #7121 R-Zone |
3¢ z EZo
G P Erz {8 s BiER-Zone I § 62 BB A G T
T 210G - HF AR T LR Zonel § ¢ 02 RE ifb?’

5 R-Zonel i 46 = &+ 2 A7 - I3 w2 F 4
R-Zonel § © » L 8 % - 3p3F MR ¥ 1055 A 45 b iz F Ago Flpt 2 i
FrERE* - X 4pF dnull-move RvE kB Y F % 35 SR o

ETTRS

TR 2 R AU ] 0 SV L 444 R-Zone T ¢ 1a g
T g F > ¥ semi-null-move(¥ h- 3EY F AT o AR AT A E B
B’ 4o Bl 4-1(d) 0 & F 4L #5 2 > 151 Threats Space Search i
¥ 1245 | Winning Threats Sequence S, o272 # ¥}/ ¢ R-Zone 11 for
la> B~{8 R-Zone e ;Y87 b= j24pf » WX WA T Av >
FIT-3EFF T o A e 2 J SehiEZ A Z B IR A

R-Zone II for 1a 2. ¢ o iz B~ c7R-Zone Il for la - = 5 35 B 2k >

E:D
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e la7RBEL ) BET A

[bal
d
b
(OV)
)
=
~=h
o
f_\ N
3
)
EE:
o

+it e RZone Il m'U% 2 3pF chge R e Fikgps - B &
R-Zonel } o engpgim Wi — g5 e = ihg 22 8 5 oRik > 4

FOLEEI® A > 6 3 F steiimoves — £ ¥ oae 3 1713 4

|
-
=
_—;‘;
Pl
Y
T\
o
paa}
=1

A 1713 %29 * moves § ¥ » 2 ‘,5'3 & A gk Y 1R 1) Ren(6,2,3)
2

A4 * 2 = ¢ Threats Space Search fip %% 7 1713 26 > |

T imoves 2 {6 0 2.3 kBT JES (Ao B 4-2) o

Bl 4-2 Connect(6,2,3)8 = 5 »x 1713 f# = 2. — » B {525

~
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1

AL

o

~

&

A - 5] > ») -+, F
I E H$HmEAKREH

HFABLR AL SR

I Ap Mg AR SR anieE o BT
RAEG A IFEREE > DT T S ap b
\ — ’L‘ *‘H‘%E“\ o

# :H.:%f;f—r (Null-move heuristic)epe s » 1% % ¥ &8

TSS eh% % 2 & 1 4p B % & (RZone) 2% #P~F »ifimovee

ARDFRL > FUTEES T UEFFRE
LR - BT A Al FE R PEFA A line-pattern

1T

-

.'L

information °

G4t £ 4 A (pove lgenerator) it i

P % e Ren Ak FUSEER s & o

TR g FITG R E T IREE mﬁﬁ%AI ’fg?-i"*:,\%‘?gc‘ °
#n 3 0 Alpha Beta.Search ¥ * 7 #& Threats-valued
search(# &_p # Threats s TSS) -

4

FHAM S E L AR A P RA R T S A

1HFE ﬁmﬂﬁﬁzéﬁwéﬁéﬁ *’EF%%mA%’jf?
MRl B e e B ﬁ'¢fry}*£ o T o §oob— » 3\ jpe
Hp o ap 2 W 8 e T H Ap e g sk ’éff‘T?%Ff“mﬁﬂ;fi#

AR

+ gl e o
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FLEAIHAIOHA BAAPUA T BN ERT S 3
F Ak o BA-TATZ 2 B2 > Bl A2 5 Al = &% o

B A-1 Connect6'AI(B) vs AI(W) 2 = Al &%
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] A-2 Connect6 AI(B) vs AI(W) & = Al &%
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Ao BA3L Alv = JE% Bl A4 5 Al 2> 2% o

B A-3 Connect6 Huang(B) vs A(W) 2 = j&=%

B A-4 Connect6 Huang(B) vs AI(W) v = j&=%
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B h o BAS 2 ALFUZE > B A6 2 A0 %

B A-5 Connect6 Al (B) vs Huang(W) 2 = jE25
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B A-6 Connect6 AI(B) vs Huang(W) v = f£2%
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