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Programming Methodology of the Computer Go
Young Sang Kim' - Jong Cheol Lee '

ABSTRACT

In this paper, we describe the programming methodology which can produce computer Go.

After computer Go program with the rules of Go determines a territory for itself, it must evaluate the exact
next move. The common design principle of computer Go is to combine such heuristic elements as pattern
match, alpha-beta pruning and influence function.

In this study, we introduce many other approaches and their results on computer Go, and then show data
structures and algorithms to implement computer Go project.
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3 (MFGO) +9| -2 -1 |+6]|+7| 3 4
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10 (Rex 95) -5|-4|-71+8|-9]| 1 9

Goliath3} Nemesist= 1993 o|¥ A& 53R
gsten, 49 Y4 Y T=aPL 19934,



1994 i3 A GA) 5Hollo] SHA ZzaPo
2 7192 8~107 AREAM MZE s Aoz
ert}.

3AE -5Alo)at o] Ui ¢-5-& XA F Handtalk
o] =23, Zhi Xing Chen(o}u} 61, 63MH)&
Z #z9d 9l Zhongshan t]8te] 3383 42
A o] MEg oz =z YAt 413 FOST
A d3dAy 8 FFE 579 N8€E W=
3919 Handtalk2 the 48 A3t A7 € 79
Az 3717t AR, FbE 3@ o) ot}
#, oyl digE [AF Tz JALEY oI
Handtalk-& $-2] 342 7, 83 A=ty Hride
o, F@Yo|7lnrte FAY FuPolgtz £A4Y
t}. Michael Reiss®] Go4*+2 87\ tl3jolA AHx§
A4 & Wsloy o) U oA o] §44E o] Hantalk
o] HA Ed 2918 AA 3.

#F4E Bd Q739 A A& Handtalko]
1532 ¥32 A& 9 4P 3L dole 5
g gyoz AYPHA =, Seh266A), HIE
(85:341), A9 31(8334) F 39 9] & J)Atet U=
& dodA FHITAAE Aoy HIF, 7y
g A2 24192 3k dolof Hejd 234
AME $u1, £3AB3EA)E 4o 2514 E 7]
89

d 39 f-5Aelz o] g3 39 Go Intellect
< e 23719 22 209971 9] §434E 5 4497
(move generator) & 7} on, FIFHLE v E
o A M Uo-wel g4 Fato] HAHS
+£8 ©Eo] Wt} Ken Cheng J¥3 AR L
AAs7] H8A Fel29% Mot 48 AL
=, dp, )8 A piAlA & AX H4 A= @
o, B vlAE 9P 2679 J0 2 ALY}
[12].

4oz T2aYPste ol F WA= Aol
2] 71 MFGO 2509971 2] 23 % =t 26,0007 9]
44, 32009 B4 @S AHoe sHAX e,
AL3 B 7|(tactical analyzer) ¥ QA A, &, AHY,
49 &4 7|(evaluator) 522 714 HA 9 8 ¢
ojdict. MFGO= %47te] 28y Qe Hol= R ES
AL, T2 AA 7T 41,00081212) CAAR 7}
AN o, o 440 Kbyteso] o) 2.2 & 2} $rHs).

HFEUIS T2 7Y 463

2.3 199544 FOSTZ] CHE|

13 FOSTR i3l F300A 949 29, 30 ¥4
AHEUY. o] e 73L& 37 MA Ay e
g2 Q84 F3& HEdn, 55 o] g FAG
o} 7t TE2IYPL 1A 7 1255 o4& F3of
8o, 5 AFE vls 29 7F°Kstandard computer
Go modem protocol)-Z Al&-3ld FAE 4 gle =
2add dsiMe 108 Az 23 43 & F43
A Hol 3t

A o] U3 A9 JdAAREL O ZeaPdrog
= 953 7199} &3t} $42<¢] Handtalk& 6%
9} 21 (7M) 71419} 93 Huls-& Fof o1z, MFGO
£ 169 349 Z)AbelA 97 HupFollA 13659
BEA4SL ARA N Go 471 MR, o]F TP
3} 30479] MY dlFg ¥ Y& =2 7|AR= Handtalk
o A 552, God* ol islA 73-&, MFGOe] o
M 853-¢ 9AAT:. 53], Go Intellecti= Handtalk
9te] upA| g} g-tlA P4 Zo|HE e & A1R3}
A e vl A9 AYE At oot 629 7]
& 7}% Ken Chen& ZZ 7|AleA AMALE X
AA Axle Z2aPL A&de Jadol=sx
ATHTL

Qe =g 7|dd 2YE 4FE AX FOSTH
I E ANAde AF EE2 94EARE vd Ay =
239 3y s 5 AFE usq Ay
g F4L &3 Yt

3. Al& =29 Fe

o] FoME wEL E2adYsy) A% a7
o gaM AHRI, AFEHE T A A=
T AA T FFE SN T4 8= 59
¥ AR dAA o}y Fuje FHEA Hoi
o] @2 (tliberty)s} A2 AHA AR2A, FHUo| 1}
2 e J3A H3, RAAY A2E PEH2
uhg 4 glok WEtA, @ 7 FojA W 2 FA o o
& 53 A8E oA Adso} g o] @ FF
ARE &, 9018, 9424, A, U7, %Y 5=
TEY F A

typedef struct point /+ ¢ 2]2] & 2| H +/



464 B2FEHRIES] =2 M3A X 3=(96.5)

{int x, y;

} Point_type;

int color_type[]l ={ BLACK, WHITE, EMPTY};/+*
Ve A e/

Point_type *dis2, *dis3; /+ A2l7} 1, 2,32 A +/
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typedef struct stone
{int  color, [+ B2 A «/
nliberties, /+ &} $29] 5 ¢/
strength; [+ 2] M| 7] «/
Point pos;, [+ U} S Hol| A 2] 91X «/
} Stone;

typedef struct p_list {
int safe; [+« AHE «/
Point_type pos; /+ 2] 2]|2E »f
struct p_list *next;

} P_List_type;
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typedf struct string
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nstones; /+ Fo}2) & o| R §9) £/
Point pos; [+ ol el A Jeje] ¥ e A +/

Point empty_pos]MAX_EMPTY];/+ @22] $1x] +/
} String;
String strings[19+19];/+ Wol&] & A G v Q »/
int nString; /+ VA o] WA Qe Pol2)Q) & o/
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int conn_type{] = { HANE, ONE, TWO, HIRAKI,
H_KO, KO};

int strength_type{] = { CUT, CUTTABLE, TASTE,
SOLID};
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Point seye_empty_points; /+ J2t2} Fu} 4=/
int eye_type[]={ HALF, ONE, TWO, MULTIPLE};
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typedef struct group

{int color; /+ 2§92 4 «/
Point list_eyesi]MAX]; /= 2592 o) Y2E
String list_stringsMAX]; /« 2§ <1e] goj2] P2E +/
int strength; /s 1§2] F X ¢/
struct group Enemy_grouplMAX]; /»
A 2§ J2E/

} Group_type;

Group_type groups[19+19];

int nGroups;
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bool Shicho_Test(String S)
{
if (S—) nliberties = =2) {
L1 =8-)empty_pos[0];
L2=S8-)empty_pos|i];
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Move_Possible{L1, L2);
Put_Stone(L1);

Update(S);

if (Out_Board(S) return(YES);

if (S nliberties ) = 3) return(NO);
else Shicho_Test(S);
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bool Snap_back_Check (int x, int y)
/* Check Uttegaeshi +6/
{
if {new_lib==0 && old_lib==1 &&
x == Dead_Array[Dead_ Index — 1].x &&
y==Dead_Array|Dead_Index —1).y) {
if (Count_Block(Other(Turn) ) 1))
return(FALSE);
else return(TRUE);
}
else return(FALSE); /» can be move «/
}
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void Attack_Opponent(P_List_type +move, byte depth)
{ /+ Attacks weak groupss/
integer_board terrain;
byte count, garbage;
Group_type * WITH ;
int x, y;
memcpy(terrain, zero_board, sizeof(integer_board));
count=0;
while (bd.groups|count] — ) size ! =0) {
WITH = bd.groups[count];
x=WITH —) to_kill.x;
y=WITH -) to_kill.y;
if (WITH —) owner = = Other(bd.Turn) &&
WITH —) aliveness { 32 &&
((1L {{ WITH - ) aliveness) & 0x38) ! =0) {
if (O_Board (x, y) && Legal_Move(x, y) &&
1Suicidal(x, y))
terrain [x]ly] + = WITH — ) size ;



else {
garbage = Life (» bd.groups [count], depth,
&WITH —) to_kill);
if (On_Board(x, y))
terrain [x]ly] + = WITH — ) size;

}
count**;

}
«move=(P_List_type +)Highest_Rated(terrain);
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void Update_Territory(P_List_type smove)
{

short(+ weights)[board_size];

intx, y;

for (x=0;x { board_size;x* ) {
for (y=0;y{board_size; y**) {

if (weights[x]ly)= =0 && Legal_Move(x, y)

&& !Suicidal(x, y)
weights{x]ly] = terrain{x]{y] + 100;

else
weights[x][y] = 100/abs(weights[x][y])
+ terrain(x][y);

}
smove = (P_List_type *)Highest_Rated(weights);
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HolA W AE T3l terrain] 32 23 £ R

t10F26

(140,50,90,90,190,180,170,150,14

{110,20,60,60,6

2 SRR

0,50
b 1191
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Window Help

(0110;50.50;50,140,130,110,100,100,100,110,130,1‘0,150,150,150,1!0,100)
(10,20,50,60,60,50,160,120,110,110,110}1!0,140,150,150,160,a§£,120,110)

,160,150)
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,160,160)
,160,150]
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60,160,120,

(OB 2) o2 = MY S HME
(Fig. 2) Terrain map for next move generation
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