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HolAl AeolA DESR(Dead Enemy Strings Reduction)® SCSR(Same Color String Reduction) Rule2 9j3tc}. o]t
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Abstract

We define a SG(String Graph) and an ASG(Alive String Graph) to the purpose to do static analysis. For a life and
death judgment, we apply the rule to the situation which the stone is included and not included. We define the rules that
are SR(String Reduction), ER(Empty Reduction), ET(Edge Transform), and CG(Circular Graph), when the stone is not
included. We define the rules that are DESR(Dead Enemy Strings Reduction) and SCSR(Same Color String Reduction,
when the stone is included. We evaluate a SG that it is an ASG or not by using rules. And we use APC(Articulation
Point Check) rule according to number of articulation points for a life and death judgment. The performance of our method
has been tested on the problem set IGS_31_counted form the Computer Go Test Collection. The test set contains 11,191
Points and 1,123 Strings. We obtain 92.5% accuracy of Points and 95.7% accuracy of Strings.
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II. SG(String Graph)2} Rules

1. SG(String Graph)

Stringe ¥ #A & o) AA HojxE 7R
A d9olth vhs Heol ¥ EE2 19 X 19 o349
agl=e F2E /M4 board graph® T @FolRc)
board graph+= undirected graph, Gz = (V.E) G €
Gv 2 A"t diAH o)A oA BA, E = |
en,..,et with e € {(vv’): v, v'E V}E 24 34
e #AE ZEah e ofdo A 19 GsE
3 eJ3t ek

Qe 1. 1YY= GBE

GB = (VE)

V={Gpll1<ij<19}

E={(G) @, iNIi=1 Al jl=DV (h
i'=1Aj=ji)}

f :©V -> {black, white, Empty}

obels} o] Bl gtey.
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$d= EE9 Stringg BS vertex® WE9 String
< WS vertex2 X@3ITE Emptyel WolglE ES
vertex®2 X} String Graph, Gs¢ = (V.E)=
vertex 73 M Vit edge 3 AT EZ FAHC
Z} edget vertex® Aoz HojAr S
SG(String Graph)ell A verticesZ vo,v1,vy,.. 2 &3}
edges evener..2 FHY} SG(String Grpah)&
directed®} undirected graph©]t}. undirected edge e, =
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edge e EIFAE FH3ITE 2 Stringo] Empty
pointst} & Stringg A3 EFexm glow
directed edge® ¥ d7}53}t)

Ao 2. 499 vertex vig}t viol thaiA vzt 43
vi.B X33 viE viZ directed edge, e = (v, vj)E
771}

$-2% black StringS vertex BSZ Ed3}3l white
String& vertex WSE X3l Empty StringS
vertex ESE F@ 3T A9 2= Stringo] ¢33 g2
Strings ¥ directed edge® E@HO)AE= AL
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a8 1.
Fig. 1.

Directed Edge2l ol
Example of Directed Edge.

% 1
32 2. Undirected Edgeel off
Fig. 2. Example of Undirected Edge.

(a)
a3 3. ASG(Alive String Graph)2l 7[&

(b)

Fig. 3. Portotype of ASG(Alive String Graph).
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A9 3. dY vertex vi¢ vl A vz} .9l
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(e)

a3 4. String Reduction 2l of: (a) board graph (b)
String Graph (¢) (d) String Reduction2] ZH& (e)
Alive String Graph

Example of String Reduction : (a) board graph
(b) String Graph (c) (d) the process of String
Reduction (e) Alive String Graph.

Fig. 4.
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Rule (SR: String Reduction). ES7} #Z2 A9
vertex Atololl gltiw & Mo F vertex9 ESw Al
2¢ vertexZ %% (Reduction)o] o]FoJZt}, o] A&
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ES37F 2§ &l Sa3 988 ok 2 4 (o)A
BS1# ES2 18l BS2E SR(String Reduction)dls
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HEE d=0AM String Graph® A28 HEEM
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Emply Reduction®t Edge Transform&d of : (a)
Board Graph (b) String Graph (¢} (d) Strng
Reduction2l 2} (e) Sting Reductionel Z=2}
{fy Empty Reduction®] & (g) Edge Transform
o B} (h) Alive String Graph

Example of Emply Reduction and Edge
Transform : Board Graph (b) Sting Graph (0)
(d) the process of Siring Reduction {(e) the
result of Sting Reduction (f) the process of
Empty Reduction (g) the precess of Edge
Transform (h) Alive String Graph.

a8 5.

Fig.

Rule (ER: Empty Reduction). SR(String Reduction)
o] Yot AHolA o]XF Empty vertexE2 ME
Empty vertex® =ofgojzct,

Rule (ET: Edge Transform). ER(Empty Reduction)
o] dojyt Azl gief ES7 &R B A vertexol
undirected edge® 7FA3 T3V, o] undirected edge
£ directed edge® HEAZIT}

3% 5 () (@A, SR(String Reduction)o] ¥}
U, (HolAH+x ER(Empty Reduction)o] d&jdch 1
23 (g)olA ET(Edge Transform)o] ¥dojupar, whxe
22 (h)ollA grapht ASG(Alive String Graph)7} ¥
o]ZAt}. Empty points(vertices)’} MEE Empty
vertex® o] WA undirected edge’} directed
edgeE2 W3] X= AL RAFE

=2
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a3 6. Circular Graphel off : (a) board graph (b) ()
Circular Graph
Fig. 6. Example of Circular Graph : (a) board graph

{b) (c) Circular Graph.

ay 7. (a) Board Graph (o) String

| circularet £ :
Graph (c) (d) String Reduction2! Z}HE (e) String
Reduction2| &z}

No circular and dead (a) Board Graph (b)
String Graph (¢) (d) Siring Reduction®l =3 (e)
String Reduction2| Z =},

Fig. 7.

Rule (CG: Circular Graph). Graph Gsgol A vertex
£} undirected edges’t Wdol e {3 AP,
Vo,e1,V1,e2, V-1, Vk 7F  walk®] 2 tail 223 closed©)
9, o] A& Circular graphe} 319, o)A 2ol A
gojr}.
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(b)

(d)

(c)
52 H String & : (@) Board String (b)
String Graph {(c¢) Dead Enemy Strings Reduction
of 7M™ (d) Alive String Graph
Dead Enemy Stings Reduction : (a) Board
String (b) String Graph (c) the process of Dead
Enemy Strings Reduction {(d) Alive String Graph.

a8 8.

Fig. 8.
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Rule (DESR: Dead Enemy Strings Reduction). ¥
& A Stringe] EFEHoIYL EF FFHN
Empty$} o|&tchd o] %3 Empty9t %2 A String
< M Z& Empty string22 %H ot}

19 8 (dllM, & Stringql BS1L ASGelth ES2¢}
WS1e BSlel 2FHANL 742t A& o] #7
o 9ltt. ES1& BS1d @z "ojx ¥§eojgiek 21
(elA SGE Bo Fi lon (c)dlA DESR(Dead
FEnemy Strings Reduction)e] dojubx ES29F WS1-2
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{c)

a8 9. A StingE 71X Groupel o : (a) Board Graph
(b) String Graph (¢) String Reduction2] =& (d)
String Reductione] Z =}

Example of a Group with enemy Sting : (a)
Board Graph (b) String Graph (c) the process
of String Reduction (d) the result of String

Reduction.

Fig. 8.

I3 (@)X 23 graphol Al ASGoltt.

22 A Eo| JE T2 dF 19 9M RoEu}
BS13 BS2E WS1e| 93] #Fojxilen, WS12 ES2
9} o] 93t} ES1L BS1o] ¥3Eojgloen = directed
edge® E3 Hojxdo. T3 BS3E ES4z 33
directed edgeE 7FA i lt}. 1% 9 (c)ol A SR(String
Reduction)o] dojvta A ZE vertex LV1e] ¥HEAz
o} 2y WS12& BS1o| E3te] w#] ggka oW o}
Zofo] dojuix] gket) AHHog BSIFH BS2 11
21 BS3 91 & Group ASG7L ofdt) 12j B2 alive
7F o}, o] ool A ofAITAIH @A -7} wdshE
AL ool #AGe] & ol tidt A dedoldt
a8 nz @4 oA Zo] ES2¢| & w1 w doh
W oA ASGE ®3 wo] 4 zlojr}. whef wWo] ES3
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Rule (SCSR: Same Color String Reduction). &9 ¢]
String®] 1 String®} #S A9 String®] E°]4Y
Empty String#} Ztz} o] -8ttt ¢Jele] Stringell oF

# String® %efol Holzth 1PEE ol Stringe
ASGolt}.
ohe A9l dslA Lold, J9l9) Stringe] ok

String® A Stringg 7ML & F AUtk T ok
String® & ©|49) Empty Stringo] A& Z+7} o] 23}
3 EF 2% 9Jolel Stringel TFHoIZ Alejolw

SCSR(Same Color String Reduction) 1 Yot} 19
10 (b)Ex SG(String Graph)elil (c)olA SR(String
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(a)

(e)

(d)

a8 10. SCSR(Same Color Sting Reduction)2! oil: (a)
Board Graph (b) String Graph (¢) Same Color
String Reduction2| 2H (d) Same Color String
Reduction2] 28 (e) Alive String Graph
Example of SCSR(Same Color String Reduction):
(@ Board Graph (b) Sting Graph (¢) the
process of Same Color String Redugction (d) the
process of Same Color Sting Reduction (e)
Alive String Graph.

Fig. 10.

Reduction)o] ¥ojytx (d)olA ES'3 BS2z18]i ES3
7t A7 0|23 o|RAE BSlol EFHOIY aHE
2 SCSR(Same Color String Reduction)o] #4o] 5
o] BS2:= BS19l &5 F¢9o] otk A% 17(e)
9] graph= ASG(Alive String Graph)7} EjZc}.

Ct. & (Articulation Point)

Rule (APC: Articulation Point Check). ¥9]9|
Stringol ¥&¥ W% Empty Stringo] F7oldte] #
d7d(Articulation Point)& 7FAH ©| Stringe Aolsl
t}.

He]9] Stringol A o] £g= o]zl Emptye] &4
A (Articulation Point)& FAFst 270 o] dolH Fx24
Hom go] BAo] ot ojed FAAL £&
BeE AR N7 oW 2 A F Eo] FolA
Ha FA HoA L ool A HH &o) Bo| 5
T4 Aot IEE YR XFEHI
Emptyol #8730 2 /W7t EAgte Ae wil¢ F83)
. I8 11949 deXXY ES2¢ ES37 #d A
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a3 1. BEA(ES22t ES3) o
Fig. 11. Example of Articulation Points(ES2 and ES3J).
E 1. Ag d3 vjn
Table 1. The comparison of experiment results.
Points Strings
Method Accuracy | % |Accuracy| %
Benson 1886 16 103 9
Muller Static 2481 22 168 14
Muller Search 2064 26 198 17
String Graph 10348 925 1075 | B7
Aol HelAk oArldlNE FAAM Yomz I
String& F3] dofqlr}.
Iom. 48 % &4

e oY A9 Ruless °)83to ALt
Wlo] 4%& Computer Go Test Collection % IGS
_31_counted problem (www.cs.ualberta.ca/ mmueller)<
23t A3 olE FAIEL ofvtFo] da9
o 3 Fo7 39 ALE TFa gk
ALEL 4A3] Fojzgon Al o]FoA AY
olt}y. o] AALE M AY vk FAo disf A
g3t 4F dolE+ Points7} 31 x 361 = 11,1910
o] Stringse] 1,1237§e]t}. o] A9 HEXE = Strings
o] xS 499 £7Y AFAYS Ho|y] Yol
Fuljol gk J3AL Points7t X302 A A Z T

E 19 2% A% vm= Mullers] 23"g AQd
Wi 38 Jehdth

A ke W& Pointst 925%9 2% AFA 8
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LTI ‘6= 0=
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Table 2. The results of experiment of games.
A Points Strings
kA R Accuracy N4 | Accuracy
1 361 335 35 33
2 361 320 28 26
3 361 343 39 39
4 361 361 22 22
5 361 3% 36 38
6 361 312 36 31
7 361 325 42 41
3 361 310 31 yis)
9 361 296 35 3H
10 361 333 23 22
11 361 346 43 41
12 361 319 37 36
13 361 333 40 40
14 361 352 29 29
15 31 345 41 38
16 361 332 44 43
17 361 321 53 50
18 361 353 24 24
19 361 332 52 48
20 361 302 42 42
21 361 339 42 41
22 361 345 29 29
23 361 361 34 34
24 361 324 33 31
25 361 361 42 42
26 361 348 30 29
27 361 347 b 35
28 361 239 51 37
29 361 332 33 32
30 361 361 28 28
31 361 361 A 34
A | 11191 10348 1123 1075
3 A3 24738 Ro9gFEH
718 48] 7$-ol Muller®} ¥}HolXE  Points £/

7} A1 & AFRE RBE Ud e At I
< A83 AFE 10%) Points /7 At ot
ag 128 7)E 49 Agke whEe FHEF doju
'CA'E Strings9] AAE7}F “AopglS' e KJ'E Strin
-gs9] SHAE 'EJLL EAF AR Strings ol
FAstg. 28a uERd HI Ae 5T
Group?] ¥ 3zolt}.

718 9& Muller) HhHolA 3ot A2 0%
Points %7} SolgAIqt Atet e A+ 8%

SX MMM ACHH 435 65

agl 12, 7|8 49 AHZD}
12, The result of the 4th problem.

Fig.

a7 13 7iE 99 AldAn
Fig. 13. The result of the Sth problem.
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T3 CG{(Circular Graph)& Al&& 5&?}3}91‘4. - A
o] X¥HZ HH= F go] F2 "O‘TEH% 35
DESR(Dead Enemy Strings Reduction)©.& & HE
% Empty$} %S 3l ohito]l X Holgle Aelol
W SCSR(Same Color String Reduction)©.Z %8
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