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An Extension of Go Pattern Language (Gopal) and an Experimental Go Program
Using Extended Gopal

Satoshi Onishi, Katsuro Inoue, and Koji Torii

Department of Information and Computer Sciences,
Faculty of Engineering Science, Osaka University
1-1 Machikaneyama, Toyonaka, Osaka 560, Japan

Gopal is a language for describing pattern knowledge of Go. We have ex-
tended Gopal so that we can easily describe a sequence of moves such as
Jyoseki. Using extend Gopal, branches of Jyoseki and Tenuki are also
described easily. We have actual implemented extended Gopal processor = which
outputs candidate moves for a pattern of the Go board. We are developing an
experimental Go program which includes the extended Gopal processor. As a
search algorithm for the next move, B * search has been implemented. The can-
didate moves ggnerated by the extended Gopal processor are .only. investigated
pEecisely by B search. We are developing evaluation function used with then
B search.
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Tpickup#hl TR, s —vhiHEbhs 1 >0H%

MERETBLOT. LEXE. By
F42LEDEOHQO—2DE] . [FAB1DFEDOH
Bo) EOBERTESL. Chickd, WRELBEH
BEEShIOT, EFrE#ELshs, 1. K2 T
Wpickup®Bid R & LTV W, (pickup none;)

FERORELDH] Tk, LokH>RREOL &
Dy —vERD EFRELWHAERTHAT, o &
i, TP VCTVWRRE] &, THEWMB &P
TEXBRE] 2B TCEZ, DBAA, —D/¥F —
vEERLTBHE., MBEELELEHNERINS
EIRB-2TWDB, CORTR. BEShERS (3T

—-v) %250

—_— iRy

SHEEFEELTHBVTCZORBIBLWTREES2) &

FO o EBTE2, $h, BROMBOHERATE, 20
HT, (v FavThTFEIEBTESRD] VTt
HAEZTOERLABREN TV S, Rl Tk, BoH4a
BETH B EWVWIRIEL enparea(pal ,4,4) THRABLT
Who M2TiE, BIREIMN WS & WHIKEER state(pdd
)=enemy T. OB ETH 3 & WIKEE enplarea(
pal,7.4,pd4) TRLTW 3o

TEHFERM] <. EcoBRRERHTRFN
BREicdLT, BREE2TOBRCES S & biERT
50 BRI, 200G 2IT2ENAT, L&A TRW] ®
FkiF) BEMBH B, BERid. TORETHMMEEHKTE
TEDbLIEBDTH 2, BERVPESREHFOERD L
FMATS (LEL. BRIBBEEFRALTVWARWL) o
S, COWBIRY T ey —vrELTENYT BEHE
2RBRTE, HUOFHERERFR W 2bDy - %
FHERCERTEE LR >TWB, B, &5 —
U OEBOBERESSS - BEKIZ. EAEREC
RBU, EAPFLLEEREHTRBENS, 1 Tl(c
SIEZ)S dL8) (e, H)UME). (dA(B)E, Z0EX
HEOESK, E22 8 0RTEEFEL TS, K2 T,
DU DOAEBRSBER, Ea2%2T7 2RATHEETF
L4 B, BB, pdd, pIIREREREERTHLOML®
HEE&hf, BAERTERTH 30

pattern akisumisen;

applied_place (BT 5B

corner non_symmetric; (BT, MHIEERLEIWV]
pickup {EE¥ PR L)

none;
condition

emparea(pal,4,4); {(a, ) o4 x40 fEHESZETCEH 3)
candidate

with (sumijoban,80.0) pc3, pd3, pcd,
{(c.3)(d,3)(c.)(d. DA%, mmsmz ﬁakao-cﬁﬁﬁ&*ra)

end_pattern;

1. IHGopal TOZE & Bt M 0iid

patter hkakari;
applied_place
corner;
pickup
none;
condition
state(pdd) = enemy {(d ) DR TSH 3)
& emplarea(pal.T,4,pdd
{(»>, (a l)ﬁ‘ b1X4Oiﬁlﬂib‘(d DERVWTETH 5]
candidate
with (sumijoban,72.0) pf3,pfd;
(.. oK%, ﬁﬁ]bﬂ#ﬂ AMIITRIEE T3]

end_pattern;
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(EAT 5 BT}

2. 3 JLiRGopal DLk
[HGopal D RED—> 3. BHFEBRO—F L IR
TERRWIETHoTeo DD, EAZREBLELI &
Lzt &, —FHUTEOKBHEO 5~ 2 LI
BT BLEBD 1o £, HEOIT - FiedT 310
MOFBic>WTSELTHS (LA, oF &
FTEORERE) o k. COLIBEBREMES S
BRITHL, EFAE-FRORERKEEEXS
(g —vOBiPLTELRS D) o
CDEINEERET BD. FricicikikGopal 2 &
Hlio SHDORERLLTROEINBIEEEZER L
DFEBEoBEEZEERSTEBL L
DFEIEcKT ZhRCHM. FhEcWTIFR L6
RTEBLIKTHIE
NFFoLBERELTRTEL &
DTEZRIETHRETTF RV L
)45 % COIHGopal THRB LA 09 — v 7B~ FEH
LedicffTt&s &
ChoDRERLL, PoEBELEHCT sH, i
BEHTFICRMEIEL . FIROLBSTES LIl
3 hikiEGopal 72 7 5 AQBRBELDH OHE D
B TH 50 7. HADOBOER (B—arXA4=H*
J &Y ) OFREMRGopal EHVWTCERBL
TOHBRETH B0 KRiT, B EEHRHET S0
- BEHF RN
K3 m1)~20),9)~12),18)~16) ;
candidateTHs ¥ Dend_candidate T b %,
FRFEIFFIERZ B ENTE S, FIRFIBEREE
BES LM TE, HE2BICRZORLEYFIES
HBHELEEH.T L. K5 TCRFIBEHNELZ—>
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1) candidate k j i h f e d ¢ b a
2) tarea(/1:82:...); ] g

3)  with(BR.#H%) RIGFE; !
4) next(BR.EHA) REHFE: tenuki (R, HA) KEHF: 2
—— —G o
6 branch k=
1) rigndition \ 3
0 : QO 6 4
9) candidate
10) vith(BE,B%) BIHF: S
: D)
11) . 4 2
12) end_candidate; \J r/ 8
13) candidate 7
14) vith(BR.EA) RWME;
15) . 8
16; end_candidate;
17 end_branch;
1) with(ERLES) BT \é) <§>“ 9
19) : 10
20) end_candidate; 11
R 3. #hikGopal f&HhF T 5 D 1 0 MBS
pattern hosi_kogeima_nikentakabasami; 4. B—-axy4< -~ —_ManNdI0ER
applied_place =
corner; {4 5IBF7I3RR)
ickup ttern hosi; -
pliolrlner(()): (R 5 6% 6 ¥ERE I G i30E} paapS{;‘edfziace
. T .
mpirea(pal 10,10); (8. )b 510X WORENETHE)  picp, O-Imeie (RTHRBAERLEL
candidaze L none;
tarea(pal:pi " diti
L BB (. (L TEE RBRFBOALESE) NI ommses 8
with(sunijoban,20.0) pdd;  {BHOFR(d,4) candidate
next(sumijoban,20.0) pcé; {ZHEOFR(c,6)} with (sumijoban,20.0) pdd;
next(sumijoban,20.0) pd9; (SEHOFX(d, )} end_pattern;
next(nigedashi, %0 .0) peb: )(l’!(liéﬁﬁﬂ)-:ﬁli e.6
tenuki{hokaku,20.0) pdé; . pattern hosi_kogeina;
" EEOFHEREENLSWE)  applied place
next(kakucho,20.0) pf4; 2. SE.#HE DF(1,4)} corner; ()
ok nryak B P EmE s s ha b (L) Dok,
next(shinryaku,20.0) pbd; 0)(7§?§®¥‘3(b'4)) condltiz()n ,
tenuki(kakucho,20.0) pbd; . tate(pd4)=- & enmpl (pal,10,10,pd4);
e g HoTsTma s na s b.) e o 0 10 100 2 0 (o s 5]
next(kakuchokﬂ() gi pcﬁ),( " é;:&?o?tx(c.s)) candidaze
i pcd; ith ijoban,20.0 6
e B DI HER & & 1k 5.0 ond_patrerny o200 P
next(kakucho,zg‘g) ngl:& 2 é;\%;)aﬁoé‘-li(b.s)) . s )
tenuki(shinryaku,20.0) pb8; . pattern hosi_kogeima_nikentakabasami:
o INBHOFHSEHESNES®.8) | applied place "
next(kakucho,20.0) pid; {(WEBOFIR(1.3)) corner: (7
end_candidate; pickup
none;
K5. WiiGopal TOR - hF A - ZHIB/H L ORBORD condition
state(pd4)=friend & state(pcé)=emeny
& states(difference(range(pal,10,10),pset1(pdd.pc6)))=empty
{(d. ) MBEF . (c.6) D5 C. 10xlom{-oﬂﬂﬂ>ﬁ;5}m§)
candidate
- FIEF 2 with (sumijoban,20.0) pds:
E3@Z)~17).18)~19) end_candfdate;
FIEFI B MEFIE L BB 3 o : (2T AED s — )
9. vithf CRAOFELTB L. TOROF Znext :
M 7=l branchZ TR T 2o 6. IHGopal TOE - /N 4 % - ZHIE Y I OEG OER

< with#t. next#.
with¥. next X2 IR T 2WHe ZORKFIREOH RTI2BEHBFELRBEEL,
P AEEEST StareaX. BALFHR 2 OBEOREE%: DEioftic i FHOERBERICTCEILIER

BT BtenukiXERRTE 3,0 30, &5k, BROBMOEGDO~Y v F Y728 $ 517
- branch ‘ Bic, pickupBicF A RLEMA. BOBHOEOK
K3w6)~17)s Hb5 iz (6 X6 D8Y) 2idB®Y Bcorner(n)ELHicinZ 7o
branchT#E . end_branch T 3, K4icxtdsHboigdcid,. BEEFELIERTCET
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Gopalld b & b e BAEDHBEOREL Thicxdd 2R
O—FERERTE260THD. FlHE VW7o b EER
FTEH2ORRBBLTOVR VL, CHIRFFE{TIIMADT,
ERCRIRELE LT B, Thid, BAECHEKD/ s
— ot S EHFEEZESE W S HGopalic, HFEH» S
HEDLNTVBFIBOIDLOBEHFFEREI LW HER
b >t tedTH b0 [HGopal Tk, —F T & i, Gopal
TS5 ApS bS5 YAV — b ENfPascal TR S5 A
EETL. bl —view s FThRRBHEFERFE T
BEVWSIFEEE > TV, SHEOILIKRGopalic X FIHE
Biib oD T, BRIRBEBFEFIET I V-
RTERLRB, 2T CCTCREHFOFIEG L
EHMEARE@ - CRRBEE I FEEREB I EiIc LT
RTHE-AHY— (BRI, ~¥3) oF|dc. K8
BT I BGopal CHEB L2 dDTH B, i Hih
THBEBEIEROPEN QIRTo IROFE idnextpnt %,
A4 5 Fikwithpnt 2 H > TAREHRLTVWS, b LG
opal 7w S S LD —~viET vy FTHIE, TusS L
BRIDOREERL. BEHFORELLTHELTBL. %
LT, COKROBOTIHSROFERVET L I10F 50
ZOFORVHBLER.
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corner;

tarea(pal:ph8):
with (sumijoban,20.0) pdd;

pattern akisumisen;
applied_place

(B ¥ 5 HH R}

pickup .
corner(0}; (m» 56 xenFaRic FEH L VT IcEE)
condition
emparea(pal .8,8); ((a, 1) S8 XSDMEANET H B}
candidate

#fﬁéoi’ulzx(a 1)~(h,8) D)
(ﬁmm%t 4}
next (sumijoban.20.0)} pf3: L&»oitt(r 3)}
branch
candidate
with (sumijoban,20.0) pdé: (ZFHOFI(d,6)
with (sumijoban,20.0) pid; & (i, 4)
end_candidate;
end_branch;

end_candidate;
end_pattern:
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= #:20.0
(ﬁﬁ@?)vi e
withpnti
nextpnt
WHF:
(f,3)
(ro®)  lgaz:i20.0
L 3
|
BHE: BAEF:
(d,8) (i, 4
(ZHFHOF) | ga:20.0 £#5:20.0
p— *
. o
) = hY- -3 =
9. READHEEH (X8)
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NEHEIPERBLTBLVTRALLOBTERVL D
il

3. BHRoOoBA
3. 1 HHcBIFZIER

BAECEST. Y—2itBOWTERARIEFBCEEDR
MERRDOFRTH S, L., BETR—BOERE
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BEL, FHBESSVETVTEIHS5TH B, fn& i
., F=2R2BavFEPa—9 -2t UTHEBRLIIHE
Eh, BT e s S5 ABEELTV S, L&A, 100
FEOY —F%27F2&4hiE. F=XTRT~8F% ¥
TH—FC&d, ZhicLlT,. @& w56l h
ERILEIMOY —F 2fT-Td., 2EBFERETAR
BFERELDLEFTEATHIERBTERVE, Ldbd,
FxATRAOREF R OB EHBERENFHORLE
ELTHERA DRI, HETHREEHOKRESPHD
M. EARE, ABMiE-THHLLERENEEL T
BLOBBV DL, FETCHE{fEbNTERLL
BEHF T 2BRCREMB»H» 0T ETRELS V.
T, ABOZA B ROVWT, 2hiR X BERS
HBROVWTEZ TS B,

ANHOBEOBHBRO—-2E LT, BEWETESDH
30 Chid. FHBIREIBEIABBARE Y, §FETOD
BERHBRLIOAERIVLERRS EEFEAET 4
EDBBVES (BF) ( BEAEZLESTORERESDD -
TWEHBELDT B ENTEEINSTH B, ZDI
B ERADPBERFRELTCLE~10BECHEON
B5IEMEL. —HOFFEOP TR ESIT b » &1L
8%

ZIT, BAMBSHEHBR EiF 50k, 05 — v HI S
BREBEGLILFETH 50 D& 0., GopalTRHEREh
fores — Y EBBOICIER L TEZETI>EHFORD
CHEITIo Gopal CHU SN BHFOARERER
DAUHETH Do BE. Goval TR—EI5 ~ 2 072
HEOBEHFEHLT WS, s — Vv RELHEEB DD
LTRLTVWE6DHH %, L L, b~20BE0HKT
BNEF = 2505 — s LB L THEBEOKRTEHD.
BHERETADH TR A £, HEVWERS] OFE
BAEEELT, B* b —F 74T Y Xa%RBLi, &

(b TLRL

[0, 90]

(ALY PRRPI—F)

M10. B —F7LITYXLOEFERAK

[-100,50]

(FRE) (LR@E)

[-30,-10]

NI, FxARBTCRBHESINTOT, BRESDI
KBBLEMBRERTVWBE Y, Fridcorrsy
LABEEEMLTOER»ES b E, ERICA v 7Y 2
YFLTHIDEIFETSH %,

3. 2 BETNITVXAB*OBEZRLIE

BY —ABVT, BEHOY —F T AT Y XanHH
ENTW5B, ZOHT, RABB*Y —F 7Y X A
ZRAL 20

B* —F7 NI Y XADERFERROED
OEWic. BEORE»S—FHo/ —FE2ED (Th
Zhow UL/ —FEVD) [ IHhHEDEK/ — FiZD
WCEHEY 5o 20, &/ — FOOETRERD 5,
(®10D
@RI, by UL, —FOodh s ERESBERD /
—F2KRDB CO/—FRIVYIERZ P/ —FEW
30 (B10TRH/,—FA)
@AV xR+, —FOTFRMEM, thoXo bt » 7L
_Ns—FOLEBEX D SRETHIE, FRVET T %0
2D, BROFR AR/ —Fick-TERb&h3F
TH 5o
@FEHROWIEE RS LY R/ — FOTRE%R
&1 5 B8 ZProvebest. T Dftho / — FOEREET
iF % ¥RE% %= Disproverest & W5 o FEROKT 4 5 Ak
DEWE OREHEEES
OIFEHR%EITDo Provebest DA, AL Y PR by
— FOT %4EHK. DisproverestDIFA R Z ofhd / — F
OF2EHRTE0 BROKRT T 2HROFVW/ — FER
AT/ —FOEZTITE, ZOTRHFlic/ —~FERNA
30 LT, &/ -~ FOFLVWETRMEEZFHET 5,
OONTE. BTTHETHRDET.
IHBEANBB* Y —FTATY XADERFETH
3o BB, B*ioid, BEEICHERIGEMES HFERE
BEONYz—va YBEET B,



B*Y —F 7 AT YR AR—FACE ERT B, —F
ERELTVWAEDT, TNEFNORRBREBZFEZI DI
RILQLBL, BROEMORE > TRV, B*IRFEL
EIREEFRE - HMAIVRLIFEZESh B30T, ABORE
BEEPROUB -1 BANEBLEIT VS, WE. B
HETREDFES—FE bRDOLNRTVREB B HEEL,
ZOBERY—FHBRTLBVOT, B ELRERD
B & > THREK TSR BLENSS 5,0 -

3. 3 B*W—FT7AIT VX LDHH

B*$ —F 7T YR AR F 2R BWTHBOT7T LT
Y X AL DFEREESDRBRW EBHEESh TV S I,
KARLUTOEHIIEY, B*9—F 70T Y XARHE
HEEBVWTOEHTHELELo ST TR, B*OH
B>V FE L ERLTEBNS,

- BROIEE

a — B #iddepth-first DIFEHT. 7 — FOEICBIH
RABMPORE - LIABTHEREIT50 —H. B Y
—F TR, /—FOERIDREERTE/ —FERD
b0 BRIEOHEB VW EWDNEZTATY XA (SS8*7E
E) BIEB: /4 F 39 JRBRELTVWR M, C0KF
BHEBI O ESPBTEB, Chick b, BERH
FOBDENERPERTE S,

- EKROBH (BTEMH)

B*Y —F CRIRO—FOIHoBROFXESIT 3
CEWHRBETHZD., B*UABEACOERFER.
BRAROEOHED S EXRAOEERD, ThickpiEs
TORBFEEROPZILELEEANILTVS, ¥—4T
OEFZDOEMR, ~BILWRO—FE2FETIETH 50
CORT, B*RIMMOFEHRLD Y —~ac@LTWBE EE
Zohde
- EFY 5 MBI

B*Cid. HOEOFELET 3 fHO ETREHW3 M,
B*UA DR EALDERTE, FEMETRDoN
BbL3IEDHLDLVWEEDNE—D LAV E, —fFiIc,
BR—oOBEVRFHELEIO0RRBELEDbN 2, -
T, BE-LHERBRDONBBE4H5, LHAL. B
PTRETREVW>EHOS2EE2AVIOT, 851
BERDRV, dsi, BECRBEFESSVEVT
BBLOIRBB*OFMEEMO L TREV SIS -
TWVW3EEZTWE,

Do &> BEEBIEZLIOVERLAEB* S —F70 Ty X
AERATL,

3. 4 FHEBIH
PanicB~fek s, BEORBFMRIYL VWAL Z
Vo ARMELO—koOMBOR. . [HEM] . B
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