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Katsuro Inoue, and Koji Torii

Department of Information and Computer Sciences,
Faculty of Engineering Science, Osaka University

1-1 Machikaneyama, Toyonaka, Osaka 560, Japan

To construct a game program, we have to clarify the rule of the game. In
this paper, we show an algebraic specification of the GO game, witten in an
algebraic specification language ASL/1. ¥e used integer, boolean, and set
as primitive data types, and functions on them as primitive functions. In
this specification, we defined an abstract GO board which holds the current
and past GO boards, the plays already made, and captured stones. ¥e wrote
the changes of the states of the board for each play. In the specification,
there are 96 axioms, each of which consists of several lines. This
specification can be transformed into an efficient functional or procedural
program, which tests legality of each play given to this program and judges
‘the winner at the end of the game. In the same manner, if we would write the
specifications of the strategies of GO game and transform it into

efficiently executable programs, the progarams obtained would be major parts
of a practical GO program.
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(1) Bl¥icstateZ Z ol E s oBAMES REE LB Vo
EHL. state3BEBOF 151K cHbhE LT 5,
(2) RBOEDDRIXI(xy, %2, - ) E B (g(xye X1
Yo X1s1,°2*)THBo 2L g DlHIstateTH D (f
OE1 B BoEH T EstateTH > Td LW o FRLEK
Xy * ¢ RERTRIB S,
(3) ALED% b >ABREREFE LRV, £/, &£
ADBL(g(xy,+2), )OO REH S 5 8. AW (xy, -
)Ry, )OBORABRRW (AERPERDELR
W) o
HENIEEEROTFoTRIZ, MEEEE BIALAS
L/ *DEEKHURHEAEETHBASL/FPRRE ®
FHRENEZOPEMAR T 0 7 7 A HBOHER CEKRT
TH 3

4., v—oid
4.1 F—44s47

TR, WAV -AVEERT S LDCAHVEF -5
CoWTiliR3, BEF— s E L TIREE (integer)
(BEAMRELTE. +, —, =, >EE2HV3) | V-
s (boolean) (&, or) « RUESE (set) (U, — (£
£ . € €, | | (BEW) 0BEMAVBE. N
SO RZincludeXic & » THAE N %0 ol
=ik, color, grid, play, board, # L T state %7&E
F#LTWbo

(1) color: Chid. EEELo—>0 K (HHEORITH
ORA, MELV— LV TREFREFENS) OREZRT
FosRT, B OV H VL ELT A o4
SOVWFNHDEE KD, HV—VTRBEERENLT
WIRWH, BEROZEN, RESE»OTVS (B) |
HEBEMNTVS (F) « RICbBErNTVWIEW (F)
DWFNPORETH B &%, ABLI-1TET T
CITHEBOEROHAS L. BEE. EBY —L0fTbR
ZaxnhbEBOEHCHEBLTCE . ELTY —AK
Lo TRABERIESNABIORARA LV IEER
K- LT 2. BMMEORRIR (BieB~3) MRAER(s
tate) L HOEE(grid) D > 23K E LTHL. HED
E® L0l >OROREEET, AEI-2. ¥ — 4D
BB IBERNORRRE., thlflofld3ATssl L
A2FT (NVFaEDFLLDOBRERRBRVLDOEL T
30 BERLUEEBERTES) o

(2) grid: BE LO—>OREEETHF— s BTH 50
BEAS—> D RTEEREET, xEELyBEZEE
T3 o0BKOMTH S (AEI1-4,1-5) o BIBERIL
2o ORB A XERE yEEE LT 1 > 0gridBoEEE
Bo BIMEEIEX, BEY HegridBlofEL v ZhTh x EE,
y BEZE Y,

(3) play : HBEEMNTRIBEE (MEV—LVER2Z) %
EFF—s B, HELT, HBHETRETHILERT
' x2F B L ELT. EREHBRIITEETSC



®4-1 BHEV-—rOREHER (Z01)
TEXT HELV—1;
include integer ;
include boolean ;
include set(grid) ;
include set(color) ;

# 1. BAW#E
)"—iaJ'é:state, grid — color;

B IAIR B —  state;

£, H, %, — color;

1-1: {(|END»?2(xy) & RO®E (S, xy) =&} or
{BEAN»? (xy) & HOfE (S, xy) =H} or
(A 2 (xy) & BB (S, xy) =% or

{not (ﬂgﬁﬁl’\]b"(w)) & R (S, xy) =4
1-2: R D8 (BHERE, xy) ==

if MEAND ?(xy) then %
else 4

BEAND ? : grid — boolean ;

BRKO#En : — integer ;

1-3: EHD» 2 (xy) ==
BEEX(xy)21 & EEXGy)SHEXOHn ;
& EEYGy)21 & EEYxy)SBEKRKOE ;
BEAEAL, - mteger, integer — grid;

EEFEX  :grid — integer;

EEY rid — 1nteger,

14 X (@«im(x 0 =ox

1-5:EEERY (EERE(L(x,v)) ==y

#2. &F
s¥Z 9 :play — boolean;

AP.S -3 — play;

& :grid — play;

=4 :play — grid;

-1 (T8 (xy) ) == xy

2-2:2A;MQ (¥R FB) == H;

2-3:%2p? (FI&EKy)) == f&;

#3. KEEFV— .

ARIEFFED ? : state —  boolean ;
S-UAREEFED? (HE (BAMGIRE, TE) ) =
s—z:xgéa‘-m? (8% (H% (s, TEL) ,TE2)
3—3:7%5%%»? (B%E (BF (s, TED ,TB2) ) ==
-4 ALEEFEH»? (EF (BAsRE ) ) ==
&&K%E%m?(%ﬁ(aﬁ<s,mn,mw)==
3~6:K%§$XP? (B& (B% (s, TED .TED) )

#4. ITH
2% state, play — state;

4-1: 08 (BF (S, /*233), xy) ==

BRO®E (S, xy)
-2 (BE (S, 1718 (v ), xy) =
if xyl=xy then 2
else if EMBRESHQBZREN? (S, xvl, xv)
then 7
else MmOD® (S, xy) ;

H# : state, play — state;

-1 R0 (B%& (S, 723 53) , xv)

mo’ (S, xy)
-2 :F ot (BF (S, TH (xv2) ), xy) ==
if xy2=xy then
else if BBREINZREN»? (S, xv2, xy)
then %
else MDE (S, xy) ;

ERTE BEABITE - TeridBH 5B LNR3) OVvg
NP TH b0 BBERFICplayHDED SegridBlofExE
50

(4) state: ¥ — LBl P S BEE TOTRCOEFEE
GhikEnd) BE. 75¥A. F A7 1 FEEEL M
RER. BEOKELEE TBL D, 7o & Z LR
BHTERIEV - (W= 4) 0k D, 32Tk -
BONABESY ~ ABIEED L4 ETCHbhWFho
BELIELLRVT EEHERBIBENSEDOTH B,
BB SR OEIE T Dstated SEROBEORELEZ 3,
EIREREBROHNESERE, Bobobon Ty
BOEPRFLF 4 OHERMTERT ¥EH. 75¥RE
R ZFAF L RINF  BEERHEL .

4.2 Br—roimk
WEV—LVOFERL, 2icb s BB, TH. IR
AR S TRAEI-I~I32HOTEB Lo Z0MoE
#i3, BBERIGUCCHERT 3, HWHL— VD& — %D
Toksickd,
(1) »—n1 BLER
%E-Egoﬁﬁmomrﬁ%w%ﬁbmwo%@Ei
EUHOEFIHIE LT, My (state) DIREEZ
TNENE ST REBSMBER E HEB LS+ 3,
NoDBEMIE, F13ME LTHBMER. B2a( e L
TEFT3F (playB . NADITEDOVEF D) 2o,

COZSDOBHE—DIRE LD, BFBETH L. ik
HTH2E WS &R 52 -4+ 2 LbTEETHA
M. CCTCRIERDORIBBS2ERL., DB Lo DIk,
BiLE > THERABEEEIERL, 2hicEdsEo
NEBEOFESITIE ' Eftd.

(2) =2 ZEHEEFL—L

REREFTHZ LA BREBRBRAREEE,L Qick T
T (3-1~3-6) V—ATRBIZBRShTWE WA, &
BEIBICETHZ LRE L. BHEH - - - OJERE
FRELDPED COREBRIBTH B, B =1= R
¥z - cRBRE. - - OEOBFESTONB LHEIEL B,
N=NiLHB” BEFLEHR” LI} 53— EBBERICE
FEEIHE” FOBRTHA D LRSI NEB, COXHE
B CRFOHTCREP>72DT, ST TRIERLED -0
(3) »—13 BEror—n

NEL-1~4-2"1F, V=L TREBIERRTOEWETFTD
CEZHERBRLTVE, $RHLBEBT (7 REAEBT) /*
Z2fT3 &, BRORERATEFECRETH 2 (4-1~4-1
Vo e, BIRIE () 2IT2EIRBEFETS &
BEOKERIRE (B) ¥bd, TLTZFhlADET,
BB 2flol&kivBRESnIRBIcRsE (B)
DRIBZELRL S0 THHUARFEFLRETSH 3 (4~2~4
-2 ) °

EhIREN IR, HEMEAET (B 131K

T?Eﬁ:) S REHBR B2 KiTolEick-TH




#4-2 EEV-VOREWESD (£02) RoOZAv— L i -

state, gr grid_set grid_set ;
5-13°:Bosr—71 (S, xy, X) ==
#5. BREor—n if mof (S, xy) #2 or xy€X then X
EHBRESNBZREL? ¢ else
state, grid, ‘grid — boolean, Bosrr—71 (s, EQky),
5-1:EAMBRESNZREL»? (S, xyl,xy2 Bosrv—71 (s, Flxy),
ROE (S, xv2) —F & Borsnr—71 (s, Exy),
apamsntb? (BEEL (S, xy), xyd) Bosrv—71 (s, Hkxy). {xy}UX))));
2 % : s d — t #6. FLWLWF
5—2:%{@%}(%2%% %rsl, xy D) ,Stiys == ELWEODOFEM? : state,play — boolean;
if xyl=xy then 2 61%%?%3%3‘3 :(sstate plz%gé; boolgn;
1 L 0) s : -1 \E N , /¥R == H
"'Z Ro® (i ) LELLROER ¢ (S, iTH ()=~
ErafE & ? : state, grid — boolean; » P (xy
-3:EHBaEahi»? (S, xwi) == Mo®E (S, xy) =§ &
g%g%@géi, Eo;y (s . not (BoEULEM? (S, xv) )
=40} S, w—7
O S P (s ) )& LHELVWEOERD (S, Hxs8) — = K
BEerhofEy (S, -2 :IELVWHDER? (S, FH&Ky)) ==
BESORS (S.HDY JI«—27()S,xy2)) g%gbzg(xy)> &
— D 5 , Xy =2
RO 7v=7(S i) hot (HIDE LEMT (S, ) )
— 1 H
i B (s Il oot EOHUFER? ¢ state, grid — boolean ;
5-5: AR (S, {xy)UX) = 63 %g%k;?g :(sstate,lgrid —  boolean ;
= D , (6] @ X N -3 mDEL » R ==
Mot (s, xv) FEORmE (S, X) ig%f%% (Si(;xyl) or
% & — H > 5 1
RO R S (G Bt T LS o e e () ) — =
s-T:HEAOES (S, {(wlUX) == HEREEHR» ? (S, xy2) or
(B ()} U {FGy)t U {EG) U (G HE®R»? (S, xvd) ;
U BERoRE (X) .
F, F, &£, H:grid — grid;
5-8: L (xy) = =[Bi2{t (JEREX (xy), EEY (xy)+ 1)
5-9: R (xy) = =EEiE{t (BAEX (xy), BEY(xy)—1) ;
5-10: 72 (xy) = =IEA2{L (BEREX (xy)— 1, EEY (xyv)) ;
5-11: 45 (xy) = =B BEX (xy)+ 1, EEY(xy)) ;
g1 T T gtate, grid > rid sets BAOHE (B331H) HRESNEHERT (5-1~5-1
Hosv—71 (S, xy2, ¢) ; 3') o INEFENBFEELTH. V—VDER 3 EHEBK
HOoZA—71: ) ) 11N
ol D 2 ii,‘";?t:: grid_set ; O 2AMPBEERE BV THS (MREEEC, 5~
1f Ao (S, xy) #H or xy€X then X 1.5-2) o
se
Egg;pf;fist%p, Q@FHT2E 35 CIEESNLARD SV —TE2RKD 5,
BT L s P COrN—FLREBTIEED S LT EAKIEYT 3 H
Hosnv—71 (S, filxy), (xylUX)))); ARZIERALE->THETEIHLEORADOESE VS (5-
12.5-13) o
=9 ShaRE»? N .
P zate, grid, grid — boolean; OHO I/ NV —THOBRHADHEROELEERD Z (5-6
5-1": %75 l‘% N3 ﬁ% )9 (S, xy2,xyl)= ~5_11) o
Ao (S, xyl) = }
Epnafanith? (L‘—J’S:E( (s, xy2) .xyD) ; @ MESOCEE-HOI/V—T DRBRIEERRL, b
HAE< : state, grid — state; DB EL—DRBVIINIEBRESNIRETH B (6~
5-2':}3?%&55%3‘;3 éxvﬂ ;X)) == D (HOBRKOEEARHTVIOT, BEAOEE—
1 X =
else MOE (S, xv) HOZ V=7 KRERCHIZEENEW) o
Bpnafshioh? : state, grid — boolean; (4) v—nd, v—n5 EBULF
-3 EBEEs i, ? (S, xy) == W=V ABRUN—V 5T, WhWBELFR>0TR
";E%Efbﬁﬁ (s, . L oo
BEEOES (S, B0/ V—7(S,xy2)) NTW5Bo CCTRENSBELFERSD. 53BFBu
geaégégg?_ﬂs av2) ) & THELEXI LT B FDBHENEbOREELVEDER?
%ﬁﬁwégéifigg»zyxfxﬂ» G5 (6-1,6-2. HIEHLTHEBRIZ6-1",6-2") o &
" e BHMBMERS KB FBEOBEFp i L. bL. EELW
$§%§W7f%“?§¥i:’g“¢““ BoFE,? (S, p) BRBRKEIB LT p RIS NITVE
Eosnv—71 (S, v, ¢) ; FThbo WRBEROE 25 IRIcKEEFI~EFR. B

KCCOBEEXERLTELDDATHBLEREFELT WV S,
NE-ITRAZRECHENEIFTHELEERRT



*4-3 HELV - LvOoRYMER (20 3)

. BEE®R L= J| o V') #9. R&ES
#7§%¥§§ﬁg§ state, grid — boolean : g_lggggzg (?%;}\%{%-; =bo=olean,
1R B § (§ig,erid = bolean -2 BRI ? (RE (S, TB) 5 = —
-1: R EF » i 8 - =g :
'l—l“EﬁIEi}f’&ﬁﬁgfb?m((s *% GUEL (5, ) LERTED 8wz (5) —rnvn)
TBEEEES? (S, ® (AE1 (S, 1)) ; el;genﬂﬁ
F&E ] :state, grid — state; 9-2" R > 2 (El‘? (8, TB) ) ==
1 : state, d — state; if 4@%%#. (S) or _,
7-2:3%@ HEY 6 ah TN (SRR & WoF () —rxys)
élsexyl;xégf‘%?%énéﬁﬂ"#‘? (S, xy1, xy) else f&;
then -
1 RO ( Xy) 1147)% state — play
-2 e,;ieoﬁé. <E§t1h (sexm L) == . TS L
1 XY&=Xy en . A =
N s Q 9-4:HDF (% (S, T ) ——TE,
else i}f}ﬂ%%l‘%%éﬂéﬂ(%i) (S, xy2, xy) 9—4’:;‘ﬂ0)$ THE 3.y =
else RO®B (S, xy) ; 510, %5
# :state — board %’5%7&!? Pstate — b=oo:1ean';
ggsﬁéﬁ}ie board, Og;g -~ color; }8:%?%;‘;3 g%g%?) 5 fﬁl*
! \. g = ‘) ’ Fa3 )Q
FHESE] Mg B Toremcom s TR e
—4 y XY == .
if #EMAH 2 (xy) then 2 10_2,_6%;%75?%?,(95 (S, T8 ) ——
else % FREED T (SY & <A (TE)
BEEER . o & FWiOF (S) =243 then H
3£ EEHFEH»Q : state, board boolean ; . o
7—5:5@%&%??%7%)‘7 (d th) =3 else :
i = en H . —
Ise if % (S) =#WWE then f4 #l1. ~<Fn7q .
fee BxERR T (MORETD Py | RINZ AR e o integer
e = AN
AT DIRAE : state — state; e H:é/\;’ﬁ:; gg@%‘%?? I\Z‘(a‘)‘é))
T HonE BES IR ==s if ot (R ($)) . e 0
T WORE (5& (5, 150 ==5 i clse 1 not (EBR? (148 (S, ~x45))
hen FHFEH (8) +
48, EBITEZIEN -0 else il REBERE (S &b
ZHBD ? : state, grid — boolean ; then THEE (8)
HE2 ? : state, grid — boolean ; else T77HE (S) + 1
BLREBR? (S, xy1) == U-3:%F N5+ @ (AE (S, TH(xy2) ) =
not ((I2E<H? (S, xyl) ) & RFENF A (S) s
EXafanisr? (BEEY (S, xyl),xyl) U-4:=F V5 41 (BE (s, TE) ) ==
B Y s & SR ATy -
: § 4 SRR > 4 B RKEE) ==0 ;
bl a n i e (s Xy2),x2); U2 iRFnZ R (HER® ~-0 ) ==
if not (R¥BEH»? (S) ) then
El’&#i(?b)?:state, grid — boolean; else if not (KEH9 (EE (s, RZ2FB)))
REERS D ? : state, grid — boolean : then 74 4GHE (8) 41
S-LHERCR? (S, w1) == else if {REEBBEH (5) =&
(ot (s, J:(xyl)) = then. 77 GE (S)
BXaAfsnih? (R ( (s, wbD, else TV HE (S) +1;
Lovid e SF LT E e (S, &2 ) =
or {gof (S, F(xyl)) =1 ~FF LR (S)
Eliﬁﬁ!@éﬂki»? (%%E( (S XYI) 11_4':,\«,—)1,7—-4% (Eg (s, TE) )
T3 ) RFLFLRA(S)
or {Rof (S, Hlxyl)) =
Hyalsnir? (B2EL (s, xyl) , RS ¢ state —  color ;
(RO (S, (i) Ei) b, {&ﬁ%&%% (RE (s, ) ==
& ; xy1)) = RE D
T B e iR st u@g%m "ioneE (s)))
¥ ; hen 4
PRSP S B T o éf%% <ﬂ§§%f§%r§b<>s 2
' = , X = ==
RrEEEhEN? (HERC (s, D) | LERERAR (HE
EGyan ) it not (IREEE D 9 (ﬁl]@,{kﬁ'é (s) D))
or {HOf (S, F(xy2)) =& & then
Era|s e ? (HE2EL (SLF)(‘YZ%))} else REBBEE (S)
Xy
R D S, A(xy2)) =B &
O RRERIN SN & , xv2)
OB (S, E(y) —m g )
S0E (S, 2)) =
- R N S, ¢




R4—4 FEHENV—rORKWTER (20 4) B EhdRA: state, grid — grid_set;
HEhsHA : state, grid — grid_set;

12-12: B h 3 8% (S, xy2) ==
#12. Br—n [if BEBREShZREP? (S, v,

B oL, : state — boolean; N I (xv2))

12 IEEQG%’BE%?‘?: gtsage —'%%)%Iti?an, lthen¢%07 r—7 (s, Lk (xy2))
-1: % X ==§& » S else
{((BEofE (S) —a3) > (%a))?g&,ﬁ (s)Y )} U [if EBREZHLBZREL? (S, v,
12-1":HOBE»? (S) ==&B»? (5) & i T (xv2))
{ (BoEA (S) +23) > (EoEA (8) )} lthen¢%3}bﬁzv—7 (s, E &y2))
else

a3 : - i ; U if BoBREIHBREL? (S, xvI,

BEDEA  state — 1?3522“ H ) £ (xv2))

H DGR : state — integer; then BoZnv—7 (S, £ (xv2))

12-2: 205K (§) == else_ ¢ ] ‘
0 2%5111@@;%((3&—7&“5% (S) — =+ 15 1B (8) U [if BoRESHBREL? (S, xy% xv2))
- cIs ==
Elﬁmo;%z (8) —7¥%FABA (S) —=F 7485 (8) lthen¢%®7'ﬂz-—7° (s, E (xv2)
else 5

B : state — i : 12-12 :@HEhBEA (S, xyl) ==

EHIOH ; state — intoger | OF ErBEsnAREST (S, wl,

12-3: BEHO¥ (S) == | BHi (S) | ; I Gy))
12-3" 0¥, (S) == @J# (s) | ; then HoZv—7 (S, k£ xy1))

EH: state — grid_set; else ¢

HHt: state — grid_set ; U [if EsBREEILBZREL? (S, xvl,
R S o -z bon B 7= (5, k Gty

. = HEihm ? S : t W=7 y Xy
12-4" :xyEHH (S) i & R P (S, 2 elseen¢ ]
Aot (S, xy) =% & HHB? (S, xv) U [if EAXBRESKLIREL? (S, xy%i.( "
Xy

Hihh ? : state, grid — boolean; then HoZnr—7 (S, E (xy1))

Hihh ? : state, grid — boolean; else ¢ ]
12-5:B8» 2 (S, xy) == U [if AsBREESHhBRE»? (S, xvl,

HSGaOEE (S, A (xyl))

BESDES (S, B/ Vv—7(S ,xy)) then HoZ7v—7 (S, Lk (y1))
— DI NV—T(S,xy) ) else ¢ 1 ;
BenofEE (s,
BiEROES (S, DI Vv—7(S ,xy))

— TBOIA—TF(S.xy)) ) ;
12-5": G ? (S, xy) ==

EEHoEH (S, BER0RE (S,

ZDITNM—T(S %)) &
Heho®BE (s, BEAOEA (5,
7N ="T7(S ,xy)));
Dy Iv—"7 : state, grid — grid_set;
Zor—71 ¢
state, grid, grid_set — grid_set;
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; i B il 0 1K B8 % Iy fe ke 3
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DBRILITDE (8-1.8-1") o« H2ITBREDEFOHEEHK
DEIPIR. EOIBEORBACS3HEFOESEHE
PEIBICL>THET S (8-2,8-2") o
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£5-1 “U%” oREWEED
2+ Uh?:state — > boolean;
B+ U ? (BE (S, xp) ) ==
not <)%r US? (S, xy) ) &
not (BE755»92 (& s, xy)) &
{(Ro& (s, EE(xy)) =8
& mof (s, L(xy)) =H
& mo® (s, Lk{xy)) =#} or
(o (s, HE(xy)) =8
& FMof (S, fH(xy)) =H
& ABof (S, k(xy)) =H} or
(o (s, EFky)) =8
& Rot (S, Exy)) =H
& mo® (S, T(xy)) =H} or
(o (%,(?T%{)))T%E
= D , Xy =
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