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Procedural Generation of Unsuggested Moves for Go Opening Puzzles

1.
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The 28th Game Programming Workshop 2023
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Abstract: Go puzzle sets are often used by players in their studies to improve their playing skills. Although
there are many commercially available puzzle sets, the number of puzzles is limited, and personalization
is almost impossible. In this research, we aim to automatically generate Go puzzles according to players’
requests. As a first step toward automatic (procedural) generation of Go puzzles, this paper assumes that
the game states and the suggested moves are given and tries to automatically generate unsuggested moves.
The target of our investigation is opening (fuseki) puzzles. Specifically, we analyze commercially available
opening puzzles using heuristic features and features from strong Go programs to identify the conditions
under which unsuggested moves are selected. Based on the investigation results, we also use rule-based
methods to automatically generate unsuggested moves.

Keywords: Go, opening puzzle, unsuggested move, procedural generation
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Ch.2 - Puzzle 1 - Black’s turn,

Ch.1 - Pt.2 - Ex.3 - Black’s turn,

B is suggested. A is suggested.

(c) %% 2 %55 36 ] HF IEM A
Ch.2 - Puzzle 36 - Black’s turn,
A is suggested.

B 1. THfihR BRE o Hofifs OREA. REIKRAZIE~ A FEHRBIE T 280 THS. 7L, kv—72

FEHHD DI A BIMZ 72D TH 5.

Fig. 1 Puzzle examples from “Reiwa Version Go Opening at A Glance” (translated from

Japanese). The copyright belongs to Mynavi Publishing Corporation. Note that

the star marks are added by us for explanation purposes.

MO BB (1) BEOER, (2) IEETFOEE,
(3) PIEMRFDEE, (4) MEXOAERR, (5) EHOAR L
WO ESENREZ L EZ B0, (1) 205 (3) $TELMD
HIEL 323, ARTERCEETFROZWHIAKMBIIE Y
T (3) DAREMFOEEICOVTHNS. DX DEED)E
HEERFPEZON2ERETS5AT, EDXIBRAE
FORIEFFIHEY 2O EFN, FIEFRFOBEIARKIC
DWTHL D AT,

FEMRFL VI DX, BIZIERIDBEVFTHIUIRL
DI TR, fREEFTA TS Eh 072D, T
AT B N TEZ72D120F, Iz, TR (REwe
%) KRG BioER) ) 728 DEKTIERTF L Ak
fEFDNIITH 2 Z e HMRTHA S, fuzdh, FIE
REFIXAS2DORINTVWERHEND ZIITTHS. &
facidmiRoMAMEE R 7 $ 5 2 T, PIERFHE
BN2%EMEHOPICTE2 I EHNE 5. 2, A&
iRz D LI, PERFOAIHERDHAS.

2. PBIEMAR

ARETIEONCHWRHE YT 75 4 R OHED BE)4E
XD RS & X B

2.1 BEZOJSL

BWHE TR 25 A2 onT, A—Fr Y —20D (i)
AlphaZero % ® KataGo [7] & (ii) WAB 7L A4 ¥ D
WAL EE L= —F 0%y NU—2" 19355, (1) O

*1 https://sjeng.org/zero/best_vi.txt.zip
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KataGo 3 RBOFE TR 7S LD 1DTHB L FD
T3, ETFOBEDIEN, HEE (hokExTME
D—FLTW3 AT TWEH) LBEIEER (ownership
€ [-1,1]19%10 ) M A ERALANC AT O D B 73 D)
REEEREROIEML, HEORME EFEINT 57
HDOENRZY—NTH5.

(ii) 1 Leela Zero [8] @70y =27 b TRAINIZ A v
FT—2D 1 DTH3. Leela Zero 1& AlphaZero DRiE
@ AlphaGo Zero IZEDO Wb DTH 503, HOMNE DM
TR LSEVARB LA YOR-GEDAEEE L2y b
T—IMR 1 ORI TWS. 2y hT—2ZDANIEHE
T, HINIAE (policy, BFOMERIN) LAfifE (value,
BsR) THB. MOART LA YOMFEEEE L2 2T,
F IR DIER DI EEE 0T o % & 2 R K3
2eHEZD.

2.2 FEOBEER

fIRE (puzzles) D HENERIZ X FXEHRT —L2IZB VT
fTbiitws 9. REMABRS -2 LT, BERE (10 %
7uAv—FK (1] BA¥Fens. —5T, FEMEDBE)
EROWFIE A L, MEDIRYEEE GEEME) 1R
nTw3 [12).

3. HAEZAE
AR CIETROFEAAMEERE 22, bta—VRT 4 v

7K (4 F) LW T 1 7S L0 157 RHEE (5 F)
WKEOatL, EMFeANERFOMGEZHES L
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Ch.2 - Puzzle 15 - White’s turn, Ch.3 - Puzzle 17 - White’s turn, Ch.4 - Puzzle 1 - Black’s turn,

C is suggested. A is suggested. A is suggested.

2: TRy MMif 1000 ORER. BEIARMEIEANBRHESFE T 20D TH 5. LEL, k~v—233HHD
72D ADBMZ T DTH 5.
Fig. 2 Puzzle examples from “New Pocket Opening 100” (translated from Japanese).
The copyright belongs to the Japan Go Association. Note that the star marks

are added by us for explanation purposes.

T, PIEREMNBIIN &M 2HO»ICT 22 2 BIET. BIREDDHTICIE L 2 —V R T 4 v ZFRHEE LW BE 7
SNERE D i, MEOREL ERFEIGZ o605 LK 0275 ML/ EEHAWE La—) T 4 v 7R
ET 39 ZT, FEMRFOHBERERASZ (6 F). BD 2O ENSZFARLHBIIRDOEY TH 3.
SRR LR AREE L, RSt~ A F e (i) ERFroiEs: £ ETRAZET TRy ofiiEMG
RoMIEEZE Tafk FEE orHofAs AT My BODPEFHRD-DTH 5.

THES) [13]  NEMENEANAARMBED HRr v v (i) BFOEOADOEE (HE 8 LINOHHD D L
1005 (AR TRy TS [14) WS 21 CH 5. [HEHE] ZXEEBOBETERT 2) | AR, KD
PR R 2117 kY, FBRTEEZESICHERO D ZS5EZ 3
P40 1% 2021 48 9 A 30 HICHIREE 1 RISRITE N 72 TH 5.

KD B TRLULTWSED, HBNBETIESR Z ZTOHEEEE, Rémi Coulom KDEFHEFWV [15] (X
7-[RE%ETH 5. AlphaZero BSHEILTLEE, HLWTH N Rémi FiRE L WER). 6, & 6, & 2 DOMEED x BT,
HHRZL BN EbATWS. [ERDITHEHTIRRER y 7L L, 20 2 DDMEED IR
RWHEESZ VRO TH 2. ) Tk 247 (EfE
F 1O ARERF 1 2) MED 17T EEhTw5 5 62| + |6, | + max(]d,], |6y]) (1)
1E FEORAL VM 10/, 6 2E KRAME 141 A,
BI3IE XALZ =4 (FILWI[H50D 1) 20 [,
PRy 1% 2008 4 6 A 25 HIZH 1 Wl, 2022 4 7 A 31
HIZE 9 RIDBFITE Nz, RIBEE X % L ERDMEED
122525, IR OFREIX TREEEL | ) THD, #
R Z L WCEFORMDPFHAINS Z 2 3RBINITH 5.
K 2a ZflcnS &, TA = ABKROE R, B= 20hH
VERC, C=RBo5marsEd] WO HHATH 2. A5t
3R (EMF 1 D FIEMRF 2 o) MED 100 fHb, 5
DDEIC 20 T oEFNTVWS I FE1E figr D=
W (5~8 ), FE2E MAOOMICHLL B~510), &
3E AFERDITZ U~3#), H4E RERRA ¥
MR, B E MATY—FTE (EZBRMULE).

TH5.

BWPHE T B 2T Ao T, FABENROEF (2 Rk
52D, 3K 32) RU,CR (pass) & KataGo 12
800 I a2l —ya Yy THERIYE, EFIroiigE, &
FROBEIGHER, *v VY =27 OFEMTT GERMER,
BUF Priorkatage) ZHUS U7z, F 72, Leela Zero T/NEH
SN AB T LA YORGEZEE LAy P Y= D
FHRES (BUR PriorstrongHuman) DG L7z, FWz 5
DORHER L 26 ZHANLEEHEIROEY TH 5.

(i) ERFICHATMEEDIER (ERFOMEZETICA
EfRFOMEZE) | ZOENRKEVIZY, NEMRFIXIE
fEFXHIEL, WEMEIEVWE TRLEZDTHS.

(ii) FHF D Priorkataco : HFH % Wid AlphaZero LIk
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DHNEEDITB %, HEBEENMT 2 Z%2E
ATT-DTH5.

(ili) FHF D PriorstrongHuman - 2.1 HiTBRRZ@D, A
MEEE O E H 2 EERMT 2 2 2 EZ 2720
ThH5.

(iv) BAOBIEADFE : AOMIAEICE N THEER
wuf%é.§$%®£ﬁ$#6%¥ﬁfmﬂxbt
BOEAERLG N6, RYEFIBREANOMEIA
5&5&%%,%?%k%tkf??%§ﬁ@6ﬁ8
DL VWL XN FARL -0 TH 5.

(v) BAEDFEADEFE  ARICHFOAD L DL HWVE
L NTZRZ72DTH 5.

FHED 2 OORMEICDOWVT, Oy & Copp EZNZEN
EFHIOR LOBTOADEEOES] & [EFHORk -
DMHFOADEEREDES ] L, (iv) &

! cECmy (%%Efﬁljjﬁ"‘ — )(’Xf"ﬁﬂjﬁ%ﬁc) (2)

[Cry|

ZLT (v) &
L S, (BTFREER, - SRBEER) ()
‘Copp|

TitE T 5.

4. Ba—URTFovI5HE

ARETE 22—V RT 4 v 7RiE 2 20 INEFro
Rémi JEfE) BT O DADEE | 2HET 5.

4.1 FEEFr 0 Rémi 0B

3ETHAN@Y, [EEF L AIEMEF DO Rémi BT
Fro/zdik, 2D 2 ODBFEFLEF L TRIZELTIEED
MEERZDPEFHNE 2D TH 5. ERT L FEMTO
Rémi O X +7'F 22K 31TRT. T OFERZ L
X, IR) OEREERNRT. 91 OS5 TS
W (D F DIEW) RERENRENZDICDH o720, TRy @
ES TP RholzZ b nholz. 2B, BMORE L KT
@D Rémi HHEEZ 18, A LEEOE G LD ED Rémi iR
Bl 24 TH 3. %J:O)i)%tbi‘ltcé*ﬁ FICIEfETF & AN IE
EFIEIINT NS Z 227D

DARHN I B ] t@mtbf,ﬁﬁuidﬁtm%w
HEIL D e kFE R T, [ERF L AIEEF O Rémi BEREIC
X OEERBIT 2, HHEOEWZS 25 TRMERICE
W, J#EYIR “FHT RSB T—EOFEBNT, W5
RNE T RADMEPINE M 2SO ME) T
HEAT, FHITRE “ER” ZMS5EE) Res3dHs e
Ez25. T4 ofF 2 Ei: THREME THY, RIKTD
TFEOEMIZN 1 MTREYAX—] EEIPNTNVS.
IEfRTF © RIEMF OIS LI TR S 58 -
Hay ORE, MCIEAORED, hrEEGEhTH
%, —hHT, IR) oFlE NEEE2EL L) THD, 1k
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ERFLAIEMFD Rémi FERE
Rémi Distance between Suggested and Unsuggested Moves
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X 3: [EfRTF 2 RIEMRTF O Rémi FEHO L 2 + 275 4

Fig. 3 Histograms of the Rémi distance between suggested and

unsuggested moves.

EFOEC Reni M < 8) DEOHE

Stone Density Near the Move (Rémi Distance =< 8)

DR BEE UVEBOMA  FHARTY FFRAET00

30.5 Ef2T
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Eoy g0 RERF
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X 4: ERF (F) L AERT () zhehoiloh
DEEDL AT T L

Fig. 4 Histograms of the stone density near the suggested

(blue) and unsuggested (orange) moves.

LBZEDLZAS EEORWHRNE XS RAE VWS D
X, TuBEHEROANS ADNENTE, XA
BOWFEZ-oTVET. ) eE2AOT, EE) 2EHLTW
DT, IEfRF e AEMRFEI D 2EEOREN TV 2 EHAD
RN/ cE 2R E X 7.

4.2 EF DR ORDEE

3 ETHAED, EF0ir< (Rémi FilfE 8 UM DH#i
) OAOBEEFTANZDIZX, ALK, WO SR
, PRTHELZMRCERDOD Z5ER 2D TH 5.
EfRF A EMFZNEFND, L DADHEEDL R N
Z0%E 41T, ) OfRELEK, TRy OfRES
KUZRT. L DEDEED 0 DA, 2% H Rémi Hiff
8 DIND#EIF T AN LR WIBEIIE, KIGTH S|
BB W e B E 2 /2. Ty & TRy W5, <k
DIRWVIERRFDH 1, 38 ICADBROARIERRFHH 2 E|
Hote. ERFROEKRNLEELHER Lz 25, K5
D VN TR ) (RGBREZHBR L TREWVIES &
BEAME, EMEBRCETF LD ARG S ME) 12
BUTHLERD. FEMFOIES bRERL, KIELITOD
2 DN TELEEZRS [ (a) KBRAILO/NZIWIES. (b)
MED TR L YA OKRE.

F7z, TR DIFS TIHEL DADEED 0.22 DI LD
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EfREFMMEE — FLEHEFHEE
Suggested Move's Score Lead - Unsuggested Move's

“HR EE UVEBOTR  FHARTY FHEA100

g | gy
$0.2 | | |
-3 4 /;
NL
R akls |
m 20.1 (] ] AT
3z ////, ;///'
= ///;// 7 ////;, .
= oL= SRRREREEns.A «BRNRERER.E _
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B 5: [EEFICHARTBED, PERFOMENMELD L
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Fig. 5 Histograms of the loss of score lead from the suggested

to the unsuggested moves.

BEBZENRDICH 5725, TH) DIES T [0.02,0.07)
DEFEPFICE Do 7. HADNRRZAEEREHIZOW
T, 4.1 B FRRICHE PR T VD ONERLZ %
ERxl. BFOEL DAEDEED 0.22 (8 F / 35 KX
11T /48 R A) Mlhickzy, WHOES (oo
w) THBAEENEAEWI L EE R R DIEST
3 TEHE) 2EHLTVWADT, Lo EF FHa
DB DTN L IFHMF T E BRERIZ L E 2 7.

5. BULEETOJSLICKZHHE

ARETERNEE TR 7S 2K 2F8E 5 >0 NE
RTINS DIEK ) THEFOD Priorkataco! B F
D PriorstrongHuman FHHOEEADES ) THE D3t
ANDFFE ) ZWET 5. EFO Priorsirongtuman) SATHE
KataGo b8 7#EIETH 5.

5.1 IERFICLERTMEEDIEL

3ETHAREEY, ERFICHAREMAZEDOELZH -
7=0i%, MEOWENZENZ7-0TH 2. RIEBFHIE
R HIEZDBEEO L R NI 42K 5 ITRT.
T4 OfERELEK, TR OFBREAERISRT. TH51 O
15 THEED 5 BYU EOGSIIHERNZ o7z, ZhoD
MEZHERL, ACTFHOMETHZ Z o7z
Iy DIEFSTI Vo ZENRZ VDI EE AR T
H5.

¥7z, 41 v TRy ofisT, #E2 0 B Lod o
ko 8 B E@BX 7. 0%, MEEEHE L KataGo 1
BHFOBELHERICOVTHRARL TV, RO THIELK
H—ERER E WSS ICIXIEMR Y REROWEHEDE L &2
rEZD.

— /T, 855 0 HERRM (0% b KataGo BN IEME
FOIESHREY) DBDRH -7 LIFBENTHS. FHA
LT, (a) MEEEZEOBVRLYROHEM L 5 DOH MR
HEL TV, (b) #] - FHFEICDBEHDTEI2RVE
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Fig. 6 Histograms of suggested (blue) and unsuggested (or-

06 5 -4 -3 -2 -1 0

ange) moves’ (a) Priorkasaco and (b) log Priorkataco-

HLFr, EEETROEE ZRERVWERCF A
HoTW3, REBRDD Z 21550 ANEOBERIZITW
JRTH GBI DIERL [16], e CJRTE 74T~ O 1 FH L BRI
VBN RD 1 D TH 3.

5.2 EHFD Priorkataco

3 BETHARZED, BFD Priorkatago & iANTzDI,
FH 5V DIT B %, HHEENKMT 3 Z
LEEZEZITDTHS. EFTF L AREMRTFD Priorkataco
DR 7T L%K 6alns. TH) OfREAR, TRy
DFREREERNICRT. TH) ¥ TR WA TIRIERFOD
DL, RIEMFOSHH 0.1 RiFICEHT 2RI
STz, RIEMRF D Priorkatage DMEVDIIIFAEED TH
5. —HT, PLEAZKR LT, TR OE®RFON
4 #HID Priorgataco 23 0.1 RiiTH 5. ZAUE, 2008 FY
BRI TW=EBT, Al BROBILDEZHTIEER
B> T LES>TVWAAREEZRLTVWSE EEZ 5.
Priorgataco 2% 0.1 RiFDHED /% L DFEL {FHNS
TS - 72, ZOFEERZE 6b IR, (4
DIEfEF D Priorkatago 23 0.01 AT (DO F D WEED -2
DIF) @b D3R IcH72L, BEDITbARE RSN
TWBE#E25. RT IR) OEMFOD Priorkatace 2°
[107%,107%) Db DEH 2 HH o7, ThbDETFIEHI
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ROBFIIHR XN TV EFTH LR D 5. £e,
51 & TRy OFRERFORHBLTVS. [107°,107%)
DHOHH 2 E, [1074,1073) K 4 #, [1073,1072) # 2
H, A S EIEMEZ/2. HF DIC Priorkatago NMET E S
S DEFAEMRTF L LTHHEYITRY (ERPT oo T
LED) THASL, HHBEEOESEZFR-TWwWDS (OF%
DZHhRDICRWETHZ) &, IEMFEL RIEMROMNEEDL
EHTLEI D LNV LTHSS.

5.3 BHF D PriorstrongHuman

3ETHAMD, BFD PriorsirongHuman & a7z D
X, NHEBREOEN L H2EERMT 22 2E X7
DTH%. IEREF L RERFD PriorsirongHuman P B A T
77 5%B 7alnY. IH) OofiRE AR, TR ORER%Z
FARNTRT. 5.2 HidD Priorkaiace & FREIC, EFOH
WL, RIEFRFDOZAED 0.1 KiicEH T 2R PE SN
7z. PriorsgrongHuman (BT HNEUEZ - THHr L 7.
ZOFERZR Tb 1T T. FIEMRF DT Priorkataco
DI 6b ITHEARTHZE D £ 572, PriorsirongHuman 2% 0.01
D EDORIEBFIZ 7 8@ A . ZOMR» S, REMETF
EAR () 2 s TRAEATERVSDHZVEF
250 Lhin. —AHDZ5THEZHBRLEZNIE
WELT-WRSDIE, FEMRFE LTHYITHE Z2hE
WTHA5.

54 BADBIEADFTELBBEOFHEADEFS

3ETHARLED, HADRADFHFE (BF LRI
HRZZBGOAZ e O HAEREM itz B7O
ABEDL LWL XN R TANS 2D TH 5. ERT

CARERFD, BADBIEADFGDOL A 275 4%K 8
WRT. I ofRE2EN, TR OfREARKICRT.
F450 v TRy OB TNT, ERFEAREMRFICHAN
THHED DO ThoT-. ZOMEIS, EMTAETD
AT 2MBEIRKERERFLORENEEZ S, ]
ADFHEADHFLGOFERITK 8 12l TNWT, AR—ZDH
BTEET 5.

JRHIEC B A ZBNT 72 DA 2D 3 FHiMEO S A,
EDPRIEMICHNTHFSENEL R2DIEHARTH 5.
IEf e RIERSBEN TV ABBEOSLETH - ThH, k<D
3 TR LY AS) O &5 REETE, ER (B35 » “f7
DK E S HET LDITHANT, REM KI5 13E
WZOREMD “ZER7 OXEEICHEL 52 250DT, K
XCEHRLEHFGEL LTIV IEMRDIES EL 3
EWVWSHZETHAD.

6. FNERFOESHEN

4FL 5 HOMEMREHEZ, RETREIL—AR—2
DFiE%E b LICAEBTFOHIEREZITS. AIEMEFITE
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