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1 https://www.apply.computer-shogi.org/wcsc28/appeal /the_end_of_genesis_T.N.K.evolution_turbo_type_D/nnue.pdf

2 http://www2.computer-shogi.org/wcsc27/appeal/elmo/elmo_wcsc27_appeal_r2_0.txt
3

http://yaneuraou.yaneu.com/2017/05/23/elmo%E3%81%8C%E3%82%82%E3%81%9F%E3%82%89%E3%81%97%
E3%81%9F%E3%82%AA%E3%83%BC%E3%83%91%E3%83%BC%E3%83%84%E3%81%AB%E3%81%A4%E3%8
19%84%E3%81%A6/

4 https://www.apply.computer-shogi.org/wcsc29/appeal/YaneuraOu/appeal.txt
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HLCTHY), 20HL 24 FHPOZDOEMIZHZHL TR0 THS 5 LMDV,

NNUE BB i3, B2 HE T 2 e b > T b e EZ 6N DT FFICHT 5
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http://yaneuraou.yaneu.com/2019/02/05/nnue%E8%A9%95%E4%BE%A1%EI%96%A2%E6%95%B0%E3%81%AE
9%E3%82%88%E3%81%86%E3%81%AA%EI%ID%IEWET%B7%IA%E5%BD%A2%E3%81%AA%E8%A9%95%E4
%BE%A1%E9I%96%A2%E6%95%B0%E3%81%AF%E4%BD%95%E6%95%85%E6%9C%89%E5%8A%B9-2/

6

http://yaneuraou.yaneu.com/2019/04/19/%E3%83%86%E3%83%A9%E3%82%B7%E3%83%A7%E3%83%83%E3%
82%AF%E5%AE%IA%EB%B7%A1%E3%81%AEWE7%94%9F%E6%88%90%E6%89%8B%E6%B3%95/
7

http://yaneuraou.yaneu.com/2019/05/06/wcsc29%E3%80%81%E3%82%84%E3%81%AD%E3%81%86%E3%82%89
%E7%8E%8B%E5%84%AA%E5%8B%IDWE3%81%97%E3%81%BE%E3%81%97%E3%81%9F%EF%BC%81/
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3-3. HETHCB T 2 Y — b OEEL
L <& https://github.com/TokusiN/SuperSort/ % Z:#

4. FEEEER

FRALZEEIC DN T

Qhapaq Research Lab TAB & 1L T % orghal018. KU QDM D A B & ik @ ik & A

WTHEEINTWE, 2EILTH -z illgha (B & 5 & KABHFE. orgha DHEEIL) ° t.nk D

PR & 0 s O FHIB AR s Tv 3.

FEL. A—F ZMEOMT FORENIEITZ Tha v, L—MIEHOHCH R E 2R IE

%&ﬁ%? REMOT EBRE TS CHFABEZ L ENL — b ERORE R L ERNTH
REMEL METE .

Preponder {Z D W T:
FIX¥ix Qhapag @ HExtR T, ¥ D ponder # W /24 D vs3 /— K % & L 7z Preponder

FHGZ8 D0 HCXET Preponder il ponder hit DER# 3FEL 26 DTH 2. Ll > 12
R FHEH T H L TR 4 FF 5 IR % 8% O Ponder WHNIEX T 2 ENTETWL S,

Ponder Multiponder Preponder
B0 BERRE 100 100 100
BE—E@MFHponder hit¥sZ& 50 50 50
TESN B
B, E=EHTHponderhit — 35 35
THIETIRONHHE
Preponderick>TiFonzriE | — — 35
TEBE ORI 150 185 220

Qhapaq® HC X EICHFDPonder®hitFT LB (B IF B H7RED), /—RFEUE3

5. BRAARETH 2 ONT

FHRICODWTHHW ROy v v 7 ECHEHBEBEI 1o R T —%2E0 269 2 L&
iﬁbwo Preponder (L DWW T Y —Aa—F2 AL TWLW 20T, ThsHunik. itk
GREFHTE B,

6. BiZEiEE

2018/10 HtH & ¢ orgha #1E 3

20192 HHH 547 5 U L—iL Oz fE . tnk 6 O FEEALE 4 2
2019/4 HEA  FHiBIEL O 8 D 1 H 6 A Preponder % 45 % BG4 2
2019/5/5 YV — FHHBEL K B
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AEl T E— e (PAL)

(14

1 PR

Y 7 PORFBER L UTEICTHER, FAhBEEL
ERD D, —MINIZIE. 9 (1) BERMOFE %
1, (2) FHREE = FE U, &R (3) Bz FE1k
THLWDIEFRTHEMEINDG, ULNLLINGDFHRE
B EAREEREICERLUTE Y, B2 TR
DOFEMN DA —=ZD) U TIIH]T BN A—&iE, ¢
B DBERE (BB — RE) MBS & -
TRBEENPRRD LHEMINTOD, £/, il
BERE DR BFHIZHEET S Z &2 & > THRAW
V=T VI PR ETEIenHY, FHHEiREED
FEBIZEHEME S BV E D ICEHFIEE /ER L.
TNUBORE %2 E@UICFE I LB ERH D,

HARRIZIE (1)(2)(3) 28 DRI L VDY, BT
CHEIANPEULSWART S, TITARY 7 b
TIEINDS 3 EHEZMHNKITFEE XS Trinity
Learning (Zfi—@#%H) 2REL., FHUEEM
LI 2 A, BARMIZIFEE P OBRY
DINT A =R FEHFORIERICE T EY
T ANVORERDE A L 2 OEAN DL % 55
U7z,

2 FFEBERE

KRIE LA BE S 2 FRAH 3 2454 7 b D BRERER I,
FIAZVIVVERRIZ aB BRERLE B >TW
%, BRBIIFUFOA—K) VITORNY %, &
RO H S CEHIIL 2R 53 L T < O h —
WTH5,

ZAUIK U, BE=a—F )b x v v 7 —2 (DNN)
THRAING FMEN—Z2DE YT HIVEARE
# (Value-based Monte Carlo Tree Search, N

32

MCTS) Tid, #ERIFSGEBEBOFEERLE L TH
BN IND, £72. DNN OfKEBEEIE G
IZED &) af OO0 ATIIERFADEK
BREMFRIZHHEL L, VIRE»SF¥E T LT
HRIZEMZAETLIILIIRE, LEN->T, &
FERHIEREE T 2T B F R D HEBT IR, &
- P - B A FRECE ETES L EROLND,

K1 BERTEORH

af ik DNN-+MCTS
PR e e
BoAlY wgEE | faE
BROBR | BCFHE | BYE
e BligfEs | i A

F PRI R MCTS #8A$ 5 Z &%l
Al (F: EFHEITIEAEA) . KPPT &0l
BEIZ T NEETEOVERIIN U T—F—8EN
A% ELHD720, HELLUTHLHELETHD, €2
T YaneuraOu* 238 5 O FEATBI % & 135112 E 5 —
DOFHMiBIE (= /HKBEED) % FiAsiaA, JRH il
RECRIREICZENDFIRZITD K DI U, ISITER
KO B SEEREEHEMRR L, Kii ) — N (s) T
EEEF (F/ —Rasy) ZEHMiIL. AR P
D) — R & T ) — RDE% softmax BAEUIZ» 1T
EDEGEHRp L UTH /) — RIZEHRTSI LD
IZU 7,

pi = exp(P(ai|s;) — Pag_1]st-1))
C X, eap(P(ajlse) — Plag—1]si-1))

(1)

*1 https://github.com/yaneurao/YaneuraOu
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PRERIR I3 5 SR % & SR D AR EHEIC HE D &
THEIBEBEZHAEL, YO/ — REFERTINER
KT D, T/ — NI UTEBICERL ZEHD
346y (S HKRBEREIEDT S LD, HABEKE
JOATY hOY— (L=-3 ylog(p;)) THET
5, BUF q; & - THHTIFHEIIHL, L
ERNITD LD HREBEER I LFEIE
L., WCSC28 d PAL DFHiEA% (KPPT)
Apery* 2 OFHMiBIECLERL L 72 Bl 7 — & TEMFE
HIELLDOEHNT, HRBEEEEE I,

IRIZ MCOTS B3R & 13 Az, Stockfish B DR
ERHWGEOHE - T - o — k¥ H
EikATz, BEFRINT A—RDIHFEIZI Population
Based Training™ % i\, —EDIFT/ST A —X %
SURNIYUEL /2 16 T—Y =¥ h & WS Y
IRLNS, TV MEOV—F 1 T % EH
U. =71 Y I7BENE D Z &V E DITNERARES
UBMROENT A—REREIE /-,

FEAMRAE D ZEE TR, — I IZAHGER L E B0 5
FVALBEUFERFNA BRSO ¥ET—4
ZHEKT LD U, WHIRED S DE—DOEERAK
FEEZWMUTHREL, K/ — R 2IEXFEE O
BREHE UTEET—RE2ERT L2 FEERAL
7zo J — NEFIFHERET 12, multiPV=8 THxX
DFHEAE D 5 200 MNDOF %+ — R & UTH#K%
T3, FUFIXMCTS LRk T/ —ROHE»ns
FEATAE D SEYAE I BRR U & B RFIVT o« 2 b5
UZATEIREUIC & > TERX v, K/ — N OFHl
fEZMER B3RO ) — RIEBIEEH T LU
Too THUTL Y MEEREH NS AN REOFEE
TR ENRIPAERTE M, FHEFITONT
FEBENICHERPEHVIRO N Z NI NG,
7, BEARDE, HHBRBUFIEEEREENZ <
BBHOT, BMYZFMEZZRET S I L THEREDFM
DEHE UTEMT 2 Z LA TES,

Trinity Learning D% # I3 HRE T 8-10 THE
U7 2 RBmMEIC 1R U, R0z E ~ 1

*2 https://github.com /HiraokaTakuya/apery
*3 https://arxiv.org/abs/1711.09846

33

— T4 VTN ~Z—Y Y NEHE KPPT b &
" NNUE RUGFliBE%C4C 40 HARE T > /2, Y
B IZ AWS EC2 ¢5.18xlarge 32 f YV ARV A %
W7z,

3 BR-ER

PSR, BIEE O PAL OFHMBEEK - R
LDV —T 4 VT EERART (RhoAy aW
& 95% B . LV —TF « > ZEHNEH 4 i
N5 20 ~ 60 FHOFE %2 7 ¥ & LITER U,
1 AL R 18T 1000 3 EREET> 72,

K2 HRFHEREV—T 1 VT

PEAE | Vv—Fa v
MCTS #E%2 -265 (+ 29)
TL + KPPT | +70 (£ 22)
TL + NNUE | +139 (& 24)

MCTS BRIIBERTDADEETH DM, af &
LVHSNIFES B2/, RERLT, HEEKDY:
BWEE RN ENBEIFONE, —F BRI
A0% FREIZR > DD, BIRFOFHEMHERN (K
ITRBETCHHE D) K< B>, 2O ens, #E
B2 1T TR SRR % + 43 ITRBIT S RV ATREE
MREIND,

—7., Trinity Learning T—RAIZ EEZRER - A
e 2P IE 2R, KPPT - NNUE B FE{f
B e ICHBEIILV =T VDB LU, k2
Tlk& Y V—F 7 V7 »E ™ NNUE #4 3 1iff B8 %1
EMHEHUZ, GERIZOWTIRERBL TORVA,
Population Based Training OME _F5E2 L HH I
HLWEEZLND)

TEBRZDWTIE, RHTAREN Y - b ) TR
2732 REICROADEP A I NG, T TH
AT 2HEREBOFEEZ KRE L, ADY) %ol
230 FREETIMAZLDOZEFHETIIMEML
77o (—ERDZEIZDWTITIFE TEREE U TEE)

*4 tanuki-(WCSC28) % #I I 12 f#
*5 https://github.com/tttak /ShogiGokakuKyokumen/
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KIET E—LXE (2)

S A1 3 H
ZNE K R E W

%1 BAREIE
ARETOHMIZ, 3H 21 Bf DKIET ©— 308 5 3ICFi# Lz TR (HEhR
I DFZLHIEE) IZX > T, NNE FEliBISEZAEICHRS T2 L2 AFEE L TR,
BARSENE S i — L ET,
F2 MEITROFEM
Al 2 FOFAMGE & R 7= FHm e D& E
n FHOFMEZL Score(n) & L& &, On FHOFRMNRAT TEY ., 7»o@

Score (n) < Score(n—2) < Score(n+2) and Score(n-1) < Score(ntl) & 72> T\ 5H;

A\ Score (n) DIEIZRIES> TV D (FRICKEZ L TWD) AEEEREWEEZILND

72, Score(n) % Score(n-2) DEE T & EIFHEWHIEEEZLE LT,

2 B & RHIIE D9 O PEBR
BRI O FF OFIE TH 512 6B 6 AOFIE L 72> TW D I5E, UIRHL

D FFEDOFME TH 5126 B O FTIEOFHME & 72> TWDIGE ., £ O R OH|kr

DHIE S TWD AR @V, BERENOHR L TCLES> 2L LELT, 2D

RV | elmo 7 E DOFED LAMBDA [FM42 1 & UFE Uiz (BHUEEZ RLRVWEE | 3HI,

L1 9 b FED learner. cpp ZHHY)

F3 EBRER (BFEHEROFRIVER)

1 Fik

(1) fEE O NNUE #HMBE%EL (ML R0 5E8RIE, Qhapag Research Lab (QRL) IZH1F 5 k> 7
L—7 4 AR OF BB A L E L,) 2% HT 5%

(2) YIS D, T > b L—T % AT depthl8 TR L7 MEEM R 1 (30
JRE, FEIT 24 FHNLRE) . KOWIFDHER 10 FO T ¥ A L—T % AfL
7=, depthl8 TERL L7z MGEM R 2 (6 FiJmif) % ¥4 %,

(3) depthl4 TERK L7z, bR 4000 5w 2 #Efi 9~ %.

(4) kit (1) 75 (3) OFHMiBI%k, WEEH Rk CEE /R 26, LR 318 o
FEFEEITT S (ZOMOSEMIZFET (eta = 0.01 , batchsize 2000000 ,
nn_batch_size 2000 72 &),

O \BHED elmo FE (Lambda = 0.5)
@ \WED elmo FE (Lambda = 0.8)
@ AxFEF2 T L2¥H (Lambda = 1)

2 R

(1) FHuArRHmEa%

1 https://github.com/yaneurao/YaneuraOu/tree/master/source/
2 A [ellX, https!/www.qghapag.org/shogi/ (Z331F 5 illghad ZfEfH L £ L7,
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WIEABMm 1 ¢ hirate eval = 13 , test_cross_entropy_eval = 0.590526 ,
test_cross_entropy_win = 0.519564 , test_cross_entropy = 0.555045 , norm
= 1.53195e+08 , move accuracy = 37.7632%
WEEAH M 2 © hirate eval = 13 , test_cross_entropy_eval = 0.230496 ,
test_cross_entropy_win = 0. 156125 , test_cross_entropy = 0.193311 , norm
= 1.4517e+08 , move accuracy = 35.9364%

(2) #HH D elmo FE (Lambda = 0.5)
WEEAHRM 1 @ hirate eval = 14 , test_cross_entropy_eval = 0.592798 ,
test_cross_entropy_win = 0.506909 , test_cross_entropy = 0.549854 , norm
= 1.86824e+08 , move accuracy = 37.8687%
WaFEAH M 2 @ hirate eval = 14 , test_cross_entropy_eval = 0.229684 ,
test_cross_entropy_win = 0. 142708 , test_cross_entropy = 0.186196 , norm
= 1.56518e+08 , move accuracy = 36.0255%

(3) #HD elmo :LF## (Lambda = 0.8)
WREfAm 1 ¢ hirate eval = 21 , test_cross_entropy_eval = 0.589921 |,
test_cross_entropy_win = 0.510048 , test_cross_entropy = 0.549985 , norm
= 1.76822e+08 , move accuracy = 38.0958%
WEEHAm 2 ¢ hirate eval = 21 , test_cross_entropy_eval = 0.22914 |,
test_cross_entropy_win = 0.147632 , test_cross_entropy = 0.188386 , norm
= 1.52022e+08 , move accuracy = 36.1327%

(4) ACGEF 2 Tt L7253 (Lambda = 1)
WEEM A 1 ¢ hirate eval = 41 , test_cross_entropy_eval = 0.590012 ,
test_cross_entropy_win = 0.50995 , test_cross_entropy = 0.549981 , norm
= 1.78723e+08 , move accuracy = 38.1903%
WEEM A 2 ¢ hirate eval = 41 , test_cross_entropy_eval = 0.229326 ,
test_cross_entropy_win = 0.148904 , test_cross_entropy = 0.189115 , norm
= 1.48885e+08 , move accuracy = 36.4891%

3 F&

LI EDEBRFE R D ALE TR L7228 15, lanbda %2 1 L HE LTV 5 (elmo
KEFAHAL TR 12500057, elmo REFRKRICRZEZ Y hrE—%2 TFIF5Z
EMTE, M DOmove accuracy (MRFEMRME & DRBEFO—EHHR) % elmo XLV b I
FEEHENTEDLLEEZOLNET HROWEICONTIL, 342 1 BT E—L
LEOELEY,),

4 BERIZHONT

ABINE DAY L1712, $EREEEDT 2 77 A (Python) . KIEDTHIBILL.
_EFE Depth14 0 4000 H&E R (v v 7LD FEBENTEE 30T, JHEN
BB, BREVEET B EENTT,

LUk

3 https://1drv.ms/f/s!AIMACEodwb5ngpY6NcU9qhdV5XS4UQ
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(B ANT3T3] TE—ILXE

M=

WSCS29MED & AT T JIE, PRSI LFEFR—R([CHEShf-aVE1—4FHI OO
TY, EHBERFTILFRUOS—HEEDEBMTY, =, REEHY 7 ~THE—, FFERES
WIZ3EARER (KPPTHE!) #HEALTWELR (ARXSZ P a1—ILOENT, NNUER TR
HOEELBICEDEN2128)

ERSA T3 EXTDEEER

R=ZANIVOVELTEPRIGEEZZDEFMAL., YILFRUF—HEEEIGUl (4
) LRSS CEDOMICHALEIO—HA—TaISLTERESNTVET,

PhRS5ENEEERILTD2HTT:
o HMEFEDMWCSCEMF—Lit, ZHOF—LIZIEBAINTRKETOEENH S
o Y—RXROA—FKIZOAVIDNZHHY. BFELOTM-T-

Z D, AperytelmoZHIEREBD IL > FIZMASETW=EEFE L, HERRT D1 —
ILDEND B, KEDWCSCTHERA L -5 MmBEIIEEDWCSC28krDApery. elmo. & A
275D ITLYFEVWSKRERBIDIZHE>TLEL>TLET,

Apery LelmoD:EEERIFLUTND2RTY:
o H{KMILME % & L TWCSC28THEENH S
o Apery®R., PRILERETNZNINLZDRMOFFMEEHRTH D

MBICTIRLI-R

SE, —BRELDXEAFILFRUOF—BEEOEETT, ThlIPythonR o ) T rIZk
HBGUIETI VDY (PRS56FE) MR Ia—A—ELTEELELE:, COARITHEMNS
FRICEETEZLIONBVATIN, EBRRIPIEETETHVDLARESHEATT,

EEI(THTI- > TlE. FTPonanzaF—LDAK. SANEMM-BEXEADRUbYyX 7 1) T %
RESZIZIE TV =EEE LT, (hitps://aithub.com/ak110/USIGameRunner)

AR N

TTRAVE 2 —AFEICRYBEABD-DIE, SIFBEEEER—F A2 FMZSMLT., &
HMITOEEDA A ELA—DZ TNV =L LELEIETT,
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TRETTHROGHERGIEOBGO TLEN, REFL 2 ERVBIEE VI ETSMLE
FTHEYFES,

R2IZSML THRAGHEEOEKRVEFEZFENE TOEETSIEVSDH, ARPRE
SMOBED—DOTY,

FAFETE

aki. TAD B XEHARUbyR Y 1) 7 F# B TPythonIZHBIEL -3 DETAFIAL TLV=D
T, TNER—RIITILFRUOA—FATO—H—FHFELELI,

ERELE. AEFICVITROY—NEZRELEY 52DFIZIELAELD T, localhost/ZSSH
TOHWTEROI O U EEHLTTAMELE L,

BYDT E—IXEICFIMCTSZRA L -EIMERPCEEZ 5= > TLV=DTI A,
D1i—LOENTHENIEIZEDT, SEFRBBRATEEFLEATL,

RERFER

TRTAINEFLBEL, ERY—NZR/YDIDIZEIR HEIND=0, FELLERERIT
TETHEYFEEA,

A—ALI L UTERGHMIZTIILFRUOA—DERZE LELRLA, BLIEHE->TWWEWLA, &
Bl oL DEEIEONTEYERFA, ChEREHEOI VO U THDOLERED Y
GIWRUE—TENBRYDHERTEY FLTLEL., RILFRUF—DA Yy bR ELNL
Wr=HhEBbnEd,

B AT REA

FEEEAMETIILFRUOS—RANIJO—h—Z2 s E T =EEE LI,
https://qgithub.com/hmatsuya/chotgun/releases/tag/wcsc29

PRIGETIVIOVEY T RDY—NEEHRE QRFETIEHSE. RETEH108) TH
%L\T:Tfl-}-;hilis ﬁgﬁﬂ-ﬁgb\&lh\bhij—o

EEE

SMEDEREDKAF. RKEPEARGITELVERZSE TV EEELE, EEDOE
¥R, ARUY—H, thDOSMEBOARIITRSEILBLESFET,
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AobaZero OFET & BERED

s ok

e~z

1. £2RE

ZIBFEOF— A NTHRROMRERN FITHREELL,
2016403 AL — 7 NT 4 —7 <A v KD AlphaGo
WEAET LA YDA & RVER - 7 RIS RICH
LW, 2OF v Y L-Faky v/ a=y k (TPU)
ZBRE U 7o VRN S & 5 KBRS ofE ST,
HEOBI BT, MOr — LD N THEEIZH IRV A X7
M52 70, 2018 FITIEFFLOBIFETFT — L05, ANLHEE
T LA YN H O RIER Tk & AT 5 ikl 7oy
= U XL AlphaZero A = AFEICTREL 2], 2
DFETNTY ZLFIFAEUSNO R — K7 — 51 i H
AEERLOTHY, FERETEHBABIIMZTTF =R L fF
MOERFR LRI TV,

FHEOITZE TR TA1H8 YSS <° Bonanza D
HEEBLOHICB T 2— Y 2T ¢ v 7 RO
R AR L CE AN [3]. 2 ZEAFIEBRE D DEEN
BEHEZERNOEBERL T, BFHETATHERN
i 7g o TV ERICEER & 5 1T TV ey, [Arko =
NH—EHOMEBRITITSIHITENESNDZ & oz,
ANLHBEDO KRBT —EINE L TWD E VW) FE N E
SORVPLHRWML TWD,

2016 ££0 AlphaGo DA >k ELSk, BHEDOMFSE T 1 —
THBEREIT ST D, RIS, FAEE T = AN T
Fa3a=74 - R_"—AK- TV FOFBETAL
IZE D BEENREBINET TWVNT, Y—Ra— KX
GitHub ETABENTWD (PHE: 7 51X LeelaZero!, 7 =
A7 BIE LCZero* 22 MR), HEDOHFIEIEIIZHOEFT

* E-mail: yss@bd.mbn.or.jp

o SUBIE KT

T 182-8585 HUUAR AT i - F 1-5-1
E-mail: k.hoki@uec.ac.jp

*** E-mail: kobayashi6y@gmail.com

! https://github.com/leela-zero/leela-zero
(BT 7 & % 2019)

2 https://github.com/LeelaChessZero/lczero
(R#&T 7 & % 2019)

LR O S
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%k sk ok

NN

a7 LA VLS TRRIZRIHEATHNT, 1 - B vk
WenT- =« F g —TF A v RitoRH~ > 8
U7 MEREIIER/ L TV D L ARENTWD, iz, F=
2ZDOHEEIREAKEOHEL L 2T 22T 0T T A
Stockfish ZHOFNIHELHMERELZEHL TV D, 61T,
INHOBFFEEIF T — R THh 1S HE -
TWai = Ryx=7 ETEERRETH Y . LHDO AL N
PHE: & T = 223UV T AlphaZero DYEECRFE A MREE L
Tn5,

ZDO—JT, [T D AlphaZero DM CRFKIL.
PHE L F o RCBITHENG LHELT, HEVHIDLN
TR, FHHUZB W ORI TV A FERRFRIT, &
OMPOKREM TIZB W T 2017 FER R CTRIBCTH - 12 4F
H7'a 7 F I elmo X° Aperyghapaq I[ZBNLIZHE D Z Lz &
W ERFFEL 100 RREOMETH D, ZofRE4
FRL7en— RO =T 3Rk b DO TH Y | A% RFERE
v N7 v T EREZEDEMERT O LIIRETH L, I
LIZ, Y7 b T OE=FICLDHERELES TIIR
<. 2018 AFLAREIZBSS LT N TANBE & & DS THf 3R
OERE T 5 Z L bR TH 5,

AlphaZero #2312 L THI¥E S U7 BN Lanag i3 sk
D0 D L D ED (T2 & 21X DeepLearningShogi®), £ b
METN2) RAOFRFHIERSRH Y | A FrEEEL
HIg L TR SN TV D EIFE WiV, AlphaGo <Rtk
D ZNLED —E DR KR CIT. FAE A THARE D MERE
KBTI E&E e, 2O—JT, FxANTHREDOMERE
M RIS IE E O R E e FF HIEA DR, AT
HREDMEREN BT H- 2 B4 %7 N O S ITHIERMT
D,

FHEATHEERHAO A V2 —F v bR E R D &4
2018 4FLARE & BN AR OMEREIC I 53 72 1) 322 6
o Zom EE THEMEY 1. TNNUE], [FHMBIE D x: y
Bilf) 72 ELMEEN TV D FEORBSEEICI D s
NTNWLEHI>THD 4,5, Z0L>RBREADE, =
B O THHERAN I AlphaZero & i3ds53s &L # 1
BRIZER L TWHO TRV IRICH RS, B

Shitps://github.com/Tadao Yamaoka/DeepLearningShogi
(BT 7 & % 2019)

4 http://wdoor.c.u-tokyo.ac.jp/shogi/floodgate.html
(R#&T 7 & 2 2019)
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W, BB 7 T 2L L Jidh 2 & 5 BlBIc > T
WD DMDNIRNDH, TR LT,

2. AobaZero {Z-DU\T

FEHOPRYMHTeT 1 =27 b AobaZero I3, AlphaZero
DFFRUTIBIT DRSS T LA AZ A NV EH O NTT D 2
LEMIFEL, HGICHEI > TWHN— R =7 L TEIE
THINOBEEDAMEZBRETLOTH DS,
— SRR T TUFRR & 7% LT 2 N LA RE
AobaZero Z ST D Z Liz&» T, BEOHARIIEIT D
LN TAneEHly & ERRRUE & 72 o 7o BifT & 2 MERE - =
A P RAZ AT EOE THERT 5 2 &30
REEARNITIWARLEEZTWD, ., BFREDREIT
—RTEELTHY, BERBOLARTT Y2y MNIER
FD XD RBFETITEL TR,

AlphaZero DF#LFE 7 0TV X LAOFLTFNANL, HLEE
DERE =2 —F ) Fy hU—27 (NN) OELEHHORE
ROPBERICE L DD ERD L H>TH D,

b=

1. V7L AnNy 77 (NNDOFEHIHES 7T — X DESR)
& NN O EL % #IHHL
2. UT ARy T 7o —EROPEET— % % —%k

T A MR LT NN OEAZ TR

3. NN %o CT—EHOMEA AR LT, VT L AN
v 77 E R

4. 2~R5

ATy T2 TEIREINDT —FEERAT v 7 3 THERE
NOMREE T, MRS SN WA EFEZTLETNE
FHLTH 1 EFBICERT L5 0"F 2% ko &
IRESNEEHTHD, tHERERVETDIAT v
FE3ETH - T, ML TRINTWDHIHEDOEHRE —

BERR Y 7= 0121, BF 2400 5 ORELRE & AT D M BES
Hb, TOMFEOHKETIZ, NN Q0 7y, x5

KoTRH197ayy nbied 7 425256 D ResNet)
29 800 [EFHAM L CAHILD, BFHEICIZZOL S 7eHl
ORI E bR, Ky OMFEIT 7 ¢
VB 64 D/NS TR NN THRR S AL, T O/NE 72 NN J3vh
SV T ARy 7y (10 FFES) 2o TFEE I
77

ZOFNEEFEITT D72 DICERFHEE TICHRES L2

5 https://github.com/kobanium/aobazero
BT 72 A 2019
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The History of the World Computer Shogi Championship (WCSC)(5)

Takenobu Takizawaf

Almost thirty years has passed since the first Computer Shogi Championship was held. The strength of the top computer shogi
programs that entered the last World Computer Shogi Championship is stronger than the strength of the top human players. In
this paper, there will be the history of the Computer Shogi Championship, and games between strong computer shogi programs

and strong human players 2006 through 2010.
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ORIERZ L=, FIWER I TEE] 1327~ 6 Bxd
21 LFHMmL, ®EHITHET M) ZRAFRO R
bbH. —F, arta—2HHORKROFRITIFETH
51 Ea A PIRTND.

D, 200547 A 24 BIC HARHLEY T Y
Bl CPESIEE - AR —EPEE & O AR R 3T
D, ENEECITAT, ARHRE ICEBEb Th o
F7o, 1022 H~23 BIZ T 15 MR = B o — 2 0F
MORFME O 8F—Anick?d IE3Ea Ba—2fF
MEZRER, 2B HRT A4 —2 k21 A TiTbh,
[YSS) 2MER: U7z (M8 : BAHELHEE . 247 @ TKCC %
MLy, 347 : [HR)).

2. 2006 F£~2010 FEDWF a2 v 2 —F FHELRTFHE
2.1 FIeEHR oo — X SHIRTHE

55 16 MR = 0 & o — & LR THE ) 13, 2006 4 5 H
3 B~5 BICTEEAEETHO (1T 7—2 ] Tithbh

ARG (24— L 7ay S5 I 70— 9w TGPW2019FRE ] H SIEIRILER 2SO 25T

i L CH D ET
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2. ZMF—281343 T, W, IR — K3, 2RTEY
—RN16 THY, 1IRTESBNEIT 24 ThoTz

LIRTIE, 2RTE, L 25 00hATTHD. F
72, LIRTPENDS 2R TE~DEHIZS F—LTHY, 2k
TP LR ~DOEHIL S F—LTHD.

P TIx, WIS [Bonanzal 7% 6 B 1 BR CHERE, Y&
ERsIE TYSS) (B LR 14y), 3frid TKCCIFfty (551
B 14y) (MEEER:E 34670E, SB (- =M FoBSOA
) o) THY, ZZEFTHRREIORPE—RFTHD
(R2).

Bonamza (FEARFK) EZFNETOI U E 2— X 5
D& rHmETICa L Ea—FF 2 ADRIIET25%
WL, L2vh, FHEOMEASH E V20 EDZ & T,
DR E OFALNHE LVIRRE TR Z1To72. TN ETH R
BEOGIVBARFIZFEME L B 1 EEBOFH KR L)
2, —HRIC BN v 7T AOBREE T OBV R
<, DR ELBBBUNIER LT 0 s T LAORS ZFE
i CTEABREOM N2 ~TWe., 2070l T A0

&, 1) EiR%) & 1(2) Al B8iER) Th
% 9.

(1) EtERBR 1L, o BIEDOZ ETH DA, Bonanza T
1%, « Bi#EIZ null move pruning <P futility pruning &
ML TV, LER-T, SEER L FESERERELES
NABREX 2V, EHEITHoE0HENC L2 &b
5. 728, Bonanza Ti, fHTFMHD 2 Bt H TOEHED AR,
M, ADORITAER LR, EDZETHDN, ZhiiE
FHORRCIIEZ IR E Vo<, [FET) Iy hL
Eb0iEAS. FLEZIT>FHFAIE LOd~ TR
T 250, FFE, BEORENRE U CREBE LT & O AF]
W% (212, HEH-TEOHEETIRVIET, *
TICEHEFT O L MORENF U TH D ORLEOHNR
LH5) LoRFIXERLRY, LD LETHS.

(2) FHMBA% D B # AL, LAl = 0 B e — Z fFL
077 ATERALTWHWDILOLB 720, TRETOT 1
77 A5TIE, 1,000 FREEDOFMIE B IZ K-S E4T > Tz
Bonanza Ti%, (ZMYHKFT) 10,000 I HE DT A—F %
Fa—=rZ LTREELIZEDZ & T, TEIFREE TN
ThHH, RELBAL-oTW5.

EOFRE E LT, (3)Bitboard ®FIH] NH D%
S5THD. THOWMNIIT T I F LORBENLE
T (FARAyZ L WTa s 7 8o niey), £
TAE— RZLIFDZ L1320 TWER, TiE T,
bEVEAIN T RN T2L O THB.

Bonanza OBIGIIEH D 2 2 ¥ o — F [T OS5 8
ERIETHOLEEbND. Kb REZ2EEL [FHEREMD
WL & IRTA—FOA#HFa—=27] b LR

bhd. &b, v AvFarorars s I v IHficbLE
BEEZDLEEZBND.
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2 %16 EHR 2 Vo — F [FRGEFHE RE)

No. Program 1 2 3 4 5 6 7 Pt SB MD
1 Bonanza 2- 3+ 5+ 6+ 8+ 4+ 7+ 6.0 16.5 11.0
2 YSS 1+ 6+ 7+ 4- 5+ 3= 8+ 5.5 13.0 7.0
3 KCC Y 7+ 1- 4+ 8+ 6+ 2= 5+ 5.5 11.0 7.0
4 TACOS 8+ 5- 3- 2+ 7+ 1- 6+ 4.0 9.0 3.5
5 WtE 6= 4+ 1- 7+ 2- 8+ 3- 3.5 5.0 1.0
6 HiAIHHEL 5= 2- 8+ 1- 3—- 7+ 4- 2.5 1.0 0.0
7 DI 3-8+ 2-5-4-6-1- 1.0 0.0 0.0
8 MM 4- 7- 6- 3- 1- 5- 2- 0.0 0.0 0.0

B 1% T28 16 [EI R = v v o — SR THE ) OV
AYSSABonanza T, BFMMPWIRETHEIR1INLA
SLEREKLL T, JeFd IYSS) ARIEEH & L. LirL, <
D% TYSS] 7% [TACOS) =By, T445) »3%t Bonanza)
RO TIHOEZHRAY Y NG, SHFTHESTZF%
BT W) ZNE TORFHETENLZ ERRWVATRAE
U2 Lz, REMNRZ Y, #P5X Bonanza] T
Hol-.

2.2 B1ITHHRa o — 2 IR TE

M55 17 [EfE S 2 o v = — 28R T HE ) 13 2007 4F 5 A
3 H~5 BICTFERAFRTGO (FET7—2 ] TiItbh
oo BINF— L840 T, N, RPE— K3, 2k TEY
— K15 (16 ®H, HRAZWME THHOFERN 1 F—24)
ThHY, 1RFEENEIL 22 Tholm. 1RFIENS 2K
TEASOEHILI T —LATHY, 2RTEDLRP~OH
HIZ 5 F—2Thd. RBETIE, 15EBORMD YSS)
26 1T 3ESY 3EHOER, EEBKEIFELTL 6
LT, #1200 (O TISFH) OfRFA =28 D7 =
7T L) O THIRHL), 36 B2 ko il Th
D, ZZETHREIOWRE—RTHD (KRS, ELHE
BRI SB D).

B2 M5 17 EiER a0 8o — 2 HERTFE) ORE
AYSSAHEIFBL T, SeFmREsE FRRIEE TIHE IR
2705 A43EELITHIGES T YSS) A Msb, R L-

WA TV D AARRLEE 2> 5 132K O KEFR
HEK AL E B BEA\B DM, SRR \EE, CSA B

#3 F 1T EHR =8 2 — 2 RHRTFHE )

No. Program 1 2 3 4 5 6 7 Pt SB MD
1 YSs T+ 8+ 5+ 3— 2+ 6+ 4+ 6.0 17.0 11.0
2 HNWEIEHL 4+ 6+ 3+ 8+ 1- 7+ 5+ 6.0 16.0 11.0
3 s 5+ 7+ 2- 1+ 8+ 4- 6+ 5.0 12.0 6.0
4 Bonanza 2- 5+ 8+ 7+ 6+ 3+ 1- 5.0 11.0 6.0
5 fiit% i 3- 4- 1- 6+ 7+ 8+ 2- 3.0 3.0 1.0
6 TACOS 8+ 2- 7+ 5— 4- 1-3- 2.0 1.0 0.0
7 K-Shogi 1- 3- 6- 4- 5- 2- 8+ 1.0 0.0 0.0
8 wMIN 6~ 1- 4- 2-3-5-7-0.0 0.0 0.0
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F=C, dbRRem BRI R R R R (e L) ©b
b HEMEILZNEE, BXIERSE:, ANERB T LRA A,
LR T LRMPBEDRHIC B A 2N/,

Z DEFETFHET 410 Bonanza| 235EFha “ B LFRO B L
TWLZEnb, SEOWRE LT v 77 M3ndh b it
EHBEOENNL D EEZOND. ZOE EIEHITHL
e, I0ELRNIC T e LAV ORBEE L ThEsL
KW, RELEORFENETEIERSNDLEZAT
b5, SEIORFHIZIE, AiEO Bonanza] OIEHE (& 1E
FIZ L DIEWMAR) IS A=, 2IERESEE 2D
ANT=LORBE Lz, £, B3 CPU (/i3 =7
728) BRI 2720 0WFHLOEAN 2 AR Y A
12707 ARELSBIMLTCWTZORERTHS.

2.3 HISEHRA o — X SHEFRE

M55 18 [t =2 o v o — 2R FME ) 1, 2008 4F 5
A3 A~b HIZTERAEETO T8 7—2) Tith
Nz, ZMF—2BITHEF 125D 40 T, N, R —
K3, 2IRTE— K15 HIRZBETHLOREHR 1) T
HY, 1 RTEBINEIL 22 ThoT=. SRIEESMO TA
WY =7 LT 1) L& THEY D FPGA (Field
Programmable Gate Array) (CX2ZMTHDH. Sl
DR 4 [EHE O IENE T of. ZHETIES
Al & 4 BIERIIRTOE 25 & 51F ERE L A4 A THE
BEDETWER, AEG, 4 EELFEIIETOR £ TO
SEFERE S LICAA AN THAGDED. 1 IRTE NS
2T EA~OEHIT AL F—LTHY, 2KTENSR
BE~DHEH L5 F—LTHD.

REETIE, NEEE) 6B 1T, 9EIEOBRINT 34
50 3EIHOEREE Lz, BEBIIFE T 6B 1O T
WERHRL ) (2 ARt D HEMR I, (B IS & YEEIL SB 0ZE), 3
f71% 4 B 3 BX® [Bonanza] THY, Z I F THKREDH
B —KThd (F4).

TWHANTTENT WD HARHELE R 2> 5 13 B F o )|
KifiCE DM A LR FEE GRAE), B XIERSE, fiH
GLZ By, RINERIET-LCifid N, ZRRT Lo 91 Be DS iR
WCBA RN o Tz, fRMOB OSBRI I VI B 7 v J
TAE, TTaT7R2EREXANLERBDODLNLE T

£4 B IBEIMER 2 Va2 — & FERTFHE (R
No. Program Name 1 2 3 4 5 6 7 Pt SB MD

1 s 6+ 8+ 7+ 5+ 4+ 2+ 3- 6.0 18.0 12.0
2 MR 7+ 6+ 5+ 3+ 8+ 1- 4+ 6.0 16.0 12.0
3 Bonanza 5— 7+ 8+ 2- 6- 4+ 1+ 4.0 11.0 5.0
4 YSS 8+ 5+ 6+ 7+ 1- 3- 2- 4.0 8.0 4.0
5 fifife friL 3+ 4-2-1- 7+ 6+ 8+ 4.0 8.0 4.0
6 RARFHL 1- 2- 4- 8+ 3+ 5- 7+ 3.0 5.0 1.0
7 7R BfH 2- 3-1-4-5-8+6-1.0 0.0 0.0
8 flACFFHEL 4- 1- 3- 6-2- 7-5- 0.0 0.0 0.0
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HD (T=FaT7R2EKRERZ b 4137 0 OHEICSN
TELHAVHY, B2 &BbDENHI L), N K
WETBDOEFRRZTCELES > TIWRIE /2o T2,

M5 18 EIE S = o v o — ZAFHEERTME ) DR A
FHEABIE L, MHEREARDY R THEVRIZ L7

Sl REZEFHLTH LR, LFRMUIN THRFOB
HERy, WRMNER L. SHEABRICIT, ity 7

T2 DL —T 4 U TITHBE LT, ARED 1 IRTIEER
(1% 2400 &, 2 R TREEIEAIEIZ 1 2600 5%, HEEREICIE 2750
BMANEL O TH S.

2.4 HOEHRAa L —2IFHBRTIE

M5 19 B 2 o o — ZFHLERTHE ) 1, 2009 4F 5
A3 H~5 BICHAEHER O [BiEHEKY: ERRSHE
B Titbhis. T —2sux 42 <, N, #BEV—F
3, 2ITEV— R 15 THY (HRAZIEE T2 D OFEHR
D, 1RTPFESNEIT 24 THoTz, 1IRTIEND 2KRTE
~OEHITITF—LTHY, 2RTFTRNLRPBE~OHEHIT
5F—LThDH. FBETIE, SEIRDBMD [GPS FH )
P36 B L RCCHMERS, YEEIE 6 B 1 IR TRMLRHEL
(TR & MEMERE L, SB D 2%), 3Arix5 B2 ik 308k
THY, ZZETHREIORPEY—RTHD (D).
TN T B B AR HLE B 2 & 1T ELFE o 1]
KB O ERERZHE: CGIIAE), BGHESE, fRH
SLZNE:, AR/NE AL B, TS LB 2 iR
WBA X270, & 5T, BARRMHERE S E O KEFRIEK
AL, IR OSLAR LR, R E ot BB REOBE S
ETHHHEWEENNE, AR LMNEN NG Lz
RSB ZAUE, RHEESSE 24 O S 30T 2 IRTIEREE
DL E 2650 L E, L~ 2850 AL EH D,
F 72,2008 FEOEFHEORE Y — 7 OFK L1 LY 2009
FEO2RTERBBEL~ILDOFRENEDZ ETHD. BX
NEC I HIE 2008 ED BN T w ST AE, TYFaTE
ERKERAN 4 LFEDOONDEDETHST-DOT, N L
WE PR T e R R TE R E S o TR WRR
Lot

41 M5 19 EHR B a— 2 fFHURFHE ) A
GPS FFHEA KHIFEL -, AJEFRET/AEA MU H AE Chb

5 19 EILR = v 2 — Z FHER TR QRES)

No. Program Name 1 2 3 4 5 6 7 Pt SB MD
1 GPS i 4+ 6+ 5+ T+ 2+ 8+ 3— 6.0 17.0 10.0
2 RHLRAE 5+ 4+ 7+ 6+ 1- 3+ 8+ 6.0 16.0 10.0
3 Bk 6+ 7+ 4+ 8+ 5— 2- 1+ 5.0 14.0 7.0
4 KCC it 1- 2- 3- 5+ 8+ 6+ 7+ 4.0 7.0 3.0
5 Bonanza 2- 8+ 1- 4- 3+ 7- 6+ 3.0 8.0 2.0
6 s 3- 1- 8+ 2- 7+ 4-5-2.0 2.0 0.0
7 YSS 8 3-2- 1- 6- 5+ 4- 1.0 3.0 0.0
8 Bk 7+ 5-6-3-4-1-2-1.0 1.0 0.0
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FV, K405 A82 &AREATL R TAGPS fFH B -
7-.

%19 BUZHIBIMT 3MLICAE Lz T30k 13RS
TWHH 16 BIOEN~ v 7 Z & [Bonanza] @Y —A=a—
RERWT, FHliREEkD T A —X OfE % ERELEIZ LD
EHE LG BTFHETIZ6M) oFnr I ARz
HBZ2THoNnl RO 1F] »oA#ICLVvRIIN-FE
LB LT D2REICL VBRI NE. [A#H 18T
THIORATHEIES, 8B bFRROFIETT ST L%
BT 70— RNHTL 2L Bbind. ZOHEDED
DOF=HI2iE, £ (5RO X 512 TBonanza] —> T
OK) O7ar I DY —Aa— RBRAMI T
HELL.

AEIERS L7 TGPS ) 1%, BH%, BEblcy —2 =
—REABLI-EDZETHEND, 5t TGPS fHt) %
FRALEZEERHERA T2 77 A0HETL 2008 L,
L2 AT, A 308k 13AKRE D Bonanza] % k[R5 FAR
ThHhoZbOO, EHEMRTIHBEN TS, ZoflRL i
BRER .

2.5 %20 @AY — X FHERTHE

55 20 B 2 0 Vo — 2R TFAE) 1E, 2010 45
H 2 B~4 BIZHEFHFMAT O MEKEERT 1695
fiff] TiThhiz. BINT—2EUTHEF 1 2E&T 43 T,
W, Y — K3, 2IkRTFE—FK 14 (16 DN, 2 F— L4
MHLIARKEX ¥ L) THY, 1 IRTIRSINEIL 26
Thole. 1 IRTIEND 2R TIE~OEHIT 10 F—ALT
5. 1IRTET, bolbHFHEZEDLT BT T LIZ
(FREERHL ) THD. HeMMMADLE 16EETIHRLE
AP ) T A 7 4 TIZ S HIZ T REM 2 728K X
D, floodgate TH KIEETH -7, 5 RKETH,
lponanza] 72 s H, HAax D 3IALT2 R FEEHTH
5. [RREEFHL) OBIRH XA REER Sh- TEBREER
FL B —T A AN ERBAMBLEIEAT — 3 v 't
O THAIE | 2%E L., 2R TFENDRPE~OHEHITS
F—LThD. WBETIE LLEBEOSMO NEE] 286
B LEXT 250 4 H OB, HEEBL 6K LK 1H
FE) (SBDzE), 305 M2 WMo TGPS it Thhv, =

6 20 EIR 2V 2 — 2 IFRGRTFHE (RES)

No. Program Name 1 2 3 4 5 6 7 Pt SB MD
1 s 4+ 3— 6+ 5+ 2+ 8+ 7+ 6.0 17.0 10.0
2 Bk 6+ 4+ 5+ 3+ 1- 7+ 8+ 6.0 16.0 10.0
3 GPS JF#t 7+ 1+ 8+ 2- 5+ 4- 6+ 5.0 12.0 5.0
4 KR F7—RX 1-2- T+ 6+ 8+ 3+ 5+ 5.0 11.0 5.0
5 Bonanza Feliz 8+ 7+ 2- 1- 3- 6+ 4- 3.0 3.0 1.0
6 KRR 2- 8+ 1- 4- 7-5-3-1.0 1.0 0.0
7T IR 3- 5-4- 8 6+ 2-1- 1.0 1.0 0.0
8 YSS 5— 6- 3- 7+ 4- 1-2- 1.0 1.0 0.0
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ZETHREIORPE— R THD (3%6).

X503 [4520 AR Ea— 2 FHERTHE] O 1K
T AFREEIFH Aponanza @ 31 FAETTHDH. Tk
X6 &7 0% FREYINTRETER -7, K5 X6 D
HFOEIIEFE CEE TH L.

X7 1380 ABTEATRFE T, MIERETIHED, BT
DA B TH TR -T2,

3. Y—Ra— FABOEE

F20ROBTHETIE, FA 77 VAT 0T T L0 E
L. &%, ThEho TRZ) (B4 g " E
RLT=T9A4AT7Z7VEFHLEZLD) THYRBEY—RFTH
- 7= [GPS J$#t] & [Bonanza Feliz] DI,

[Bonanza] 3% ) (BAREUNNMMER LIZ9A4 77V %
FHLEZHD) © Ry r F—X), DEM 2REIC
T DL Lz, ed, F20EET74 77 U OFMH
WCBELT, 1IRTPEDNPD 2RTHE~D, BIY, 2KT3
DHWRHEA~O 55K OfEEITEhEh 4, 2 ICHIBRS
NTWn, FBRMIZIE, ZOL— X883 0o
7.

%20 [ECHILGO TEMMEL) 2 2 k&< NS
W27 & RERICIRIBICHEH U, Yl C b WEAEVEER O
FRBHL ) (2 oI IR A RE /-2 &, %5 19 [T FPGA T
STz TRy T —X) 23820 BT [3Ei@ED] PCT
20, ¥R <o TYSS) 1T & 2 kT %% 2 Tl
L, WBETHMEY 7 MRS LD RiGEE Rdi=Z
Enn, V—Ra— FORKRIIREREEBL G201
2.

4, WAL DOBINE

RPN » O OBINE L HDH. 2006 455 2010
FEDWEA D> S DB NNE L 2~5 (Bonanza &R & 2~4) T
Hotz (BT

%16 Bl 8 Bl E OBMTHRME Y — FOFIRER FEE3%
ANRIEFIE D KCC FHLBRFE F— L2 LD TKCC )
O, 8[EIH DB A £ U 2D Jeff Rollason KIZ L 5

[Shotest], 10[EBDOBMDOAT % (AAEE) ©
Reijer Grimbergen KiZ &% [SPEAR|, #I2MOHE

=z WHNPLDOBME (316 EO [Bonanzal % &ip)

Bl | % |Bonanza|KCC| shotest| SPEAR| #Fil$; | /81
162006 1* 3 18 22 39

17| 2007 14 12 21
182008 20 15

19]2009 4 22 12

2012010 20 18 41

7075 LAEBoHEIzNES. *#16EICBonanzad/EE 4
Canada#{¥
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(T AU BERE) OMERRICED P Gho—
T LWMBMOBEAR (BT FEE) ORABCRIZED
[Bonanza] N&ML7T-.

1T ENE, M — R TKCC i) o LiAZxd
Mo 7=h, [Shotest], [SPEAR), [h~Ftsy), %5 18 [q]
X, [SPEARJ, [Shotest], %5 19 [aliX [SPEARJ,
lShotest), fEIEZMD TKCC R, %5 20 [E]iX
[SPEARJ, [Shotest], #IBMDT A YU 3@ David Wada K
W2k D TR BBl

5. by FPT~FaT 74 Y EDEERE

BEEHEOTX T EY 3 2 TlE, 20054 % TOBIUER
FENC KL DB BIRES RN D Ny I T~ E O ETFRE &
ol (3&S8).

2006 = OBRTFHTIL, FeHEEO ZHAIC LY,
2004 7 < E - 2006 FEEAH 7~ 4 AOMERE S K LB
W7 a7 L e OFEFENTON (fF 150 EE
FEREMA 1547, UIn=5 1 F30 BoBmis). RN
B DRV EYT, J5F [Bonanza) TH 5. B 8ILE 16
BTy g THFE L FHEARDY THED, X8
D5, ASTHERLLL TAIEE D TR - 7.

2007 - DFFHETIL, FRHHELO ZH ALY, FiE
B E M EB R BB T 0 7T 5L OEFEBIITOR
7o (R - SRR NE:, FRLEEMA 165y, Uinizo 1 F
30 BHOMEHHR). BRLKEYEDOIRY BT, EF YSS)
Th5H. RIFE1ITHOTXT EY a T, ARATIHE
V, M9DOAANAD LS REEENH 726 DODOMEK
Bs- 7=, MEKE, 7TvEEEOZX B g Ui/ T
M%) 12, FIEIORTMEE 11 A [Bonanza) FFEF&
A Xk ClBonanza ] I 7-DIZHEW T, 4 BB TH Y,
A Ea—XHITEE Ny T IiZ kT RN L EOR
L.

2008 FEORTFHETIL, FEFHHMEO WL, =%
VY g VN2 AT R MRS T 0 /T A & 2005
BT~ EEDOTEK LRUIC- LB K E OEFiETH D (Ff
BRI 15 43, Y= 6 1 F 30 BofbdEis). et %k
%1, YHLBLHVECL IR TRES L. R
VTN O LZRA HB: (W - Ik <) |, B SOEfn
RNE (GEAK LT~ -8 Tho.

BRI AR AMBEES K CTh L. Z ORI
IR TURE D, EFRREZ 4 RIZEY BB 2 H T,
AL LT 25 (M10) TIE, BFEH/ESRO LD
Thv, TN BBo7. by T T7~FaT77 L
AVYOBFITHS. MEED = A Mz LhiE, TA6L
THEBELICH D TRB DW=, BEOFROT, %
ELTHD. ZOFEBRFHOTE L KOBOM G 21
STRBY, BFOZTHIZL>THOFEEZDEERT
Thd. ZOXHIR—RIEARLCY L LTEELOWTIIINE
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TOaAVEa—FBHIIE 2> BB LTV DT, K8 arFa—&[{HE VS 7~F 2T HE
B Lo LThY, 22T, TAG3 AATLERAT2 TR F [A|B]|1~v & 70754 |BE 2527 BLEm| DEs
S LA o S g N . 2005 6|25| AL i O | mAscLE | omEkE | 305 | 4B
BB OBAFIE 128, L&l L CASLIRE TN T 2005] 6 |25] A2 s O | mzEz=x | xmmix | 300 | 40w
IIERICAT] o2t THhHD. 2005| 6 [25] A3 g O MIE=E | ARAFkx | 305 | 408
e R ) . . 2005] 6| 26| A4 i x | mREER | BHARE | 405 | 408
52 AL ATE K BRI AT TH 5.5 /K LRI 2006 4 2005 6|26] A5 P o ﬁ%Ba;\fe TTYBE | 405 | 4B
@% 68 E‘fﬁi&%fiié/}ik%@ﬁﬁﬂk g T Wﬁ 2005 6 |26 A6 i x| MEEEK H7vEE 405 40%
B 2006| 2 | 5 Bl Bonanza O fNEPERAE K 604 1%
f81 12, [A4-® [Bonanza] F&FEFL&A X b T lBonanza | 2006 2| 5| Bl vsS X | kAR 605 | 1%
" o . - " s | O | #max > y
- TEBY nEToxtar Ea— XA T2 Lo 2 B iﬁgi ; : :i K‘Ccﬁtﬁ\ X *sjli :82 1:
<H 5. 2006) 2| 5| Bl Wi O | nvmte 505 | 1%
/ N N N 2006| 2 | 5 B2 Bonanza O | I KHEBE 209 30
Z OFFHL T AVE K ER O RBIRRES ABfEO L ERT 2006 2| 5| B2 vSs O | #Bmxg 209 | 308
" 4 P . S 2% 2006] 2 | 5 B2 IS O | #ngr 205 | 301
IE Y, MR PTEOR%, 11 75 A66 AL T AR 2006| 2| 5| B2 KCCHIE | x | IHAER 205 | 30
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Computer shogi was first developed by the author and a research group in late 1974. It has been steadily
improved by researchers and commercial programmers using game-tree making and pruning methods,
opening databases, and feedback from research into tsume-shogi (mating) problems. It has now exceeded
top professional level. In this paper, the author discusses contemporary computer shogi, especially how
programs behaved at the 29th World Computer Shogi Championship, held in May 2019, where 61 teams
applied, 56 of which actually entered the competition.

0. Introduction
The 29th World Computer Shogi Championship
was held in Kawasaki, Japan, May 3-5, 2019. A

newcomer, YaneuraO, won the tournament.
Although the programmer of YaneuraO, Motohiro
Isozaki, had made and provided a module

Table 1. Results of the World Computer Shogi Championships
Number of Second
No. Date Participants ~ Winner Runner-Up Runner-Up
1 1990.12.2 6 Eisei Meijin Kakinoki Morita
2 1991.12.1 9 Morita Kiwame Eisei Meijin
3 1992.12.6 10 Kiwame Kakinoki Morita
4 1993.12.5 14 Kiwame Kakinoki Morita
5 1994124 22 Kiwame Morita YSS
6 1996.1.20-21 25 Kanazawa Kakinoki Morita
7 1997.2.8-9 33 YSS Kanazawa Kakinoki
8 1998.2.12-13 35 IS Kanazawa Shotest
9 1999.3.18-19 40 Kanazawa YSS Shotest
10 2000.3-8-10 45 IS YSS Kawabata
11 2001.3.10-12 55 IS Kanazawa KCC
12 2002.5.2-5 51 Gekisashi IS KCC
13 2003.5.3-5 45 IS YSS Gekisashi
14 2004.5.2-4 43 YSS Gekisashi IS
15 2005.5.3-5 39 Gekisashi KCC IS
16  2006.5.3-5 43 Bonanza YSS KCC
17 2007.5.3-5 40 YSS Tanase Gekisashi
18 2008.5.3-5 40 Gekisashi Tanase Bonanza
19 2009.5.3-5 42 GPS Ootsuki Monju
20 2010.5.2-4 43 Gekisashi Shueso GPS
21 2011.53.-5 37 Bonkras Bonanza Shueso
22 2012.5.3-5 42 GPS Puella alpha Tsutsukana
23 2013.5.3-5 40 Bonanza ponanza GPS
24  2014.5.3-5 38 Apery ponanza YSS
25 2015.5.3-5 39 ponanza NineDayFever AWAKE
26 2016.5.3-5 51 ponanza Giko taishogun
27 2017.5.3-5 50 elmo Ponanza Chainer  Giko
28 2018.5.3-5 56 Hefeweizen PAL Apery
29 2019.5.3-5 56 YaneuraO Kristallweizen Tanu-King

Kanazawa is the successor to Kiwame.
Puella alpha is the successor to Bonkras.

Ponanza Chainer is the successor to ponanza.
Kristallweizen is the successor to Hefeweizen.
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library named the YaneuraO module, which many
entrants had made use of, Mr. Isozaki himself had
not previously entered the tournament. The
runner-up was the winner of the 28th championship,
Kristallweizen, whose former name was
Hefeweizen. Third was Tanu-King, whose former
name was "the end of genesis T.N.K. evolution
turbo type D". Fourth was elmo, fifth was Qhapaq
di molto, sixth was PAL, seventh was a newcomer,
Suisho, and eighth was Meijin Cobra. The runner-

up and sixth finalists were second-time (28th and
29th) entrants.

Daisuke Suzuki, an executive director and a
professional 9-dan of the Nihon Shogi Renmei (the
Japan Shogi Association, JSA), as well as other
professionals who watched the championship,
commented that the top finalists had now exceeded
top professional level and they themselves would
like to follow (or even prefer) the moves of
computer shogi. Here, the author discusses

Table 2. The Results of the First Preliminary Contest

No. Program Name 1 2 3
1% Yaneura0 b+ 30+ 9+
2% Suisho 4+ 38+ 8+
KPS Daigorilla 14+ 27+ 21+
4x CGP 2- 18+ 15+
5% NineDayFever 1- 16+ 12+
6% Ayame 32+ 29+ 20+
Tx dainomaruDNNc 27+ 14+ 23+
8x dlshogi 15+ 24+ 2-
9 Nanoha 12+ 22+ 1-

10 NENE Shogi 39+ 23+ 18+

1 Crazy Shogi 25+ 19+ 17+

12 Aoba Zero 9- 34+ 5-

13 ShibauraSoftmax 37+ 20+ 16-

14 Kakinoki Shogi  3- 7- 40+

15 Usapyon Extra 8- 26= 4-

16 KatsudonShogi 30+ 5- 13+

17 Miacis 29+ 32+ 11-

18 Tenuki 38+ 4- 10-

19 QinoaShogi 36+ 11- 22+

20 Yamada Shogi 31+ 13- 6-

21 Himawar i 40+ 28+ 3-

22 ichbinichi 34+ 9- 19-

23 TMOQ 35+ 10- 7-

24 fail. of s-bunt 26+ 8- 28+

25 GCT 11- 36+ 29-

26 SMS Shogi 24- 15= 33+

27 Claire 7- 3- 35+

28 Mattari Yuuchan 33+ 21- 24-

29 Garyu 17- 6- 25+

30 Wizard of Odds 16- 1- 37+

31 Scherzo 20- 37+ 32+

32 Dharma Shogi 6- 17- 31-

33 nar ikinshogi 28— 40+ 26-

34 komaasob i 22- 12- 36-

35 NicoreShogi 23— 39+ 27-

36 Kifuwarabe 19- 25- 34+

37 st34 13- 31- 30-

38 Windfal 18- 2- 39-

39 16 Shiki Iroha 10- 35- 38+

40 FTS3 21- 33- 14-

*qualified for the second preliminary contest.
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5 6 7 8 Pt SOS SB MD
3+ 2+ 4+ 10+ 8.0 44.0 44.0 34.0
11+ 1- 17+ 3+ 7.0 40.5 32.5 25.0
1- 8+ 5+ 2- 6.043.028.019.0
16+ 11+ 1- 7+ 6.0 42.5 27.5 18.5
19+ 6+ 3- 20+ 6.0 42.0 28.0 18.0
7+ 5- 16+ 8+ 6.0 38.0 24.0 16.0
6- 12+ 9+ 4- 5.0 41.022.0 14.0
10+ 3- 18+ 6- 5.0 40.5 21.5 12.5
28+ 21+ 7- 19+ 5.0 39.0 20.0 12.0
8- 13+ 11+ 1- 5.0 38.5 19.5 13.0
2- 4-10- 21+ 5.0 37.0 19.0 12.0
26+ 7- 25+ 18+ 5.0 33.5 17.5 11.5
27+ 10- 22+ 17+ 5.0 32.0 17.0 11.0
17- 30+ 23+ 16+ 5.0 31.0 16.0 11.0
35+ 22- 33+ 31+ 4.5 28.510.0 5.0
4- 26+ 6- 14- 4.0 38.515.5 7.5
14+ 24+ 2- 13- 4.0 37.015.0 7.0
20+ 19+ 8- 12- 4.0 34.513.5 8.0
5- 18- 26+ 9- 4.0 33.513.5 7.5
18- 32+ 27+ 5- 4.0 33.012.0 6.0
29+ 9- 24+ 11- 4.0 31.0 11.0 6.0
38+ 15+ 13- 30+ 4.0 30.0 11.0 5.0
34+ 29+ 14- 28+ 4.0 30.0 10.0 5.0
31+ 17- 21- 29+ 4.0 29.5 12.5 6.0
33+ 28+ 12- 27+ 4.0 28.0 11.0 6.0
12- 16- 19- 34+ 3.5 28.5 7.0 2.0
13- 31+ 20- 25- 3.0 30.5 6.5 2.0
9- 25- 32+ 23- 3.030.0 9.0 3.0
21- 23- 37+ 24- 3.0 30.0 8.0 2.0
36+ 14- 35+ 22- 3.0 30.0 6.0 2.0
24- 27- 36+ 15- 3.0 27.5 7.0 2.0
39+ 20- 28- 38+ 3.0 24.0 4.0 1.5
25— 38+ 15— 35+ 3.0 23.5 4.5 1.5
23- 40+ 39+ 26- 2.0 25.5 2.5 0.0
15— 37+ 30- 33- 2.0 24.0 3.5 0.0
30- 39+ 31- 37- 2.023.0 3.5 0.0
40+ 35- 29- 36+ 2.0 20.5 3.0 0.0
22- 33- 40= 32- 1.525.5 2.0 0.0
32- 36- 34- 40= 1.519.5 1.5 0.0
37- 34- 38=39= 1.022.0 0.0 0.0
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contemporary computer shogi and computer
shogi in the near future through the game records
of the 29th World Computer Shogi Championship.

1. The 29th World Computer Shogi
Championship
The  29th  World Computer  Shogi

Championship was held at the Kawasaki
Industrial Promotion Hall in Kawasaki, Japan,
May 3-5, 2019. The championship was managed
by the Computer Shogi Association (CSA), co-
managed by the Game Sciences Laboratory of
Waseda University (GSL-WU), with special help
from the JSA, financially supported by Dwango
Co., Ltd. (Dwango), Nomura Securities Co., Ltd.
(NSC), Mynavi Publishing Corporation (Mynavi),
and Sayuri Takebe Lady 4-dan, and supported by
the  Ministry of Internal Affairs and
Communications (MIC), the Ministry of Education,
Culture, Sports, Science and Technology, Japan
(MEXT), the Ministry of Economics, Trade and
Industry (METI), Kawasaki City, the Information
Processing Society of Japan (IPSJ), the Japan
Information  Technology Services Industry
Association (JISA), Waseda University (WU), the
National Institute of Technology, Kisarazu College
(NIT-KC), and the Cognitive Science and
Entertainment Research Station of the University
of Electro-Communication (CERS-UEC). For
this championship, 61 teams applied, of which 56

actually entered the tournament.

As mentioned above, the tournament lasted for
three days. The first and second days were for the
preliminary contests, with the third day reserved
for the final. Nine newcomers entered, although
twelve (12) had applied. Four teams applied
and returned after an absence.

There were two prizes sponsored by CERS-
UEC: YaneuraO was awarded the newcomer
prize, as it achieved the highest result (it was
actually the winner) among first- and second-time

participants. The Novice team was awarded the
good idea prize.
There was two foreign teams in the

tournament: Mumyo8, from the USA and Crazy
Shogi, from France.

Professional shogi players Daisuke Suzuki,
Akira Nishio 7-dan, Shota Chida 7-dan, Hiroyuki
lida 7-dan, Koru Abe 6-dan, Tatsuya Sanmaido 6-
dan, Yuusuke Toyama 6-dan, and Kiyokazu
Katsumata 6-dan commented on a number of
games in the finals to the audience at the
tournament and declared that the top programs
among the finalists had already surpassed top
human level and that their strength continues to
increase.

1.1. First Preliminary Contest
The first preliminary contest was held on the
first day. There were eight Swiss-style games.

Table 3-1. Second Preliminary Contest (after the 8th round)
No. Program Name 1 2 3 4 5 6 7 8 9 Pt SOS SB MD
1% Kristallweizen 16+ 5+ 6+ 18+ 2+ 3- 9+ 7+ 4 7.0 40.0 33.5 24.0
2% Yaneura0 13+ 23+ 11+ 3+ 1- b+ 4=10+ 8 6.5 38.025.518.0
3x PAL 24+ 12+ 10+ 2- 14+ 1+ 6+ 4= 5 6.5 36.524.517.5
4 Qhapag di molto 8+ 11- 15+ 7+ 6+ 9= 2= 3= 1 5.5 40.519.0 10.0
5 elmo 10= 1- 24+ 13+ 15+ 2- 11+ 9+ 3 5534.516.512.0
6 Tanu-King 23+ 13+ 1- 16+ 4- 14+ 3-12+ 7 5.036.017.0 12.0
7 NineDayFever 9- 15+ 21+ 4- 18+ 11+ 8+ 1- 6 50350 18.0 11.0
8 Suisho 4- 20+ 17+ 11+ 9- 12+ 7- 14+ 2 5.0 33.0 18.0 11.0
9 Meijin Cobra T+ 17- 14+ 19+ 8+ 4= 1- 5-10 4.538.017.0 9.0
10 Novice b= 16- 3- 17+ 21+ 19+ 13+ 2- 9 45345120 6.0
1 GodWhale 20+ 4+ 2- 8- 19+ 7- 5-22+16 4.035.513.5 6.0
12 nozomi 19+ 3- 18+ 14- 16+ 8- 17+ 6-15 4.0 33.513.0 6.0
13 HoneyWaffle 2- 6- 20+ 5- 22+ 15+ 10- 17+ 14 4.0 33.512.0 6.0
14 Apery 21+ 22+ 9- 12+ 3- 6- 16+ 8-13 4.033.012.0 6.0
15 Shueso 17+ 7- 4- 20+ 5- 13- 21+ 18+ 12 4.0 31.0 11.0 6.0
16 dlshogi 1- 10+ 23+ 6- 12- 22+ 14- 24+ 11 4.0 27.5 7.5 3.0

Note: SOS, SB, and MD are calculated here just after the 8th round.
*Kristallweizen, YaneuraO, and PAL had qualified for the final.
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Table 3-2. The Results of the Second Preliminary Contest

No. Program Name 1 2 3 4
1% Kristallweizen 17+ 4+ 6+ 18+
2% Yaneura0 12+ 23+ 11+ 3+
3% PAL 24+ 13+ 10+ 2-
4% elmo 10= 1- 24+ 12+
5% Suisho T- 19+ 16+ 11+
6% Tanu-King 23+ 12+ 1- 17+
7% Qhapag di molto 5+ 11- 15+ 9+
8% Meijin Cobra 9+ 16— 14+ 20+
9 NineDayFever 8- 15+ 21+ 7-
10 Novice =17- 3- 16+
1 GodWhale 19+ 7+ 2- 5-
12 HoneyWaffle 2- 6- 19+ 4-
13 nozomi 20+ 3- 18+ 14~
14 Apery 21+ 22+ 8- 13+
15 Shueso 16+ 9- 7- 19+
16 taishogun 15- 8+ 5- 10-
17 dlshogi 1- 10+ 23+ 6~
18 W@ndre 22+ 21+ 13- 1-
19 Daigorilla 11- 5= 12- 15-
20 Argo 13- 24+ 22+ 8-
21 Ayame 14- 18- 9- 23+
22 takotto 18- 14- 20- 24+
23 CGP 6- 2- 17- 21-
24 dainomaruDNNc 3- 20- 4- 22-

*qualified for the final.

The top eight programs joined the second
preliminary contest. Forty programs entered the
first preliminary contest.

As shown in Table 2, three newcomers,
YanauraO, with 8 wins and no losses, Suisho, with
7 wins and 1 loss, and Daigorilla, with 6 wins and 2
losses, proceeded to the second day. Other
programs that qualified were CGP, NineDayFever,
Ayame (6 wins and 2 losses), dainomaruDNNCc,
and dishogi (5 wins and 3 losses).

Nanoha, Nene Shogi, Crazy Shogi, Aoba Zero
(newcomer), Shibaura Shogi Softmax, and
Kakinoki Shogi won five games but did not proceed
to the second day because the SOSs of those
programs were shorter.

1.2. Second Preliminary Contest

The second preliminary contest was held on the
second day. There were nine Swiss-style games.
The top eight programs proceeded to the third day
of competition.

There were 16 seeded and 8 qualifying programs
in the second preliminary contest. The candidates
expected to proceed to the final were former
finalists Kristallweizen (successor to former winner
Hefeweizen), PAL, Apery, Meijin Cobra, Tanu-King

(© 2019 Information Processing Society of Japan
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5 6 7 8 9 Pt SOS SB MD
2+ 3- 8+ 9+ T+ 8.049.042.532.0
1- 4+ 7=10+ 5- 6.5 48.529.0 21.5
4+ 1+ 6+ 7= 4- 6.5 46.528.0 20.0
5+ 2- 11+ 8+ 3+ 6.5 45.0 25.519.0
8- 13+ 9- 14+ 2+ 6.0 44.0 28.5 18.0
7- 14+ 3- 13+ 9+ 6.0 44.0 24.0 18.0
6+ 8 2= 3= 1- 5552.021.011.0
5+ 7= 1- 4-10= 5.047.018.0 9.0
8+ 11+ 5+ 1- 6- 5.046.522.0 13.0
1+ 20+ 12+ 2- 8= 5.043.515.0 7.0
0+ 9- 4-22+ 17+ 5.0 42.518.5 11.0
2+ 15+ 10- 16+ 14+ 5.0 42.0 18.0 12.0
7+ 5- 16+ 6- 15+ 5.0 41.519.0 12.0
3- 6- 17+ 5-12- 40425140 7.0
4- 12- 21+ 18+ 13- 4.0 42.0 15.0 8.0
9+ 18+ 13- 12- 23+ 4.0 39.0 14.0 8.0
3- 22+ 14- 24+ 11- 4.0 36.0 8.0 3.0
9- 16- 20+ 15- 24+ 4.0 34.0 8.0 5.0
6- 23+ 24+ 21+ 20+ 4.0 31.0 7.0 4.0
1- 10- 18- 23+ 19- 3.0 31.0 3.0 1.0
0- 24+ 15- 19- 22+ 3.0 29.0 3.0 1.0
2- 17- 23+ 11- 21- 2.029.0 1.0 0.0
4+ 19- 22- 20- 18- 1.0 32.5 0.0 0.0
3- 21- 19- 17- 16- 0.0 34.0 0.0 0.0

(successor to the end of genesis T.N.K. evolution
turbo type D), GodWhale, Qhapaq di molto
(successor to Youkai Planet Qhapaq), and
HoneyWaffle, together with elmo, winner of the 27th
WCSC, and qualifying newcomers YaneuraO,
Suisho, and Daigorilla.

After the eighth round, Kristallweizen, with 7 wins
and 1 loss, and YaneuraO and PAL, each with 6
wins, one loss, and one draw, had qualified to
proceed. The games in the ninth round were
Kristallweizen vs. Qhapaq di molto, YaneuraO vs.
Suisho, PAL vs. elmo, Tanu-King vs. NineDayFever,
and Meijin Cobra vs. Novice (Table 3-1).

As shown in Table 3-2, Kristallweizen, Suisho,
elmo, and Tanu-King won, while the Meijin Cobra
and Novice game was a draw, so Kristallweizen (8
wins, 1 loss), YaneuraO, PAL, and elmo (each with
5 wins, 3 losses, 1 draw), Suisho and Tanu-King
(each with 6 wins, 3 losses), Qhapaqg di molto (4
wins, 2 losses, 3 draws), and Meijin Cobra (4 wins,
3 losses, 2 draws) proceeded to the final.

However, NineDayFever, GodWhale,
HoneyWaffle, nozomi (5 wins 4 losses), and Novice
(4 wins 3 losses 2 draws) did not proceed to the
final because the SOSs of those programs were
shorter. NineDayFever was 0.5 of an SOS shorter.
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If the rules remain unchanged, the 16th program
and those above it will all be seeded for the second
preliminary contest. Otherwise, the number of
seeded teams for the second preliminary contest
can be decided shortly before the championship
event begins (in, say, December 2019).

1.3. The Final

The final was held on the third day. There was a
round robin of eight programs, with each program
playing each other once.

The candidates for victory were Kristallweizen
and PAL, both second-time-entrants and the
champion and the runner-up of the 28th WCSC,
and YaneuraO, a newcomer. Those three
programs had performed particularly well in the
second preliminary contest.

After the sixth round, YaneuraO and
Kristallweizen had won five times, and the other
entrants had won three times or less, so the winner
and the runner-up were these two programs. In
the seventh round came the YaneuraO versus
Kristallweizen game. The winner of this game
was to be the championship winner. If the game
turned out to be a draw, then YaneuraO would be
the winner because of the SB (sum of beaten
opponents' win points: win points are one for a win,
zero for a loss, and a half for a draw.)

The YaneuraO versus Kristallweizen game was
indeed a draw, so YaneuraO ended by winning the
championship. Interestingly, the programmer of
YaneuraO had prepared for this very situation,
setting the value of a perpetual loop high, thereby
encouraging a draw.

The results of the 29th World Computer Shogi
Championship were YaneuraO as the winner and
Kristallweizen as the runner-up (5.5 points each),
Tanu-King third, elmo fourth, Qhapaq di molto fifth
(4 points each), PAL sixth (2.5 points), Suisho
seventh (1.5 points), and Meijin Cobra eighth (1
point). The finalists all performed at a very high
level (Table 4)---8th-placed Meijin Cobra, for

example, beat Suisho, which in turn had beaten the
winner, YaneuraO.

There were cash prizes for this championship.
They were awarded to YaneuraO, Kristallweizen,
and Tanu-King.

YaneuraO, Kristallweizen, and Tanu-King used
52-, 240-, and 249-core PCs, respectively. Many
programs used library modules. Nineteen
programs used the Apery module, seventeen used
the YaneuraO module, twelve used the tanuki
module, ten used the elmo module, etc. Many
programs used multiple modules---Kristallweizen,
for example, used nine library modules.

All programs in the final used the YaneuraO
module (including YaneuraO itself). The top five
programs that did not use library modules were
given awards (Novice, nozomi, Apery, Shueso and
Ayame).

2. Accesses/watchers through the Internet

There were many observers who gained access
through the Internet. Table 5 indicates the number
of times access was made to the live top page, the
number of unique IPs, the number of instances of
blog access, the number of blog visitors, the
number of instances of access to the CSA top page,
the number of championship-page visitors, the
number of Niconico visitors, and the number of
GodWhale visitors.

3. First player's winning ratio and drawing ratio,
and average number of moves

The first player's winning ratio was usually over
but close to 50%. The highest winning ratio for the
first players was about 68% in 2002, 2013, and
2017. The lowest was about 32% in 2012. The
ratio in 2019 was about 55%.

Table 6 and Figure 1 indicate the winning and
drawing ratios for periods of five years.  For the
five-year-moving-average, the highest ratio for the
18t player was 58% (2013-2017), while the lowest
was 44% (2008-2012). The highest drawing ratio

Table 4. The Results of the Final

No. Program Name 1
1 Yaneura0 5+
2 Kristallweizen 8+
3 Tanu—King 6-
4 elmo 7+
5 Qhapag di molto 1-
6 PAL 3+
1 Suisho 4~
8 Meijin Cobra 2-

(© 2019 Information Processing Society of Japan
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3 4 5 6 7 Pt SB WM
7- 3+ 6+ 4+ 2= 55155 10.5
3+ 7+ 4- 6+ 1= 55130 8.0
2- 1- b+ 8+ 7+ 4.010.5 5.5
b- 8+ 2+ 1- 6+ 4.010.5 4.0
4+ 6+ 3- 7+ 8+ 4.0 9.0 4.0
8+ b- 1- 2- 4- 2.5 50 0.0
1+ 2- 8 5- 3- 1.5 55 0.0
6- 4 7+ 3- 5- 1.0 1.5 0.0
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Table 5 Access Information

No. of instances of |ive top page access

First Day 15,188 (10, 343)
Second Day 19, 366 (18, 313)
Third Day 15,923 (13, 556)
Next Day 1,343 (1, 276)

No. of instances of blog access

First Day 11, 895 (7, 259)
Second Day 10, 809 (10, 163)
Third Day 11, 813 (8, 603)
Next Day 2,053 (2, 046)

No. of instances of CSA top—page access

First Day 1,505 (2,202)
Second Day 1,860 (3, 254)
Third Day 2,018 (3, 039)
Next Day 634 (1,103)

No. of Niconico visitors [comments]

Second Day 9,810 [2,162] (77,728 [16,511])
Third Day 67,074 [16,867] (69.753 [12,430])

No. of unique IPs

2,992 (2, 363)
3,755 (3, 848)
3,659 (3,769)
1,038 (1,163)

No. of blog visitors

3,099 (2, 150)
2,647 (3,074)
3,307 (2,892)
851 (1,007)
No. of championship—page visitors
1,878 (1, 960)
1,591 (2,419)
2,874 (1,732)
537 (396)

No. of GodWhale visitors [comments]
8,651 [13,122] (8,223 [16, 055])
2,904 [5,114] (7,361 [14,521])

In parentheses: instances of access during the 28th WCSC

was 4% (2015-2019), while the lowest was less
than 1% (2013-2017, etc.). For the total (2002-
2019, 8-team-finals), the first player won 316 times,
the second player won 305 times, while draws
occurred 12 times. The first player's winning ratio
was about 51% and the drawing ratio about 2%.

Recently, the number of average moves has
increased. Table 7 and Figure 2 indicate the
number of average moves (finals, shogi-counting
moves, or plies). The average moves through
2017 were around 140, but about 181 in 2018 and
190 moves in 2019.

We changed the rules for a draw on number of
moves from 256 to 320 in 2019. There were four
games where the moves exceeded 256 in 2019, but
this change of rules does not appear to have had
much effect.

4. Computer Shogi in the Near Future

Professional players who watched the 2019
WCSC declared that the top programs had already
gone beyond top professional level. What is more,
it seems highly likely that computer shogi will
continue to grow even stronger.

Most human shogi players do not properly
understand the moves of computer shogi. For the
purpose of watching (and enjoying) a game

(© 2019 Information Processing Society of Japan
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between computer shogi programs, computer
shogi programs should disclose why a particular
move was chosen, disclosing the thinking tree
behind it, with evaluation.

We seem to be at a stage that is close to solving
shogi, but in truth it will still take a very long time to
provide a complete solution.

5. Conclusion and Acknowledgments

Here, we have considered contemporary
computer shogi, in particular how competitors
performed at the 29th World Computer Shogi
Championship. The strength of the top programs
is clearly stronger than that of the top human
players. This means that the stage computer
shogi has now reached is able at last to show us a
new world.

The author is grateful to the GSL-WU for co-
management, to the JSA for its generous
assistance, to Dwango Co., Ltd., Nomura
Securities Co,. Ltd., Mynavi Publishing Co., and
Sayuri Takebe Lady 4-dan for their financial support,
and to the MIC, MEXT, METI, Kawasaki City, the
IPSJ, the JISA, WU, NIT-KC, and CERS-UEC for
their support. The author is also grateful to the
members of the CSA for their kind help.
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Table 6 Five-year 15t player's winning ratio and drawing ratio

5 years through 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
games A 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140
#1st-p-wins B 61 68 68 69 71 81 75 74
#2nd-p-wins C 78 71 71 69 68 58 62 61
#draws D 1 1 1 2 1 1 3 5
1sr-pw.r. | B/((B+C) | 0.439 | 0.489 | 0.489 | 0.500 | 0.511 | 0.583 | 0.547 | 0.548
draw r. D/A 0.007 | 0.007 | 0.007 | 0.014 | 0.007 | 0.007 | 0.021 | 0.036
0.7 200
0.6 180
0.5 V—\,\/_J\_ 160
0.4 140
03 120
0 100
0.1 80
M 60
0
2000 2005 2010 2015 2020 40
20
— 1st player's winning ratio 0
Drawing ratio 2000 2005 2010 2015 2020
Figure 1 Five.year 1st p|ayer’s Figure2 Average shogi-count moves
winning ratio and drawing ratio
Table 7 Average shogi-count moves
year average std. dev.
2012 138.5 26.7 References
[11 Computer Shogi Association: The
2013 134 313 Annals of CSA, vol. 1-30, Computer Shogi
2014 148 27.4 Association, 1987-2019.
[2] Takenobu Takizawa: Contemporary
2015 1386 316 Computer  Shogi  (May  2017),
2016 131.6 30.6 Proceedings of Game Informatics 38-1,
2017.
2017 1458 32.2 [3] Junichi Takada: CSA Home Page,
2018 180.8 50.0 http://www.computer-shogi.org/, June
12, 2019.
2019 190.3 58.0
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Appendix
Championship game record and some
game positions

(#
et
et

e

The game record of the final of the 29t

WCSC (YaneuraO versus Kristallweizen), 1|

and some game positions are indicated :

here. -;1§£\ %

Final B EE _
5/5/2019 A A

Fig.5 Suisho versus YaneuraO 29%
WCSC final (148. P-2d). After this
move, Suisho won by L*2i.

1st player: YaneuraO
2nd player: Kristallweizen

1.P-2f 2.P-8d 3.G-7h 4.P-8e

5P-2e 6.G-3b 7.5-3h 8.5-7b
9.P-9f 10.P-1d 11.P-1f  12.P-8f

13.Px8f 14.Rx8f 15.P*8g 16.R-8b
17.P-7f 18.P-6d 19.P-3f 20.S-6¢
21.P-3e 22.B-1c 23.S-3g 24.Bx3e
25.S-4f 26.B-4d 27.S-5e¢ 28.B-3e
29.S-4f 30.B-4d 31.S-5e 32.B-3e
33.S-4f 34.B-4d 35.S-5e 36.B-3e
37.5-4f (Fig.3)

perpetual repetition, draw.

Picture 1

(ne-

-y
¥/

ok o (e
ek

pad
£3

& 8 | |8

N Y 31 A
A& Ed = :
AR AR |8 . . : L L
Fig.3 YaneuraO versus Kristallweizen Picture 2 Motohiro Isozaki after the draw
29th WCSC Final (37. S-4f) and resulting victory in the championship

;l\ ;l\ 1 b 4 El ] 1
EAE
el el 8 4
#
4 i
¥y ¥ ¥
gjgjgj* ¥ j‘jy Picture 3 YaneuraO team members at

Fig.4 PAL versus YaneuraO 29" WCSC  the victory ceremony (All pictures are by
Final (311.  P-1f).  After the move,  Hirofumi Matsumoto, 2019.5.5)
YaneuraO declared a win.
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