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Prediction Multiple Werewolves with Long short term memory

MINAMOTO TomovAal:® MATSUBARA HITOSHI?

Abstract: Werewolf is a game that aims to win by communication. In a werewolf, deceiving own job, esti-
mating and inferring own job, etc. In the werewolf, various abilities are required, such as deceiving own job,
estimating and inferring the other’s position. Therefore, it is listed as a standard problem for general-purpose
artificial intelligence. Doguro estimated the werewolf of 15 werewolf by deep learning, and considered the
vote rate in the battle. Kondo estimate a wolf of 5 werewolf by Long Short Term Memory, and analyzed the
importance of each statement. However, semantic identity and symmetry are not taken into account, and
when agents interact with the same content but with different indexes, the input of system changes. This
research, we estimate the werewolf in 5 werewolf and the multiple werewolves in 15 werewolf by Long Short
Term Memory considering semantic identity and symmetry. As a result of the experiment, the estimation
rate of werewolf was higher than that of related researches. In our model, before the second day of voting,
estimates werewolves of the top 3 were all over 90We think that it is now possible to create a strategy that
assumes multiple werewolf.

MNRET=LMEHINTWS, AMRTF—AF33Ia=r—
VavilidEmil LV BMERET S —ATHD. AR

El=3=—1
1. 8=

© 2019 Information Processing Society of Japan

T=LZIFBE - 2372 H D HEEZ ROX 9 < G U
YL, EREIIHE - B UTRAZ O, 7—L0
HRIFEHINT WS, F/z, EHR L AR TRE, 1782
HIRINT WD 20, BMARETEEN TS 2 LB
O L UTHONSIHEBTHD. TOHTEEETI

b AR I ETHRRRFREGE VAT AREREEATTZER
Graduate School of Future University Hakodate , The Uni-
versity of Game System Informatics

2 PRI ETERRERERT
Future University Hakodate

a)  minamotomoya0112@mail.com

F— AT, B OBREEE-> 20, HFO&REZ #E - #
MY BRERRZBEEINRDOND. D28, PHATE
REDIEHERGE » LTI STV d. NRZIFET 2 FIA
THDANBEMEET T Y =7 b FL I N,2015 FIZIEAIR
MIBER 2PN T VD [1]. ANEABEEREICHIEG L/
IV hOTOTILET =BT EARINTVS
720, EER - FIWAEBTHD. ANRARERETIE 5 AR
& 15 ANIRTOXTMEAT DA, MR R Zhk 2 7R HRRE HY
AINTVD. 15 ANETIEAIEN 3 AWD 728, HEED
MIRHEEWTTREIZ 222 Z & T& V) S8 BRI ORI % T

- 126 -



© 2019 Information Processing Society of Japan

The 24th Game Programming Workshop 2019

DEF Rz KW TIX, BEMN R R — M FRME % % &
U7 LSTM 1Z2& 3 5 ANIRTO AIEH#ERE & 15 ANIRTO
BHEEONREHET S.

2. AR —LA

MNIRT — DI ABfiE & R IZ a0 TR 5 3
a7 —Yavir—ALTHD. WAMED LN - Ei
fii - FIFAE WD EIE DY, NIRFEE AR - ZEAL WD
A€ D, NAMTOREN £ 5723, ok T hTh
DEEHPHEE ZED. F—ADKRNE LTIFE7 -
W7 z—ADHY, &M% 3d2THRIELETS. B
Tz —RFR2BTHELUAVLSHILTUR T2 ANZHRDD.
WX N T VA YT =588 85, W7 —X
WIXBE N 2 R DRIRIE A 4 BB &S HWAfdFm L T
WB T LAY DR E— N0, NENENHS Z &M T
5. SEENIIAF I NZZORBIZURX TV v
NEWEPHZ ZEMTES. AR, F@GLUTHWSHS
DAD TV A ¥ %3O, NROBBE: ¥ [ U4, B2 %k
X5, LB R S D Tldh AR 72 A3 A IR
BTHEED,MWEREDT VAV IRKkDEND. ANIREA
LRI CTRHEUAVERLEE — AR, BEEIN-ZTL 1Y
T =AM 5BGE RS, W & BENTFONET, BARD
SRS I2 725 £ THIT 5. W AR QBRI SM4:1E, AR
EETUMULZELETHD. NREEZLHSME, AR
LZDOMT VA Y RFEBICR ST HD.

NIRT — DT D NSRBI 8T 5. NIRAIGE
KETEFT—Vz YV M=V bTD5 ANEE 15 A
NRTOREPTONTVE. NRAEEREDL Fal —
2 ayTO5 ANRETIEAR - WY1 A - /A3 A
Tirbh, 15 ANIRTIE 3 A, WA - 0 - IFA - 5E
A1 ANDD, AW 8 ATirbNhd. T—Y v hNdL
DN TIIHHRIEFTHS 2T DTIERL, A=V
moTiIrbhd., T—YxV MNaLOHETIE1 Z—1IC
DX ETHOIT—VxY "PEEZRITD. FHTWEN RN
&l TSkipl * [Over] 2F%E9%. £ TCHIT—Y Vb
M [Over] #FKET D20, ~EDR— IR >-ERTIX
DT T—ANHED, T—Y Y NALONETIE, £ 10D
BEEIC TEEMY) TEEI) QWO HEZMAKS T D.

MNRHIBEREDL Fa L —Y a3 v Tlid,15 AARTIEA
IWMW3ANND. BERADNREHET S LT, FVERE
RIS DREFI RN D & B 2 72, Bl ZIE, MR & iR Tl
BONNRE b NICBEL 254, TR LUTA
IRBNIRHEERDOBE N T VA ¥ 2 BRTXE LWL
BMAR DD, TDLD, IROBERENSIFRERD LVD T
LAV ITEARRIZRS.

3. BEEMR

¥ 5 1% Support Vector Machine % FHWT 5 AANIRT

x1 HE—H
I—Y v hDYEE HEED IR
ESTIMATE TV A YT U TOHRE2 RS
COMINGOUT Ho ORI EES
DIVINATION HONEEES
VOTE BENREESTD
AGREE FEDFES IR U TEHE
DISAGREE HEDREIHUTEHE
Skip TDR—VIEFSE LRV
Over DAMEFS LAV
REQUEST TV A YIZHUTITEIR RS 2 2k

NIEZH#EE U Tz [2]. BAF,Support Vector Machine %
SVM &R, AFINRZ MVIE, HIZS, B, 50 FS R,
HWETE BREFE DG S DAB R U & HE SR, AR
EBE NEHEBTH D HOFER, BELEFRTHS. V—
NR=ZADT—=Y Y P SVM 2V —YzV b
TER%2IT>TWz, T—=YxzV b LIFNV—IR—2AD
IT—YxY hTHSICARMEZ LU ZEOHICHRET 5.
IT—VxV b2 SVM 2HWAEZ—Y Y NTRARD 13
D SVM NIRHEESR T ARMEE L, &E L S NIRZ & HE
EINZI—Vzy MIBRETS. 2—Yz Vb33 —
WR—=ZTEHY SVM 2V —YVxV N THRE%S
MNEZEHEINZT—V 2V MIRLT 20—V
VMIEETS] EREUTERETS. SVM 2L D ANIRH#E
EME NS ZE T —IR—ZL IR THWHEETA
WEEEL, BAIZERT IS ik T V.
KINSIFHEEEE % HNT 5 ANIRTHRIBHEEZITO AN
RARET—Y =V MORFEE LT\ [3]. BES5D SVM
W2 &2 NIRHEE 217 D WIJETO AT R THSE, B
BEROM, BEMNT RO E AT URSLTRHEE, NRHEE %
1o TV 2 TORE, RELAEETOATZ AL
MESLBRNFmNE IR ART W, SVM & 3B % E TRt
FTORBE RIS DIREL 7% AU =546 0 g
LU TW 2, TOREER SVM TIREITHISE Tl - 7~ R %
ANUZIED PREENEG L, BEFETIHREFEL LT
W 7R AR AU 721ED BREEA &,
HHEGIIEEEE % V72 15 ANEO NIRH#EE %2 170,
FEBRONECTHEREZERL T\ [4]. 15 ANRTIEA
IROBAY 3 NITEEZ, IR E LN EIFAIEMI NG, TR
DFER, NRIEZER 316, 7 VA A VERIZE WV EBRT
Wz UL, ZOANEEZERS 6 HEHURIEX S V& L &
DRMN>TW A, TOHEMIIAESES ARIE MRS LW
R A R0 EeEX T, R TIE 15 AN
INTOEBIERD NG UTHERESOMREHWS.
i 5 13 Long Short Term Memory % T 5 AR
DMNBEHEE 2170, FEFHEDOEEMEZ L TV /?. B
F,Long Short Term Memory % LSTM & IE.R. TRk S %
Kepo 7z, T —2DEFESITHEBDIZ —

-127 -



© 2019 Information Processing Society of Japan

The 24th Game Programming Workshop 2019

IDZ5ZTAFEULTWS. LSTM D A1 BlE & AJ1§4&
TOR—VEEZ BELEREHEEL TN, F—LA0H
HB128—VEPS AN UGS, NRHEEDREE &,
3 A —VENS AN UGE, NEHEE ORESKIEIC R
5251, 2X—VHMPEETHD LBRT NS, A
WD 12 —VHTIE, ZIRES THS COMINGOUT 7%
<, HOHERIEAD & <175 728,COMINGOUT U /zT—
Vv ME TARTIEZN] 20D FHIDAFESZ LB AR T
W3, 2 Z—YHTIXDIVINED »'% <, NIRHIE %55
ZEMNTEDDNERMEHETEI D LIBRNT NS, 1,2
R—VHDAE ANZUELGE, THRE 32.5%I1278 > 7=
72,12 2 —VHOEHREEETH D PMUDIERE HET
Hd. £72,7 22— HLERIE Skip ¥ Over % EDEE % #f
T2 WERFEN LN 2D, ATIOEIX 2MIEL TE FHIKE
WCREBEMITBENEEZ TV,

ZOMFEDORER L UT, BRI — Mo Rk id
BIXNTELT, A—ANATTI VTV I ADNESI TV
Y NINFEERAT GG, AP EUTUES SAH 5.
ZD70, JIHROFKENBRIZE > TATIRTHEE T DS
EWHRIEMH L. EBIZHWZETIVERUL 5 ANKED
AFENETH 2D, JfdT — X DFEFD 720D AFIIRTTH 575
& T59 TR DTN 2, ARWILETIE, TR 72 [A] — 1 X0 X #iR
MEBRBUILWEE X2, 72, EESITREE LT15 A
NEANOHEERZEZIF T 2, 15 ANIETIEAIRD 3 AN d
T2, O NRHEE DT REIZ 2 2 Z & Tk V) 8 R Mg
DREFEITNL D EF R 72, RFFETIE, BRI — X
WRMEEZB LU LSTM 1242 5 ANRTO AIRHEE &
15 ANRTOEBONREHETS.

4. Long Short Term Memory

NIRYT = L1370 HDOBEHZ T TlEB < #@EDIFHRE F
A$2720, BB _a—5 )3y N —IBERTH D
EEZE. UL, AR =a -5V 2y VT —2 TldA
Bl TR M2 HEIE T 2B ENH D 720, BEIEFRK L
Bl e o ZBENRET D, TD2), HiRfl=a—
IV N — 27 TIREMORBARCIZHRM RV, AR
TIHRVEBTHRBES R SVDOEENKE I NS, KR
HEXHWVEROERIZEETHD 20, HRM=a—7
VExY N7 —27D—FTRIIZOZ > TORRYIFHE %%
BTX5LSTM 252 LIZU7A. LSTM TiE=20
T—=NEWHY, 5EHT— NETIRHORE VT — h
ZEHATS. AN B TREBEVIZHELWEREE
mEdeEiryr—r2@EMAL, HAHr— NETIEERR NV
CRERNIREBIZS—-NEBEHT 5.

5. EERAE

5 AAIR,15 ANIRD T FIVD I, EERTIFAIRAIEE
TV RKE@ GAT2017 # 5. GAT I& Game Al Tour-

®2 N&a—21ID

ATTHNE TN 52
TOMFES 0 U
Ny v U 0

HEX N A 1~5 1~15
WX 7z A 6~10 16~30
BWE S 11~30 31~120
A OHERAYA 31~55 121~345
ORGSR AR 56~80 346~570
TG RN U 571~795
TG AR 2L 796~1020

BEES 81~105 | 1021~1245
e 28 % TR 106~130 | 1021~1245
N P4 131~155 | 1021~1245

MNRTROWE P | 156~180 | 1246~1470

x 3 BRETDIETINORK

EFNVL | ETN2
J& DR 3=
ASEK 181 1471
I 5 15
gD 1= Nk 800
AN D FR A 2 100000
MREEIRF DFA G 2000 7000
1R EHYOFKSE | 50~120 | 120~200
B A & OMEE 1,2HH | 1~7 HH

naments D Z & T, AN GAT &R, GAT2017 D 5 AA
IR D 1 27 99900 14 % Flilfk 7 — & 80000 4 & Mt 7 —
2 19900 fHiZ ), oA FHIETIVEET IV £ T 5.
GAT2017 @ 15 AR D 1 2 99900 4 % FilfH 7 — &
80000 ff: & T — & 19900 #1243, B 5Nz FHIE T
NEETIN2ETS.

TV 1,2 O] 800 THEALIZ X Adam, 2B
132 A Z V. O OEBONETT—Y Y
NS T E DM TEE E217S. 1 HHIXRFEHRO A
T,2 HHPARIEAFEE R & AL - BBERiER % 5. %1%
ZTEDABIE 5 ANETIIAE 1L ATHY 15 AAIRTIE
MNE3ATHD. ANZE2DES 18X =2 1D 24[) Y4
T,Onehot RBLTASU A, 5 AAIRIE 15 AANIRIZEEAXR L
RAYZ Y OHBRRIEHEND RN, TZ0MFKS) %
ABiemzz7. THERS), BEZ2ER], TRE P
&, TEEDFHEE NIRFEE 72 & FH) &0 D EIRTHEEIL TW
%. 15 ANETIEATEP T 5720, /82— 1D % 3k
WIZU7z, EBRL TS ANRZET IV L CTARREEL, I
BESDIERR U2 E TV EMERER IR T 5. FEBR2 TIE 15 A
MNEZETN2 TARMEEL, BESDERLZET IV E
MREZ RS 5. EBR3I TIRTETINV 2 2V, HAK 15 A
DOFTHELMNEOHERNENT—Y v N B 3% H T
T3, HEDRGBED W - BEINW ATV Y N EE
ATHERITD . FETIVOREKIZEK 3,4,5 DB THD.

- 128 -



© 2019 Information Processing Society of Japan

The 24th Game Programming Workshop 2019

R4 EESDETINVOMK

EFNV1 | EFIV2
JE D 3=
ASE 575 759
W 5 5
hfiED 1=y MK 800

x5 HELDET IO

TN
JE D 3
AT 588
HII# 15
o=y MK 850

100
95 /

1HE 28R 3BE 4B E SEE 6RE 78E

—F1EE =258 E31ER

1 BTN 2 OARMER

6. SRERIER

FK6ICHBR L, RTICER2 THEONAEREZRT. £6
MNE 5 AANRTIEESDET NV EHEBLUT, ETNV 10
ED BHEERNE ., KT 25 15 ANRTIEERSDE
THEHIRLUT, ETN2DIESBHEERNE . K11
HER 3 THELNZET I 2 DERO N ER %R,

R 6 EHESDETIVEIIL 2 NEHEER

WESDETIVL | EESOETIV2 | ETV1
1HH 62.3% 58.7% 71.8%
2 HH 75.3% 76.3% 85.7%

RT HELOTTIVEEEL - NRHEE R
HHRLDETIN | EFIN2

1 HHE DA 31.7% 98.4%

7. EE

HEOLDETIIE, BIEE AT L UTOZZ0E5E0NET 4%
CH RG] T — 2 WA TRV, DT T IV TIRRRY]
F—R%EKZDHLSTM 2 FHNTWS RIS DM
D ENTE, BELOERLUAZET IV L) EREF
HEOFPWEENEL B0 ERZDL. TOI M5, F
SOMBENEETHD EEZALND.

6 2 HREEM R F — MW FREE & E L 72 LSTM %

AW LT, mES DERLZET IV EY EIREFIED
FiDHERWEL RoeE XD, AR EETER
Mo MDD B HENEICRBRT I Ah>22bE L
ERB.

O R RITE U < HET 5 720, EEO WK
IHNDEFEZD. M1 LY ZHEOHEERIZIE EA 3 A
DNIRHEE RIT 2T 0% ETH Y, O MR ZRE L
T M AMER AT BEIC R o /8 E R D,

8. IEim

AWFFETIZ,LSTM D AJ7 % BRI 72 7 — M o FRik %
ERT DI LT, IR IR ATREAR T TIOVOIER & HIIZ
U7z 5 ANIRTO 1 ADNIEHERE, 15 ANIRTOBEBAD
MNBRHEETEHONR#ERZ B LN, SO MNRIEERIT
BRSPS B 720D, EBRONMICENIDEE 2B, Bl
BB TIREWEEZ U TW5 A, 2O T NRARE
TV Kk&@ GAT2017 O 1 Z7 DA T, 34l % 17> T
BN, MOKRET T TOBRGENBETH D LEZ T
5. F, BTN EI—VsY MIHAAAR, -V
b &k - AR AEE LTHEIT o5,

SE X

[1]  AEMEEZTY =2 b. http://aiwolf.org/.

(2]  MREMEE, SRR TR, MRISENS, REE, F LR, %
HH 24, ML, FPE D5 NRAIBERRIZE T BHiaHT
& SVM 2 AW NEHEE %475 T—Y =V b DFHE,
% 30 M A THIBEF 2 K4 (2016).

(3] KRJIEEE, FHibse, BEA: EEE 2 HC TR E %
I35 NRAgET—Y =V NORK, 7 —adnro3v s
7 —2 ¥ aw 7 2017, pp. 50-55, 2017-11-10.

[4] HEEEH RE —a—F 03y hU—=2F2AVEA
IREIREIZ 1) B MEREGTAN. 2018 8 A THIREE 2 E K
£2,2018.

[5] EEEEAA, RW)Ih, RER, MAEZ5E: LSTM = H
WA NIRFPHE & AR — A5 Hr. 2018 4R A THIBES 2
2 E K 22,2018.

-129 -





