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Abstract

Artificial intelligence (AI) techniques are actively researched in various fields,
including image processing and natural language processing. These techniques are
expected to be further developed and contribute to society. Games are also one
of the actively researched fields. As a symbol of intelligence, for games such as
chess, it has long been a goal to create Al players that surpass human players.
Although this goal has been achieved in many games, such AlphaGo for the game
of Go, there are still many issues to be addressed in research to use Al players in
various ways other than being strong opponents. Examples include “entertaining”
and “teaching”.

In imperfect information games, where players cannot accurately grasp some
information, there are Nash equilibrium strategies that are not taken advantage
of by the opponents. However, it is infeasible for human players to obtain such
strategies in complex games. Therefore, human players usually try to "read” their
opponents’ minds to predict the opponents’ information and actions. The players
then choose actions that may give them advantages according to the predictions.
In some games, most human players choose their actions based on “mind games”
where the players try to read the opponents’ minds and also consider that their
minds are read by the opponents. This kind of gameplay is an important element
in the enjoyment of the game.

However, only a few researchers focused on creating Al players that play mind
games. Existing Al players are hard to produce behaviors as they are playing mind
games. This is one of the challenges for AI players in some imperfect information
games.

In this study, we focus on simultaneous games (i.e., players choose actions at the
same time) and try to make Al players play human-like mind games. We propose
a simplified version of Pokémon battle, a game in which the main strategy among
human players is to read each other’s actions based on type superiority.

We propose a method to play mind games, which is to generate moves that hu-
man players find natural (called standard moves) and then strengthen moves with
human-like habits or tendencies and moves that mimic humans’ reading (called
bias moves). The Al player for the proposed method consists of a standard move
generator, a bias move generator, and an exploitation strategy. The approaches
and their effectiveness are explained as follows.

The standard move generator generated standard move strategies that look nat-
ural to human players. As the first step, we created Al players based on the
Monte-Carlo method. These Monte-Carlo players were strong to some extent,
where the win rates against random players were higher than 97%. However, we
also confirmed that some moves were unnatural due to problems such as overesti-



mation or underestimation of states.

To solve these problems, we calculated the theoretical win rates (payoffs) for all
states of the simplified Pokémon battle by retrograde analysis. We then created
a Nash player that follows the Nash equilibrium strategy based on the payoff
matrix. The Nash player had a win rate of 72% against the Monte-Carlo player.
In addition, the Nash player had fewer unnatural moves that would be considered
“bad moves” by humans. However, we face two new challenges. First, the Nash
player is too strong as an opponent for average human players. Second, the Nash
player sometimes fails to select moves that seem promising to humans.

To adjust the strength of the Nash player, we created a 6-Nash player that adds
noise of size § to the payoff matrix (mimicking human misperception) before finding
a Nash equilibrium strategy. Taking the initial state of the game as an example,
the 0-Nash player uses a mixed strategy in which three or more actions, including
moves that look promising to humans, are selected probabilistically. We consider
that this makes the AI players more human-like in the game. In an evaluation
experiment, we let the §-Nash players with different § settings play against the
Nash player. The win rates were between 31% and 53%, which means that we
could adjust the strength of the §-Nash players by varying 9.

The bias move generator generated move strategies with human-like habits and
tendencies by adding additional biases to the payoff matrix for the §-Nash player.
We created four players with different biases: favoring attack, favoring exchange,
favoring effective attack, and favoring ineffective attack. We confirmed that the
four players had higher probabilities of selecting the moves corresponding to the
preferences we assigned. The player favoring attack selected 8% more attacks than
the 0-Nash player, the one favoring exchange selected 13% more exchanges, the one
favoring effective attack selected 26% more effective attacks, and the one favoring
ineffective attack selected 29% more ineffective attacks.

When evaluating the strength of the biased players in terms of their win rates
against the Nash player, we found that even the player with the worst win rate (the
player favoring ineffective attacks whose win rate was 43.6%), the win rate was
comparable to the §-Nash player whose win rate was 45.6%. The results indicated
that the biases did not force the biased players to select the biased moves in states
where these moves were clearly inappropriate.

In addition, we conducted experiments to examine the effects of noise ¢ and bias
parameter « on player strength and move probability. We found that the noise ¢
and the bias parameter a can be adjusted relatively independently for the strength
(win rate) and the move bias, respectively. This allows us to create a variety of
move strategies suited to playing mind games.

Finally, for the exploitation strategy, we proposed a method that mimicked hu-



man players’ reading in games to make human players believe that they have been
read. This method has not yet been evaluated with a complete implementation
and will be left as future work.
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Hy(s™) > Hy(si, s2;) (2.2)

DIEILT B TH B [6]. 7701, s, 1%, [TEMIEOM s* = (s, ,57) DB
i J5Y st RRWATENRIEOMERT. 0%, o T LA YOEIEEEE LS
2T, 23— ADPHFHAEEHERLES L LTH, 0 X5 ¥ O I
REEDZ B W,

F v ¥ 2 I IS OWTERINCE X 5720, Bbor &1, Bk &1,
Sl ETZ0DRERESNIZFM2ANI Yy o r 5 — %W FIF3. Zor—
LAZBWT, Fv ¥ agEIKEBE WIS —, FaF, R—F2ZhZPh1/30D
MERTHI TR 72 5. BHWH Z OIS > 72856, HIFFEEZ0 =D, K
FDFVLAYHF v > 256 IELIN DMK, BIZIE7—%1/2, Fafe —%
1/43DOMT KD REIBICEE LT, HlgZZLEH L7 L A YORHIIFIEZ0 &
DEl by, ZDX51, b LEEOH s L4 33251, YOS
AYHHEHPETEIKEELEET28%2 0727, F—2D7 L A1k TH#ETSZ
i 5.

HRDBID & 5 7 Biflize 7 — 2 TldF v > 2 HERIE 2 kD 2 Z L 13 #E L < 72
W, 2L, KW EMERARRERERS — AT v Y 2 IR R D 2 DIZE ST
72, %M (regret) ¥ KN EZF/MEEIE S Z 2 THy ¥ 29GSR WEETS
ZEREETBEPHSNTVS. ANET LA YIRS — 21280 Ty > a
LIS 2R 2 Z L IFHE EARRGETH 2725, AT LA YRLOXHKTIX
EFEIBICRODPET 2 28 TFy o 29I EIcKRELAEE2HE2 Z e p
TELHIENREFEET L. 2070, ANHERELOXEICBWT, HFETL A i
TERBEIEEERDZ1=DICAB T LA Y THiA) P TFAAV] L3RR
REZATOGEDND 5.

2.2 AELBWRT —LICHITEHEAEL

— I DARERIERT — L TlX, AT LA VIIHEFOIEHRRTEZ2 Tl 2 5
Al EFRHWTCEEBREZITIGHELD S, HlIZIE, R—P—1CBWT T I 7%25
WEIETHWTL 2HFET LA YRR 5E, SR 77 70T RVWhE T



HLT, Ny bREOBRKILBIREITS 7 — A%, 178D FiA E LTHRZ S
CEMTES. ¥/, MEKBOWTHFES LA YOBTHOER» S, FHEHE
B> A TEREEZITHIEEZ, HWRD FHAl EW0WR 5.

ANEREBRZD XS5 7% TFHA) ORBIZESWTERBRERZITSHER, HF
DA TL 22 2ER L TREEEZIT RN EARHRTIE TFAGV] &I
R ZOFABEVIZOVWTEDIERLY — 4, FIZIZERL TS LA T2 A v
T —=LDOBITEZL. INETORITHIS, HESLAYHT—%22 GER
TE2TVLAVYTHLeTHINZEGE, ROFD T —ThHIAREMEIEVEE X
F a X LANOF 2 EIRT 2 BEERE X THiAs) OBE»S D AMICIZEATDH
5. MULTHFEILAYD, BB —%2Z BRI 2MHEAEDZTHAL, M
FOMAZWTFICHS &5 BITEIEZITS 22 AW X2 HALRERREL
Wz 5.

A DEDIRL S Yy 7 =LA ON S XS RGEASVDEITFI X, A
MR ONER CIIEBICARER T 25D TH D, RERIEHRFy — 22K L FTH
FEREZD1I DLW 3.

2.3 RTEVINFIL

AWM
HFT2ES/

X 2.1: R N LOXTERET (H#l TRy b2 2% — VY —F - >—L
Ry ARFA )

Ry bEVRAZ— BEREKRASH, KA 7V —F+—X, #hla
=7V =22k oTHHE - BESNTVWET =LY —XThHbhH, X—V
FIDNPMILS AT L%BHEARL LIZRPGTH B, 5 —LDRALERS>TNER—
NPV ZRT L (DU, RV NMLV) X, A=V —=H7ZF TR LA
YRETDF Y54 VAT HARD BN TV THSE. PV —RTLIF —
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L= LSRN I VI TESZ Ry b EVRZ— (LR, Rrey) nER?
D, KFETEERD RN AL—ILTH 3B 7N OWTEHIAT 3.

SYTNNREINAINL=IE2ND T L AXYHIIETOHICRTITEZH L TV L
=L THY, FZ=T 4 —DEKR, RIEVDEH, a~> FAXMLD 3 ERE
THR I TWS., £3, X—7 4 —DIERTIEE TV A YITFEINCHEGH 518
DR P HAERED 6 ETHRI NI =T 4 —2EKT 5. KrEVIX
HP, ZH5IE, I35k, <29, &LIED, TRELEDIH62DDRT—X R
WHD, Rre2ryOfEIICTKREL AT — R ADRHEN R 2120, [F UHE
THoTHKIT L IINTOEND D, Tz, FT LA VKT L I2—EDHE
NEEEEDORAT— R ZACHBIBED I Z N TEL, Rreridoze
MTEDZ4007Y, FbY L MIN2FHRMREZFO7 A 7 4, FFFZRAENTH
DRMERED LA VYOERIGERT 2N TE 5.

R, RrEVOEHTIE, FABLIHICTHFE LA YD =T 4 —Z2HERT 26
VEDRT &y DREBEN—ERRZ I RNHINE. &7 LA VIERAIRHEFD
RrIreryOREBEEREEZAT, BODNRN—T 4 =05 3EDKRTE 2 EIRT 5.

BHEWZRTEVOBEEPK T I 2, ERIGEH LRy 2HVWEa~
Y ENMADEBT S, LAY Z—VIC—E, BICHTWERIEVD
U AFE, BIXOEZORTFEVEGORFEVEANEZ DM 2D 6 18
DERE D S RIRFICATEN 2 BIR T 2. BRI za~y R, 3139205
WRTEY, TRPRIDEWRTEVDIRIZHE TN, ZhoDa~vy RERE
BORL CTHREMNCHTFORTZEYOHP Z23XTOWK LT LA YOBH L 2
3. Zhonavy FERE, HERSEYOEBEUNADIERIZEXINATVS -
o, FRFEIACS AZREREZRSF -2 W23, £, RFEUANL
MBI DR X =Y DEINT 2 2FTREBIMMRZ © OMERNLRERZN DD, T
MEENE 2Oy — LA THELH WV B,

RTEVNMUVIRTARDED, REINLBRCHETFOERL o~y FE2FH
TEREND B0, BEWIZHFOBERSLITEZ FHIL, BERREZITS Tt
AEWV] DFEEALRTWIF—LEZS. £/, RIreErici4 7 Xidh
MDD, FTHTWERT 2 OEEZR>» SHFOITE R AL S 2 L
WBERBEIED 1 O5oTHH 5. L, RFEIANMUIS—T 4 —DIERS R
rEVOENBEZEBOBERTHMINTWS I, RrEryOfES VY,
AT —=RRAREEGT X5 HHECAHFEMEORMED S, 7 — o ATIZRICEBWTIE
WICHBEOESWHED 1 D2 WA 5. 2D, RI7E VN MLEEMIZED
RE LTS Z 8 FIEDERIC 2 2 e, RESTMGoH AR IN
5. DEoHH»S, AHOD XIS BHAGVDHEPOE—HE LTRIEY N
NEROIES T 3AREY L EZX S, 22T, AMETRERTITEOANMLED L
LT, AEWHEL B LI LRARBEZRL OO EE F IR AR ERITED
BRDWFERFRES — 2 2B L, 887 —2 ETARBOD &S RFASWEHE T
BFEOHIICE D T, IBERTARTFEVIA V75— LDFMITOVWTIZ4E



TR 2.
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F£3EZ FEhERAZE

ARETE, MHHFZETV 7 3T5FE, BEUTALI 7L A VITARS LWE
DENEFEB I FEICOVTHENT 5. £, BIETHHLLZRIE N
MBS 2 Al LA YOWIFEIZOWT BN T 5.

3.1 HBFETIL

AIECHHLZED, REEEMT — 21180V TF v ¥ 296K — 2D
BTH2db00D, LT — L THHEEEEZ KD 2 Z L 3EFSHTIERY. AHIT
&, EHLATEERS — 22— HDY 7R A LT —LIZBWT, SWAERN
BONIEIEEEE ST 2-DIHFELAYEET ) V7T 2FETHHHEFE
7V (opponent model) IZDWTHISNT 5.

Van der Kleij 1%, R—4—®D 1 T»H % Texas Hold’'em IZBWTFL A AKX A
NCHEDWTT VLAY E I TRAR) YT L, TNENDT T ARIINIET 5ET
NERAWSEZETTLAYOITERE 2 THT2FELREL TV [9).

Sato 51, HEZF — 2BV TERDOIL—LR—X L4 Y 2HAEDYE, H
FRIBLTTVLAYZYIDEZ 2 FEZREL TV [10]. ZOFETE LA
YOUIDEZR "2, GBRARERA =V ERFTLXX = DETZRINE T 22N>
T4y MEABEHZ S Z T, HFICENRTEZENS X 5FEILTn5.

3.2 ABMSLWAITLAY

AL 7L A VBT LAMNCE L ER 2, #HZX 5, MEHFICRIRED
LR HBRZR-E 570121, SHRRERCEEZER T2, ABS LYo
KNEBHT 272, NETLAVITEWEESR AL A YD XS5 IIR2 55
ZEMRDEND. BIFFEIZBNTH ALl LA VICAB S LWIRZ FVE X
B2 E2HNELTED, FICABR LMK T 25EICAET 3 [FisEV] 12
BHLTWS., AL 7L A VICARBS LWRZ FWEEBXE 2 FEIIHRL G
HRSHBEFELD 5.

ANE S LWIRZ VRS 2 45k LT, REMLRTFIRCHAND D 2EE1DH
5. NBEIZVAVYOEFBRREZHETI 7T — 2 LTEE LLEETVEAWS Z
T, NET VA VITEWIR2 #WZITHO ARG SN TWS. FiHlSIE, fF
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BB T AR EE T 2CE R T 216 L FORRYIIERTH 2 TR 15
HL, #idHFHCE2MNEEERLI2EFTHSREREZEL TV [11].

F72, MatESP L=V ZHVWE I TARS LWRZEENERIT 2515 E
NTH%. HHSEZE, FAECBWTEY THALVaREREHWZGEAIL, TLAT
7 O R R EICESWTAB T LA YD X 5 2R ERIE D E I A ATRET B
22 %RLED. EVTFALRECIET 2 FIETH S, MEVWEKZ 2, 2
IEMZS, BREED S LW EFIHCHEERMZ 2 Z T, EFIR/HRIR,
REIR RBUR, AFEIRRREIR 72 ¥ O Z AR RO A EB L TW 3.

IETIIARS LWR2 OO HENESZ Hfs S dIThbATwa. HHS
X, 77 aryr—nkXRe LT, ANEPEBIICHEOMEED ST 2T
R TH 24V FEHINEZEAT 2 22T, BELFEHO1ETHZ QFEHICE-
TARBS LWRZFHWZHRONPCZHEERTZ 2 Z 2R L7 [12]. BRI
X, SRR S XY BIEDEN, VR, KMOEEED R RE T
BIATEN R, L2 S WRIH TR ZENBATENZ1T 57 I & P o T > 27
PAEVIENHERE LT, QFEOHMPr — 2 OBHANERICHNWS Z 2T, NPC
BABED XS CHENRIEER L T DD 28 &, WEEEMLTEIR 2 ES
L7.

3.3 RTEVNFIICEITZAITLAY

A CHALZRT EN MLIBED Y — A ATIZEIZE W T b IEE ISR
RFED 1 OTHY, F— LR KDODL—LTAB T LA VYU EOEHZRLZE
W IREEF SR DN, K2, 7 —AKKRONL—ILTHD T 2 & BIRHEEL
W, BETEERIELZL—L ETa<sy FAMLEITS AL LA Y OIS
DEWCHWOHEATNS.

Thara 51X, K7 E > OEHEERE L72L— 2B W T ISMCTS(Information set
Monte Carlo tree search) £ FHIN 2 FEEZMWH L, HMMEZ7R L7 [13]. ISMCTS
&, EEIZELSEROIERN T — 2 IHOSNEEY T L RERE, HR
BEEHWES — AKX o TREALIBIWRP I Z2I/Z 2 L5152 T
PERERT — LIHEH T 52 FETDH 5 [14].

T/, RIEBUANMUEARDY 2 2L —XDBEFELRWIZD, APIAREEX
LT\ 3% Pokemon showdown[15] IZTFES 2L — L ETORMAEDN R Y F<— 2712
HRoTWbZEedEZL, MEIZIE showdown ETDOAIavR7 4> a v dHfES
LTV 5 [16]. Huang 51&, showdown [ ® 7thGen RandomBattle & K IiX41 % xf
HICHOWOLNE R EYDRITNRTT YA LIZRE 2L —UIZENWT, HOXHIZ
FoT=a -9y b —=7D¥E%1TS Actor-critic RLIETHEE I N —
Yz Y MW Glicko-l =7 4 Y7 TI6TTICEREL, T ¥ & L TEIZN S MNEETF
W2 2% DHERTHRTZ 2L 2R L7 [17).
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F45 RBEF;

213HETHHALZ X 51, FEEHMT — 123 F v > 2 GBS © FIXh 3
B — WDREDD DD, BHERS— A TIOEEZRD 2 Z L IZESTIERL, A
7L A VICBEEELARARETH B, ZZT22HiTHHHALIZL S ICAR T LA
YIZ—EBDOARZERIERY — 2I2BWT, BHWIHTFOERLITH R 2 FHIL
TREREZITS HAEWV) ZHVWIEERD S, KR TIREARTEES — L4
ZORE LT, Al LA YIZARBO X S RHAEWEET S8 5 FEDOMEITH
h e,

ANE T LAY D &S iAW EHET2FEE LT, K TIXITEIOH A
WHRIZEBH L, ANEOFAZBEML BT, ANHED XS ICHEN 2 AIREMED H
Lo BFEWMT 5 L THRET 5.

AETIE, RKFRICBIRBEFEL LT, MRETIEKRTEES—2B8X 0
FAGVWEEHNT 2IRE L A YOFHICOWTIAR S,

4.1 BEHBRRTE/NERIL

fAGRART TN ML, 23 TR LERTFEY N MLED 2IZLT, EK

LERRFES —LTH 5. BRI EY AN MUE, &4 12X 3 EEERSe
FREFHEREDFHABTVWIEL 2 LI BAREIZKLOD, EEFIFLERLRE
FEWMOBRWTF—LTHS. AT, RrE AN ML OHESS, ffiBIK
RITEUN FILDOFEZZ L — I DOWTERAT 5.

4.1.1 RTENNILEDOWEES

RTEVNMUVI23HEITHHEN LI L1, BEINERCHEFOFEIRL 72
a< Y Re2FHT20ERDH L. 20720, BEWIHFOERLITEZ2 FHIL,
BERERITOFHAEVDRELLT WS, —L W23, £/, RyrEVOEM
BfR2 SMHFOITEN R FiA S O Bl 1L, ARIFE L ORI B W T E TR D
1DOTHhH, KfETH ZORICFHCERHLTWA. LaL, KFEZ N MR
ARIFFETIT S A VDTHHIC P EY R ERZNZ L FAELTVWE I bENLTDH
5. ZDd, KRR TRRET BRI TN LTRE, FRFFRICES2
<Y RERYE, &4 THEIC K > TITEI Z B 0HIg e WO RE 2K T Z 2T, @t
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AEVWHRRELRT WIS — 2R R LoD, F—2Z2H(LXEBETVWEIHARE
FEMDRL, FREHR T2 Vo B EHETo72, K417 —2DMESE
R

£, AR TEH L TV A ITHIOGAGWIEa~ Y RNV TEL 2720, fi
GIRARTE YN PILVTIERN=T 4 —DFEK, RrrEYOEHIIITORVWS DT
. D%, 3IEORTEVDRBHWICEINZIREN S F — ADHRT 3.
RTEVOEBRRVIF ORI, 74 7 L0, A7 —Z2A0EHELZEDHMHA
EREWERIZT — 2 OIEE 2T 2 0IHED D 203, (TEIOGAZITS ET
FRARMEDTE N0, HHEEZ FT2, BREMOBELIREOEERZITo 7.

72, RTEIN MBS ORTERERMEICIE, HFOEIRL TEHL T2
ROEAIRFEELL, HFORA T —X AR UFREDERL DL LBV EWNS 2D
OWEDDH 5. BEOHEIIERDOHAZITO L THERERTH 5, K%
TRERASWHBOE S LT, THORAICHREREST 3720, FRFE
HDAZERL, BALIEHRBEELEWS —AMEICEE L. KX —IHENd
3AFe, BIMFHEZRERTEY AN ARG ORI LERIZOWT S, TEHD
FHANDENFE N, vIal—YaryoFEELRrofEE»s, BT 3
W R OPRELINCAREE D N T — AEICEE L. ReeEmE, T
EMEDR NS — 2RI L2 2T, fliZRRTrEY NP LRZBOWTHAGW
MIETI20DOBED D o720, EBRIHEBRLHASWVHEID S 5 Z L 2R
LTW53.

DS ‘ RrEe N L ‘ iR R T E NIV
=7 4 —DIERK HH L
R e DFEH HY “ZL
R E > O 1000 L | 6 fH
RTIEVHEZ 2 VY 7100 fE02 & 4 FEEIR 3 F [ E
A7 — &R A DFELE 6 f& 2fF (HP, 31 X)
Kk, 74 724 »HDH L
fRE N lEl (ReaeEEmE) »HY %L (FRFEEFRDA)
MR 7R B3R R REENE) »HY 7L

R4l RFrEUANPMLE OERHEES

4.1.2 JL—=IJl
RCEFrEY 54 75— LDFHMBENL—NMIZOWVWTRT.

1. MR
fBRART TN MU, BEVWOT LA YHBIZIETORTEVEHL,
1 R=VI1Ea~xY F2BERT2 VY IANMLEXTH 5.

14



2. HWAZ e TEXER R EY
HORET E NPV THWARFEVIZUL FOEZTHER ATV S,

(a) AT —KAX
RT7EVIEHP, TR XD 2EDAT —X A %KD, HP ORAfHE
5, TIERXDEAMHEIZ10 o TW0WB., RFEYFA 75— LITE
N TVRWHERE THIETRANR LTV &, KEILETHIAT 2 Al
TLAXYDHF Y 2L ETE2X51CT 2R EDHEED D,
B AR T E N ML T HP DR AEE 5 ICHREL TV,

(b) &4 7
RTENINEDB, AT, (X, TAZDAFHEDZA T7OWT %
b, FXA4 TOMMERERIZE 4.2 2SR,

(c) V¥ :
BERTEVIIZODUYERD. VHIRIZENZNRA T L BIIDFHE
ERCE

3. 7 — ANTHIRERTE)
7 — ANTEIRAfE R a~ Y RIZU TR0 28ETH 3.

(a) V¥ () :
UHFIIMHFERTEVICHBT ZTHTHD, X4 TLBEIID 28HD <
TR=ZWDHDB. BINIFEAR2 XX =70, WEEZIFS (15 & k)
RIEBVDRA T, VFDXA TOMMEBERIC X > TERIDBZENT
5. FEARXRX—DI2FK 4.2 DERE DT TED, REINSHTFICE X 3
RRX—=IWh5., T2, fEEEN15DE X, ILIIRET LRI E
YEUFDRA TR IGE I MEERN 201 5.

(b) 24
REUIIGITHT WA RTEV 2, ZEZDOHP 230 THRWRTEVZ AN
BRZITHTH D, KEITo722 =%, #7225z Ry 0%
ZO L EATERER T E R0,

4. 7 — LADHEELT
T — NI NIRRT FIETE TN S.

(a) 2S—=T 4 —DPFE .
= LDBIRT % & T A YIER A3, RANTRT 2MHED =T 1 —
DB, EBELNPDR—T 4 —MNI7 UV XAIEZ6N5. R—T 4 —1F
SKORT EVTHEEINTWS. LA YVIIMETFORIEVOEKYE
B (HP, 31X, VVOEH) 2T eMNTES.
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(b) BcH B KT OIE !
7 — ABIRRHCBE VDS —T 4 =005, ZREFN1IIET DT VX AIZ
BRENERTEUVBGICHEINS. Rrer0EREITHORWEED, Z
DE SRR TBY, R7yEYOHASDOEIC X > CEIWHARIHE
DR TEZVOIBRADIRD 3 5.

(c) A~ Fi#ER
BETVAXIZLIR=VIZ—E, BDGBIZHTWE R EYDOFfO U
3y, EZORTFEVANOR2MORAK S BEOERE»S 1 0%
FIRFICEIRT 2. BIRLza~y FOEMTZE, 3, TIERI0EVR
rEYOTY, TRERXDOBEWVWETEVOUFDIETIUHXNZ!. &
7z, WRLZza~ Y FRETINLANCHD DB TWERTIEYD
HP 2301272 o 7258120, #IRL W TS v rerdh, 72
HP 230 TRWRTEVDBWBIGEE, TNODRTEIDL T LA YH
EIR LTI,

(d) B DHIE
HEFILAYDRA—T 4 —DRTFEVITXRTOHP Z0ICLZT LAY
DEH 725, Fiz, 20— HEOD»ZRR T — L DB D
WTWEWESE, URNIORTIETHZHET 3.

. 20 % —HEET, BORFEVH AP OTRVWESEY) B

EARNVAVE B o) | Dl
ii. %O ARTEVEDBFEICHE, ROARTEYOHP BEB K2V L
A YOBHE 72 5.

iii. HP faBDFE UG a5l &0t e i 5.

T B s | x| cax | B
ZIOTE

F0B 0.5 1.5 1.0 0.5

X 0.5 0.5 1.5 1.0

TAE 1.0 0.5 0.5 1.5

AT 1.5 1.0 0.5 0.5

K 4.2: F2A TOMEREKRE, X —Y OFIEFR

MBI AR T EY A PALATETIEREDNFA L RTEVDPVWARWEIREL .
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HFR RTrEY A RrEYB RErEYC
247 <& A3 TAZ

HP 5 5 5
ERESES 5 4 10
2278 | (&, 1ZDOB, TAZ | AT, 1ZDOB, TAZ | TAE, (&, AF

F£43 =T 4 —1DERTRX—&

HFR RrE>rD RrerE RrEvF
247 <& EI2F5] TAZE

HP 5 4 4

FIEP X 6 7 8
HAB27Y || L X, 1Z3DB, TAZX | AT, 1F0B, TAZ | TAE, (X, AF

Tead4: RN—T 4 —2DKRTX—&

4.2 FmAEVEHDOLEE

RERERT — LBV TAB T LA YOFRAGVDRRETWVWS Z L 2K UL
2 GHENITFEICH A TEH 55, KRR E LT THFEOBRSLITEI 2 HA
TT7 KNV T—=U%BZenTEReE |, THFECEHDERSITE 2T EN
FeBolzb &) O200BBIFLNE. FDiD, WEAIZZ D XS RIKEREZ T
BZeNTENEAB LA VIEHASVDEEZTTVWE I EEHEKTLIeNT
X3 EZ, NHOD XS RFEABVWEHEINT 2 FEELH T 5.

ARG TR ICHHRD & 5 R ABPTHABVWEEKTE 2 RHEDOL B
ETHALWVWEEE T2 FEEERTS. £7, SAAVHEBEITORMEE LT,
ANE TV A YDPBERICE L 2EFOERERETS. 2D 5 2T, MEHICH A
BVWERERTEZ2RNEZEY BT HEL LT, AEOHEAREML & T AM
DEIICHEND RN D 2o B TEEAT 2 2L T 5. MUF,
(ERIEERY NS e

1 OHOERIZ, ANED XS LHASVWEREE T2 FCRHEL R EHELY LT,
ANEBBERICE L 25 THEZAER T 222 THS. ZLOABETS LA YIZr —
LAEBELL WIS BAICBOWTIIEFICHS P ENEZ BT ERWFER, EFIC
KU B EORFEFRIND Z 2D, 72, EF0o—8BMWL o720, BEX
IR T E 7 WIS IS L T AR 7 LA Vi THiA ) 1T & 2 BBREZ AT
HITEMTET, NHDXIRFHABVWEHIT 25 XA THEL RS, 2Dk,
AHFETIIEIRT 2 2 DDIRETE, FICHREAZ AL 72 LTHET 27T
LR DEE Y LT, AR HERICEK U 72 0E T O LU DWW THLD fH e,
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2OHDIRRIX, Al LA VYBARO [FA) Z2ERST 2 2 2T, HFIMNT
AB LI BHEIEZHWSZ e THE. AETVAYIFREDHE, BEFIMNTA
FNZFCMEARDHZ. 2T, HESLA YVIHITASZ XS REIEERHNS Z
&T, NETVAYIZ THEHFICETOITEIZiiEN) LEDELZZENTES
EEZBD. DX AI VA YHIDFHAZEM S 2 Z 2T, FHUIZEE W
A DEBIWCHE SV TERIRELZITO REEREIT 5.

M ADEICIX, 31HTHRNALEEHETFETLEHWS. R FVIERLR
SEREHyr — oY T, MFEE2ETVVIIEFETHS. HFEETYV V71T
THFOITEZ THIT2 22T, THIXNBITENCH LT KAV T—U %183
PERURIS 2 W T (HiA) 2RBT 2. #7770 —F134.2.1 12 TR 3.

SOHDIEEE LTZE, ATl T LA YHBABD X 5 12fHFHA F 2 B Z -
TIEEHWS 2 ThH b, ABOD XS ICHENZAREMED B 2 (EA PR & -
7S EHWT, BREDLK B ZETABM I LA YZHZATHITALES. 2Dk
I BRBRIC K o T THFOBEHRRITEZHATY NNV TV 2B e TE
721 CEDODEDRIENTEXEEEZD.

CDXISBFERERT 2012, MTAEAZERMEA 2 HE - 728Ig2 Y D
2B DOPITOVWTEHHT S, ABET LA YiE, 7F—21280WTH S rDEA
LI BEZR, HAER-TED, ZhsofEmisy —adic—EB L THNSYE
ENZWV. F72, N2 H 2 EXZH - CGER LTENEF v o 2 8 ¢
LT S2DRED 2D DA ENZEHAET 2. ABELOMKTIX, B
HWZZDRYD2HELCIBEH- THASWICREZIEDHEZWN. 207D, K
e TIEATHRD & 5 REFOREREANEZ WL O DNAL 7 AL LTERL, 7—
LB L TN 7RG LEEFR{T.

421 EEAITLAVOBE

AR U 7R B FEZ EBRICHEBL T 2 Al L A YO/ Z K 4.1 1TRF. 25 Al
TUAYiE, BEEFAERE, ANENLREZNET 254 7 2ETFA MR, #
IS SR RERE TRER S D . DUR, ZRZ DRI DWW TR 2703 5.

1. FEE R AR R
EUEE FA R CIE, 4A1HICTHELEBBRRTES AN FLERRYE LT,
ANE TV A YO ARERE TR NWE S BEHMEDH 2 g2 KT 5. 20
BEIGLE, v S 2 BRI A R — 212 LR A (FHER0H) T 30,
ANE TV A VB RERICEC R WREICEN 2FDICTHEL T\, (EEE
FHARE D FEM R FZEANFICOWTIX 5 BETIEN 3.

PN T VA Y IHEFICHEN CECEIREZEE T 2550 H 2503, misaVOIHBITH %
e, BAEWHEIETFEOMN 2 BIs T A TR FDbRNI L T 5.
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2. NA 7 2EFAALEE
NA 7 ZAEFERERETIE, BMEEFAERICAER L ZHIEZ S I L T,
A2 S D XS REeMEaIZ N4 72 LTHNE LR AR T2, 20
NA 7R, ALV A YOERFRCRD o, BElea—B L THWS. N
A 7 A FARMERE DFFM2 REENFIZTOWTIX 6 ETiER 3.

3. VRHUHMS SR AE

VERUIRIS FEMERSHE L, BRAEE 2B ED S — 2B 2HFE L A4 Y DIT
#ro, HESLAYEETY VL, ROTEIZ THIST 2MEFETLVEE
O, HEETME, T2 HES ), THIEORWKEZ ) REBEDE
FEFAREEERF > TBY, HFOINAETOTENCRDTVETET L
PRI EROHETFOETLART. ZLT, FHINZETIIHLTY
RNV T=Y 2B o5 X5 RIS 2 AR T 5. 2721, IR IXE
R—=752 DI TIERL, ETVDOTHNCHW 2 LEOBIER ZITIHE T THE
s 5. PERGRIESEMEMRRE DR 7 70 —FI2 oW TIX 7TE TN 3.

jb{&@ﬁf 3. RR E AL B

ﬁf@ﬁﬁ
(o)

BEOBEES BEORFEETH EIBBEER

1. 1EEEFERE 2.\ 7 AEFE R #EE

AR

(mEommnE | » __ll- 0 L—ll- » H

ARIAERICEL S A7 REME LI
EEEAR EEEER B 07036 F M

X 4.1: tAEWEEHT 2 AL 7L 4 Y DR
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BE BEEFERTF

ARETIEEGRAR T TN MLEXNSGE LT, ANET LA Y2RERITEL 5 &
5 T AEUE R 12 A TFHRIR 2 AR A § 2 FHEIC O W TiRR 3. 5.1 HiCII5ELBHT — A
REMDT — LTI MFEONEZFETHEEY T HINRTEIILE T LA YEMHEN
T35, CZOFEIFHEBRCL > T T TH B E UKD, 528 TilhRZ%
BT X B F v S 2 BRI A R— 22 LT, 538 TRZ §-F v a4
YERRT 5.

5.1 FRiE>TAHILOTLAY

RREEERT — 21, T4 VYDPERO—HEZ EHEICEETE WS —L4TH
3728, TEEHRTS —LTHOWOLNS X572 aB R EDHERD 7 — LARBERT
EFERET2FEIIENTERW. 20720, AB7LAYHEARIIEL S
9, RPNEEMOEWEFEENRT 27720, TV 7T HLaikr T dMma L.
FBUTHIADEER, FURLYIAL—Ta IZEBA VLA TURNEITHIZLT
WRRORIZHEL, TZRCHEHSWTEFEIRET L2FIETHS. LUK
TiTo Yy T HNLaEDFIEIZOVWTRT.

o HBHIREE 5, ITBWTRDITHIZ D 255, BHOITEIOERE 5@ D
(ai, - ,a5) &, MHEOITHOZERE 58D (by,--- ,b5) DIHAGDHEE 25
BDIZOWTTI YR LTI alL—arwiT5.

o 25D DIABTDHLEIZONVT, ZRZN20 [T OBKI O ETI I 2L —
ParykiT5. BEDIKRE s TITEIDOM (a1,01) IKOWT T VLA 7V F 21T
56, KB s T (a1, b)) ZBEF L, KRB RETIZZOZHDOITEIZ Z
VEATHRELYI 2L —Yary®175.

o ZNZNOMAEDLEIZODVWT I LA 7Y bOBEEE AV CEIHET 5.
(ai, b)) COWTHERBD T VATV b 21Tot TOBERE ¢;; & F
5. BEFOMMZ, TEIOMASHEITHS 27 (611, e10, €13, -+, €55)
FTOMEZHVS. £ T ANV IEO—RIVZIHEIE, BF o; DRI
Y€ £T B,
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o BREFOMIiZE D LT, FHEDIRETOITENZIET S. £/, THEIRE
T3, URD 2O RE AW,

1. greedy: BETFORTHREK L 72 2178 22K,
2. soft-max: && FDFHMIEMEICIE U THERANCITE) 28R,

ERL7ZFRE Y TAhAra LAY e, SVX L7114 Y% 500 BT XY, Z
DEFRIZ K > THRERFHIE L7z, MEESGEZ R 5.1, BsE> 7 H v 7L
AXIETVRLTLAVIIN L THaRBERERLT.

W T, AN LG EICEFRERDE D DITOVWTHNT. B E o
TAN TV AR X THEZITo MR, UTD XS REESHIHBHL 72, X
TR INSDFEREEBIET 2 FEICOVWTHERS.

e SURLRTLA T MERICX-T, —HD /) — FABENCFH X T
LESZT, ANB»6R2 LEFICAZBTHERZT->TLE I EED
H%5.

o UTINTD/ = FIZOWTIEHRBERDIRKE 5722 LTH, 5 DDITHOD
BHEEMEL TWd7d, HFELPHSRWTHAS5THO T LA 7T M
RE@CFHMELTLE VIR 7fTENEIREZ LTLE .

J7R FURLT VLA XIS B R
greedy 0.976
soft-max 0.972

£51: FHAEYTHILO T LANYDTI VR LT LA VIIHT SR

5.2 BIRBRICK BT v 29 EER

HIECHWEFRIREY 708 LA YIE, VXL LA VITEWBERER
TREHMATZEI2RDD-oZDDD, HEFOHAARZ LWV EKRTIEIZ S OFED
Bolz., RIETIEIINSDORELZEIET 5720, F v a9k EzKkD 3
YT A FudagEIgIE S — LA DR TH D, RELERS — A28 WT
D AHNREIETH 3720, AEH TOEWFEE] 20w BERTHRBERICK
C2EFET5RENZRS T e NfFTE 5. UK, AECIXESRE T €
YN PMZBWT T v ¥ 2 G %2 KR8 2 FIEIC OV TR S,

5x 5 DMEITHITRINTE 35 — 2D F v ¥ 2 HIRIL, BIRREDPER % K
D3P TEIIEITEIEC I > TRODZZENTE S, AIFETIIF v a
TS 2 KD B I H =D, fHGRRT BN PALDIREES ZNIZEEZ L 20
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X, ARFEUNOATZRERIEPAHEREL LV L Z2HHET 5. 7 — A
DRREZHA, 210 DIRBEITONWTHRKE K — 2 5 RIBEITIC X - TIREZ
Ml 5 Z & THy > 2 I 2R L. DUNICRBMT O FIEZ R

1. R D%
3, F—LRBNT S LT, RX—VICBI S - LORRERYIET 5.
AT £ >N MV OEIREBUIEFTIFEE L2 WVIREZE S ZD 5 &
6° x 3% x 20 = 8,398,080 TH 5.

2. BI& R — BT B IREED T
HGRRR T BN PATIETS —20320 82— HZWZ 2 2, B3B8

ALBRICR->TWE. 2070, 20 X— Y HRRTOREICOWT, Kb !
B 1.0, BT BERO, BIEST 05 2 LT, FHIELTS.

3. B & — > LIS IR EE o FTHiff
IKEE s TITE) (i, b)) BB F LGB OBRICOVTE, EREDIREO
iz R TAIUIHEERINCRD DN TE L. ZD70, RESIZBIT5%&
TN T R EHR AL x 5 DFFITHI TR T e TES. ZOF|
BITHID 5, BREETENEIC X > THF v o 2GS 2R 5. Z DFHEICIX
gambit[18] Z HW 7.
*%Smﬁﬁéﬁyylﬁﬁﬁ%%QMf”Jm%@W“wM@,ﬁ@Q%@)
WCEoTERBLLRIREBOBERZ w; £ 52 RE s 1B 2EOBRIZ
> i (Wij - pai - pyy) RS

4, B &R — BT 3 2IREED FH
TIRMENTTIX, ATROFHI 2% W TR 20 £ — V25 19 X — Y H L I
WCER =B B3I X TOREBOFHTGZITS. WHNF v > 2 GHHEREE %
WG58 %2B0BRE LT, 2REBOBRLHE TN TE 5.

5. F v ¥ aglEig ot R
F—LORNEORREZHEAT 2 Z A TENR, EEX— Y DEEDIKE
WZBWT, MEITHEERL, F v 9fiig 2z mTE 5.

BIBEHTIC L o THF — LADRRBEBICOVWTHRICE 3275 22T, Fv
> 2 EHEICHES AL LAY (DUR, Fy>aLAY) BERLE.
FoTal VLA YORXEHERST 2 ET, RifiClER LIz THLra LA
¥ (soft-max) BXUL TV X LT VLAY & 500 BOXSEZTT - 7=, FEEEEZ R
5.21TRT. FovalLAYiE, EVTAILRT LA VICHORELIBHEBRLTY

VRPKITIE step3,4 TITRTOREDF v & 2 GEHIK IR E > TV 3P, AKX TIEa Y Ea—
ZDAEY (RAM) ZHiHT 572D D LS RFEHEL L
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5. REMNEF v ¥ 2 9B TR RV - (AR W TH
B0, —HTEYTHNLA T LA VIIDIRED B KA - @/ NI X 2 @]
REFDPD D70, TOXIRMRITKRoT-EEZS.

XHIT, FovdalLAVYDEFIZTOWTARM T LA YHEHRIKE 2085
PIZOWTFHEIZ T o7z, FEPERBDOT A T LA BT8R, Fvoa”
LAYDEFIAHBRIIKL 2 F13A0 %L, BRREFOEREITS 2 & 230lHE
Wi oz, ¥z, Fooal LA YDIT5MERENLZEFICL-T, —EREHFES
LAVICHENT KL 2 X5 RIKEREZELZ N TER. LrL, FyviaS
LAXIE213 TN LI —20D 1OTH Y, HFEIMHITALARN
IS TH2Z O AN LA YOXEHTFE LTIHRT T2 & W0 RIENET
3. —HHICHTFORCEAZHD A TET, AT 3EMIEFHASVETBOD
FED S B FE LRV, ZITREWCBWT, FvalLAYOEF2 K
T AFEICOVWTIHRS,

N URLATLAY WEVTHLRT LAY
0.968 0.720

£52 ForalLAYDET LA VIIHT SR

5.3 0-Fwa LAY

F v 2 HIRIRICHIES F v S a LA VIZBH L 2ICEWEFRMITAEN S
FOREBEFELEVWED, ANB7F7LAVICOEHAREFTHEZ R IEE L
MTES., LHPALPEENRARB LA YOMEBHETYLY LC3HT €3 2w RE
RABH 5. Z I TARECIIMEEN LRI DEFEERT 27D, FviasLA
Y DRI BT 2 FIRICOWTIHER 3.

F v ¥ A EEI R BARE IR R TWHEEB L LT, HFMIAShR
WHEERZEITHNE. LaL, MR SHTIAHT A SR WERS SN LTl
ANE TV AXIEFHAICED T AT V2B 28I 2EZ 2 e N TERW
B, HASVOEHICELTWS 2IFSViiv. 22T, v 23898k onE
2HABEMT LS, M2 ABISESIT 2 LTH v > 2 R
ZRDBFHTINC ) 4 XN EFT2FEERETS. AT LAY, 5x5i8
D OITENZH LT, IEHEICAIE 22 2 238 L <, EORRMHZ1E 60%
Y OREZE AN 0% EICHEZTLES 232 A H L. ZDX5AM
DARIEHEX B U2 AAER T2 & F v > 2 39Ig 2 k5 Z 2 T, Fv
> 2 RIS OB % B 2 AR L2 0, X 2B TN TE 3.

AR TIE, Fv>alLAYORIZFHET 2FEL LT, LNMIRT 6-F v
> a RIS R R R T 5. 0-F v ¥ 2R, 2 A4 XBME LR AR T
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B o F v > 29I 2 KD B FETH 5. 5-F v & 2 GHHREE % 3K 6D 2 FNEIZ
DWTHL NIRRT,

o i 17 ) PIOREATHIDEH p,; 120WT, ZRZR—BENT (=5, 8) 75 ¥ IChE
54 Z%M5F%. )4 ZEE L7RIT5 5 5.2 BiOFIE 3 THUL
FATGRHEITRIC & 5T CH v o 2 BRI N 23T 3.

o FERORITE 0 ETS. kIUTFHOF v > 2 ERIEE N, £ LT, 6-F v
> 2 LRI N = 3, Nejn B KD 3.

5-F v > A EERIEIX, 5324 XDY AL X9, /4 XDk EDHE%
EHEFTHI LT, MEOMBLEFMHREZEET S ZEHARETH 5. KEITIE,
§-F v T agEERIBICIES T—Y 2V P TH D 5-F v a7 LA VITOWTiHISE
BR21T5.

5.4 BFEMFEDOFTHRER

5.4.1 MERNBEFICEAYT M

BRIEFNTIC X o TRDOZBEEEZDOETTH W F v o 2 GHRIE X, AR5
WEIRL T B L BRWTEIZ E o2 6w b 5. HlZIX, B9 217
By, HHF 1TENCHEML L726T, BEOBERS50%NDFL 5%DFNDH - 12585,
BEFIIENGEREI NV, LrL, ABICE > TZEDBRE IEMHEICEIET 5
CRRELVWIERZ WD, BRI AE LA YHAREEERLTHELL
7w,

—HTo-Fov>alLAviE, O ABIGEWBERFHEZITS 720, 20X
RN THIUIENCRZ2ETFOWREZEMI T2 Z e BARFTX 5. KRIHT
X, ZOXIBEFHERDONTDXIZOWTHAEZIT- 7=,

HER A 72 78 FHIE 2 55 2 720, SRR £ 2N MLOWIHREEZ v 3
EBRERT NI, LA YD A—T 4 — ARFZZ MK L ZTIUE, 9
DOWIRESFES 5. IOSDPREACENT 4 X § 228556
D o-F v > 2 B 2 RT3 2 2 T, ETHIEDO NSO E 2L 7=,

[0.42 0.00 0.42 0.08 0.54]
1.00 0.59 1.00 0.08 0.38
0.42 0.00 0.42 0.22 0.25 (5.1)
0.00 0.09 0.00 0.16 0.02
10.00 0.00 0.01 0.16 0.17]

CORBETEIN—T 4 —20REZERA4DRTIEVE, KFrEVFOHP 25 I LR ESR
Hﬂu\t
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X (5.1) ZWHRE 11cB 2 ORI X 2FB1T5ITH 5. 2 DFIFITHID
BXRDIzF v aT LAY, —BRD (—6,0) T/ A RXEMNELIn=10D06Fv
Y a VLA NXYDEFEEDM (ay, - ,as), (by, -+ ,bs) BE5.3ITRT.

5 | BT OMAEDE

0 (Fv =) [(0.00, 0.0, 0.70, 0.00, 0.00), (0.00, 0.19, 0.00, 0.81, 0.00)
0.05 (0.00, 0.27, 0.52, 0.11, 0.09), (0.00, 0.18, 0.00, 0.80, 0.02)
0.1 (0.01, 0.25, 0.39, 0.13, 0.22), (0.0, 0.18, 0.00, 0.76, 0.06)
0.2 (0.08, 0.43, 0.35, 0.08, 0.06), (0.00, 0.19, 0.00, 0.74, 0.07)

£ 5.3: FIHAREICBIT 28 7L A4 ¥ D5 TEEE

5.3 DF v > GG, a, b DEREE & HIT 2 DDITEID AMERINICEFT
LHIEICIR 5 TWD. —ATOo-F vy 29O EFERIKE S =0.05TH 3201
DITEN 2R T B AREMED D 2. ARINCIZELIC A Z 31780 0 MRV A I
BIREREND DD, § BEINT 21200, BEIRERHEEMLTWS. LiL,
SHREL 2 Z e TAMD»SEFRIZAZZITINMIOWT HIKERTET T 2 AJHE
WD 2720, ZORIEHETH 2. WAE TR L 72 BEUAD TR TOHHA
JREIZOWT b AR DMER ZHEZRE L T\ 3.

K EOBREER?S 5-F v a LAYk, N7 A Y OBMEHHT 2 2
T, PLETAEFEEATLANES LWEKRETFEITO LN TEEEZ 5.
SIBFIZDI-F v a T LA YE A2 HTHRREEE AR LTHWS.

5.4.2 TLAVOEIEFOBASICET M

6-F v ¥ 2 BHRIEICHE D §-F v > 2 LA XIZOWT, /A XADH A4 X %21k
XHZ L THEERETEINICOVTIMEER 2T/, /2, 533/
AZXOWHREZZEEIE D I L THRLEFHIGICE D L5 BB D 2 H 12
DWTHMRIEZIT - 7.

LURISRT 4 FHD ) 4 X5 Licn = 10D 6-F v ¥ a2 T4 ¥IZonT,
rhehF v a7 LAY e 500 AN R LHER Lz, £ 5.4 1IOERE T
NS

o —HESTi (—5,0)

o YEHID (0, 1/ 5 ((—6) — 0)?)
o —HEE (£6(1 4 4p(1 —p)))

SHEEBIZ W T W B seed [HOFHETHEIICF v > 2 T LA ¥IZT50% L LOBRE RS Z
MWD 5.
YERGIR DL § 2 EE LB D 72 12— 85010 & Bk OME 2 =,
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o IEFIH (0,6(1 + 4p(1 —p)))

)4 RS 0 | 005] 01 | 02
Fva(d=0) 0528 | - _ ]

— kA (—0,0) -1 0.526 | 0.500 | 0.458

—RE A (£0(1 + 4p(1 — p))) - 1 0.516 | 0.460 | 0.378

AU (0, /(=) = 0)) | - | 0.534 | 0512 | 0.434

IEFR76 (0,6(1 + 4p(1 — p))) -1 0.456 | 0.400 | 0.316

R54 JAXDTIRENRTA—RI D 6-F v a1 A YORRELE

VA e A Y b OF

Fu v aT LAY OMBREITIE, B, EENTE 512/ 4 XDKE
RBIZON, BERBTIBoTWEIEDMRTES. 6-Fv>alLAIYiX, Fv
ATV AVYEeHE L THRIZMRAZZ2ICRIILTED, LA YDREI LW
5 LA T AR ERICR L 3 HFOL&MER R LTV 2.

/M1 X5 T35HDLE

—HERHIC LTI/ A X527 14y, ERPHICEoT /A X252
7L AYOBRe A EAHKT 2, —HHIIMNEID 2 HDDIERTHIC K -
T/IAREBZTTVAYDBROGMENZ DO 5. £z, 7EEHiZ
SHFELEHER LTS, ERSHOHIPEROEBERERLZRL TV,

/AR 2 BT EIFOLER

—FRAE (£6(1 +4p(1 —p))) BX, EHRT (0,0(1+ 4p(1 — p))) 1Fi 1754
DAFTHNDEZE (BER) picko>T, /A4 XDY A XBEFHT 2EFL (LR,
SAIZEETFIN) TH 3.

SAIEET M, ANBIZT VA YOGS, BEOBRIMRRE 2XD b, AAICT
WESH, BEOBRERMEANEEESEVW L2 RKMXEEEFLTH S, Hlz
X, BEOBRB 0% DL ZI1Z, BRP10% FLiBZ 3222 kbd, HOBRL
50% D& FITHER 0% LR T2 DHFRZVDRAB T L A4 Y THIUTER
EWZB.

26



CNEDETMZONTIE, SEIEET VLD BBERL T 5 AR T =
5. LI OBREIVEEITE, 7D KRE 72 % 7= 1IER i TIIEM YRI5
FETHB. SAIEETIME A XDBRZVGEEIE, FRDTELMELD 57
B, /AZXDPNIWEEIIE, EDABSLWBERERD S ETHMLELEZ 5.

AF0BaAT

BEEIOT AN LA ZITI LTI LAVYOEFOHARIIZOWTHEZREZAT
W, BUROD X9 ICEHE L 7.

o JARXSHRKENVE E AMDPEFICKL 3 &5 %782 —EREFMEL,
BHERTETFIZ2IL0DH5. ZOGE, SAIZETLDIESI N/ £ DK
LD ARHARWELER T W=D, (EEETLDOHAELTWS.

o /AR IHPNEVEEITE, BFITHT 2 MIENMEW2 ARITET 55
BHZV. ZOHEIIE, KDARL LOWHERTH S 6 LT T LD LT
W5,

BELRE

M EBEFOEARSICHET 25Hli» O FERBREICOVWTEET L. ¥7, &
DANRNSGEWHERHIZ R TE 2 N TOREET VIAERETLEWVWR S, i
ZWROVWTIE, 6 =005DETNMEF v a T LAYEDEDNNIWD, /4
510128 02 00EYRHELLEZS. LrL, JAIEET ML, /A4 XH
REWVWE DD REL R D7D, ZOFELr—EREMNZ 2D —KomzHv
52 eREFE L.

FHiiE BB L, —FED (£5(1+4p(1—p))), 6 =0.155 0.2 D atAEVE
T 2HMEE R 2EETF L LTHEELEZXS. 1277L, A LA Yo
HNZIBLT, 0-Fv>al LA YOBIETHETIHLENED H D720, HERFE
WX Z DR D TlxAw.
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1A
I

F6E NAT7ABEFERKEE

ARETIX, Al 7L A YVICARBOD X 5 1IZHENZAIREMED B 2 EeEHA % R - 72
ERIG 2 2 T X2 FIEICOWTHAT 2. 6.1 §TREIANS 7 22455 23 FiEICoO
WCHIHT 2. 6.2 CIIMT 5T 2 2O AN, 7 A, ZORRICTOVWTIAENS.
6.38ITlX, A 7 RADFIERR /) 4 DT X —ZDPE 2 358 OV THGER

Pt

172.

6.1 NAT7ADH5AE

421 HTHALIZ X512, N4 7 ABFFEBKETIE, EEEFERECAERK
LU 7-HkEE » R DE 2 2 fTvwo2d, AEA DD XS R\ ZNL 7 2L
LTS U8 2 BT 5. BERMERI L 2 N4 7 22533 5K LT, &
EBETFERGEOER LB F R EZIRMEST 2 HERETEZ NS, LaL,
ERETFHELEREET 2L, ROAREREIC X > TUIF v ¥ 2 59MIEDOE 2
LRELIAMANZZIZD, N LA YHIENREERLC 2 6EE0H 5.

F T, N 7 AEFEBERETIZ, 5.3 TN §-F v & 2 EHGTHEE % R oD
BEDOMBITHNDOERIINA 7T RAEMNET 2 28R T 5. /A X251k
RS ps 12, E BITAA 7 A2 K BHIEZ D) 7= 3838 AN A 2B T 5. 2D
FIEITHZ VT §-F v > 29I 2 KD 5 Z & T, ARBOD X5 B ERAZ
Fio7-MiBE 2 £ T 5. b 2 DBEL ps 1 LT, X (6.1) IRTEROH S p %
FEROBRE Lz, B, AFICBIF 3 o ZZDITEIOMA S DY Z#IF T 5
NRIRXR=RT, ARLITHITES T2, ELbiXFHLI e x2RT.

p' =ps+ Oé(l + 20p5(1 - p(;)) (61)

ZDORTIX, ps D30 F2E LITGEWIGER, ps KT NIWER (o 2E) LrE
ZBHNRWV. — T, ps D05 ITEWIGEITE, ps ITWERKEVWER (6o f2E) B
Bzohz, o2 DAFCHL LR XS LAHOFTHGEIN, 7 XA THEDE
oW EZSD, ZOXIRERDEEEZ 2R L.
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6.2 (TETI32BEHONAT7RAEEDHFER

AIEI TR L TFEEHWTERBRICAB T LA YO X 5 RldRREE 5L, Z
DIEREMEEST 5. Al LA VIZEBICEZ 314 7 AR LI RITRT.

WE /X2 FECNAT R
LUHICHIIL 72 X 512, HBHES £ YN P L OITBNENE v 2tz 4548
TE%. NHTV A YOIFARHK, LA AXA MK > THE /LD
BHRIERDMR S Z I3 HCEA 6N S 720, T o DB TN TITAA
7 AR5 5. BRI, WEZIFOAL 7 ADEE, 178 a; DWRELT
7o ZHE, ppi- - s pis 12 (6.1) RTIED o 2O THEOMEETTS.

BN/ FEENBHEZHFONCTR

BRI N P L OBEBITHNI X X — P DIERBER 1.5 5 EokE (X
T, BMHE) , MEMR1OGORE (LIF, H@EKE) , fMESR0.5 15
DORE (LUK, IFERIRE) CHhETE 5. HBRNBER LA Y, BE
BEOT VLA VIIENHEZIA, BETRWI LA YRERABRER S
LA YIZIFAEMRE L IFOEAPEI NS, ZONN4 7 AT, HFESL
AXYHBBTHL TV BRI EIH LT, BR/IFENRTETENCN LT
NA T RAENET 5.

6.2.1 FEOBWMYEICEEY S 5Em

BRELEANAL ZADREINTH 20200 T, dHMliERZIT-7-. BBHAEIC,
B ANA 7 22 X B AIEZ 2T THSTH0 6 F v & 2 HHRE 2 kD 5 7L 4
¥ D 500 EOxERa 7R o3 T, FEOEMEERIEL . BB, K
FERFDENRT X —RI1Z /) A X5 =0.05, a=0.03& L7

6.1IZHED §-F v > 2L A4 ¥ (delta nash), WEZIFLANL 7 X215 L
72 6-F v ¥ a T LAY (attack), ZEZLLNA T R (switch) 25 L7z 6-F v
Ya LA YO e ZOoNFERE RS, M (a) I ZEITE) & I TEDIEIR
MRERLTED, KF (b) ZXEITEID S B, EEIEDEM THFEDOH DR,
EVICER TR/ AN BB ER LR L RLTWA. £/, K (c) 13
PATEID S B, BREREDEBE THFOHDORT IR A THEDEF] /& -
AR 1% IR U - R 2 TR T

X delta nash & attack Z ZH 2Nt T 2 &, WO, TR 2527
TLU A Y OBELEIRMERN SR L LML TW5 Z e DR TE 5.

F 72, M switch DRBELFI AL 7 2ABMNE LT LA Y OBETOHER Y
WHEDS-Fvoa LA YEET 2, REERERD 13%LLEEML THW5.
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RIZ, WEITED S bANBHBZH N T A2 52771V 4% (effective
attack), IEARNBLHBEZI O NA T X2 52771V 4 ¥ (ineffective attack) DFE
FoMkERZX 6.2 1TRT,

BEDO-F v a T AYe, ANBRBEZHFEANA T RAENG LT LAY
IS 2 &, AR ZER T 2RI 26%L L KIECHEMLTWs. A
SRR IR T 2RI L 72 2 & T, WEBATHOEIRMER b 2% E 08D

RTE2. EENRKBERIFON, 7T RAEMNE LT LA YIZOWTSH, FH
N7 B D ERFER D 26% & KIFEIZHEML Tn 3.

D EORERN S, EELIEAL 7RICOWT, TRAZPNER L 178105 FhiE
REBEMEE2 e TETED, ANHT LA Y23RD X 5 etz RIS
LBIENTERLEVZS.

T 512, ANEO XS REPHEAZNEG Lz d-F v a LA YORIITONT
BIFEEITo /2. 5.4 2THDOFERR Y FRIC, F v a7 LA Y& 500 EEZEITW,
T AYOBRIZOWTHER L MR ER6.1ISRT. BB, MAERD (T X —&
&, EFSAE (0,0(1 +4p(1 —p))), /A4 RX6=0.05 a=003&L7%.

BNA T RA2NG LTV A YiE, BHD-F v 271 A ¥ (delta nash) &k
LT, BROEIXLEIWNI W Db o7z, ¥, WEBEIFOANL T R
(attack) & ARNRINEZUf Lo N4 7 R (effective attack) IZBI LTI, delta nash &
DHEWBERTH L Z e DMRTES. U LORED» S, ANHB M %
HL76-FvoaZlLA4XE, §-F v 9EiEotd s —EREHFRF LTV S
EEZD.

T, BEDTAN LA LTEANA, TRAEE 27271V A v 2 EEOI S
52 TEHEBELL. TRAN LA T, RBEHFOANA 7 RAEE5Z227L
AXYTH-TH, BIZIIHHIRET XA THEDIARRGE 3R 2T R Y, N
A7 A% 52 7B FUNASKRNIIECTHWS Z & 2R L .

delta nash attack switch effective attack ineffective attack
0.456 0.470  0.456 0.484 0.436

£6.1: BAL T REMEG LI 6-F v ¥ 2 7L A X ORE

6.3 BINSA—IDEZIZIRE

KETTEINA T ADRTI A =R aR /) A ZADNNT X =250, NREZEECHE
MEMN5 L 6-F v P2 LA VYORIPLEFHRBICED XS REEL 5 X 5h
IZDOWTHREEZT 5.

FEZ (6.1) RDARTRXA =K a b ) AXSEENZEZ LT, ZOTLAYD
FvTal LA VIINT IHBREICEFHRICED X 5 RE(DEZ 20120
WTHGEEST 2. 28, /A4 XDSMIZER D (0,6(1 + 4p(1 — p))) Z AWz,
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UTRDOR62ICHEZ LN TRAEMNEG LT26-F v a7 L4 PIZonT, &
NRIRXR=REZIEGEOBERE XU, BEEIRERICOWTRT. 2B, v
a4 Y DOMNEBUIIAS0ETHE. TLAYOBERY /4 X5 OBRMEZ
5.4 2THTIINIED 7203, N4 7 RAZMNG L7271V 4 Y THRBRICHERI TS
ERDADH 2. aBBRICEZZ2HEL LTX, /A4 XN I0WEEICIE o =0.03
FHERY =212 oTWBH DD, /4 AWKEL LD adEWHBBENR
WEWHRERICR 7. 2T, WEBITHDPMLITHFERSEIC1I XA =Y E
5Z 0NNV WVTEITHZ e BEHEE LTEXIONS. RIPEIF A
TAR, BB BEGFLNA TRARKRYE, NAVZAINL Y R—=VRBNA TR
WOWTHREIBEOBEEEIT o728 25, adKEL23I12o00, BRI R ZHER
Elrolz.

NA 7 25 LB TFHERICOWTIE, aEWHLETFHERE EEL TV
5. Tz, 0DBEWVIEI D, PPHEBIRERIEVHDD, ZIUIE RKRERET
B3R nweEWnWz 3.

DX ARDNTRA =R TIFIRE ", N TANRNT A=K o TIIEE
FoORL Z, BBOLRBEHICHEL TR 2RI TX 2 Z AL IR -
T2, TETIX, ZHEETEEIMEONZ e E2HHAL, LA YOETETHT
5Z8T, HEIVLAYLOLEILT FAYT V2B 2 FEICOVWT T I —F
ZINT.

o 0 0.03 0.06

5 005 | 01 | 02 [ 005 01 | 02 [005]| 01 | 02

RS 0.456 | 0.400 | 0.316 | 0.470 | 0.424 | 0.326 | 0.446 | 0.404 | 0.382

TrESEINEER || 0.768 | 0.777 | 0.799 | 0.851 | 0.848 | 0.849 | 0.875 | 0.885 | 0.889

£ 6.2 WBEHOANAL TABMNELZ-F v a L ATYDRTIXA—KT O
B X UOBEEINERDOZEL
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(a) (b) (c)

delta nash
60.5%

3

attack 48.8%

switch

72.1%

© p(attack) = p(effective attack) ® p(advantageous-type switch)
= p(switch) = p(normal attack) p(disadvantageous-type switch)
p(ineffective attack)

6.1: D /B /SR N T RAEME LT 6-F v > 2TV A YDETIT
DIEEE S



(a) (b) (c)

delta nash
60.5%

effective attack 49.5%

ineffective attack 54.0%

63.4%

= p(attack) = p(effective attack) = p(advantageous-type switch)
» p(switch) = p(normal attack) p(disadvantageous-type switch)
p(ineffective attack)

6.2: JBH D/ EMBE JEENKB I LNA T RAE2MEL0-F v a7 LA
Y OETF IR
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BTE  FEEBSSEGEREED 77 T
O—F

5ETIXO-F v & I, F v > 2 IR oM E 2 —EREHE LB
D, NEICIZELELRF 28D ZRBEFRIRBICE > TARB T LA YIiz 5 E
Ny EEBOER IO RITHMMRTES I RHHL .
ARETIEHABVOHEHIZBWT, IBHIAB I LAY THiEniz) &b
BR2EORETFEWMAT S0, ANBHD XS LA EEMLI-EFE2ERT 2T
HFIZOWT 7 ' —F %2R

ANE TV A XYDPITIITEOHAIIKRE LTI T, ROEFSL A YOITEITHI
Y, PHIZAZHFOTENCRLTT FAY TV B38IEE2EZ 2D 2D
Mo S. AR TERATEEZHTETY VX 25FTH, £H IO VWTIET
S NTATENN U THEIRIE 2 W2 2 e 242 R T 5.

¥, HFETV VW E2EFTICHET 27 FTa—FI2onTitiHs 5.
FETV N, 6.3HOEBRTHER LN TRAZMNE LT LA PIZown
T, NIRXR—RZ{BET L CERRETFHREZEONS ZE2HHT 5. DL
TRMHFETV I L2 E5F O BERNLZFIEZ RT.

e HEFHIIBED T —LIZBVWT, BEX—V I IHF LA YDET L,
W BN IERENREDEANAL TR, N4 T AEBa, /A X%
FRENNRT X =R Uiz o0-F v > 298 (0f) Z2HFT 3.

o HEDITENERE a;(i=1,--- ,n) IZOWT, EFBHDS-F v > 2 EHRIE N,
DI Ly, = [} p(Ni|a;) ZERENKD B, k* = arg max L, &£ L TIwRD A
k

NG LBET I N KD 5.
o BIEDIREITH LT, Ny ZHWTHFOITEER M 215 5.

iz, FRIXNBITENN T 2 RIS D E BT IEICOWTHHHT 2. HFED
RIS D3 EE ST W BG5S, HFOEIKICN T 2 RESEKIGIEE K DGAE,
TENZHER 1 TBIRT 2R IC /2 2 Z eI 6N TW5. 20780, B
R 2HE75 b i, BEDEFOHTRDIBEINENTEIZHER 1 TE
FI3222T, HEDITENIR LT FAYT—VRBEIENTELLEZD.
D77 —FIZEoT AT VLA YD X7 THAl ZEMS 2 PR %
AT Z e MARERS B X b DD, FHliERIC X - THEIMIMEEZ RT ETIX
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BEoRD o770, IS ERRRAE DE 2R RE L Z ORI OV TIEFHERD
BELT 5.
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FE8EF HbHbhIC

AL TIE, RN ML ZERL L ZFRFER S —2 205 e LT, Al
LA YIZABOD &S BFAGVWEHBXE 2 FEOMIEZHE L. iAWV E
HEHET2FEL LT, ABDPHARICKRL 2EESETFE2ER L ET, ABOXS i
A 2R OEFL, ANHOHAZREMLUI-EFEZMD RZEL e 2B L.

¥7, BRELLTF -2 LTHAGVWEREHHT 22 LT, AB7 LA YHEAR
WU 2 EFOERICE DAL, BBBITICE > Tr — 202 REBOEDRHR
ZRD, FodagEEIRICIES F v a2 LAY RER L. S5, Fyda
TVUAYOHRIPLEFMREFAR T 2FEL LT, /A4 X 2MA RS T
o F v aglEiE 2 RD 3 §-F v > a LA VY 2RR L. FHliER» S,
§-F v al LA VIZHRIDFAENUEETH D I e, Fvial LA YITiHER
NV ANENITIZERICAZ 2EF2HERNGERZ EI2L->T, KD AMSL
WERET LN MHEFTHEZ 2R LT,

iz, NEID XS BiEeEmE2FFoOBETF L LT, §-F v > 28NS 2 KD 534
PRHIFSATHNZ I AN 7 R K o THIIE L, AR OEEZ 5 U 728 FHiig
PR U, BB/ BN/ IFENREB 2 ONA 7 R 25 Lz4D00D 7
LA XL, ZRENNE L7zNA 7 A5 7ATEIOEIRFER O R & .
X B, M LETORD 2 HEHHNICHETE 2 28T, HiAEWEICHE
L7 2R ETFHIEDERCTE 5 Z e 2R L .

AN D#HAZBMLZEFICELTE 7Y e —F 2R L7200, LR
TETREESEPo/. SHOELEY LTIX, AEODOH A% 2 FEEETS
KHHREED TR FEY |, BEEEZME LMET T V2 WIS I X
D, EBICAB T LA YRLOMBISTWHABWEEH T3 2B TE 3012
ODOWTHMMEEZMIEST 22 R END 3.

F7z, IBBLEEGRART TN NVUANDRIKEFES — 2120 LTH, Kiff
FOFIEZICH LitA S WHEEICH U 7= 28708 FHIEZ ERICEMTE 2 &
ZTW3. X512, FERINZIIEZA Y OFALDESEUN LR EDENT-IERD
BAINTREMT — 2GR LA WHEE b A0,
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