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Abstract As a typical example of imperfect information game, Texas Hold’em poker has been an ongoing
challenge in artificial intelligence for a long time. Especially in the case of multiplayer no-limit Texas Hold’em, a
variety of factors should be considered, combined with its large solution space, making multiplayer no-limit
Texas Hold’em Al more challenging. Generally, there are two approaches to handle this problem. The first is
game-theoretic method, trying to search the game tree and find out the Nash Equilibrium points with a range of
approaches. The second is termed knowledge-based method, learning human player’s actions and betting patterns
to provide Al with references and make corresponding decisions. In this paper, we propose a gaming policy in
multiplayer no-limit Texas Hold’em based on hands prediction, which belongs to the latter category. The basic
idea behind our approach is to imitate the process of “hands reading” taken by human beings. Hands reading is
an essential skill in playing Texas Hold’em, which refers to predicting the rough probability distribution, or even
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the precise hands, of the opponents’ cards. Hands reading is based on the actions taken by our opponents and the
real-time information we perceived. As the development of gaming, players will take several action in each
betting round (each player will normally take several actions in a single hand in total). The actions taken by
players reveal the information of their hands, making hands reading possible. In this paper, we proposes a
complete gaming framework from the perspective of imperfect information game. The applicable scope of this
game framework is also discussed in the same section. Then we apply the proposed framework to Texas Hold’em.
When designing our poker Al, we focus more on the prediction of the unknown information set. At each time
point, our poker Al conducts Monte Carlo simulation to obtain the winning rate based on the current collected
information and the predicted information. And winning rate is the most important factor our Al considers to
make a decision. This paper presents a detailed description of the Al designation and corresponding
implementation. We give the readers valuable references to implement their own multiplayer no-limit Texas
Hold’em Al. To our best knowledge, this is the first paper that holistically designs and implements multiplayer
(more than 3 players) no-limit Texas Hold’em AI based on hands prediction. Experiments are conducted to
demonstrate the performance of our policy and the produced Al. In terms of predicting unknown information set
our approach increases the hands prediction accuracy by 6.65% than Markov model. To intuitively illustrate the
strength of our Al, we select 7 programs from 2015 Huawei Software Elite Challenge for comparison.
Experiments are conducted under various of conditions, including heads-up (2 players) and multiplayer no-limit
Texas Hold’em. We select tournament as the competition rule, with one extra buy-in and a constant blind. Our
program gets a winning rate of 89% in heads-up poker, and places 1.74 in average in eight-player poker.
Additionally, it gets the best performance in terms of lasting rounds, winning chips, etc.
Key words imperfect information game, artificial intelligence, Texas Hold’em, hands prediction, Monte Carlo
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MBRATEARERIAIT N o RHAX@) RIS LR 15
Flo KA, coo A& MENRMMELLE. —/FiEE
AR Z PN, FANRRNTRESE 2 RAT
3o NKFHAL, BAVEEANRIXPATENE B—
I, AR R it M EVE s AT 3. B
R - R SRR .

— M AR AT

%W%w%

» T T T T T
00 02 04 06 08 1.0

baselineyzpot
057 0.68

0.513 0.75

X 0.61 .
baselinecpeck . baselineca
baselineca ..

baselineroig Tl
it
>

E2 BROIABIXTFHRE! DFmode/

4.2 STFEE

TATTRERS T AT 73 PR 3 T WA [ S ASE A
TR BUET AR R F ST R AR
RN AR N R G EAFE LT 2R
RT3, RO FAERER TR, A v, il
TN o WIEEE, 129 P(ailyi) -

FrifFREHEl, 2R FERRAT (pre-flop)
PR TFRRAN EREE . Rl NMEFAEARFENLE B
BRGIREE T 2 AW B F yaE, H—RimE,
20 R A PTG ) o R T RS L 1) e o
KRN E. AL E D N §ihn, AL 547
MEEALPUF . EARTES N, A& KRR
J55 T B B . a0 B AL T4y R K E AL (big
blind) FI/NE A7 (small blind). 73 HkS4H, £+
ROR LT, AR TF BT I 8tk 2 . 3R
AT — ALk T 18— AL E T AR TS
i BIARZE—AU A

I:)in = {Pfront’ I:)mid ! Prear’ I:)blind } (5)

AR AR MR TR ATE e . PR
B I FRE N SRR P R o TR b T kS T T
DL i S S B PR 2 B0 AT SR S HE . A
FENNR R, Beide T4 Ja A3t B R el i) it Oy
35%. ABAFESKBREZREA, LT E AR
FRERE I, FATT AT R T 51T HT 35%

@ http://www.preflophands.com/
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RS BT RPN AR 41 5 SR 9

AT REMEAEE K.

X TR EE A AT N I R, AR
FHENBZIG, FEA R R SIS s e, 5%
R R SR IR o R KB T B
SRAR. HREERG. SHRERINTRE. LS, RIRM RN
LA v LU I 2047 ) b, foiltan, R
AT F-FF (Ko, Ko} 1T DUE BOZ B SRAE .  fa E E IL
KRG —KH AT AR 177, HNHT
FERAL T A

SCHR[3] ¥ h )7 364793 2% (bucketing), i@
TEHLES 22 ST VE AR W 255 FAR AL . 1% 7R
AR 2 IR . TEEIE =L BT,
BAIE A BRI FEHERE AL DFModel . & 2 L
NIEMABIHAT U o BEX FFHA v, XTI
TR, YT AR 400 BT RFERIEITE
CHEALFRAT A P35 0 AR AT D) 15 B EZ N
Puin(w)o TR Puin(wi) G tF &£ 2 RO “ERyE”
XTI P, MR XHEEL Prai(yi) = 6 (B4 500,
ZIX (A B T Sk s, FROASESRICER X (A], H
domaing #7x. A5, domaing = [0.57, 0.68]-
WIER Pyin(yi) & domaingay, WA 2 Pyin 5 baselinecan
PeAs (ARSCHL 0.61), REZEAHXE Prey(yi) 1 Rt :

I:)rel (l//| ) =
baseline,, _
cal P ) : b I
baseline,,, — P, () i (Wi ) < baseline,,,
1—-baseline,,, _
cal P ] : b I
P, (v, ) —baseline,,, " (w;) > baseline,,

WYL, Puin(yi) W B AETE L UL X (8], AH
KA Prei(yn) B =M 0, B0, EZ Pyin(yi)Z T
baseline, FHXME Prei(yi)lli. Bl 2 M 2=
PN, XFFAT AR ERER, HEMTFm
— PR R — AN EZE Pyin(yi) € [0, 1D FOREZRAH
XHH Prei(yi). BlansFF-REEZ )y 0.55 I, % TR
TEFTR R Praa(ui) 294 10 81003, i Bnt F47 09
SR, FRAT VPR A% IR R 5 1045 AR N 0 HE =R AH
XHE . fa, FATHE TR wi KA T RERAT AT
H—fbAb 2, RIaff53) P(call|y;) . P(check|y;)%5:%% .
2k, FRATEIE T AT LA B8, R
TEREE TR T SR T A R .

Ubah, SEFREAERI T (RIS D7 S s v it
R, TATTHs SEit s 25 IS0 AT it HFan
AMEAHE T F RS REVa . fln, MO
XPF R BRI R m e, AT ZF

domaingg 1 BR BRI o X SR X6 7 [ AR A RV 4T
N, BRI TEES . A, QR BAT AR BT
FREFM, AT PE 5 domaing 1) FR. F
NIRRT — ELERVE, UERA M R i . R,
BATHFE T T LLBhAS 15 S0 F 1 R, ik
FEF B S 1 FRKF
4.3 REEITM

i EmtZl, SR HE AR Ccommunity
cards) A A, E—AToedl, A CENRE K
. R AILE N BIUTERIRERE, 64
A1 65 AT A

4 :{é‘il'é‘i 215i 315i 4’5i 5} @)
TREXTFFRN v CRED, B2—AJuh.
Vi ={010 .} (®)

M 4.2 AR, FRATT AT DLSNE X T
FrE FH wi s HATA o FIBEZE Ploi|yi). &
52 X T 3 — 20 AT 5 T 2R 40 A 11 5%
R, FRREESFZEAT RMEETN . X H, &
ATMBE X F AT R R AR T A i F R (AR 2R
IWCHIIEE) . XBESEPRENARTEN, A
WS FAT AME Z RS T USSR, 205
AR E A B R T AT .

PATHAT 5 A XX FRE B AT T, B ot
FHAT N o BTG CXEFTRANFITN, 2
CERAENATH, DMFERERIAT R, BAXNFIT
AL, WO SR, TR R MR A A
WOV, Pusrivwion B 5 C(50-¢, 2) M0, &
TEHAT R a BIEOLR , TR TN wi wos ... wegso-,
HIIEZ o Biicrivution TIITH TG ZFIN 1.

C(50-¢.2)

ﬁdistribution = {Pyxl ' P(//Z 1y P'/’c(soﬂ,-,z) } y St- (Z Pl//i = l (9)
HfE—Joa Py, W N Pow, AR FH1T

N o TEDLR TR wi BERAEL
Pq/i :P({All//i}lai) (10)

KO RIER 4 REEEFE, J& T omkiH
HE?’ E&

P({A'V/i}lai):P(Wilai) (In
RIE(10), (L) FIARAF R S EEAT «
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XFFATHN  raise

0.0001 “**

check-call raise

s [Q[e] [3
» (2 L2

=& ST

HAEICRIME. BT REAT T 5k, &

»
HRgHT Hhpg B i el by
E3  ZANEIRHIFREEEE 5 R U AEF
p :P(V/i)xp(aill//i) (12)

: P(a)

Hor P(ag|yi) HH O 50 AL 30 P(y) 2 K WL
W, RE w FHEZ . BT RMSE R, Ho T
TR ws s ..., Yoo 2 AR NEENE - P(ai)
FEAE YT AN, IEF AT o R, [
FEHL, P(aa) X BT A TR S 62— B

P, :HXP(aih//i) (13)

b, H IR T REREE B H . FATRSE
FRRTTE, ST R TRy € {y vas -
Weso-s, 2) PEATTHEL, REIMNI Pyyo FHARTE(9)
LR SFATBEAT I — A AR B, 152 FATT AR Tt
SR T TR AR, H RE T

P, = ! xP (e |y, ) (14)

v C(50-¢ 2

;)P(aill/lk)

Z b, BATC GRS AR A A
MR, HES O T I ] RE TR R 0 A . (B2,
B AIE G K. — REZ AR
FERE ROk, BRATHSAT LIRSS _Eid ikt A
FEURHIBER 73T Byiswipuion = 1BUE H BTN IETEZRHEAT
Ty §e, WX y MR AT SR, 520 T
JERTR R B 25 3 AT B AR B . AR = (15) s

mmm=gmmmn (15)

B
g:ﬂﬁf (16)
ot B gripuion 72 56 K FE HIMR LML 0 A, P

ANE R ROQ)WAR KN Bt 2d, P, B2
TR T RRESAR A, F3 b A7 — "

C(50-¢ 2)

P, =P, ; P, (17)

N T R IR TN ik, A4 A
AARSLH. wE 3 Pros, BATHFHA{AY,Iv}.
XEFER AL, BRI FRATEREALERTE;
fAIIFERE . FATEAN— PN, AT

A={A%,Te,49,Qs, 5%} (18)

X T AE BHAE e S B  - BRE (R TR R T
ok JETIFRIAES SR, SRR IS 7- W i AT
BEME . N T BHIEXE ol GEAAAE VTR, BRATHET R
WD BRI FIE PR T, i BRATIE B ITR
Ay et TR e 3R R A 5 9T RESK T R R 7

BRI, FRATTHEDO X TR R iR, ©43kE T
SFFUAN IR IATEIE B T EHER T 3A T TR
WA SR T8, RPN R IE R, AW
F- R 43 A ) B R G B FF R MR Ao X
FHITRA hy M RENE .

h=C(50-¢,2) =990 (19)

HH T R REBEAL, TS Blrinuion 195 2 - 321
FOr A . FA D —Fh o] e (AL AT o pfr, X E
PLXS FF- 3¢ DL R A 4T Ui

w, ={Ae, T}

v, = {KA,J-T-} 20)

Ot nr LAmg 22 0(14) PSR ELEAE UL — AT I3 — b, JAosRmlaett, A&
SRR
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RS BT RPN AR 41 5 SR 11

(D 7ERRERAT, ARYE X (14)TH PR RREE,
fieE v 0.01 F1 0.002 CEEABIRER AT XTFInvE, M+
Fr ATo bt KJoVSE i1 T hniE D).

(2) FHREIE, yo TR B Fob R
AL T 0 R AOR T R, T A A R
o Ty TR BN R, 723 B A HE S LR
A, FikEx—4H, RiENQH)ER/EF
FEL P RE .53 7] 84 0.006 A1 0.03.

(3) WE, vy MBARS, BUET
SRR, Ty WA T R SR IR B o DR b} 1
AECINGE, WEEEEE, Rk ale 0.024 i
0.024.

(4) IR,y ISR BB . AH S,
N FL R R N AZLE [RIAE AT BEME R 7 AT e, XF wy
1M & BAWKE, BAE IR LEANME . S
X A 1) 3 R DA SR e MR BRI Xy T 5 EROR
TE BB~ 52 2[RI 48 T Be Tk i gl , AR AT SR 2 3
o DKILAETTRRRE, y, by EHEBEEINE. HE
MEZ A 0.005 1 0.03.

(5) [EAHFRAIT 1. W (16)FTR, X4
—RC IR A A ) AT . BRI E N T ER
AR NBER AT EL o LA wy A, XoF 7 (PR
FHXHE A -

4
_ k
P% - E P% (21)
=0.01x0.006x0.024x0.005=7.2x10°°
FIBE, o (HEZE A XHME Hy 4.32% 107,
P, =4.32x107 (22)

AR ST TR R E ), 3K
AERA QAT R T7E, X IR AT
—ACERAE, BTG B GR A& H A FIAR  FRATME L :

C(50-¢ 2)

P, =2x10° (23)

k=1
TP = WL (1) e 2% TOUDUARE 226 3 ) 4n =X (24) B
Ne HIMEFTAL, {KeJ &) KA AEMET KT {Ae v},
P, =7.2x10°/2x10°=0.036%

24)
P, =4.32x107/2x10°=2.16%

44 MRITE

(DATo (AT off suited) £/R FhE—ik A A, 55—k 10, BAF G, WfH
ffy, RN ATs (AT suited).

AFNGPFHEIA R ERZET, AEAS
HIEE . AR TS B MR AE S E S
o —fits, APIRMOTEEMER . FFANEMNSR
Rk, ZNIEMINTE, ZEAROL T TIEAE ]
SE R TR A 55 R T AT e . Bl indE — N PU R i
(RIRHRRRE R R PR A SRRRAN 53 5h =X P F
FRFH, SRR RENER -

C& xCl xC% xCZ, ~1.35x10% (25)

BEE NECRE I, XA A IR i, I
BT E ML AZVE . R, FE SRS
PRITH MR . BIEENLAE SRR FIE R, FFET
KRR G IZE R RIS RN R AE B2
ST R A . M TR ALM S, X2
FRALIT o AR TXSFMFRM S, R E—4 e
M, CEH T IFIMZE D0 Byivuion o 3011 118 I
e BEHLAE B T (1) TR

BT RS 1o B FFas
all_hands & C(52, 2) = 1326 #f, ¥+ Tt 507 Th
(my_hands) BXAFERE (A D 5, NHERE N 0.
L ATERATTAT CAAR BT TF IR A Bcrivation ?
—3FH q T, H4EE distribution FoR .

FERRIATHAT N I, Bk, BFREA
X (opp) EFEFM BRUR SRS . ik Fhit
FRIAE 22> A ik /2 distribution[opp], BRi% T opp KT
Moy, O E—TiR . TERERNTFRZ S,
BATHENLR B RIR A IERA o 55 B R
Y. HE RV, IEAUCE N B, TSI A
ECSIE . RIS, EATR R . bk Rk
N B AERUEE, TRATEI T — R, DANA
AR, MR FER BN RS, 2 T 4.
P PR AT 21, 243 ARV N Ik B — e (B A (91 4 500,
PERAG AT AR BB R F s A sk,
FIA MR A A RS .

ez E Y, FATH NE[900, 1000175 A
(R R AR ) T 358 62.3% 1 F RSB I L. 24 N
€400, 500]i}, JEHAE N 62.5%+3.3%. HIRE XY
N H4hn%] 400 % 500 B, PR THEFREZENCN
5.62%, Hikun=X(26)~. [FKS, FEE N N,
AT TR 2 M 3G N o A D AE SRR HE A 6 AH
RS R, A5 N U500

@ JFIR/IN R IARTD S IL: http://www.cs.helsinki.fi/group/asdf/
sources/Plugins/src/com/asdf/plugins/pokergames/
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{(62.3%-(62.5%—3.3%))/62.3%

=5.62% (26)
(62.5%+3.3%- 62.3%),/62.3%

HAE L & BIR o br T, BER T TR
17N IRERE NIRRT, FENq
R T4 HE R P00 R R 28 A e B R T T
FRATREME 2 h = 1326 R, [ b & R A0 Bsf ) 2 2%
£ O(gh). 2 FREEIE A judge() s EGEAT L
Mo LR R R I O TS q i FE—
B, —HRIDSFRRET O, E bR
ROHWETFrANF, WARM. X FRR e
(524 FER O(q) . BRI AFIGEAR IS AT IN TR 22 2
gh+q, BFEERERRRA Oh). BIZEE 1
(R[] 52 2% B2 29 O(Ngh)

FHXT T 55 R A v e M2k H7 1, RS
R R iERA W .

(L {&EFaI 5228, ma@5)nr s, 75 RETE
Z NI JUF-JC AT A BRI 8] PN 58 15 . T ER
IR TR, SRR RIS OTIE RN EN 2% O(NQ),
T EH TN b v AR B A A P — i e Ldh AT 182,
g <=23 CEFRIEOH, ¢ N 100, HE 47
Hl, FEFERNHYAE 10ms 2.

(2) my R, WEE L Mol A, Z4F
RV IR BCR A ROS - R - Guih AR
3 BRI AEL IR B KRR A LT,
AT DI L R A S 7 v R R S

(3) A4, MBS A 52 2% FE R SRR U Sk )
i ERTCUE H, FRATAT L@ T VRN, R
TG MU CERER A AA BT AT R R R, FRAT
A DU I 5 s G, SRR RE R R I
AT R Az ]

BiA L ETZRRIETNER MR,
#iN: w[1326]all_hands HATA W] REM) TR &
INT g 1% F A
wlq][1326]distribution I F-F oA

w my_hands 1277 Fh

Hid: DOUBLE winPro HET7 SRR

wlq]selected_hands IFEALN T )T JL i

INT winCnt =0 e e EZRHL
WHILE (N-- > 0) IIN SRR ISR IR 3L
FOR (each opponent opp)

DOUBLE r = random(0, 1)
DOUBLE sum=0

FOR (INT i =0; i< 1326; i++)
IF (r € [sum, sum + distribution[opp][i]))
selected_hands[opp]= all_hands[i]

BREAK
sum += distribution[opp][i]
END FOR
END FOR
Card[£]A =

deal cards without my_hands and selected_hands
BOOLEAN isWin =
judge(selected_hands,A ,my_hands)
IF (isWin == true)
winCnt++
END WHILE
RETURN winCnt /N

10 0 100 200 300 400 500 600 700 800 900 1000

L TR ms)| . 42
s L]
s 06 24
# =
BT —
14 2
0.2+
42
00 i 0

0 100 200 300 40&{10};{1&;5{00 700 800 900 1000

E4 MRTEMERREIDERE. FEAHNZm
4.5 TRIRHIE

B 2 R BATSE R ) — AR . fERIEN
H, BATRE T = ARG BHAE TINS5 .
BAVER T SCHRL8] 1) FyEBLA, i RER S NP
AR MR — AN R B AR . B e, AT A
AdjustThrAccordingToScenario()HR 4 24 §if J& %4 i #&
B W 2 PN, A5 I RE R 70%
A AT AR F R, (H2, = AR, XFF
B 5500 1) ik Z B AT BRYE XS F R nE . JEE NS
%, M FIREAT T T R . B Ok,
W FE BVRERIE DU, B anx R T A R,
BF2x 1 I AH S 1R B5 5 getSpecial Action ()i [B145: 7k
WEREE R &)a, AW 4.1-4.4 FTFTAR MR
winPro 5 ERE AT ELXE, 3R AR R AT N

k2 UfhEEEARE

¥i\: DOUBLE call_thr BRI BIME
DOUBLE raise_half_thr 1A I R
DOUBLE raise_one_thr 1M — AN R
DOUBLE winPro I

#idi: action rSs



WIAEZ IS No.40 S BT TR A N b pe 2R T 13
AdjustThrAccordingToScenario(); 0.7 ’*'—g O vaise call check =1 fold |
06 _
e = h
IF (isSpecial()) S — P - D S
RETURN getSpecial Action(); o = -I"
IF (winPro < call_thr) i 041 = ]
RETURN fold or check  //#17Ei% check, 11l fold = 034 =S B e e 1
ELSE IF (winPro < raise_half_thr) 024V = .
RETURN check or call N7 check, N call 014 = J
ELSE IF (winPro < raise_one_thr) 00 =
RETURN raise_half_pot IR A A pre—lfk}p tum river
ELSE
RETURN raise_one pot /[ FiE—/NEith os ®
- |77 raise call check = fold
0.7 g
T IAHARER winPro T4 Py ZERL% FE T 5] 0ol ] _
SHIIFEE (4 - (6): XFMHTHRME . X F7E o5 —
AR TEAT N TR AL AT ZR (D 5 04y %
- (3) HEAT T AR AL iR B
(1) Bk, R, RO ZBIRE S il .
FERFE (KT 10 MREE. 4% (10-80 0.0 = .
AKEE) FIRBT (BT 80 MKEE) . HALE otp op
e R RE BRI T AT FRORIR AT Z A ®)
A FRNFERRFI RN, S I/ BT AL :; " Jraise fL] calllid check = fod_
privas ‘\ Ny \A 27 o T
%Eﬁﬂsﬂﬁf?rﬁﬁéﬁo . o sl & |
(2) MZEMN. fERRRIET, (RER BRIk 1T
BRAEE ., AR ATHE S raise_call_thr A % =
AR N o T RS, T S KU o [ 3 02 —
11432 = MY raise_one_thr, MM/ K& R 01 %
EIE R, SRS AE R 0.0 —

(3) WA, PAAR, BEMRARAFREER,
ITEMAR . AR W RS ST I 8. 3
AT AP AR O

a) TR KU IAO AR . an SR e, DU R 3R
s (ERTMIRSS, W TR s S . R4
USRI R LR, PR A A
o PERAT UL ANEEGEAT A S, PRI 8 K
K, HERON:

42 41

=1-—x—=29.7% 27
pB outs 50 49 0 ( )

b) JERcHRS, HEAT FAEA 7 Wr it BIRE 7]
R REETIN A, (R SHRTE AN R AT O T,
FIFEALIE 4.1-4.4 T PER SO %, 15 28 5 00(L)
R BGTRIRER, BAMERBN 30%.

£ EIRPAE T, BARRERIEIL, (ER S
AR —HE o BT WA T R B RS TR TR AR
1T, MARDIERM . BOYBIR SR A&k, (HIR
ZAROL N A BORRIBSRUIE 2 o Ja# MHH 22X h
VERRIURL, 107 B HE TN e L 2 TR

pre-flop

(©)
&5 HC(a). HARRY1 (b). FOLD (c, AICIZFF)BUEN{ELIT

R2. PR FEG
SENH 28 A

R/ 600 /& (&%)

NKEE  20/40

REARE 5

HEHats Hesa . HHR%. BRs. Bz,
REIREN 2000 (50 MREE)

)= SN 2000 (AUBR 1 70

ZARFATE TSR, BRE 600 5. &
Eiifp ELAEH . RIARERD AN SN TR FE 58 B DA K
FEFIRUAZ RS R BRI BATHEA o

5 SRR

51 SKESH
HATEFE 2015 FHIFEIEAFHRETR LA
SFREFFE NI T o KRR 70 AN A 2
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SEA, HAFPIAFERF (XDDS. FANDY) #ENE %%
(256/3865), PUMFEF (HC. LUO. HARRY1 Al
HARRY2) #F A4 e3g (32/3865). 1 HA&EA
ALFERF IR S D455 XS %+ - 15 9 HC \HARRY'1
MASCHEF (FOLD) MIEAREIES . nTUUEH,
AR R I RE 2 3R LA
HAHZEIR K Ao AR 2 Frsr)get], 7+
Gk B TRNE - T IWANE - S &3 ik 7/ B IN R
AMD Athlon Il X4 535 CPU. 4G N f%. {#H Oracle
VirtualBox A B F&, A Linux Ubuntu
12.04 BN ZRHANLEE 1G W A7 2 4~ VCPU.

STATE:O: rc/ rc/ cc/ rf:
o

FIMETTAT A BIRAT N FERRAT R kAT ot PRIE
r:hnik

iR

Jhéc| AsQc/ 4h7h6s/ 8d/  3c: 30]-30: slumbot | entropy

DIFAV T B2 FIg @ #eh mhE MR Dixl Box2
Fhi AR

[El6 ACPC [/ SEELFHITER K

pre-flop flop turn river
. \I——'Il”—" 1.0
094 ) =3 log

0.8 4 408

e | |—FoLD |
E 0.71 | Markov 107
= 0.6 - H086
) \_// z=1 |
0.5+ 405
0.4 - T T : 0.4
pre-flop flop turn river

&7 ZASCHRE! (FOLD) F0 Markov #EEY A AR FIUMIHE B X b

5.2 REBIFIUN

SCHR[23] 2 A5 Sy 7R AT RABEAL 14T 0 T AR
AR, FRATR HAEALE A Markov. %3 5 %
ACPC [P NA BRIEAE N b 5w i 2R 20 5 Hou T
BT ISR, FRE X F A TSR . 18
0] 7 (8 LR s, FRAIIE A 7RI HE 4R
Y: 2012 4E AT BRI 45 Slumbot 1
IR . RS R 6 B, BE TRTABIR
MILFATH). FH AFLRRAED &= .

H T AT IEH T 2 NTGREEMN I, 5

@ BT din PR
http://www.computerpokercompetition.org/downloads/competitions/2012

ZEARNEIE S S AT E R . R BRAT B T
WIR R 1) A BRI b ow ooy &2 B 5E 1,
T JE BRI AP 0 e HponyE S AN o DR AT 142 R
K@) E 6 FIIEAT AT TR 2) A
X AR A H R X T BT AT e TR R A
M Markov JUJ&¥sF G AILRATH S, K]
LI 11 A5, W 4.3 R, A SO0 Tt
P i 443 2 NQ) s MRS 70 A1 o AT T
XFRTREMI TRy, wor ..., wesos 2) I AR —
EHATIHE, A% Markov BTk A2, &
JETHE 11 P00 2 i R Z FhRR AL . 3) Fridk
B A BRI AR 5, T BRATT IR T 2 E R TE R
RSN TE . B, FRATILE A A T X 55 1)
WO b, XS EGHAT TR O TR N AT
FEASF R HAR N CAASE] 1/3) . [RIEARE ) Rk A
DR RIILR -

K7 8oRT Z %8 1. 2. 31, Markov All
ARSEIG R FAEA (1128 FOLD) TR . A
SCHXT AT LE RS o R ] R TR 5 2
=T Markove fEIXAS =AM, 435k Markov
i 3.4%. 8.5%H 14.1%. —fH, TRk 4 7E
BHRR S A R B o X2 DR 9 BRI P BRI 1 i) R Y
PR Rk Al —5 o RRAYERD, TIHERAE . S
BR[23)Ks sk ok mrsk (o A9), ANk (o
84); HXFTF o NI (W KK FNKF (55D,
AT SRR AT 2EL s A SR DU R R Y 1 R RIS T T
ReH Bl 11 ARRAL R TR —Fh, A TN T PR A
BT ARG HRE TN FAE R T2
BIRTA R IRIGAT A, DR e VR 5 37 3R A3 115 8
% o BT DAASBERY o] DLTE J5 R4 0 A R A
HEX TR . SEBR b, S5 SRR VR R T E
SR ERDE 1 BN . oA — RELEET,
JGBAE JE IR, Bt 2

1.0

[]

ﬂ#ﬁﬁfﬂﬂﬁfﬁfﬁfﬁ'ﬁﬁm L

o J{ﬁh

0.4 -ﬂ

0 26 4‘0 Eb BID 100
Ja AL

Es EERBIHIZESERNZN

S ERE
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RS BT RPN AR 41 5 SR 15

*3. MARBLFAS

XDDS XIX FANDY HC HARRY1 LUO HARRY?2 FOLD TOTAL
XDDS — 0.90 0 0.95 0.90 0.55 1.00 0.05 0.62
— 6607210 -7968+1.46 7162+174 63744240 2074257 7977+1.40 -6029+211 20474612
XIX 0.10 — 0 0 0.40 0 0.55 0 0.15
-6607+210 — -797240.92 -7956+1.33 -11704334 -7815425.0 15274282 -7859+11.3 -54124437
FANDY 1.00 1.00 — 0 0.20 0 0.20 0.05 0.35
7968+1.46 797240.92 — -7855#21.4 -5543+246 -7859+20.9 -3865+229 -2351+194 -16484592
HC 0.05 1.00 1.00 0.75 0.65 1.00 0.35 0.69
-7162+174 7956+1.33 7855421.4 36864340 17524350 7722432.0 15104212 33314525
HARRY1 0.10 0.60 0.80 0.25 — 0.80 0.80 0.1 0.49
-63744240 11704334 55434246 -3686+340 — 3868205 25224135 -5328+195 -326.34535
LUO 0.45 1.00 1.00 0.35 0.20 — 0.05 0.15 0.48
-2074257 7815425.0 7859+420.9 -17524350 -3868+205 — -4334+149 -1008+150 643.54523
HARRY? 0 0.45 0.80 0 0.20 0.95 — 0.05 0.35
-7977+1.40 -15274282 38651229 -7722432.0 -2522+4135 43344149 — -3628+120 -21684475
FOLD 0.95 1.00 0.95 0.65 0.90 0.85 0.95 — 0.89
60294211 7859+11.3 2351+194 -15104212 5328+195 1008+150 3628120 — 35334381
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Background

Multiplayer no-limit Texas Hold’em is a typical
example of incomplete information game, and has been an
ongoing challenge in artificial intelligence for many years.
The following facts make it complicated: (1) enormous
possibilities of hands and undealt community cards, leading
to massive situations and computational overheads; (2) large
scale of solution space because the bet can be any size

between your amount of chips and the minimum bet.

Generally, there are two angles to handle this problem:
(1) game-theoretic methods, trying to search the game tree
and find out the Nash Equilibrium points with a range of
approaches. (2) knowledge-based methods, learning human
player’s actions and betting patterns to provide Al with
references. Our proposed approach belongs to the latter one.

As the development of gaming, players will take several

actions. The actions can reflect the information of their
hands, which makes hands reading possible. We predict
others’ hands through observing their actions in each betting
round, combining the action models of our opponents. We
leverage a vector to represent the relative probabilities of
each hand in a single round. Then we multiply the vectors
and normalize the multiplication to obtain the final prediction
of probability distribution. Then, Monte Carlo is adopted to
get our winning rate, based on which we can calculate the
expected value of each action, and make the final action
considering specific factors. To our best knowledge, this is
the first paper that holistically handles, designs and
implements computer multiplayer (more than 3 players)

No-limit Texas Hold’em Al based on hands prediction.



