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Game in Multiplayer No-Limit Texas Hold’ Em Based on Hands Prediction

LI Xiang JIANG Xiao-Hong CHEN Ying-Zhi BAO You-Jun

(College of Computer Science and Technology, Zhejiang University s Hangzhou 310027)

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 the precise hands, of the

opponents’ cards. Hands reading is based on the actions taken by our opponents and the real-time
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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 AI 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 AI. 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 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.

Keywords  imperfect information game; artificial intelligence; Texas Hold” em; hands prediction;
Monte Carlo
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AABGE T PIFEIN 1 58 8] i AT LY e 2] 2 A 18
LR
4.1 THHER

X BIAT A R I | BRI RS R (AR
FHOE SO D . A T BRI Fh v b, a3

AN TR Cree A REAR T AR b — 73 T 19 0 3 40
Clast_raive - WS I MFEF AR T RKE E Cos.
max(Cyyp Clasua;se ) < Crive < Cio (3)

Horpr, Coo RAEINE RTRI AR E. HIANHEETF Cou =
1000, KR 20, HAR E % 5% B E. At 7 B 14 kel
RN MG A 981 Fh & k& Rk — 4%
JE A% T 1 5 26 AT s 2 AT PR SRR 0 Y OB
WL PE K. R B AT R T #OR AL E 80 T i
AR TR 2 A B R S 0 AT R 4 A i (bet) | M
T (3-bet) VHE Z W N (4-bet K LA FD. H S ¥ m
CEAT MR R 1/2 i 3/ 4 Tt 36 i il 8 i 1ib 55
FEISE R R 2 d KO g X R e 2R Jr ke
28 RS 50 4. FRATT X B R IS A48 7% 5 T D 1Y
InvE #EAT R A 4.

(1) 1/2 JE s Chalf a pot). 75 &8 B4R . i 41—
FBELATR T Dy R L 00 LAV i Sy M X R A
14 Ji PR 2 25 % D7 R I 1Y) TG 28 (pot odds). 3] 4 5 £ir
PEFIEACTE BIRS AR B B 8T A RSB T 1/2
JEE At DU T BRI A IR oA 1 ¢ 3.

(2)3/4 K. X J&— A BH A B E. 4% 5 1)
W 3+ 7, B P L 0 R KT S i K Y
i H TGS 4 ABE 3R 5 A 2 JALRE L 32 0 2R U)K T 48 R A
WT e 455 ) Bsf T 05T~ 11 ) 46 14 B By %6, TR i 2 L
1B X6 T R A T B

(3) T G Tt T JEE b 76 LB KR AR O T L %
23 R WU FE S 0 1 T2 SR 51 4n A 5 0 T L
BT R G T A O FL AR O S s a3 A R R
LT X6 X e ik 3 b BRSSO X R AT
FAREGEWE A ORI EN, LI T A
WY F4LT.

0 << Cruine << 0.6C

1/2C,.. »

@ = {s/wpm, 0. 6Cpor < Cre << Cpor (4)
Chot » Crise = Cior

XF TIN5 B 4% BB R Y L i AT

DU R AT AT A 28 i R T Y i Ak

Craiee M FATHLAA BIAT N o 2R I () B 7R 19 W5 56

FAF 5. Horp, Coo & 2 1 IS M 1Y 5 i 5. — R 18
FEALHE B 2 WA FE I, B AR AT AR AL & 2 IR AT
Bl R oK & Al AT AR AT S B R — 13
VE S B — %6 Jc Bk 19 Bl VR AR ik 46 i 47 3. 1l o
R R R R

4.2 WFER

FRATTH X T AL A3 g W S 4+ T L R A
110 2 B AL, A0 0 5% 10 2 ik F & F AR A RE )
R R 5 5 R ST 00 J AR J5 7S [l 45 B0 T 43 SR B
Al F AT 2l o ROXE T4 2 1 F T L ieoh ¢ B AT
N e HER L Pla | ¢).

JIT I T L [ 2 48 4 T 7E B AT (pre-flop)
TR TR b R . TR — Ak T A R TR A
FEM TR BE T S AW R L T R I AH— g . %
T P A 2 A R AT Y. ke T R T Y e B
R B AT ALE SR H AL AL S AR T
AL PUF. FEAS R B e 7 B A R ARG AR R TR B A
PA A . 5 0 TE AL AT 43 o KE 7 (big blind) Al
/NE 7 (small blind). 4328 8OkS 40, 18 18 8508 Bar
R T A T T 1) I R B B . R AT R B —Ar
TR —F O E T AR5, BIA R
JE—~ T4l

Pio = { Priont s Pria s Prear s Prtina } (3

A 24 1 J2 6 T A TR A i L R v
Ak LR A 30 TR L P ARE L N b v i Al T T
DA 2o Ji 23R T B S PR 48 56 0 A7 5 55 HE P . 9] n
FEN N JRy s B 3% T 78 J5 060 32F A T R B A R R
3500, IS AAESL BRI IE v % 3 T8 5 0 - I A Rl
JEL LB FRATT 23 A R LT R HE 7E T R8T 9 i 35 %6 1)
AR AR K.

Xof T AL 1 5 AR A AT Oy 2 AL 2 R X
FAEAJRZ G R R R > 0 i sh AR s
HH R E AR RE 3. R B R B0y R . R L O
FAL | v S L 5555 LR T L. LS L AR 1 T AL P A A
0] DA IF 2047 Sy > B A . 0 an B AT R
(K@, Kdo ) 1] DL F B 38 L. by f (38 0, A SC 58
— R AT R 2 BB Y O kL O R T R
UGS

SCHRL 3 ]S 8 07 i 47 43 25 (bucketing) , P38
T HLES 2 2T B 5 1 A W DI 5 X TR L 3% ik R R
AR Z I RS, ERE R 2 TR AR A

@ http://www. preflophands. com/
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NG Ay 9] 3k A5 U B AR E X T TR & R TR
A7 R R BRTE AT A LR Ao 38 i 52 R R & O I
U A AT A FH - 28 53 A1 8 A7 450 15 21 FE 0 5658
P (¢ MR Py (OO UF AR 2 F 7 iy “ BRI
D[] A o DUJABE 2 AH X LI Pra () = 0 (BTN Dy 50).
12 DX ) T rh OBU Sk BT 7 L B Dy 8 38 DR G IXC ]
domain.3m. WHIH , domain.,=[0.57,0. 68 ]. U
B P () & domaing, » W R P, 5 baseline.
B AR ST 0. 61D s BERANXTAE Pro () WF 357
P.a(g)=

baseline.
baseline ; — Py, (¢)

(6)
1—baseline.y 7
IPW () —baseline’ Pun () =baselinea

s P () <<baseline

60 T T
—x— WA X {E

50 SRR
sm 40
&
Z30
=20

%

0.68

0.513 | 0.61 )
baselinea | oo ’ba-\‘elmemn
baseline;yy ) cal et

I
ity

|EE‘2‘£~‘
K 2 BRI ST F R DFmodel

RS UL s P (&) T 5 V5 76 58 36 DT AL X 1] L 4
XHH P () BUR A 0, &0 R P, (00 842 R
baseline , fHXME P (¢ 805 . & 2 ) it 4% s
PR T 0 F AT Ry BRI i 45 Fh 2 (i —
Tt PR L — AN R P, (4 € [0 1]) A HE FAH X
{E P (o) B a05%F T Bk 2y 0. 55 B % TSR vE
FRERE LR P () 299 10, 25003, 10 5 %) F-47 g 2
b R FRATTIRIAE Hie HR b AR T 145 B AH I ) HE 2 AH T
. feJa - ATHEF M @ W BT A mlRE AT R 2547 19
— AR Ab 8, BT F5 3 P(call| ¢,) . P(check| ¢, ) &5 %5,
F U AT I B T A I G AR S 04 ] A R T
FEE T A & R AT O i HE .

Uy
F R

B4R S XF T B A B 6 T CRP A 1 sk 2508 T k)|
1) FRAT TR 92 I 3 X 25 00 2 Btk A7 et IR A
FAFRE T3 09 2% B L 0, S AT A BX T
PR R 5 g I F AT 28 XN T 1 domainn 1)
PR EREAG. 3X R R T R AR A BT AT O B AR
FALTD A s A R TR FRATT e B T 8 T IR
AT 4 & domain., 1T BR. PR X AE X F—
FUBR T 150 WA f R T i R, FRATT A AR Y AT LA
A E X TR EE L R B B R
IR
4.3 pRBEIT

foE Hemf Z1, 2 % 2 HE i (community cards)
N AN IICH BT R AR — K e . R
S o SR U Sy s ) A0 TE R 0,0 A O Dy
A

A = {5119812 781‘3 981‘198[5} (7)
BB F T & CRAD & —A o4l
¢1 = {%1790:2} (8)

M4 2 1Y R PRI A, JATT AT LA IE R A
R B TR & T AT N o B P (| ). BT
B IEX F R —RUWAT N E TR RR,
P BN T2 5847 0 i R B U0 5 BL L FR AT i
XTI AT S T At A T (28 3R BOA B
A5 B . X B IR S0 A BT A ELAIRE 52 i X
FATNWEZ N R W T UL B S 052 H Ny
IR B R L AATHE.

FRATT AT 55 2 %8 X T+ B B R A7 T L B 2 00S
FHIIT N o BRI GX RPN F47 0. 22
SRAWAT I SRR BIFT o PO T4 o AT
UL O BRI AT T T R HE A0 AL A (9)
FIER + Passibarion T 57 C(50 —€,2) NI K AR FAE H AT

j\] a; EI"J‘%/RT 9%%%%’]?‘7 Dradhysees Sb(?(so €, 2) E/‘J*%
. Paicisibution 1Y PRI RZ N 1.
P gisuibution = {P¢1 ’P‘/’g (A ’P‘ﬁ(‘(;o—e.Z) } ’
C(50—¢,2)
s. t. (9

> P, =1
HofE:—t &R Py i F PR AR F AT AR
T OL T TR & AR
P, =P ¢} [a) (10)
R 2L A2 BEE 35 52 )8 T 8 M AR 1FE
W5
PUA ¢} @) =P(¢ | a)
HRAE 3 (10) L (1 1) Tl 2% 14 256 i B A

(1)
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b PG X Pl | oy SRS R . FLA IS (15 B,
i P(a,) .
=3 1 ) distribution —— l», P 15
Hort Play | )t O 6 TR L P (g 1 % Pasviwion = || Plvuen (15
W % 1 o B RER. T % 52 2 WEHL Soxt T AT B

>- Y Py 7

FRE Drsdo s s doio e, ZMER N [ EAH. P(a) & P‘/’, _ HP; (16)
k=1

TE AT 2 LR 2 TR AT o BOME AR, W) A
Hiu s P Ca) % BT T 0 & 56 4 —FE. A

P, = H X P(a | ) (13)
Horp s H 2 XA AT T U E 19 0 = AT ik
A5 X B — M ] BB TR o & (s s e
oo e, o VAT AFEIA N Y P, FRARHE (D)
() 200 S S5 A AT UH — Al Ak 3 A5 380 3R AT A R A T
5. T T T — AR H pE/ T 5.

1

P, — X Pla | g (1)

C(50—¢,2)

> Pl | g0

Z I FRATE 2 AR i A 57 A F AR L R A
LA HE S H X B A i) RE T R A MR A0 A (2
AT AL B —FE K. — R B 2 A8 AN R IR AE
B U AR AT LR B3R J7 A TR R A B
UCHIMERITAT Posssivusion- BOE H AT AL TSR BEAT T 7
B XFIX Y SRR I3 AT BEAT A5 TR L A 2 X TR Y

HA pliinion 52 55 k5 RERIME S S0 A1, Py S
HBICER ME. BT X R R AT T s o0 o (AN P
SR D AL WL IE B Py, IR 2 B T
B B3 AR X (7 3 A I — 1
P, =P,/ 2 P,
Sk TSR Y B M A R RO O i AT 4 —
BHARSZH]. anE 3 ron . AT F N (AW, ] ).
XF T FEA 1A, 80 R 0 3 5 FRATTH#E 1 A7 3R 3 5 HeAth
NI FERE FATHEA — Pt 2 He iy
A= {Ad.TE®.19.Qd .5 a8
X FTE RS B f - R (l FRATE T
T 5 TTRAE 5 T, B A I 5~ Wy B8 19 ] R
. R T BH R XT T AT REAFAE A WT R FRATT AT R D
B RO F- e B SE R  FRATT IR B TR X A K it
T L, DR I o 3 R A 5 TR R T T PR UK .

a7

0.020 g 0.03 B 0002
e 5 0.00036 E"
; ! 003 [54 T 0.0216 K !
5 b 0 il
L ! 0.0001 ¥le] A= 0,002
. : . 0.0001 - 0.0001 "~
H/—/ B — cae — . — en
SFAT N raise check-call raise raise ~——
22T 2t
BIEIE] [8] H R
] TR e i Pl
B3 ZA5E VB T R = 0 A 15000 A 1)

S FRATT T RE X T TR R 3, O RS T X

F AR BT 5 8. T B R T 3 AT QA7 AR 35

AR SCH 7 % o 8 DU AN 58 R A5 2, AN 7 Hb B T R

G ) T B A% B0 T T A BE R 40 A X T

FIA by Fha] fig:

hy = C(50 —€,2) |._s = 990 (19)

A F K& R BE AL B0 46 AL B P ascivucion 1 A ST 3 HE

B AT FRATTR B — T AT 58 1Y R HEAT 43 A axX HLDA
Xt 5 LA R Sy 451 08 £ 7 50 .
g={A® T},

¢ ={Kad, ]} (20)

(1) 7E B RRAT AR 18 2 (L) 12 75 T i g A 22

fBE A 0,01 A1 0. 002 CEE Ay B KL w15 e = v, 17 F+

¥ ATo H KJo® B it i) T hn ).

(2) RHRERE S o TR B X6 B fR X T 458 20 AT
Xof T ] 03 R OR AP B S T AN S A R . T
o I I I SR~ Wiy L A 3 LA O R R R R S
B AE X — A L AR 2 (14D S5 B T R AR
A3 iR 0,006 F1 0. 03.

(3) F WLBE] . ) WA H i AEATS SR TR
T o IR BT 008 SR~ 1 7 i . PR O o T A 58 1Y
T P 8 AR 3  hy 0.024 i 0. 024,

C4) ] AR o BRI T AT R RE S w8 . AR S 3t 23 3

@ Al i 2314 45 R B TE b — IR AT A — 1k, AR
AL AR SO R 2

@ ATo(AT off suited) F/RFM—iK N A, 75—k Nk 10, H R
[Al €. anfA) 2, W 3R A ATo(ATo suited).
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R[] Bof A7 A () 46 0T R 1 R0 AT BB X o T
AW I o ARATE AT AR 1 B R (L. b B X T 1)
Frash B AR e /M FE R XF o, T 5 SR TR B A I
T2 B[R] A6 W] Re M 1 JgUb o AR AT SR 2 3 . R L AE
TR L ¢, L o AT B INvE. PUE Rl 0. 005
1 0. 03,

(5) [ AR T ANV — k. WX (16) FF R L % B —
0 A2 A3 A ] EAT A5 . T AR N ) T R K
MIFR Z AR A M XA A o b 9] X6F 197 19 ABE 25 A
XA A

4
P, =[] P§, = 0.01 x0.006 x 0.024 X 0. 005
k=1

=7.2x10° 21
[R] 2, o, A HEZR AR XHE Ny 4. 32 <1077,
P, =4.32x107" (22)

ARV E A F AN MR EZ )G, K
ISR A =X L7 By 7 09 J7 36 5 % r A5 79 1) 42 47 1
— AL ERAE B AT 15 3 A 2 0 R O FRATTERGIR

NP, =210 (23)
DU 748 - G ) e 2 90 0 AE 23 43 3l n =X (240 . H
HATH (K, Jde AT RETEIE K T{A@.]JW ).
[Py, =7.2X107/2 X107 =0. 036 %
1P, —4.32 X 107/2 x 107 =2.16%
4.4 MHERIHE

AN FUMEAERGHCHEGT MBEAC
O JPE 23 AT K T A5 0 Tk 34 Sy ple S e O L S
F o — e A PR T A 5 R SRR
185 2 NEIMFh i b 2 0L T Tk AE T 4252 1)
Bsf a9 95 S A AT Re M. ) 40 AE — A U NS T 1) B
F VL S T 252 1 T 5 S R RT 55 A = A R TR R
AL IR R REE S

CiLX CiX Chx Ciia~1.35 X 10 (25)

Bl R B s 33k A5 ok R, I
R AL AR Z Ja L PR 8 SRR R I Tk ok
TR RS, R BE AL 2R B R R0 B IF 41 i ok
R AEGE ISR I 5 A R s A HE R o A
Y G TS I R = = /N 1 T > 95 YA
). BT X TR F O S AR LA 4. e
AT P Y HE RSP Pasibunion- AT I8 0K B AL
A OO T Y T L

BB MEE 1 PR AREX T F 46
all_hands /5 C(52,2)=1326 fh, ZHF M52 F
J CGmy_hands) 8L R (A) v o€, WIHE 2 & R 0. |

24

T FRATT AT LA AR B AR T B9 BB A3 A Pacibution s —
A g (X, I 4504 distribution 3.
Bkl JETHRREITEM R,
A : p[ 1326 Jall_hands // A AT RE T AL
INT ¢ /% F R
¢ q][1326 ]distribution / /% FF R A
¢my_hands // 20 T
it . DOUBLE winPro /T T5 AR T

Jlq]selected_hands / /B {i %t 1 T B A hyas
INT winCnt=0 //iC 5 R E
WHILE (N->>0) //N R ZHER &8s W
FOR C(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[g]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
P T ORILATHEAT N KGR, & 5. 727 2 A
X Cop p) 6 T i CHEL 52 B . F it T At
ER I3 A0 & distribution[opp . BIE T opp BT
FRor AT BT L ERR B T E . K
BB A T A2 00 28 L Ji AL Je s b i R e RO
e Bl R ARE N OB BT A A i R I
SEAH. R a8 A7 I ) o B 4G Ry 3 Hr AR B N 1Y)
S AEAA A FRATTIE I T — A os i LA N S 3 A2 4
JHE SRRV AR I 1) O DR 2 L 2 df T IR 4L &)
s R ACUE N I8 B — % {EL I (40 500) , ik R AE
78Tty WY S WA R A P kAU T A i
B M SR A
Bilanfe iz b, FATHC N € [900, 1000 155 il
P18 JE A 1) SF- 27 880 62. 3 V0 A Ay e SIC{EL 19 3 B 24

O MAKRMDHERNARE S B RKDEN RS0,
http:// www. cs. helsinki. fi/group/asdf/sources/Plugins/
src/com/asdf/plugins/pokergames/



1y OIS T TR A 2 N TE R RN b e IR Oy ik 57

0 100 200 300 400 500 600 700 800 900 1000
T
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AR EL

B4 SR i AR Y BT B B R IR 1 5
N € [400,500 ] i, R AH Hy 62.5% + 3. 3%. &k
24 N BN E] 400 % 500 B, 245 15 1935 22 40
H95.62% , HARIN R (26) fr s, A IE, BB N 3
T s 3 A7 B () 0 422 30 28 17 b 24 0. A Sy R B R O R
AHE A A 1 25 2R . A 30 N 500.
HMX<6zs%—w6z5%—ﬂ.wé»/&.wé 5 62%

(62.5%+3.3% —62.3%)/62.3%

(26)

SRR WS % T IS Y E R N R = 87l
TN REE MR B R. kT E R g
S Xk T i BERfr T 19 ME 32 O3 A 3k 5 T L X T T
MR REYE R 24 h=1326 Fh . 5 I & B0 I ) 52 2%
BES OCqh) . 35 F RS2 8 A 1T judge O bR $CE 1T
. W S BRSSO TS ¢ i T8 —
P, — B & B T B9 B s T O J7 s WA Ik B
WA T 7 /Y SR T B A 0 SR R B xS R
B AR B O IR IR R IE 17 (A 2 2
K gh—+q B A BEF] ROR A OCqh) . I % 1
(R I [A] 52 2% 22l O(Ngh).

A F 55 R T A T RE I R ik RS
FERIs T B A I L.

(D IGEF & 2% B, X 25 AL 55 RIEfE 2
N P L 63k AE A B ) P 5 B 5. T b
RGBT AT AL SRR TR B R A A O(Ng)
17 H T P D TE A B AL flE FH — A b v pi i A7 1 g,
i q=23 CLFRAF L. g AL 10). & 4 7] 51,
FLFERT A 10 ms 4.

(2) Wy etk s NEEWE 140 A il 1. 52 R %
0] E S = Ry R e <A £ 7 O s W o
NEC R B Be b T & AR AR AR ] DL i 3
HE R 1% R AR N X

(3) 1oy A A M o DR ) 522 % B R B3 1 G S50 43
Br BT LA FRATT AT DL S T N RN, RS

b 7E G I RN AE A B AT R R L U, FRATT AT LA
0 o 7 A A R R R R 1 1 P B AN R I R AT AL
ity 47
4.5 RRHEE

Bk 2 RRRATYR B E i — . RN
iR ATEE T =AW B EAE AT 3 2% .
I T SCRC22 0 T BB R o A
JUG L R — A S P AL E e, AT Adjust Thr-
AccordingToScenarioO) 2 & Y4 i J&y % 4 %% [ {E.
Q2 T2 DTS b B A T B i 3 R 70 040 A RT DL
T T e AR s = N B AU 22 55 %0 11 i
RIS E PO R0 I RE BT N N C S E A R e
FEAT 0y et 1) e 230 IR 22 o G R 08 SRR R AR 0
i (1 DU S 7 o CE T NG S = Ry DA S B ED VA9
H getSpecial ActionO) 1% [ 55 5k Ab B () 45 . & J5
FAT 2K 41 ~4. 4 ST A winPro 5 H{H
HEAT P XS o 3 [T A L B R AT .

Bik2 ORI EREAR L.

i A : DOUBLE call_thr // PR (A
DOUBLE raise_half_thr /I 2 A4S T T R
DOUBLE raise_one_thr /I — A R [
DOUBLE winPro T T

i i« action /s

AdjustThrAccordingToScenario() ;

IF (isSpecial())

RETURN getSpecial Action() ;

IF (winPro<call_thr)

RETURN fold or check //#nJ6#: check, N fold

ELSE IF (winPro<raise_half_thr)

RETURN check or call //#17Ei% check, MU call

ELSE IF (winPro<raise_one_thr)

RETURN raise_half_pot // T {EE Mg

ELSE

RETURN raise_one_pot //F {#— i ith

B F IR R R winPro B4 N TE# % B T 5]
F R ()~ 6) X F I TR KA X FAEA SR
R TEAT O TR A SRR FRATH R (1D~ (3)
PEAT T I ik,

(1) ZER TR A FATDRE 25 55 T8 B2 23 S 1
U 10 AMRE T &% (10~80 MR E
T MR S G T 80 MR E T . AL 45 - TR 55 14
T T R DX 1A A T R R A7 3 A 4T FFE R
P el % S it B T T 0 5L R R O T A
Sl

AN X WIINECE: 2 7% 0 AR Y ST R SRINE TP
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L FRATAE B AT = B E raise_call_thr M2
T AR T RS- 359 R sl S v RUBRE . TR R AT 2
/5 B {H raise_one_thr, DI/ K& 1Y T 1. 7E 4
J H o B U A I

(3) . RIS, B AR B [A) RE %6, 4T3k
AN R] . AT gl B 7R (g W R 00 2R AT e . FRATT EL A
AR AR L -

D T 39 Sk T I P9 e 250 o S 0 e DO 4 A 5
L 24307 R 0 555 » G 38 W o ) R 9 . AR AN G R
PR 3 0 & T 14 280 4 A A 7 o B PSR ]
A AR ECIEA T A . S T 8 sl ARG, R Ry
=5 %1

@ JE B H s 5B A T4 A0 T g B R
A HEE A A5G L (HL S 2 B TS R/, ZE SRR
I REFE IR AL 1~4. 4 3 A RT3 i 15 3 S5 15 0l
Ok #2300 1Y Bk % AR B Ry 30 2.

1 b Rl v SR B SR T {EL I SR A
N —RE. R T o R B AR T AT L T
R/ F R, RN BB 2 BT R AN 538 L (HAR 215 B0 T
A BRI BRI 2. T 2 W E 8 2 20T 5 WU
b o T A T S % 28 T 0 S

DPsows = =29.7% 27)

5 XWHER
51 ZWSH

FATIEHE 2015 4EHE Dy R S B0 Bk R R 9 £ A
SRR ITAE I HZE X F. X Be R P 43 B R R AE &
52 18, Hh A7 (XDDS, FANDY) # A & 28 (256/
3865), PUAF# )¢ (HC,LUO, HARRY1 f1 HARRY2)
HEA 4 [E S e FE (32/3865). 1 H 48> AT B R
B X 55 WUg 25 5. 18 5 S HCLHARRYL FiAs SC##
J¢ (FOLD) 5 R Bl ge it nTLVE . =R F G
Ve fINTE B E 2ok U e 3 MY B 91T A 22 AR KR
A SCAr R AN 3R 2 PR i€ I 4 B aE AT PN

K2 ZRFAAEH

2 TN 2~8 A

Lt 2% JRy B 600 Ja (Fi¥7)

N KE I 20/40

ZEEHE &

45 $8 b5 He4a RS R B B T A B I Bl

RIREA 2000(50 MR EHTE)

IFET N 2000 (AR 1 Y0

EABFIHATH T LT BRZE 600 .

. B3 HL B T A e 2 5 RN SN S T R T A 56

ROV g 9 O P R U 4% 8 R ML O S R R
HEATHEA .

FER N NFE. LI 1Y FELAC B AMD Athlon 11
X4 535 CPU.4GB N £. {#i il Oracle VirtualBox fF
NP E . {# A Linux Ubuntu 12. 04 &L HL.
LA E 1 GB NAFEA 2 4~ VCPU.

0.7

D7) raise % check = fold |

0.6 -

0.5

M- 0.4
= 0.3

0.2
0.1
0.0

turn river

0.8
0.7
0.6
0.5
= 04
0.3FpE
0.2
0.1
0.0

d check =5 fold

.......

sre~flop

=

(b) HARRY1

o raise [ call

check =S5 fold |

0.6
0.5F
M- 041
0.3 F
0.2+
0.1F

flop turn river

(¢) FOLDCASREF)
HC.HARRY1.FOLD(A S F) W3 1E 42 1t

pre-flop

& 5

FER B T3 )
SCHRE 25 12 A T B /R AT A 2 B A5 06 T i 6 114
PR AR AR IE S Markov. 3% 3 1 1)
ACPC 1 WA BREE TSI b 58 10 18 25 10 X Hox
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Background

Multiplayer no-limit Texas Hold”em is a typical example actions. The actions can reflect the information of their

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

hands, which makes hands reading possible.

Our method predicts 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.





