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Hexchess game system based on UCT
WANG Xin, LI Yuan, WANG Jingwen, LI Zhengyu
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[ Abstract] Hex Chess is a kind of computer game based on the shortest path, all kinds of search algorithms can be applied to the
game system, this paper puts forward the search method based on UCT algorithm for the characteristics of Hex Chess, and optimizes
the whole system with the combination of the strategy system. The game system developed by this algorithm obtains the winning of

the computer game competition in Liaoning Province to verify the validity of the algorithm.

[ Key words] Hex; UCT; computer game; strategy system

0 5] &

LA TR AN TR e — A E 24, 2
WFFENS G2 2= R RE , TH LR SvA 1Y
WM N TR T 58 TIF 2B RS,
BTN TR ARSI HE R . LS AL
BRI A B 04 B[] P9 4R A5 12 1) e A 4 S, JE
FOR FEAL TR, A5 (B2 0T Jay T8 ) — Fh 7
i, S PPAL 5 0 2 e, Al B O 10 A8 2 RIAE XT3 /DN,
PRIt , 7R TR X 1) & A R s R T AL
IR EEMTRN A . Hex BURIT JLAF D4R
VAR eI [ B T AT LB AR UL S AR R A 1)
WHZ—, H 2016 458 83 B HE LI br 78
MLLFEIH .

1 Hex #HEN

SRS 11 11 NI BT AR
BRI RGON L EA AR i 4T
o (R AR AR /S T Bl A ~ K, W £ (9hTi) ) A bR
IRTEEER 1~11, 008 1 Fzs

Hex 5 14— A7 79 o 250 €20 1) B3 2 AR (g 48 I
MI7SHTE HTTHE ) , AL 5. XHZE MU & h—Fh i
LT, Hex BLAGUEHIN . (1) LRI IR ),
W7 V& T, B H e TE — T A 5 4

EEEN: T F(1997-) 5 AR, FEOSIT 1 T RALEEE,

—DRIE IR . (2) PIASAIAR 4 [R] LT A
AR, (3) fe ok IR A P4 i 5 ) it
T — I RHE(BIIIPE 1 R LI iE) o (4) A
FAAEFIRE

Bl 1 Hex #Hid#E
Fig. 1 The board of Hex

2 B &

THAMUZE itk (14 5 Z A O AL R 1 R B L Al
{8 B G A8 R BRI NA | DL R )
KA /N e SRR A — o A R IR
d, IR B RIREE d B 48 R0 o AN pR AT
FIPPAR(E IR R Ar 3, YT He A w8 Rk
9 UCT 8 RFL T AR R i () i 8 2y skonT
¥, HBHEAT 08 AR v LASRAS HERR A 45 5

S WE(1976-) A W HUR, FEOPTEO I N TR RERBENLIE R E

FC(1965-) 3, TARRIN, ERHFTT5 1) . A TR REAMR B 24 ZFIRT(1997-) 5, ARME | ERWFFT 5 1) A H MR,

B 2020-11-26

of RSB Kb ) @ AR S S A




5 6 1]

T2, 4. BT UCT H3EA Hex MEHIZE RE RIS 117

2.1 UCT &i%

UCT Fik 2 — Tl AL I R 75 22 Monte~
Carlo B EM M E ., B ¥ Monte-Carlo 55355 UCB
NS E 3 Ry SRR AL R RS R T
M IR E RS RR, RN 4 SO R IR
FTLAASTR] ALt AT AR BE IR 4 R < TR A3
P TR ACR, UCT Sk R N e #5322
i AR AR SE R

/21n(ZTI.)
r,=v, +c¢ X T (1)

o o, JELATT A, (BT ) AR S5 B B 1
FLES R, Rl T AR U5 H 5 B2 R AL )
(719 05, n, REARAIEAY I FRAE A IR, 7, S5 4 n, IOV
PR, A2 Bl R PN S B SR 32 TP A IR B ¢ 2 — A
S8, R B AL e i 2 e AR

UCT Ak g AT i B &l 2 fr s, UCT B3k
() 4 A AR 0 38 5 N

(1) 3EHE, MARY S K&, 3 I 1 05 ¥6 6
B AT R TIE R, BERR r, BRI RAE R
T REBR TG, E R A

(2) PR, AP A BT AR
AR R Y AT A I R I IE A
bk v (EAT T,

(3) D, TR DF BRI S5 T A Bk i
T S BENLERE T 2, T A B PEA SR
AT LA R A faT B, o, 24 2 05 AR R SR 1, X0 3k
R 0, 38 A T URAT B SRAFH v 1,

(4) JIAERE 4t Sl O B AR B
v M TS UCT B30 12 45 2R n% 0 R B4 1
AT 8 0 AT B, HA B AN

T=YT, (2)

Z v, T,
v= I (3)
RIACS AL IR R T 2 A i1 s D Tl
BT, Z Ao S SR RN A T A o, BINAR
XA AUE A T s s IR B T/ T, S5 5% a4
-7 P IR IS R AR G n) TR, HEIR
22 REERL
MG R G T EAEN T Hex HLAY—BBRRRRALAY
IXEEAHCRY H N ] DA 5675 1 AR AR R 25 Y AH
(T RLSR LS/ DR P R I ] SR R e

FIETIOLE BHHZRA AL E ML FILAS 3 Rl

(1) TCHNEE . JCIEWb—TJ7 17 ML AN 2 %) e
AP EE R A, Y — AL, Tig e
HTPRAML AR 4T, s T T XA 25 SRR A )
B BT AFRATT AT UE B CE A T 3 B B2 A
REYTCHILE

piizsd £/ s anfEi

E 2 UCT EEpEARiTRE
Fig. 2 The process of UCT

B3 TRAME

Fig. 3 Useless position

(2) BeAliaR e, 18] 4 FRaMESHEA A
EARICHISTTA , AR BN 7R — A EITHS
SRMLL AR S — A IO DRI A AL 3% TP
TR LR AL, T ELIX P> B TTAR R (B 3
AR FATRRIE P BAITAR PR TR, TR
Kl 4 Frs B2 e , FRALDT AT LARFIREAS 2575 4 T
ARV E, AT M e — MR,
A BT

E 4 #RiZHBTHREEERER
Fig. 4 The marked hexes can be occupied by Black without

changing the outcome of the game

(3)FIS, R FIRE S NN FH T
—LEEAT S, EWRREE A2 SR, Bl
TEFEL 5 Brzs iR 25 v B R 3R BAoohs ot 1, p
P, AU OO 5 10 BT IE

B 5 B#EERXGSLREE
Fig. 5 Black hex forms double bridges to the boundary



118 B o /5 M5 MM

510 %

AR 3 FIE A& Hex BUHZR R G0 H WL 3 iR
A TEWZR R TR ] UA R S RAUR
2.3 UCT &Lt
UCT Bk i i afk 3 AT X Hex (945 s 172K
HEO K Hex LMY RIE RG4S UCT Ik LS &,
HE— 20 B AR R A 1
2.3.1 WA R
T SeXt BT Al R L E M AT G B TS AT
XFICH EATBY AL, AR 3 PR R TR
(1) ST 8 m, BRIREL Vv, 35 B E B n
AT, V, > n.
(2) HT19 8 m, BRI EL Vv, L S oy
SECH WA R TR K = 2,
Vi> kY V. (4)
(3) SR A R LT A S o 1 A e
R HEA TR . X IRATER v, 25 s TRk
B, X, RAEBIRER o, &I AIET S m, R bR
e, X, FlX, 3508 m, B R EE R R
NH
X o=x 4+t 20 (5)
L i g\/VTQ ,
X, =X, - Cgi(-) (6)
' e/V. o
o C ¥R 1.96, C Yo T 92 Fr k2 T b 11
Fil,1.96 TERA 95% MR AL FixX A~ B A5 X [A]
AR A R 2 BT A m, S BT S 1T A

HE T LS T A m,e BERLOR T B, sk
Wi 2 T ARk, W m, WTLAREHA R .
X, - X, =Th (7)

sssssss

2.3.2 W RN R GERY T R

FET S B p B et HH A T ol
LB, TR o v 467 AL A2 0 SR S AL
TR R AR SO I BT . BB A RLTE 3 AhsE
T .

(1) WUF A shE e, W 6 frr, FALRE R 2B
TR, ARAHL TR Dy — i ol PRUEE S . SIS AT
S A SR AL AR OO , 2SR s A i [
o PRUEZE S 0] B AT e DU R A, P L 2
HEFTARLALL

(2) AR X Bl A B e, X ZEA U A AR 4
PRI LA R 1 DX 38 (BT 4 ) JECFE 0TI 2 €5 1) A
T

(3) TS B EATHE, AN REEHLALAL) T IE i

BFRACE S) AR AR A sifT LR 5
PRI

B 6 RBMHEMRIEFARER

Fig. 6 Black can always keep the two stones connected
3 XWHER

T AT AL AT 47 A B G Alpha - Beta 7% |
UCT 553k 255 T 3 R n kit 19 UCT 3303%,
AR SCHTBEHEAT B HOA AT XF L b 3 M7 kAT

N T REREARAT A R R FE AT AL
T Joxt UCT Bk 28 « dEAT Ak, AT UCT 52
E5WIZRY Alpha—Beta 5855 b LIRS BS54,
ANTFIHY 50 B 100 K, 585 T4 50 1k, H
PLALEERILIE 7,

0.8
0.7

% 0.6

0.5 winrate vs. UCTK
04 UCTK 4k

0.10  0.15  0.20 025 030 035 040 045
UCTK

B7 UCTE#ESH cHRLER

Fig. 7 Optimization result of parameter c¢
HRAE UG 2R £ ¢ O 0.34 1N L 240
YO PR 19 0 J P A S A 0 b R MU A
5. AUT% 1 n = 50 FHERCRIFIY TS 3 A
[R1HY Th JEAT EEAA AT 8,

0.30 . .
winrate vs. Th
025 5% 3 k%
2
£ 0.20
=
0.15
0.10
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
Th
B8 AERIMMR

Fig. 8 The winning percentage of option 3

i EE AT %E 3 F Th 0.8 B R ek, 2
MRS 0.5, UFBI T 2 1 IR R AL T
3R, EIOT R 1 PR RIS B n
55% 2 I X X EEZE SR LR 9,

H b TR AN [R) RIS YRR n X EE T 58 2 R
1E0.5 Z£47, 24 n B 60 I kKK 3] 0.57 Feflb, LA



5 6 1]

T2, %, £T UCT BiEH Hex MR RIS 119

¢ = 0.34 2}y UCTK 2500 b 58 4 itk (i AR L
FISR IS 2258 B 5 1 UCT Bt B rh 2e 5 T4 Bt
ZE 100 Jay, XF HUI 4 R L 1,

0.56 winrate vs. Th
0.54 VESNblEES
2052
§ 0.50
0.48
0.46

30 35 40 45 50 55 60 65 70 75 80

n
B9 AE1MBEE
Fig. 9 The winning percentage of option 1
F1 BE#HEIE UCT XL R
Tab. 1 Comparison of different UCT algorithm

MEEREC ke R /% SeRF
100 86 86 J5F
100 93 93 ST

M T SRR R HAT AR UCT HiEZ
e MZEAETR & A R R GRSt UCT Hik S
PR UCT AH HE SR A B 2 [, 68 2
T 5 F, i) UCT Bk R E R T
0.5, 5 f—H) UCT 3L LE , 5 A RN R G0y eleitt

UCT Rk BAT R AR

4 HRIE
I UCT k&5 5 B R SR 2R 48l LUA B50d

i Hex BEA T RE R SRR A RS T SR fL

B AP UBORIR R[] AR e 170 SR Y

BOR, OB E I RN Hex MR AR P3R4 T

2019 4L TAEARR A A AL IETEFE Hex #1

W7 % 2019 AF A R A2 AR TR LSRR8 Hex #E

WAL e IIE T IZ A AR

S 3Lk

(1] 3+ 5 HL 1 g K 28 Hex HL il Xk #L W [ EB/OL ]. http://
computergames.caai.cn/jsgz19.html.

[2] KLOETZER J. Monte Carlo Opening Books for Amazons;
CG2010, Verlag Berlin Heidelberg, 2011[ C]. Springer.

[3] GELLY S, SILVER D. Monte—Carlo tree search and rapid action
value estimation in computer Go[ J]. Artificial Intelligence, 2011
(175) :1856-1875.

[4] HUANG S, ARNESON B, HAYWARD R B, et al. MoHex 2.0 a
pattern — based MCTS Hex player: International Conference on
Computers and Games, Yokohama, Japan, 2013[ C]. Springer.

[5] BRODERICK ARNESON R B H P. Monte Carlo Tree Search in
Hex[J]. Trans. on Comput’1 Intel. and Al in Games, 2010,2
(4):251-257.

[6] RASMUSSEN RUNE M F. A Move Generating Algorithm for Hex
Solvers; AI2006, Verlag Berlin Heidelberg, 2006 C]. Springer.

(B35 115 11)

M 6.7 WA FE X-DSP f7fifi 25 [ 4b F ARtk
A(CSM=1) FEEAARA (CSM = 0) PIFHE DL T 58
BT AR BT D REINA . RIWIFAEAE ORI T
P T X-DSP i S ] B O ar D s BELIEAS B
AT TRIASCBR B8 FH 2 U5 TR) A7 D4 DX, ) e 7 A 4
AP (AR U5 1) bk T AR i
4 HEXRE

A SCER RS X-DSP it 2 ] (14 15 0] 42 4 i) i, Kk
TREF ORI O7 V5 58 T AR IR 9P BT Y RTL 4065
Iﬁl‘l‘,}?féﬁﬁ System Verilog Assertions i B 1A AR
PEATTRY I RE IR PR R, WS iy 58 i T A7
il R4 BATCRY DI RESAIE . [RIIF, 72 X-DSP S8 i $iiE
PR R AT FPGA L BYBGAIE , 58 1 T A IR 37 5T
AITIREM, ZRR W], P i A7 g 47 BT 56
BT X-DSP Fifi =3 (0] RO BRI I RE . LAk, W &
BAE I EAMURIE 7 RS UE M SE A M B 4 L T
7T R
Sk

[1] XIW. T £4% DSP ) DMA 5 [a) 5088 — S Ak Fge i T &
5[ D]. EFiF2ER AR K2, 2016.

[2] FIORIN L, PALERMO G, LUKOVIC S, et al. Secure memory
accesses on networks — on — chip [ J]. IEEE Transactions on
Computers, 2008, 57(9) . 1216-1229.

[3] AHN D, LEE G. A memory —access validation scheme against
payload injection attacks [ J]. IEEE Transactions on Dependable
and Secure Computing, 2014, 12(4) ;. 387-399.

[4] RZH:, BRX, AR BT84 F0KE 1 SoC JilE+ A5
[T]. Wi T2 5381, 2011, 28(11) ;48-52.

[5] Rl BAEW, KT, LR UETEAL BEAS 7 50z BT b i b
LI, TR, 2017, 43(2) : 29-32.

[6] ZEEW], SCoKk, R, 5. 32 I #E W] I8 200k Jr 1k 30 UE
SpaceWire i FL [ 1. /NEVRIIT B AL R 4, 2012, 33(6) .
1372-1376.

[7] CHEN W, RAY S, ABADIR M, et al. Challenges and Trends in
Modern SoC Design Verification[ J]. IEEE Design & Test, 20177
=22.

[ 8] PORTILLO J, JOHN E, NARASIMHAN S. Building trust in 3PIP
using asset—based security property verification| C]//2016 IEEE
34th VLSI Test Symposium ( VTS). IEEE, 2016; 1-6.

[9] SHIRAZ S, HASAN O. A library for combinational circuit
verification using the HOL theorem prover[ J]. IEEE Transactions
on Computer — Aided Design of Integrated Circuits and Systems,
2017, 37(2): 512-516.

(10T BRAN, TART:, 5500 45, T T BT ML 0k T i « i R K
BEHLY]. ALt RA22 4 ( A ABLE ) , 2016, 52(2) : 363-
373.



