Tap chi Khoa hoc Truong Dai hoc Cén Tho

S6 chuyén dé: Cong nghé Thong tin (2015): 17-24

Tap chi Khoa hoc Trudng Dai hoc Can Tho

website: sj.ctu.edu.vn

PHUONG PHAP CAI TIEN HIEU QUA CAY TiM KIEM MONTE CARLO

Nguyén Quéc Huy' va Nguyén Khic Chién?

! Khoa Cong nghé Théng tin, Truong Pai hoc Sai Gon X
2 B6 moén Toan - Tin hoc, Truong Pai hoc Canh sat nhan dan TP. Ho Chi Minh

Théng tin chung:
Ngay nhan: 19/09/2015
Ngay chap nhan: 10/10/2015

Title:

The efficient approach for
improving the Monte Carlo
Tree Search

Tir khoa:

Cay tim kiém Monte Carlo,
Ham luong gia, Hoc tang
cuong, Tro choi ban co,
Chon lya dac trung

Keywords:

Monte Carlo Tree Search,
Evaluation Function,
Reinforcement Learning,
Board Games, Feature
Selection

ABSTRACT

Chess playing is an area of research in artificial intelligence. Traditional
programs were built by using Minimax, Alpha-Beta with any heuristic
evaluation function based on knowledge of chess players. It is difficult to
design a good state evaluation function. Moreover, A traditional tree
search is suitable for the games that their branch factor is low. Monte
Carlo Tree Search is a novel framework, and very effective in some high
branch factors such as Go. The Monte Carlo Tree Search model is
combined from Tree search, Reinforcement learning, and Monte Carlo
simulation. In our view, we can improve the performance of Monte Carlo
Tree Search by studying how to improve the performance of reinforcement
learning, or to improve the Monte Carlo simulation. This paper compacts
the most efficient way of Monte Carlo Tree Search improvement and
shows its efficiency based on the experimental results.

TOM TAT

Cdc chwong trinh danh co la mot phan nghién ciru ciia nganh Tri tué nhdn
tao. Cdc chwong trinh truyén thong dwoc xdy dung trén cdy tim kiém
Minimax, Alpha-Beta voi ham luwong gia dwoc xdy dung dua trén tri thirc
ciia nguoi choi co. Viéc thiét ké mot ham heong gia trang thdi tot thuong
rdt khé, hon nita cdc cdy tim kiém truyén thong chi phit hop véi nhitng tro
choi ¢6 hé s6 phan nhanh thdp. Cdy tim kiém Monte Carlo la mét hidng
tiép cdn hién dai va hiéu qua trén nhiéu tro choi cé hé sé ) phdn nhanh cao
nhw co Vay. M6 hinh cdy tim kiém Monte Carlo dwoc két hop tir Cay tim
kiém, Hoc tang cuong va gia lap Monte Carlo. Voi cach tiép cdn nay, ta
c6 thé cai tién hiéu suat cia cdy tim kiém Monte Carlo bang cach tim hiéu
phwong phap cdi tién Hoc ting cueong va cdi tién gia lap Monte Carlo. Bai
bdo nay nghién ciru cdc thanh phan chinh cia cdy tim kiém Monte Carlo
va xdc dinh hudng cdi tién hiéu qua nhat ciing nhw thie nghiém da chimg
minh tinh hiéu qua.

1 GIOI THIEU

Tim kiém vira 1a phuong phép giai quyét bai

Connect-6,... trong qué trinh choi s& xuét hién cac
trang thai ban co khac nhau c6 thé biéu dién thanh
mot ciy tim kiém (hay con goi 1a cay tro choi).

toan vua 1a phuong ti€én dé chuong trinh thé hién
tinh thong minh cia no, nhit 1a trong cac tro choi
dbi khang hai nguoi choi. Déi v6i cac trd choi nhu
c0 Vua, co Tudng, co Vay, co Caro (Go-Moku), co
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M@t cay tro choi bao gom tat ca cac nudc di co thé
ctia hai ngudi choi va mdi nut cua cay thé hién mot
trang thai ban c& 1a két qua cua cac nudc di. Tir
mot nat hién tai c6 thé co nhiéu lua chon cho nudc



Tap chi Khoa hoc Truong Pai hoc Can Tho

di tiép theo d6 dugc goi 1a hé $6 phan nhanh. B§
sdu cuia cdy tro choi 1a s tang cua cay. Khi dbi mat
Vi cac cdy tro choi phie tap, mdy tinh phai xét
nhiéu trang thai va can nhiéu thoi gian tinh toan.
Thong thuong tri thirc bd sung cta cac linh vuc
lién quan dugc ding trong viéc thiét ké ham luong
gi4 trang thai dé giam khong gian tim kiém. Ding
tri thirc bo sung tiét kiém dang ké thoi gian giai
quyét bai toan. Hién nay, tri thirc bd sung dong vai
trd quan trong trong viéc loai bo nhanh. Viéc danh
gi4 trang thai co tét hay khong tiry thudc vao chat
lugng cua ham lugng gia trang thai.

Tuy nhién, néu dé sau trung binh cta ciy tim
kiém 16n thi con c6 thé kiém soat bang ham luong
gia trang thai, nhung hé sb phan nhanh 16n thi nén
ding cach khac. Trong cac tro choi, néu ¢6 nhiéu
nudc di “co kha nang, nhung khong htra hen”, thi
nén tranh nhitng nudc d6 cang nhiéu cang tot, dé
giam tong chi phi tim kiém trén cdy. Phuong phap
tim kiém truyén thong Minimax véi tia Alpha-Beta
thuong dwoc dung dé tia cac nudc di khong can
thiét theo co ché nhanh can. Pé phwong phép tia
Alpha-Beta hiéu qua, thi thir tu cac kha nang di
dugc 1a kha quan trong, thuong nguoi ta dung
“ham lugng gia hanh dong” dé sip thw ty. Doi khi
cac ham luong gia hanh dong con duge ding dé
gidi han s6 nudc tim kiém. Lay vi du, chuong trinh
cO Vay (Nomitan) [10] ctia Ikeda va Viennot chi
tim kiém 20 nudc di trén khoang 300 kha ning c6
thé di dugc.
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V6i hidu qua ciia cay tim kiém Monte Carlo
(MCTS) [4] trong nhiéu linh vyc, trong d6 co linh
vuce trd choi, bai bao nay giéi thidu cac thanh phan
co ban cua MCTS, véi hy vong sé gitip nguoi doc
¢6 thé hiéu va 4p dung trong twong lai. Theo mot
khia canh khac, chung ta ¢ thé hiéu MCTS dugc
tong hop hiéu qua tir ba mo hinh kinh dién: Cay
tim kiém, Hoc tang cuong va Gia lap Monte Carlo.
Viéc so sanh md hinh cay tim kiém truyén théng va
MCTS dugc thé hién trong Bang 1.

Pong gop chinh cia bai bao gom cé:

— Phan tich cac thanh phan co ban cia MCTS
dé xac dinh hudng cai tién phi hop nhét (bang 1).

— Xac dinh huéng cai tién hiéu qua tir nhiéu
cong trinh da cong bd (phan 5).

— Cai dat thyc nghiém dé ching minh hudng
cai tién dugc néu trong bai bao l1a dung din
(phan 6).

— Bai bao la mdt trong s it tai liéu tiéng Viét
mo ti vé MCTS.

Phén con lai cua bai bao duoc ciu triic nhu sau:
Phén 2 14 bai toan “Tén cudp nhiéu tay” trong hoc
tang cuong. Cay tim kiém Monte Carlo (MCTS)
duogc trinh bay trong phﬁn 3; Phan 4 ban luin vé
vai tro cua hoc tang cuong trong MCTS. Phan tich
hudng cai tién hiéu qua MCTS hién nay dugc trinh
bay trong phan 5; phan 6 1a mot sb két qua thuc
nghiém trén cd Othello. Cudi cung 1a két luan va
cac van d& mo duoc trinh bay trong phan 7.

Bang 1: So sanh cdy tim kiém truyén théng va Monte Carlo

Cay tim kiém truyén théng

Céy tim kiém Monte Carlo

Mo Minimax + Tia Alpha-Beta Cay tim kiém + Hoc ting cuong + gia lap
hinh + tri thitc Heuristic. Monte Carlo.

Tich Pht hop cdy c6 hé s6 phan nhanh nho, Khong phu thugc tri thirc Heuristic, phu
cuc va cd sin ham lugng gia trang thai tt. hop trén cay c6 hé s6 phan nhanh rét 16n.
Han Chi phi xay dung ham danh gia trang Phai can bang viéc khai thac va kham
ché thai thudng rat cao. pha, phai c6 chién thuat gia lap hiéu qua.

2 HQC TANG CUONG

Trong khi hoc ¢6 giam sat dwa trén cdp cac
thong tin dau vao va dau ra chinh xac dé xay du’ng
mdi lién hé giira thong tin dau vao va dau ra, mdi
lién hé nay dugc xem nhu 1a by phén 16p dung dé
du doan thong tin dau ra khi biét dugc mot thong
tin dau vao nao d6. Hoc ting cuong khac véi hoc
c6 giam sat & chd khong bao gid c6 duge cac cip
thong tin dau vao va dau ra chinh xac, cac hanh
dong gan toi wu trong mdi trang thai ciing chua
chic mang lai két qua t6i wu vé lau vé dai. Hoc
tang cuong la mét phuong phép hoc danh cho tac
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nhan dang ¢ mét moi truong khong b dinh véi
muc tiéu cuc dai hoa két qua cudi cung vé lau vé
dai, & trén moi truong nay can co sy can bang giita
viéc khai thac tri thirc hién hanh va kham pha tri
thirc méi tir nhimg vung chua khai thac. Viée can
bang nay trong hoc tang cuong hau nhu gidng bai
toan ndi tiéng “tén cudp nhleu tay” (multi-armed
bandit) trong Iy thuyét xac sut.

Bai toan “tén cudp nhidu tay” mo ti mot nguoi
danh bac dung trudc nhiéu may danh bac, mdi may
danh bac dugc xem nhu “mét canh tay” cua tén
cudp. Ngudi danh bac khong biét bat ky thong tin
nao vé cac may danh bac va cac may danh bac co
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thé khac nhau. Bai toan “tén cudp nhiéu tay” duogc
Auer et al. [1] dinh nghia nhu sau:

Bai toan tén cudp voi K canh tay (cac hanh
dong) dugc xac dinh 1a diy cac phan thudng (két
qua) ngau nhién, X;,i=1, 2,..., K, t > 1, trong d6
mdi i 1 chi sb cia may danh bac (“canh tay” cia
tén cudp). Viée choi lién tuc may danh bac thur i s€
mang lai cac phﬁn thudng X; /, Xi>,...

Cau hoi dat ra la nguoi danh bac trong mot thoi
diém can quyét dinh nén choi may nao, choi bao
nhiéu 1an, voi thtr tu nhu thé nao dé cudi budi choi
mang vé s tién thuong nhiéu nhat. TAt nhién trong
mdi 1an chon mot may s€ c6 mot ty 1& théng thua
ngiu nhién nao d6 ma ngudi choi khong biét trude.

3 CAY TiM KIEM MONTE CARLO

Cac phuong phap Monte-Carlo hién nay dang
rat hiéu qua cho cac chuong trinh co Vay. Nam
2006, Kocsis va Szepesvari [1,4] dé xut thuat toan
UCT (Upper Confidence Bounds for Tree) ap dung
cho co Vay. Hién nay, thuit toan UCT va cac bién
thé ciia nd 1a cac thuat toan chu dao cho cac
chuong trinh c6 sir dung MCTS. MCTS 1a phuong
phap tim kiém dwa theo 14y mau dung gia 1ap ngau
nhién dé udc luong ty 1€ thrfmg thua clia mét trang
thai ban cd nhdm tim ra nudc di tot nhét va dé can
bang gitra viéc kham pha va khai thac cia tat ca
cac nude di. Piém méu chdt cia MCTS so véi cac
phuong phap tim kiém truyén thong nhu Alpha-
Beta va A* 1a n6 khong phu thudc vao tri thirc dac
trung cua tro choi, néi cach khac la khong phu
thudc vao ham lugng gia trang thai. Khi d6, MCTS
¢6 thé ap dung vao nhiéu tro choi dang khong may
rii va thong tin trang thai trd choi rd rang sau moi
luot di. Pbi véi cac tro choi ma kho xay dung ham
lwong gia trang thai tot nhu c& Vay thi viée ap
dung MCTS rat hiéu qua.

3.1 Céu tric ciy tim kiém Monte Carlo

MCTS 1a mét qua trinh lip di lap lai bén budc
trong mot khoang thoi gian hitu han (xem Hinh 1).
Chon lira, tir mot nut gbe (trang thai ban cd hién
hanh) cho dén nut 14, vi vy s& c6 nhidu hudng di
dugc mang ra danh gia. Mo réng, thém mot nit
con vao nut 1a cta hudng dugc chon trong budc
chon lya, viéc md rong khong thue hién trir khi két

19

S6 chuyén dé: Cong nghé Thong tin (2015): 17-24

thac van co tai nat 1a. Gid ldp, mot van co gia 1ap
duogc choi tr nat mo rong, sau do Kkét qua théng
thua cia van co gia 1ap s€ dugc xac dinh. Lan
truyén nguoe, két qua thing thua s& dugc cap nhat
cho tit ca céac nit cua huéng dugc chon theo cach
lan truyén nguoc.

Cay tro choi ting truéng sau mdi lan lip cua
MCTS, tang trudng rong hon va sau hon. Nudc di
htra hen 13 nat con nao co ty 18 thing thua cao hon
duoc chon trong giai doan chon lya, va 10l céc cay
con ciing tang truéng ngdy cang rong hon va sau
hon, va viéc lay mau ngay cang chinh xdc hon. Sau
khi két thic thoi gian tim kiém, nit con nao dwoc
tham nhiéu nhét tai nat goc s& duoc chon dé di.

3.2 Thuait toan

Thuat toan nay co thé sir dung dugc cho bét ctr
bai toan d6i khang nao, trang thai va hanh dong
101 rac. Mdi niit v ¢6 bdn thanh phan dir liéu: trang
thai goi 1a s(v), hanh dong goi 1a a(v), téng diém
thuong gia 18p O(v), va so lan viéng tham N(v).
Két qua ciia ham UCT_SEARCH(s() 1a mot kha
ning c6 thé xay ra tai trang thai s9 sao cho nut con
6 s6 lan Viéng thdm nhiéu nhét duoc chon. Ham
Selection() thuc hién cong viéc tim nut con cta nit
v dua trén gia tri UCB [2] duogc tinh theo cong thirc
(1), hing s6 C dung dé diéu chinh sy kham pha hay
khai thac. Tu trang thai nat v dugc chon theo ham
Selection(), ham Expand() chon mét kha nang bat
ky trong s6 cac kha ning dé tao thanh mot nut
mo rong.

4 QUAN HE GIUA HQC TANG CUONG
VA CAY TiM KIEM MONTE CARLO

No6i dén phuong phap Monte Carlo 1a noi dén
gia 1ap, day la mot phuong phap ldy tap mau nho
dé két luan cho tap rat 16n. Phuong phap nay
dung dé tranh vét can trong nhimg khong gian tim
kiém khong 10 can xem xet nham giam chi phi tinh
toan. Van d¢ 1iy mau nho lam sao dé biéu dién
chinh x4c tap khong 16 1a cong viéc khong don
gian. C6 hai van d& can quan tam dé viéc léy mau
chinh xdc: (1) ky thuat lap trinh t6i uu dé s lan
gia lap cang nhiéu cang t6t trong thoi gian gidi
han, va (2) viéc can bang gitra khai thac va kham
phé duogc thuc hién mét cach hop ly.
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Hinh 1: Cay tim kiém Monte Carlo

Véi moi trang thai, trong khoang thoi gian giGi
han d chon mot trong s6 cac kha nang co thé
chon. Thong thuong tim kiém tit ca cic hudng
trong mot khoang thoi gian gidi han thi khong hi¢u
qud. Trong budc chon lya, can xac dinh mot duong
di hop 1y tinh tir nit gbc dén nit 1a cia ciy tim
kiém hién tai va thong tin vé sd lan viéng thim
cling nhu ty 18 thing thua dwoc luu trit trong mdi
nat nam trén duong di d6. Trong budc nay, nhing
ving chtra cac nudc di hira hen s& dugc chon
thuong xuyén goi la khai thac, nhung nhitng ving
chira cac nude di it htra hen van c¢6 co hdi duogc
thir dé tranh viéc wéc lugng thiéu khach quan
thi dugc goi la kham pha. Nhu trong that toan
UCT_SEARCH, vai tro hai ham Selection() va
Expand() 1a tim ving dé gia 1ap, ving dé khai thac
hay vung dé kham pha 13 tiiy thudc vao cong thirc
UCB (Upper Confidence Bounds) [1], mdt cong
thirc duoc dya trén y tuong cua bai toan “Tén cudp
nhiéu tay”. Viéc chon vung rdt quan trong trong
viéc ldy mau sao cho tip méau khong 16n nhung
biéu dién chinh xac tap khong gian khong 16 ma ta
khong thé vét can duoc.

Viéc can bang nhu vay 1a cbt 16i cua bai toan
“Tén cudp nhiéu tay” - MAB [1], ta c6 thé hinh
dung ngudi danh bac chinh 1a nguoi choi co trong
luogt di hién hanh, va cac may danh bac dugc xem
nhu cac nude di hop 1€ trén trang thai hién hanh, va
nhiém vu ctia nguoi choi s€ chon nudc di hop 1€
nao dé goép phan cho chién thing cubi ciing cia van
co. Pé can bang giita viéc khai thac va kham pha
trong giai doan nay thi cong thirc UCB (can tin cdy
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trén) [1] dugc tich hgp vao MCTS tré thanh thuat
toan UCT.

UCB, ——+C —

Ty sb6 wi/nj 1a ty 1& théng cua nut con 7, w;j la
s6 1an thing van du gia lap co di qua nat nay,
ni 1a s6 1an nat nay duoc di qua, N 1a s 1an nit
cha duoc di qua, va C la tham s6 co thé didu
chinh. Tai nat goc, nit con dugc chon la nit c6 gia
tri UCB cao nhat, rdi cic nit con ctia nut hién
hanh duoc so sanh vdi nhau boi gia tri UCB va tlep
tuc chon nut c6 gia tri cao nhét. V& thtr nhat trong
cong thirc (1) c6 gia tri cang cao thi kha nang khai
thac cang cao vi nit con cé ty 18 thing thua cao s&
dugc chon. Vé thir hai ciia cong thuce (1) thé hién sy
tang cuong kham pha vi nat co s6 lan di qua cang
thap thi cang c6 kha nang dugc chon. Néu hing
s0 C thap, cong thirc s€ nghiéng vé khai thac,
nguoc lai néu C cao, cong thirc s& nghiéng vé
khéam pha.

5 HUONG CAI TIEN

Du MCTS c6 thé lam viéc khong can dén tri
thirc ddc trung cta tro choi. Tuy nhién, tri thuc rat
can thiét dé cai tién cac phwong phap hoc ting
cuong, va hoc tang cuong 1a mot phan cia MCTS.
Vi vdy, ¢6 rat nhiéu ky thuat cai tién MCTS dua
trén tri thirc. Mot trong cac k§ thuat do dugc thé
hién nhu sau:
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Sunction UCT SEARCH(s,)
create root node v() with state s,

v .= Selection(v,, C)

v] := Expand(v)

reward := Simulation(s(v)))
reward

BackPropagation (vi, reward)
return the most visited child node of v,

function Selection(v, C)
while v is not terminal do

v:=argmaxUCB ’

V'ey, child
return v
Sfunction Expand(v)
choosea erandomactions from A(s(v))
add a new child v’to v
withs(v') = f(s(v),a)
and a(v') =a
returnv’
Sunction Simulation(v)
while s is non-terminal do
choose a € A(s) uniformly at random
5= fls.a)

return reward for state s

while v is not null do
NE) :=N@) +1
o) := Q) + reward
reward := - reward
v .= parent of v

while within computational budget do  // Thurc hién vong Iap dé xdy dung cdy
// Budc 1: Chon lia nut con co gid tri UCB lon nhat
// Buce 2: Mo réng: chon mgt nut bat ky vi la con cua nut v

// Buée 3: Thyee hién gid lap cho dén khi két thiic van co, tra vé phan thuwdng

//BuwGe 4: Thiee hién lan truyén nguoc két qua ciia van co gia lap.
//Trd vé la niit vy c6 gid tri UCB Iém nhat (niit dwge tham nhiéu nhdt)
// Thure hién tinh toan va chon lya nit con nao co gia tri UCB lon nhdt

// Chon 1 niit con bt ky cua nut vira dwoc chon ¢ Selection()

// Thye hién qua trinh gia ldp tir nit mo réng Expand()

ﬁmction BackPropagation (V, reward) // Thuc hién lan truyén nguoc tir nit bit dau dwoc mé réng //cho dén mit g&c

5.1 Tim kiém léch

Thong thudng cong thire UCB chi tim mot s6
nudc di hop 1€ mot cach cong bé'mg, va cac nudce di
hop 1€ con lai thuong duoc bé qua. Tuy nhién, ta
¢6 thé thém gia tri cong thém vao gia tri UCB cua
mot nude di dé didu chinh cac nude di thue su tbt
hay x4u dya vao tri thire didc trung tir cac van cd.
Lac do gia tri UCB s€ bi 1éch di so vdi cong
thirc thong thuong, va vi thé viéc tim kiém ciing
chinh xac hon. Theo cach d6, c6 rat nhiéu cong
thitc dugc dua ra, nhu lkeda va Viennot [10] da
dua ra cong thirc (2) rat chudn myc va tinh gon tir
nhiing cong thirc trude d6 vao ndm 2013 dé cai tién
viéc tim kiém thong qua tri thirc dic trung tir cac
van co.

UCB,,. )=+ c [ ‘“—N + CorPm) |~

v6i Cpr 12 hé s diéu chinh anh hudng d6 1éch,
K 1a tham sb diéu chinh ty 1& khi nuéc di c6 xu
huéng giam sé l1an viéng thim, va P(m;) 13 ham
lugng gid hanh dong dugc x4y dung tir cac dac
trung. Ham luong giad hanh dong dugc xay dung it
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tén chi phi va hoan toan khac voi ham luong gia
trang thai von rat ton chi phi xay dung.
5.2 Gialap léch

Trong giai doan gia lap, mdt nude di dugce chon
ngau nhién tir tAp cac nudc di hop 1¢ trén mot trang
thai cua van cd. Tuy nhién, dé viéc gia 1ap ngau
nhién hoi tu nhanh can ¢ dinh hudng cua tri thuc
dic trung tir cic van cd. Luc d6 cin vai tro cua
ham lugng gia hanh dong, ham nay ciing dugc xay
dung tir tri thirc nhung it ton chi phi hon viéc xay
dung moét ham luong gia trang thai. C6 nhiéu
phuong phap xic suat chon lya nuéc di ngau
nhién nhu Roulette Wheel, chon theo tua, chon
theo mau, va chon theo xép hang. Gia sir ham
luong gia hanh dong 1a f{a), thi xac suit chon nudc
di a trong tap cac nudc di hop 1€ 4 duoc tinh nhu

p(a):f(a)/zy f(a'ytheo Roulette Wheel,

a'ed
gan nhu toan bo cac gia lap Monte Carlo déu theo
cach nay.

Thoéng thuong gia tri P(m;) trong cong thirc (2)
va ham f{a) 1a mét, va day chinh 1a ham luong gia
hanh dong duoc xay dung dua trén tri thuc dac
trung cua tro choi.
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6 KET QUA THUC NGHIEM

DPé so sanh chién luoc Alpha-Beta va chién
lwgc MCTS, nhom tac gia d tién hanh thir nghiém
nhu sau: Cai dat chwong trinh thir nhat bang ngon
ngit C# goi 1a OthelloMCTS1 véi cong thirc UCB
(1) thiét 1ap hang s6 C=0.85 va gia lap thong
thuong, chuong trinh thir 2 bang ngon ngir C# goi
1a OthelloMCTS2 véi cong thirc UCB (2) thiét 1ap
cac hé sb Cpr=0.5, K=5000, C=0.85 va gia lap
léch. Sau d6 tién hanh choi vé6i cing mét chuong
trinh Othello [15] trén Internet dugc cai dat theo
chién luge Alpha-Beta mirc tbt goi la Riversi, kich
thudc ban cd 1 8x8. Chung ta ¢6 thé tham khao va
choi thir dé x4c dinh d6 manh cta Riversi. Chuong
trinh OthelloMCTS1 va OthelloMCTS2 su dung
MCTS.

Trong OthelloMCTS2, ham lugng gia hanh
dong xdy dung dua trén tri thirc cia co Othello
theo Michael Buro [2] trong Hinh 2. Pac trung 1,
2, 3 cta 6 Bl. Pac trung 4, 5, 6 cia 6 Cl. Pac
trung 7, 8, 9 cua 6 DI. Péc trung 10, 11 cta 6 B2,
tuong tu cho cac 6 con lai. Ham lugng gia hanh
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dong dugc xdy dung theo mo hinh Bradley-Terry
(cong thirc 3) nhu dé xudt ciia Remi Coulom [5].
Ta c6 thé hiéu OthelloMCTS2 1a cai tién cua
OthelloMCTS1. Céch thtc cai tién mo ta trong
phﬁn 5 cua bai bao, chu yéu vao giai doan chon lya
va gid lap dua trén tri thuc déac trung cua ban co.
Tri thire ddc trung cu thé trong thyc nghiém nay
chinh 13 cic mdu ctia ting vi tri trén ban c& Othello
nhu trong Hinh 2. Hinh 2 mé td cic mau dic trung
cuia 9 vi tri can thiét trén ban cd 8x8, do ban ¢d ¢o
tinh ddi xtng nén chi cn tim 9 vi trf 1a di.

(€))
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Cong thuce (3) c6 y nghia nhu sau: Gia su trang
thai hién hanh c6 3 nudc di A, B, C. Nude di A
duoc xdy dung dya trén dac trung 2 va 4, nude di
B dugc xdy dung dya trén dac trung 1, 2, va 5,
nude di C dugce xay dung dya trén dic trung 1, 3,
6, va 7. Cong thirc (3) tinh xac suat ctia nude di A
so voi nudce di B va C. y; 1a trong sb cua dic trung
thu 7.
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Hinh 2: Cac dic trung cia 9 vi tri trén ban co Othello [6] ctia M. Buro

OthelloMCTS3 gidng OthelloMCTS2, nhung
ham lugng gia hanh dong dugc xay dung trén tri
thirc cta co Othello do Huy ef al [9] tim ra nhu
trong Hinh 3 bang phuong phap téi wu ngau
nhién. Nhu vdy, ta c6 thé hiéu chwong trinh
OthelloMCTS3 1a mét cai tién cua chuong trinh
OthelloMCTS2, cai tién 1a do ham lugng gia hanh
dong sir dung cac dic trung téi wu (Hinh 3) thay
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cho céc déc trung chua dugc ti wu (Hinh 2).

Két qua thuc nghiém cho thdy chuong trinh
OthelloMCTS1 chi thiang 314 van trén 1000 van
déu véi chuong trinh Riversi, két qua nhu vay
chiung ta c6 thé nhan thiy tai sao chwong trinh
Riversi duoc cai dit theo cdy tim kiém Alpha-Beta
lai ¢6 két qua tot hon OthelloMCTS1 dugc cai dat
theo MCTS véi hai ly do sau day:
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— Chi phi xay dung ham luong gia trang thai
cho Riversi rat cao (ton nhiéu thoi gian tich 1y tri
thirc va rit trich tri thirc heuristic).

— DO phuc tap cua trd choi Riversi van con

S6 chuyén dé: Cong nghé Thong tin (2015): 17-24

choi co Vay, co Connect-6, cd Shogi la nhiing
tro choi ¢6 dd phuc tap cao phu hop hon véi
MCTS. Tuy nhién, trd choi Riversi phd bién trong
[8], va dé cai dit nén bai bao chon lam chuong

\ T oA 1.4 ~ \ trinh minh hoa).
phu hop véi cay tim kiém Alpha-Beta (nhiing trod 0a)
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Hinh 3: Céc dic trung ciia 9 vi tri trén ban co Othello ciia Huy et al.

Béang 2: Thue nghiém MCTS so véi Riversi

Thoi gian suy nghi ciia MCTS: 4s Riversi
OthelloMCTS1 314/1000
OthelloMCTS2 502/1000
OthelloMCTS3 981/1000

OthelloMCTS3 thing 981 van trén 1000 van
dau véi Riversi. Nhu vay, OthelloMCTS3 manh
hon OthelloMCTS1 véi ty 1€ 98.1% so voi ty 1€
31.4%, va manh hon so voi OthelloMCTS2 véi ty
1€ 98.1% so véi 50.2%. Céac dic trung trén Hinh 3
1a nhitng dic trung t6i wru so v6i cac dic trung chua
t6i wu trén Hinh 2. Ty 18 thing cao hon khi cac dic
trung duoc toi wu.

Bang 3 so sanh giita cac chuong trinh MCTS
v6éi nhau. OthelloMCTS1 la mdt chuong trinh
Othello dugc xdy dung trén MCTS hoan toan
khong c6 su hod trg ciia ham luong gia hanh dong.
OthelloMCTS2 dugc xay dung trén MCTS c6 ham
luong gia hanh dong nhung st dung tri thirc chua
t6i wu cia M. Buro (Hinh 2). OthelloMCTS3 dugc
xay duyng trén MCTS c6 ham lugng gia hanh
dong nhung st dung tri thirc t6i wu ciia Huy ef al.
[9] (Hinh 3). Theo Bang 3, OthelloMCTS3
manh nhit so véi hai chuong trinh con lai khi
thing 999 véan trén téng s6 1000 van so véi
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OthelloMCTS1, va thing 835 trén tong sb 1000
van so voi OthelloMCTS2. Do d6, cii tién hidu
sudt MCTS ¢6 sit dung tri thic bd sung c6 thé
mang lai hiéu qua cao, va dac biét 1a tri thuc bd
sung dugc t6i vu. Nhu vy, tri thirc bd sung rat can
thiét cho giai doan hoc ting cudng ciing nhu trong
giai doan gia lap.

Béang 3: Thuc nghiém MCTS so v6i Riversi

Thoi gian suy nghi ciia MCTS: 4s OthelloMCTS3
OthelloMCTS1 999/1000
OthelloMCTS2 835/1000

7 KET LUAN VA HUONG PHAT TRIEN

C6 nhiéu cai tién MCTS ¢ hai giai doan Chon
Iwa v Gid lgp, nhung khong c6 nhiu cai tién
cay Monte Carlo trén giai doan Mo réng va Lan
truyén ngwoc. Theo khao sat ciia nhom tac gia, co
it cong trinh dé cap dén m6 hinh MCTS 12 su két
hop cua Cay tim kiém, Hoc ting cudng va gia
1ap Monte Carlo. C6 nhiéu cong trinh dé cap dén
van d¢ cai tién viéc Hoc tang cuong, ciing nhu cai
tién viéc gia 1ap Monte Carlo. Cai tién hai thanh
phan nay c6 kha ning cai tién dugc hidu suat ctia
MCTS. Héau hét nhimng cai tién phuong phép hoc
tang cuong va cai tién giai doan gia lap hiéu qua
déu dua vao tri thire 1a cac dic trung cua trd choi.
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Cai tién hiéu suat MCTS dua vao tri thirc 1a dac
trung cda cac ban co tro choi van 1a chi dé can
duogc quan tam va nghién ctru trong thoi gian toi.

Nhom tac gia s€ ap dung phuong phap da thuc
nghiém t6t trén co Riversi vao trong cac loai co co
d6 phtrc tap cao nhim nang cao vai tro cia cdy tim
kiém trong twong lai gan. Tir d6 cho thay hudng
nghién clru ctia bai bao hoan toan c6 co so va co
tiém ning trong cong viéc nghién ciru.

Hudng nghién ctru tiép theo, nhom tic gia s&
thue hién tdi wu tri thirc ddc trung tir nhitng van co
Connect-6 c6 san va bo sung tri thirc vao hai giai
doan Chon Iwa va giai doan Gid Ildp dé nang cao
hiéu qua cua cdy tim kiém.
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