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TOM TAT

Dénh co 1a mdt chudi lap di ldp lai viéc chon lia nwedce di gitta hai ngwoi choi, trang
thai ban co thay d6i khi mot nuwde di méi dwoc thue hién. Néi cach khéc, day 1a bai
toan tim kiém giai phap tdi wu trén mot trang thai ctia ban co. D€ chuong trinh tim
duoc mot giai phap t6i wu thi tat ca cac thanh phan chinh trong chuwong trinh can
phai t6i wu. Céc thanh phéan chinh trong chuwong trinh gém: cdy tim kiém d6i
khang, ham luwong gid, ddc trung cia ham lwong gid, phuong phap lwa chon dac
trung. Tty theo mdi loai co cé nhitng dic diém riéng va hinh thanh nén d6 khé
cling nhu d6 thu vi cho loai cd d6, cho nén méi bai todn danh co déu 1a mot bai thir
va danh gia vé mirc 6 thanh céng ctia viéc nghién cttu tri tué nhan tao. Bai bao
trinh bay phuong phéap xac dinh d6 kho ctia cac loai co va cac thanh phéan chinh dé

xay dung mot chwong trinh danh co.

Tt khoa: Chon Iwra dédc trung, Ham lwgong gia, Hoc tang cuong, Tro choi ban co.

1. GIOI THIEU

Déanh co 1a mot chudi lap di lap lai viéc chon Iya nudc di gitta hai nguoi choi,
trang théi ban co thay d6i khi mot nwde di moi duoc thye hién. No6i cach khac, day la
bai toan tim kiém giai phap toi wu trén mot trang thai cta ban co. Mtic d9 t6i wu cua
viéc chon lya giai phap thé hién tinh thong minh cua chuwong trinh. D€ kiém tra mtrc
dd théong minh cua tri tué nhan tao so véi con nguoi, cac loai co doi khang thuong
duwgc dung dé€ kiém tra tinh thong minh d6. Nam 1997 danh ddu mot cot mdc quan
trong trong nganh tri tué nhan tao khi chwong trinh Deep Blue ctia IBM lan dau tién
chién thang nha vo dich co Vua Kasparov, ndm 2015 chiing kién c6t mdc quan trong
khac khi chuong trinh AlphaGo lan dau tién danh thang nha vé dich co Vay Lee Sedol.
Mtic do phtic tap ctia co Vay la 1072 trang thai c¢d thé cd ctia ban co so voi 10% trang
thai trong co Vua. Céc loai co d6i khang khac nhu co Tudng, co Caro (Go-Moku), co
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Connect-6 ciing giong nhu vay nhung chi khac nhau vé do phtc tap. Mot van co sé
hinh thanh cac trang thai ban cd khac nhau c6 thé bidu dién thanh mot cay tim kiém
(hay con goi la cay tro choi), xem hinh 2.

Nhu ching ta da biét, chwong trinh danh co déu phai dua trén cay tim kiém.
Mbi tro choi 1a mot cay tim kiém c6 d¢ 16n khac nhau, khac nhau vé d6 sdu cua cay va
dd phan nhéanh. Vi vay, khong c6 mot may tinh nao cé thé vét can duoc nhiing cay tim
kiém vira va 16n. Cho nén, cay tim kiém thi can phai cé ham lwong gia hd tro, chi phi
xay dung ham luong gid thi rat cao, va chu yéu la chi phi tim ra cdc ddc trung. Nhu
vay chuong trinh danh co manh yéu khac nhau tuy thudc vao phwong phap xay dung
ham luong gia va phuong phap tim ki€m ddc trung sao cho t6i wu. Hinh 1 la mét mo
hinh dwoc dac két qua nhiéu chuwong trinh danh co Deep Blue, Crazy Stone, AlphaGo.

<<Akind of>>»
Game Tre:Snr:h (1) -

| chon cay tim kigm nio (4) |

<<chi tidn>>
<< A kind ofs>

Evaluation Function (2] .

Y | Chon ham lwong gid ndo (5) |

cchdtross

<<is a special case of>>
Feature Selection (3) -

Phurong phap tim kiEm d3c trurng (6)

Hinh 1. Cac thanh phan chinh trong bai toan danh co

Nhu vay chuong trinh danh co la sy chon lya gitra cac thanh phan: moé hinh
chuyén doi trang thai, loai ham luong gia, va cach thic xay dung loai ham luong gia.
Phén con lai cta bai bao ¢ cau trac nhu sau: Phan hai mo ta cach xac dinh d¢ phtc tap
cua ting loai cO, phan ba md ta tdim quan trong ctia déc trung va cach thie rat trich,
phéan bon mo ta bai toan va cac loai ham lwgng gia, phan ndm mo ta cac cay tim ki€m
Monte Carlo 1a mot cay tro choi phu hop cho cac tro choi c¢6 d6 phan nhanh cao, cudi
cung la két luan.

2. CAYTRO CHOI VA PO PHUC TAP

Mot cay tro choi bao gom tat ca cdc niede di c6 thé cé ctia hai nguodi choi va moi
nut ctia cay thé hién mot trang thai ban co sau khi nhan mot nudce di tir nguoi choi. T
mot nut (trang thai) hién tai c6 thé cd nhiéu lya chon cho nudce di ti€p theo d6, s6 nuwdce
c6 thé chon duoc goi la hé sd phan nhanh. D sau cta cay tro choi la s6 lan thay doi
luot di ctia hai nguoi choi. Hinh 1 minh hoa cay tro choi cua tro choi doi khang Tic-
Tac-Toe, tro choi nay cuc ki don gian vi choi trén khong gian 3x3 =9 6, 2 nguoi choi la
X va O. Tt trang thai ban dau, ban co chwa ¢d quan co nao va do tinh chat doi xing
cua ban co luot di dau tién danh cho nguoi choi O chi ¢d thé dat quan co dau tién vao 3

28



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 11, S8 1 (2018)

vi tri va hinh thanh nén 3 nhanh. Luot di ti€p theo danh cho nguoi choi X, tai nhanh
thit nhat c6 5 kha ndng dat quan co, nhanh thit 2 ¢6 2 kha nadng dat quan co, nhanh th
3 ¢6 5 kha néng dat quan co. Tuong tu cho cac lugt di tiép theo, s6 luot di toi da cua tro
choi nay cho ca 2 ngudi choi 1a 9. D6i véi tro choi Tic-Tac-Toe, mdi & ¢6 t6i da 3 trang
thai (O, X, trong), s6 6 cua ban co la 9, nén khong gian trang thai ban co cta tro choi
Tic-Tac-Toe la 3° = 19,683, 1ay logio = 4. Vé s0 luong cay co thé tinh nhw sau: ¢6 9 vi tri
c6 thé ddt quan cho luot di dau tién néu khong quan tam dén tinh chat doi xing cua
ban co, 8 vi tri ¢6 thé didt quan cho luot di thit 2, 7 vi tri ¢d thé ddt quan cho luot di thw
3, twong tu nhw vay, s6 luong cay la 9! = 362,880, 1ay logio = 5. Sau day la bang so sanh
dd phtic tap gitra cac tro choi d6i khang pho bién, xem bang 1.

Bang 1. So sanh d¢ phtic tap gitra cac tro choi d6i khang

Tro choi déi | Kich | S6trangthai | 0 | 5% | Kha nang co thé di
khang thudc | (theo logi) (theo fuoc trong 1 trang thai

log1o) di i

Tic-tac-toe 9 4 5 9 4

Connect-4 42 14 21 36 4

Riversi (Othello) 64 28 58 58 10

Gomoku (Caro) 225 105 70 30 210

Chess 64 46 123 70 35

Chinese Chess 90 40 150 95 38

Connect-6 361 172 140 30 46000

Shogi 81 71 226 115 92

Go (19x19) 361 172 360 150 250

Trong bang 1, chung ta c6 thé thdy dugc d phtic tap cua cac tro choi. Doi véi
mady tinh hién dai thi nhitng tro choi c6 khong gian tim ki€m nho nhw tro choi Tic-Tac-
Toe thi may tinh c6 thé vét can, va ltc d6 chuong trinh danh co chi tir hoa dén thing vi
biét dugc nudc di tot nhat theo cach di cua d6i phuwong. Céc tro choi c6 khong gian tim
kiém trung binh nhu Connect-4, Riversi, Chess, Chinese Chess, va Shogi thi may tinh
khong du kha nang dé€ vét can. Liuc d6 mdy tinh c6 thé tinh tredc mot sd bude nao do
roi wdc luong, chwong trinh may tinh manh hay yéu nho vao kha nang wéc luong. Bé
chuong trinh c¢6 kha nang wdc luong thi phai xay dung ham luong gia trang thai. Dai
vOi cac tro choi c6 hé s6 phan nhanh phtic tap va khong gian tim kiém qua 16n nhu
Gomoku, Connect-6, Go thi viéc xay dung ham luong gia trang thai tot 1a gan nhu
khong thé.
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Hinh 2. Cay tro choi Tic-Tac-Toe

3. PACTRUNG - TRI THUC UOC LUONG NUOC PI

Trong phuong phap hoc may, thay vi phai hoc hét tap dit liéu hudn luyén 16n
véi chi phi cao va khéng hiéu qua do dit liéu cé nhitng yéu t3 dw thira, nhidu. D& két
qua hudn luyén cao thi thong thuong hoc qua cac dac trung thay vi hoc nguyén tap d
liéu huan luyén. SO lugng ddc trung (features) cang nhiéu thi d¢ chinh xac cang cao,
nhung nguoc lai, lwgng dic trung qua nhiéu sé khién cho qua trinh huan luyén, qua
trinh phan loai mat nhiéu thoi gian hon. Ngoai ra, né con khién chwong trinh chiém
nhiéu dung luong bo nhé va dia ciing nhiéu hon. Vi vay phai ¢ phuong phap lwa
chon dic trung t6i wu, khong nhat thiét phai chon hét tat ca dac trung.

Bai toan dat ra trong phuong phdp may hoc la phai lua chon tir tap cac dadc
trung ra 1 tap con nho hon ma van dam bao d6 chinh xac ctia qua trinh phan loai. Viéc
Iya chon do, goi la lua chon ddc trung (feature selection, hay con cac tén khac nhw
variable selection, feature reduction, attribute selection hay variable subset
selection). Ddi voi titng phuong phap hoc may, sé c6 nhitng phuong phép twong tng
hiéu qua riéng véi nd. Noi cach khac, khong c6 phwong phap nao la t6t nhat. Nhung
phuong phap tim tap déc trung pho bién nhat duoc mo ta nhu trong hinh 2.

Tép dic trung | Sinh tdp dc trung NN
ban dau A méi A, chi thay Téap A' Dinh gj?tfﬁ A N
T 7| adichutittirtap xem c6 tht hon A
ban dau A thi thay A bang A
™~
N Qui trinh nay Hip
cho dén khi dat
~ ngudng muyc tiéu
~N
N
Pem tap toi vu ra
No ong dimg Yes diing xem cé tot
Neuong dimg nhw mong doi hay
khong

Hinh 3. Qui trinh lwa chon déc trung [5]

Theo qui trinh lya chon déc trung nhw mo ta thi cac phuong phép t8i wu ngau
nhién nhu Leo d6i, Luyén thép, Di truyén thuong dugc dung dé thiét ké€ mo hinh chon
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lua ddc trung. Cong viéc 1on nhat trong phan nay 1a xay dung mot ham muc tiéu phu
hop cho cac phuong phép t6i tu ngau nhién va phuong phép danh gia két qua.

Phuong phap danh gia dac trung kha hiéu qua duoc dé cap nhiéu trong 10 nam
tro lai day, tit nam 2007 do Remi Coulom gidi thiéu [12, 14] la phuong phap Bradley
Terry Minorization Maximization (BTMM). Phuong phap BTMM dung trong viéc tim
kiém déc trung dua trén tap dir liéu cac van co, va dd do Mean-Log Evidence duoc st
dung rong rai dé danh gia xac suat dwoc chon cuia cac nudce di trong cac van co, thong
thuong cac van co 0 day dugc dung lam d liéu dé€ hoc. Phuong phap nay sé duoc giai
thich dua trén hai cong thic (1) va (2):

prob(m) = strengEth(m) )
1 N
MLE = NZH log( prob(m;)) ()
strength(m) = Yi 3)
w

Yi = —lC (4)
N Y
=1E;

Trong cong thitc (1), m la nwdc di nao do, strength(m) la ham tinh d6 manh cua
nudc di m, E 1a tong dd manh ctia cdc nudce di hop 1€ trong mot trang thai ctia ban co.
Chung ta hiéu trong mot trang thai cua ban co ¢d nhiéu nude di hop 1€ ¢6 thé di dugc,
nhung nguoi choi chi chon mot nuwdc di tét nhat theo suy tinh ctia nguoi choi. Nhung
ddi véi chuong trinh may tinh thi phai dua trén ham strength(m). Ham nay clng
chinh la ham lwong gia hanh dong dugc trinh bay ¢ phan trén.

Trong cong thirc (2), N la s0 trang thai ¢ duoc trong tap di liéu cac van co
dung dé€ hoc, mj la nuwdce di dugce chon trong trang thai thit j. Gia st c6 1,000,000 van co
dung d& lam dit liéu hoc, mdi van co ¢6 trung binh xap xi 70 nudc di. Nhue vay gid tri
N trong ltic nay xdp xi 70,000,000 trang thai. Qua trinh hoc hay con goi la qua trinh lya
chon nghiém t6i wu nhu trong hinh 5 la qua trinh 1dp di 1dp lai cho dén khi khong tim
ra nghiém nao t6t hon ntra thi dung. Trong qua trinh nay chi s6 MLE thuong dwoc
dung dé danh gia d¢ t6t cia nghiém hién hanh.

Cong thirc (3) dinh nghia d6 manh ctia mét nwdc di m, la tich cac trong s6 ctia
cac dac trung xuat hién trong nudc di do6. Trong sd cta moi dic trung dwoc tinh theo
cong thirc (4), voi Wi la s6 Tan xudt hién ctia ddc trung i trong toan bo nudce di cua tat
ca van co, Cj la tich tat ca trong sd ctia cac ddc trung cung xudt hién voi ddc trung i
trén trang thai ban co j, va Ejla tdng d¢ manh cuta tat ca cac nude di hop 1€ trén ban co

j-
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Hinh 5. Mau va dic trung

Trong hinh 4 md ta cdc mau xung quanh nuwéc di E15 va P5. Trong nuwde di E15
c6 4 mau c6 do dai 6 ma nguoi choi can cha y d6 la {B18, C17, D16, X, F14, G13, H12},
{B12, C13, D14, X, F16, G17, H18}, {B15, C15, D15, X, F15, G15, H15}, va {E18, E17, E16,
X, E14, E13, E12}. Trong nwdc di P5 co 2 mau cé d6 dai 8 1a {L5, M5, N5, O, X, Q5, R5,
S5, T5}, {P9, P8, P7, P6, X, P4, P3, P2, P1} va 2 mau c6 d6 dai 7 1a {L9, M8, N7, 06, X,
Q4, R3, S2}, {L1, M2, N3, 04, X, Q6, R7, S8}. Mau c6 dd dai n tai vi tri X thi chiza 2 x 3»
dédc trung (xem hinh 5). Vi dy, mau c6 do dai 6 thi chiva 1458 dic trung (729 ddc trung
cho quan X = mau Tring, va 729 dic trung cho quan X = mau Pen). Cong thitc (4) tinh
trong s6 cho mot dac trung dua trén cac van co co san. Cong thirc s6 (3) tinh do manh
cho mot nwde di nao d6, vi du nwede di E nhu trong hinh 5 ¢6 4 dac trung nam trong 4
mAu nhr mo ta thi d0 manh cua nwéce di E15 sé 1a tich cac trong s cuia 4 dac trung
lién quan. Mot vi tri nuwdce di ¢d rat nhiéu dac trung lién quan, d€ xac dinh déc trung
nao la t6t nhat cho vi tri d6 thi d6 do MLE trong cong thirc (3) dugc sit dung.

4. BAITOAN TRANG THAI - HANH PONG VA HAM LUQNG GIA

Phéan nay mo ta bai todn danh co la mot chudi trang thai — hanh dong sao cho
chudi d6 mang vé két qua t&i wu cho nguoi choi. Bén canh d6 con mo ta hai loai ham
lwong gid quan trong.
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4.1. Bai toan trang thai — hanh dong

Khi d6i mét v6i cac cay tro choi phtre tap, may tinh phai xét nhiéu trang thai va
can nhiéu thoi gian tinh toan. Day la bai toan chuyén déi trang thai lién tuc tir trang
thai bat dau so va két thuc tai trang thai st. M6 hinh chuyén déi trang théi T(s, 4, s)
duwoc mo ta cu thé nhu sau:

S={sSy,....5: };5=5;,8'=5S,,,

T(s,a,8") ={ap(s'| s,a), MCTS(s'| s,a)}
A={a,,....a.},ac A(S)

R ={s*=z(s,a),ax = z(s,a)}

S la tap cac trang thai cta van co, trang thai nay duoc hinh thanh do nguoi choi
chon nuéc di, so 1a trang théi bat dau, va sr la trang thai két thtic. Tl trang théi két thic
co thé biét duoc két qua cua van co: théng, thua, hoa. Trong cac trang thai c6 duoc thi
s’ la trang thai tiép theo ctia s khi di mot nuwée a € A(S), goi la tap A chira cdc nude cd
thé di duoc tai trang thai s ctia ban co. Cac thuat toan pho bién dé chuyén doi trang
thai tr s sang s’ hién nay la afp va MCTS, nhitng thuét toan nay can c6 ham lwgng gia
dé€ wdc luong nude nao la nede duoc chon trong tap A. R 1a tap cac ham lwong gid c6
thé xay dung, ham luong gia dwoc chia lam hai loai: ham lwong gia trang thai va ham
lugng gia hanh dong. Ham luong gia trang thai cho biét trang thai s” nao la trang thai
tot nhat ti€p theo sau s, ham lwong gid hanh dong cho biét hanh dong a € A(S) nao la

tot nhat du s’ duoc tao tir a chwa chic 1a tt nhat.

Tuy nhién, néu d¢ sau trung binh cta cay tim kiém 16n thi con c6 thé kiém soat
bang ham lwong gia trang thai, nhung hé s phan nhanh 16n thi nén dung cach khac.
Trong cac tro choi, néu c¢d nhiéu nudce di “cod kha nang, nhung khong hita hen”, thi nén
tranh nhitng nudc dé cang nhiéu cang tot, d€ giam tdng chi phi tim kiém trén cay.
Phuong phap tim kiém truyén thong Minimax véi tia Alpha-Beta thuong duwgc dung
dé€ tia cac nudc di khong can thiét theo co ché nhanh can. D€ phuong phéap tia Alpha-
Beta hiéu qua, thi thit t cdc kha nang di dwoc la khd quan trong, thuong ngwoi ta
duing “ham luong gia hanh dong” dé sap thit tw. Doi khi cdc ham luong gia hanh dong
con dugc dung d€ gidi han s6 nudc tim kiém. Lay vi duy, chuong trinh co Vay
(Nomitan) [7] ctia Ikeda va Viennot chi tim kiém 20 nudc di trén khoang 361 kha néng
coO thé di duoc.

4.2. Ham lwong gia

Trong phan gidi thiéu c6 dé cap hai loai ham lwgng gia: ham luong gia trang
thai va ham lwgng gia hanh dong. Trong mot sd co nhu co Vua, co Tudng, mot nwde di
a e A(s) du kha ning anh huong dén trang thai cia mot ban co cho nén dau ra cta

ham lugng gid trang théi S* = 7(S,a)1a wdc lwgng tat ca cac trang théi cd thé, tir d6
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chon ra trang thai t6t nhat sau khi nguoi choi di nwdc di a trén trang thai s. Mot sO tro
choi nhu v& Vay, Connect6, mét nudce di @ € A(S) khéng du kha nang anh huong dén
trang thai ban co, nhung nhitng loai co nay thuong c6 hé sd phan nhanh qué cao,
nghia la ton tai nhiéu nuwéc di “c6d kha nang, nhung khéng hira hen”. Van dé ¢ day 1a
can loai bo nhitng nudc di khong c6 nhiéu hita hen, Itic d6 ham luong gia hanh dong
ax=7(S,a) phat huy vai tro. Ham luong gia hanh dong sé do tat ca cac nudc di d€ cd
can ctr loai bo nhitng nurdc khong hira hen. Chi phi xay dung ham lwong gia trang thai
threong mac hon rat nhiéu so véi chi phi xay dung mot ham lwong gid hanh dong.

Sau day la mot ham luong gia trang thai pho bién cho co Vua. Ham danh gia

trang thai danh gia tuyén tinh tdng cac dic trung c6 duoc cia mot déi tha, vi luot di
tiép theo la cua ddi thu.

Eval(s) = wi fi(s) + w2 f2(s) + ... + Wn fn(s) (5)

Trong d6, wi: trong sd gan cho quan thit i, fi: s6 quan thit i ctia nguoi choi hién hanh so
véi d6i phuong. Vi dy, trong co Vua quan Hau c6 trong sd 1a 9, quan Xe c6 trong so 5,
quan Twong va quan Ma c6 trong s6 3, quan Chot cé trong s6 1. Ngoai ra con c6 cac
trong s khac ngoai quan co nhu: s6 luong cac nuwdc c6 kha nang di cua ddi phuong,
Xe cap, Ma cap, T6t cdp, sy an toan cua Vua.

Sau day la ham lueong gia hanh ddng pho bién cho co Vay, va Connect6. Gia st
tich tat ca cac ddc trung ctia nwde di a 1la f(a), thi sttc manh ctia nwdce di a trong so véi
tat ca cac nwdce di hop 1€ trong A duoc tinh theo cong thitc (1). Gia st trang thai ban co
c6 3 nudc cd thé chon, nudce thit nhat ¢ lién quan déc trung 2 va 4, nudc thi hai cd lién
quan dén cac ddc trung 1, 2, 5, nudce thit ba 6 lién quan dén cac dic trung 1, 3, 6, 7. Khi
d6 sttc manh ctia nwdc di mot dwoce tinh nhw sau:

P(2_4against1 2 5and1_3_6_7) = Vala
VoVa T 11V2Vs T V1V3VeV7

Théng thwong tri thie ctia ngwoi choi duge dung trong viéc thiét k€ ham luong
gia dé tang chat luong chuwong trinh giam khong gian tim kiém [6, 7]. Dung tri thitc bo
sung dé xay dung ham lugng gia, tri thirc bd sung thuong la dwa vao kinh nghiém
nguoi choi d€ luong gia dac trung, hodc dwa vao cac van co da c6 va dung cac phuong
phép chon lua déc trung dé€ rut trich tu dong tir cac van co d6. Hién nay chon luya dac
trung 1a mot phan khong thé thiéu dé tim ra cac dac trung khong pho bién ma nguoi
choi khong thé thdy duoc, hodc xac dinh trong sd chinh xac hon nguoi choi chi dua
vao kinh nghiém, nhdm nang cao chat lwong ham luong gia.
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5. 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, 3, 4] dé xuat thuat toan UCT (Upper
Confidence Bounds for Tree) 4p dung cho co Vay. Hién nay, thuat todn UCT va cac
bién thé ctia né la cac thuat toan chu dao cho cac chuwong trinh c6 sit dung cay tim kiém
Monte Carlo (MCTS). MCTS la phuong phép tim kiém dya theo 14y mau dung gia lap
ngau nhién dé woc lwong ty 1é thang thua cia mot trang thai ban cd nham tim ra nwée
di t8t nhat va dé can bang gitra viéc kham pha va khai thac ctia tat ca cdc nudc di. Diém
mau chot caa MCTS so véi cac phuong phap tim kiém truyén thong nhu Alpha-Beta
va A* la n6é khong phu thudc vao tri thirc dac trung ctia tro choi, néi cach khac la
khong phu thudc vao ham luong gia trang thai. Khi d6, MCTS c6 thé ap dung vao
nhiéu tro choi dang khdng may rui va thong tin trang thai trod choi rd rang sau mdi luot
di. B6i vdi cac tro choi ma kho xay dung ham lwong gia trang thai tét nhu co Vay thi
viéc ap dung MCTS rat hiéu qua.

MCTS la mét qué trinh 1dp di lap lai bén budc trong mot khoang thoi gian
httu han (xem hinh 6). Chon lya, tit mot nat goc (trang thai ban co hién hanh) cho dén
nut 13, vi vay sé c¢6 nhiéu hudng di dugc mang ra danh gid. Mo rong, thém mot ntt con
vao nut 14 ctia hedng dugc chon trong budc chon lwa, viéc moé rong khong thuec hién
trie khi két thic van co tai nut 1a. Gia Idp, mot van co gia lap duoc choi tir nat mo
rong, sau d6 két qua thing thua cta van co gia lap sé duogc xac dinh. Lan truyén
nguoc, két qua thing thua sé dwoc cap nhat cho tat ca cac ntt cia hudéng dwoc chon
theo cach lan truyén nguoc. Cay tro choi ting trirdng sau mdi [an 1dp caa MCTS, ting
trudng rong hon va sau hon. Nuwdc di hita hen 1a nit con nao c6 ty 1é thang thua cao
hon dwogc chon trong giai doan chon lwa, va r6i cac cay con cling tang trueong ngay
cang rong hon va sau hon, va viéc 18y mau ngay cang chinh xac hon. Sau khi két thtic
thoi gian tim kiém, nit con nao duwoc tham nhiéu nhat tai ntt géc sé duoc chon dé di.

/—> Chonlya —— Mé&réng —— Gidlép —»Lantruy‘énngu'qc\

Chon
nhdnh

Y
\_ A\ (diém thuding) W,

Hinh 6. Cay tim kiém Monte Carlo

Thuat todn MCTS cdng thiic sau can bang gitta viéc 1dy mau theo cach dao sau
mot vung néu vung nay dang mang lai két qua kha quan hay theo cach tham do vung
moi.
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w; InN
UCB;=—+C |— (6)

n n
Trong d6 ty s8 wi/nj 1a ty 1é thang ctia ntt con i, w; 1a s& lan thang van dau gia 1ap co
di qua nut nay, n;jla s6 lan nut nay duoc di qua, N la s6 lan nat cha dwgc di qua, va
C 1a tham s6 c6 thé diéu chinh. Tai nat gdc, nat con dwoc chon 1a nut ¢6 gia tri UCB
cao nhat, roi cac nat con cua nat hién hanh duoc so sanh véi nhau boi gia tri UCB va
ti€p tuc chon nut c6 gia tri cao nhat. V€ tht nhat trong cong thitc (6) c6 gia tri cang cao
thi kha nang khai thac cang cao vi ntit con cé ty 1é thang thua cao sé dwoc chon. V& thit
hai ctia cdng thiic (3) thé hién sy ting cuwong kham phd vi nat ¢6 s6 lan di qua cang
thap thi cang c6 kha nang duoc chon. Néu hang s3 C thap, cong thiic s& nghiéng vé
khai thac, ngwoc lai néu C cao, cong thikc sé nghiéng vé kham pha.

6. KETLUAN

Phuong phap tim kiém dac trung hién nay la hoc c6 gidm sat tir nhitng di liéu
van cd c6 san, viéc hoc nay duoc 1dp di 1dp lai nhiéu [an cho dén khi tim dwoc nhitng
ddc trung t6i wu du d€ xay dung mot ham lwong gia t6t. Co hai phwong phap tim ki€m
tw dong phd bién la tim kiém t8i wu ngau nhién dua trén Bradley-Terry Minirization-
Maximization, va Deep Learning. D€ kiém ching tinh hiéu qua cta cac dac trung va
ham luong gid, phwong phap 1dy trung binh logarit ctia cdc minh chitng (MLE-Mean
Log Evidence) thuong dwgc st dung. Sau khi ¢6 ham lugng gia tot thi chwong trinh
Monte Carlo mdi phat huy hiéu qua thong qua viéc gia lap (giai doan 3), va xac dinh
vlung chon mau (trong giai doan 1). Trong trd choi ¢ d6 phan nhéanh cao thi ham
luwong gia hanh dong la chon lya tdt nhat.
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ABSTRACT

Board game is a sequence that repeats the choice of moves between two players;
the state of game board will be changed if we played a new move. In other words,
this is a problem in which the optimized solution is found. Therefore, the main
components of the problem such as the search tree, evaluation functions, features,
and the methods of feature choice should be optimized. There are many kinds of
board games and each kind is a useful test for Al research. This paper introduces
the basic knowledge of board games, and the approaches to make a strong

program of board games.

Keywords: Board game, Evaluation, Feature choice, function, Reinforcement

learning.
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