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TOM TAT: M6 hinh Bradley-Terry (BT) khd phé bién trong viéc tinh xdc sudt khd ning thing cudc cia mot dau thii trong mot trgn
ddu, mé hinh nay ciing dwoc dimg dé tinh hé s6 ELO ciia cdc kp thii. Trong khi d6 thudt todn Minorization-Maximization (MM) ciec
dai kha nang du doan dwa vao nhitng thong tin da co trudc do. Sw két hop gitta BT va MM tao ra thudt todn hoc co giam sat rat
hiéu qua trong viéc hudn luyén cdc ddc trung. Bai bao ndy trinh bay thudt toan BTMM va dp dung trong viéc huan luyén cdc déic
trung cua co Riversi,Connect-6. Tim kiém dic trung dwoc thuc hién tir nhitng van co co chat luwong. Thuc nghiém cho thdy su hiéu
qua, va qua do bai bdo co nhitng phan tich thu vi.

Tir khoa: Bradley-Terry, Minorization-Maximization, Connect-6, evaluation functions.

I. GIOI THIEU

May hoc 12 mot trong nhirng phuong phap luan théng minh dy doan duoc nhimg két qua day htra hen trong
nhiéu linh vye, mét trong nhing linh vue duoc nhidu ngudi quan tim dic biét 1a dy doan trong thé thao, boi vi sb
luong tién d6 vao ca cuoc rat 16n. Rat nhiéu hing ca cuoc cling nhu nhiéu ca nhan quan tim dén cac mé hinh dy doan
sao cho nguoi choi c6 thé kiém soat dugc kha ning thing cao nhat. Nhimg mo hinh nay dwoc xay dung trén nhidu dic
trung (tham s0) lién quan dén timg loai trd choi nhur 1a két qua cac tran déu di xay ra trong lich sir, phong d6 nguoi
choi (cau thu, ky thu, ngua dua,...), thong tin d6i phuong, thong tin san nha san d6i phuong. C6 nhiéu phuong phap
phé bién trong may hoc dé xay dung mo hinh du doan céc tran ddu ddi khang, trong d6 c6 mét phwong phap tha vi va
hiéu qua trén nhiéu tro choi d6i khang la Bradley-Terry Maximization Minorization, goi tit 1a BTMM.

M hinh Bradley-Terry rat ni tiéng trong viéc tinh h¢ s6 Elo cua céc ky thu dya vao lich sir céc tran dau ciia ho
trude d6. Vi du, hé sé Elo cua ky thii c& Vua duoc tinh thong qua he s6 gamma (y), trong d6 hé sé ¥ duogc tinh theo dir
lidu trude d6 r; = 4001og,o(y;). Vi du, tai thoi diém dang xét hé sO ¥y iam cua Lé Quang Liém, ky tha s6 mot cia Viét
Nam duoge tinh tir dir liéu trude d6 13y, = 6683439.176. Khi d6 hé sb xép hang Elo cta L& Quang Liém la
Triem = 400 10g1o(]’uem) = 4001log;,(6683439.176) = 2730. Trong khi d6 ky thu so hal Viét Nam, Nguyén Ngoc
Truong Son ¢b hé s6 Ygen = 4216965.034 dugc tinh tir dir liéu trude do, ta co hé sé xép hang Elo 1a 75, =
40010g1o(Yson) = 40010g,((4216965.034) = 2650. Day 1a vi du cho cach tinh ciia mé hinh Bradley-Terry va y; la
sizc manh cua ngudi choi thir i. Qua do ta thiy stc cd ciia Lé Quang Liém hon hén sirc c& cua Nguyén Ngoc Trudng
Son du chi cach 80 hé sé ELO.

Bai b4o gioi thidu so luoc thuat toan Minorization-Maximization, cu thé 1a huéng tiép can t6i wvu MM vao mo
hinh Bradley-Terry, dugc biét dén 1a thuat toan BTMM [4]. Thuat toan BTMM nam trong 16p hoc c6 giam sat, 1a
phuong phap tim ra mdi lién hé giira cac dic trung trén ban c¢ va cac nude di duge chon dua trén dir li¢u cac van co 6
san. Cac diéu kién don gian dwoc phat biéu rang dam bao mdi thuat toan duwoc mé ta s& tao ra mot chudi hoi tu véi bd
wdc luong kha ning xay ra cuc dai duy nhat.

Co Vua la mot trong nhimg méi truong thir nghiém Tri tué nhéan tao tir ndm 1997. Dy doan trong thé thao no6i
chung phtrc tap hon nhiéu so véi théng tin dy doan ctia Co Vua, di c6 nhiéu mé hinh du doén t6t trén bai toan cd vua.
Cén c6 sy thir nghiém mo hinh BTMM trén khong gian tim kiém 16n hon Co Vua ma nhimng mé hinh cii thyc hién
khong hiéu qua, vi vay bai bao thir nghiém mo hinh BTMM trén dit 1iéu cd Riversi va Connect-6 trén tap dir liéu 16n
c6 san.

Co Connect-6 1a loai ¢ ¢6 d6 phan nhanh khung khiép, hon xa c& Vay. Vi kich thude ban co lon va luat choi
v6i hai quan ¢ mdi lugt nén khong gian tim kiém nuéc di cua Connect-6 rat 16n, do phurc tap cua khong gian trang
thai 1a 3361, d6 sau trung binh ciia Connect-6 1a 30, c& Connect-6 ¢6 hé sb phan nhanh rat cao - xp xi 46.000 nhanh so
v6i 200 nhanh d6i véi cd Vua). Connect-6 1a mot tro choi ¢6 tinh chét d6i khéng duoc choi trén mot ban c& co6 kich
thude 19x19, 14 ho trd choi k-in-a-row dugc 1-Chen-Wu va Dei-Yen Huang dé xuét vao nim 2005. Nhiéu chwong trinh
¢ Connect-6 da trd thanh mot trong nhitng bang thi quan trong tai giai thi dau qubc t& vé co trén may tinh ICGA
Computer Olympiad tir nam 2006.

Bai bdo c6 6 phan: phan 1 giGi thiéu tong quan bai béo, phan 2 trinh bay tom lwoc phuong phap MM, phan 3
ng dung MM trong Bradley Terry, phan 4 ap dung BTMM trong dit liéu danh c&, phan 5 1a thyc nghiém va phan 6 1a
ket luén.
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Il. PHUONG PHAP MINORIZATION - MAXIMIZATION

Phuong phap Minorization - Maximization (MM) khong phai 1a mot thuét toan, ma 1a mot s6 cac quy tic dé xay
dung cac thudt toan t8i wu hoa [6]. Mot phuong phap MM hoat dong béng cach tao ra mot ham dai dién, d6 chinh 1a
ham muc tiéu ti tiéu hodc tdi dai. Khi ham dai dién duge tdi wu, ham muc tiéu duge diéu chinh tang hodc giam khi can
thiét. Cuc dai kha suét va téng binh phuong 14 cac hinh thirc wéc tinh thong thuong trong théng ké s liéu. Cac phuong
phap MM 1a mot phan ciia bd cong cu chuan cia théng ké chuyén nghiép. Thuat toan Expectation-maximization (EM)
[4] 12 mot truong hop ddc biét cua 16p thuat toan tdi wru MM, thudng khai thac tinh 15i trong viéc tdi dai hay t6i tiéu
mot ham muc tiéu.

Dé dé hinh dung, ching ta khao sat bai toan tinh miu trung vi trong truong hop bai toan khong kha v1 Do ham
khong kha vi nén phai xtr Iy thong qua mot ham dai dién. Khao sat chudi céc 6y, ..., yn. Mau trung vi 0 t6i tiéu tinh
chat khong kha vi.

f(9)=zn:|yi—9l

Can chon mot ham cung diéu kién déng thoi kha vi, chon ham bac hai kha vi sau:

1(y;—6)* 1
h(0]6™) = =2 4 Z |y, — O™
(016" = 5 g +3 v = 0"
C6 dao ham bac nhét theo 6 la
1 1 (yl_g)
hi'(0)=———2(y;—0)+ 0= ——=
' 2y, — 7] " o lyi—67
h;(816™) dat cuc tri khi h;'(8) = 0 & 0 = y;. Cuc dai |y; — 0| tai diém 8™. Xem k(8) = |y; — 8] khi d6
1(y; —6m)*
R 421y =671 = 21y, — 7] + 2|y, — 671 = Iy, — 6] = k(6")
l

T do g(016™) = X1, h;(6]16™) cuc dai £(8). Va mau trung vi dugc tinh
n
1 (y; —0)°
@16 =5 [—+ [y - 6"
7 2L \lyi—om !

I11. PHUONG PHAP MINORIZATION - MAXIMIZATION TRONG BRADLEY TERRY

) M6 hinh Bradley-Terry dé so khép, 1a phuong tién don gian va da dang dé mo ta kha nang chién thing giira ca
th§ Ava cérthé B. Minorization-Maximization la mot ky thuat dugce ap dung @€ tao ra cac thuat toan 1ap wde lugng kha
sudt 16n nhat trong md hinh Bradley - Terry.

A. Mo hinh Bradley - Terry

Gid su cac ca thé trong mot nhom duge so sanh 1ap di lap lai nhiéu 1an véi mot ca thé khac voi nhau, Bradley va
Terry dé xuat mo hinh (1952) [3]:

P(i beats j) = (@8]
N=335

Trong d6 y; 1a trong s dwong cua cé thé i, y; la trong s6 duong cua ca thé j, P(i beats j) 1a kha ning ca thé i thing ca
the j. Trong truong hop tong quét, ta c6 the xem cé thé nhu 1a mot doi thé thao, khi d6 y; thé hién kha ning tong thé
cua doi i. Mo hinh Bradley-Terry c6 thé dugc khai quat hoa d€ tinh xac suat ca thé i thang trong n ngudi choi:

vi € {1, ..,n}, P(i wins) = N (2)
YitV2t+ -t Va

Mot khai quat hda khac bao gom viéc xem xét khong chi cac ca thé, ma 1a cac doi. Trong khai quat hoa nay,
trong s6 cua mot doi dua trén trong s6 cua cac thanh vién trong doi. Vi dy, doi A c6 cac thanh vién 1, 2, 3. P6i B ¢
cac thanh vién 4, 2. B6i C ¢6 céac thanh vién 1, 5, 6, 7. Thi x4c xuat doi A thang d6i B va C dugce tinh nhu sau:

Y1Y2V3 (3)

. Y1YaVs t YaY2 T Y1YsYeY7
Luu ¥ rang cing mot ¢4 thé c6 thé xuét hién trong nhiéu doi, nhung nd khong thé xuét hién nhidu hon mot 1an

trong mot doi.

(AthdngBvacC) =

B. Ap dung Minorization-Maximization vae Bradley-Terry

Goi bjj 1a 50 1an i dau véi j, thi xac suat dugc tinh sau nhiéu lan dau la:

L) =1l (v +y) Y- %3y by[Inyi = In(y; + ;)] ()
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Ham g(y™*|y™) tuong tng cia L(y) dwoc tim dua trén tinh chét twa siéu phing ciia mot ham 15i, ta co:
h(y) = h(x) + Vh(x)t(y — x) caa ham 16i h(x). Chon h(x) = —Inx. Taduwoc —Iny = —Inx — % (y—x)
Ap dung bat ding thirc nay vao ham (*) thi ham

VJ

gyly™ = 2 bi; [ln vi —In(y! + Y " — + 1] lay dao ham ta dugc diém cyc tri

Yj=ibij
Z}il(b1]+bjl)/(yl +7; )

Y (%)

n
Goi W, = Zbij 1a s6 lan d4u thu i gianh chién thang trong nhimg 1an c6 tham gia thi diu. Khi nhimng tng vién
i=li=]
¢6 trong sb khac nhau, Cij = b;; + by; lasac manh tong hop cua doi ma c6 ang vién i tham gia trong tran dau thir j, va
Ej=y{* + v/ la stc manh téng thé cua tit ca cac doi tham gia trong tran du th j. Cong thire (5) tré thanh
Wi
Vi < iy (6)
T 1E;

Véi cong thirc t6i tiéu - toi dai, mot chién thang tinh toan phu thudc khéng nhitng vao su phéi hop dong doi ma
con phu thudc vao ddi phuong, véi y 1a trong sO cia mot dac trung nha'}m xac dinh tam quan trong cia dac trung do
trong mot nude di. Vai cong thire (6) ta co thé cd dua ra phuong phap dé danh gia Mean Log-Evidence dugc tinh theo
nhitng cong thirc sau

strength(m) = 1_[ (D) )
prob(m) = _m‘.fm%w )
Tiem (log(prob(m))) ©

MLE =

N
Vi mot nude di co lién quan dén nhiéu dic trung, cong thirc (7) xac dinh sirc manh ctia mot nudce di bang cach
tinh tich cac dac trung c6 lién quan déng thoi trén mot nudc di. Nhu vay kha nang cia mot nudc di m dugce chon trén
cac nude c6 thé di duge duge tinh theo cong thuc (8). Trén toan bd trang thai N cé duogc tir tdp dir li€u danh co cho
trude, kha nang du bao chon dung nudc di dugce tinh theo phuong phdp Mean log-evidence nhu cdng thuc (9).

IV.AP DUNG BTMM VAO DU LIEU CAC VAN CO
A. Dit liéu van co

Gia su ta ¢6 dir liéu van co Connect-6 voi thtr tw duge m6 ta nhu bang 1 va hinh 1(A) céc nude di trén ban cd ¢6
kich thuge 19x19, hinh 1(B) 1a hinh dnh phong to cua hinh 4-1(A). Dit liéu van co cho bi€t thong tin thir tw nude di,
lugc di (Trang hay Den), va vi tri quan co (chi dong, chi cdt) trén ban co. Dir li€u cac loai co khac ciing twong tu
nhu vay.

Bang 1. Tha tu cac nudce di trong mot game record

Quén den Quan tring
1. B[j10] 2. WIi9k9]

3. B[I9K8] 4. W[m10j8]
5. B[h10i7] 6. W[m11110]
7. B[m12n12] 8. W[I11k12]
9. B[k11j13] 10. W[n1009]
11. B[010p8] 12. W[I12m7]
13. B[n8j14] 14, W[K7mS]
15. B[M6I6] 16. WII8n6]
17. B[o1105] 18. Wj6i5]
19. B[m9h4] 10. W[j5k5]
21. B[j9I5]
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(A (B)
Hinh 1 Mot véan co trong tap dit liéu

B. Dic trung va vang ddc trung

Gia st vi tri M9 dugc xét dé danh gid dudi dic trung v6éi chibu dai la 8 6
{M9, (M5, M6, M7, M8, M9, M10, M11,M12)} v&i 0: chua dit quéan, 1: dit quan Pen, 2: dat quan Tring, ta c6 gia tri
cua dic trung dang xét1a (2,1,2,0,0,2,2,1). N 1a sb trang thai cé dugc sau c¢6 dugc trong tAt ca cac van co (dugc gia
sir 1a 70000000 trang thai). W; = 1041 1a s6 lan (1041 1an) xuat hién dic trung c6 gia tri (2,1,2,0,0,2,2,1) thudc
ving dic trung {M9, (M5, M6, M7, M8, M9, M10, M11,M12)} trong tong s6 70.000.000 trang thai. Hinh 2 mé ta cac
vung déc trung cd do dai 8 trong hinh A, d§ dai 7 trong hinh C, d dai 6 trong hinh B..

1

5 1 1 1 1 1 1

-N W a

ATIBNECIEDIRE EELIGRIHINIIET KL M

5 e e ] 5 11—
e e
3 3
2 2
1 1
A B CDETFGH I J A B €D E F G H I J
(B) (]

Hinh 2. Cac vung dac trung cé chiéu dai 1an luot 8(A), 6(B), 7(C) trén ban co Connect-6

M3di viing didc trung c6 nhiéu dic trung. Vi dy, s6 didc trung cia ving trong hinh 2(A) lién quan dén cac 6 {C4,
D4, E4, F4, G4, H4, 14, J4}, do & F4 1a 6 dang xét nén cac ddc trung trong vung c6 7 6 lién quan, mdi 6 ¢6 3 kha nang
{Trang, Pen, Rong}, mdi dic trung phu thudc vao ngudi choi vi dic trung c6 thé ¢6 lgi cho ngudi choi Tring nhung
lai khong c6 lgi cho ngudi choi Pen va nguoc lai. Vi vdy, sé dic trung trong vang 1 37 x 2 = 4374.

Cong thuc (7) tinh d6 manh cho mét nude di nao d6, vi du nude di D4 nhu trong Hinh 3 ¢6 4 dic trung nim
trong 4 ving dac trung (tai sao xét 4 vung dac trung nay, cau tra 101 1a dya vao kinh nghiém nguoi choi co) thi do
manh cta nudce di F4 s€ 1a tich ctia cac trong sb cac dac trung xuét hién tai thoi diém dang xét. Mot vi tri nudce di cd rat
nhiéu dic trung lién quan, dé x4c dinh dic trung nao 13 tot nhat cho vi tri d6 tai mot thoi diém cu thé thi d6 do MLE

trong cong thirc (9) dugc str dung.
| |

o
9

- N W A 0> ~N

el GH I Vo = e
Hinh 3. C6 4 viing dic trung nén xét tai vi tri D4 c6 chiéu dai bing 6

C. Ap dung véi BTMM
Ung v6i mdi trang thai tim thdy duge déc trung d6 ta can phai tinh hai gid tri C; ; va Ej. Véi Cj; la tai trang thai

thir j c6 xuat hién dic trung i dang xét va cac dic trung 1a ddng doi véi dic trung dang xét tai trang thai j d6 s& duoc
lay tich lai v6i nhau va ciing trong trang thai j d6 ta tinh tong d6 manh cta tat ca cac nuée di hop 1€ dé c6 gia tri E;.
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Ap dung cu thé cong thire (7) vao trong nhiing tro choi danh cd, m 1a nude di nao do, strength(m) 1a ham tinh
d6 manh cua nudc dim, E 1a téng d6 manh ctia nude di hop 1€ trong mot trang thai ciia ban co. Mot trang thai ctia ban
¢ ¢6 nhiéu nude di hop 18 c¢6 thé di duge, nhung ngudi choi chi ¢ thé chon mot nude di tét nhét theo suy tinh cua
ngudi choi. Nhung ddi v6i chuong trinh méy tinh thi phai dya trén ham strength(m). Ham nay ciing chinh 13 ham
luong gia hanh dong duoc trinh bay ¢ phan trén. Trong cong thic (6), N 1a sb trang thai co duoc trong tap dir lidu cac
véan cd dung dé hoc, m; 12 nudc di dugc chon trong trang théi thi i. Gia sir ¢ 1.000.000 van ¢ ding dé lam dir liéu
hoc, mdi van c& ¢6 trung binh x4p xi ¢6 70 trang thai, nhu vay 1.000.000 van c& ¢6 xap xi N = 70.000.000 trang thai.

V. THU'C NGHIEM

Bai bao ding cong thirc danh gia Mean-Log Evidence (theo cong thirc 9) dé wéc lwong kha ning cia cac nudc
di dwoc chon. P do Mean-Log Evidence (MLE) duoc ap dung trong phuong phap kiém tra chéo véi tap dit liéu ding
dé huén luyén va danh gia 1a tap cic van cd Connect-6 dugc thu thap. Dir lidu s& dugc huén luyén voi 95% dit lidu
trong tap va 5% dir li¢u con lai dé 1am mau kiém thir cho mé hinh. Mdi nudc di duoc chon duge thir trén trén cac tap 4
mau c6 d6 dai 6; 4 mau c6 d6 dai 7; 4 mau c6 do dai 8; 4 mau trong d6 2 mau c6 do dai 8 va 2 mau c6 do dai 7.

Trong 1.000.000 vén cd, 995.000 van duge lam dit lidu huén luyén, 5.000 van duoc lam dit ligu kiém thir theo
phuong phap huin luyén BTMM vdi sé vong lip 20 cho tat ca cac thuc nghiém. Bén tdp miu trén tng véi 4 loai ham
huong gia: Ham lugng gia 1 bao gdm 4 dic trung c6 d6 dai 1a 6 xung quanh vi tri dang xét (vi tri mau do chinh gitra
trong hinh 4A). Ham lugng gia 2 bao gém 4 dic trung c6 d6 dai 1a 7 xung quanh vi tri dang xét (vi tri mau do chinh
giita trong hinh 4B). Ham luong gia 3 bao gém 4 dic trung c6 d dai 1a 8 xung quanh vi tri dang xét (vi tri mau do
chinh giira trong hinh 4C). Ham luong gia 4 bao gdm 4 dic trung trong d6 2 c¢6 d6 dai 1a 8 va 2 dic trung co d6 dai 7
xung quanh vi tri dang xét (vi tri mau do chinh gitra trong hinh 4D).

9 } 1 1 q 1 1 1

%o 8e% [%8e%

e (e

i

A B €C DEF GH I AutBiCH DINES IR GEIH{]
A - Ham lugng gid 1 B - Ham lugng gia 2

- N WA e Ne
|

- N W a NN ®
|

'@ L@ (O 119
' 1Y o O = 2
QO 1 1O @
6 6
5 5 P -
4 L]
; RN 30 3
2 ? -——, ,....
: l ,
AB ECHDIVE FRUGIERIN] ALBHCH DI NE: IRE@ HL RIS
C - Ham lugng giad 3 D - Ham lugng gia 3
Hinh 4. Bén ham luong gia hanh dong
— testing /.__71__,._'_..,- g I
=3 |-= leaming ~ '/. ' _,/‘ﬁ"""'f*._ AR B
— \/.\'/*
=4
=
=5
-6

0 2 4 6 8 10 12 14 16 18 20

number of loops
Hinh 5. MLE cta ham lugng gia 3
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Trong céc thuc nghiém trén, dic trung tot nhét 1a cac dic trung thude nhoém mau ¢6 2 mau do dai 8 va 2 miu do
dai 7 (hinh 4D). Sb lugng déac trung 1a 5832 trong thuc nghiém hinh 4A, 17496 dac trung trong thuc nghiém hinh 4B,
52488 dac trung trong thuc nghiém hinh 4C, 34992 déc trung trong thuc nghiém hinh 4D. Thyc nghiém ham luong gia
hanh dong 3 (hinh 5) do thi co sy bat thuong, su bat thuong nay chinh 1a hién twong qua khop (overfitting) rat khong
tbt trong truong hop tong quat hoa cho nén két qua huén luyén nay s& khong dugc s dyng du MLE tong quat cao
(MLE = -2.845), diéu nay cho thay so lugng déc trung qua nhiéu s& khong t6t cho viéc hoc khi két qua hoc thi cao
nhung dem vao sir dung trong thuc té lai rat thap Néu sb luong dic trung qua it hodc dir liéu hoc qua it s& gdy ra hién
tuong chua khop (underfitting). Céac thong s6 thuc nghiém con lai khong c6 su bat thuong trong hudn luyén, va MLE
ctia thyc nghiém ham luong gi4 hanh dong 4 (hinh 4D) 1a tot nhat (MLE = -2.894). Chinh vi sy qua khép trong ham
lwong gia hanh dong 3, nén ham lugng gid hanh dong 4 ching toi da giam sé ddc trung tir 52488 xubng con 34992 va
khong con xay ra viéc qua khop. Hinh 6 so sanh MLE cuia 3 ham lugng gia khong xay ra bat thuong va ham luong gia
hanh dong 4 (hinh 4D) 1a t&t nhat.

MLE cho 3 ham lugng gia

1 2 3 4 5 & 7 B 9 10 11 12 13 14 15 1s 17 18 189 20

-35

-45

-55

— | earning 1 Learning 2 Learning 3

Hinh 6. So sanh gia tri learning gitta 3 ham lugng gid

VI. KET LUAN

Bai bao tap trung vao viéc tim hiéu cac thuét toan hoc ¢ giam sat. BTMM la mot thuét toan hoc c6 giam sat két
hop gitta md hinh Bradley-Terry (BT) va phwong phap t6i wu Maximization-Minorization (MM). Phuong phap nay
hiéu qua trong cac bai toan du doan c6 tinh déi khang nhu: Dy doan kha ning thing giira 2 ky thu, du doan kha ning
théng cudc gitra cac doi tham gia vao mot tran d4u, du doan bong da, du doan dua ngya.

Bao bao hy vong doc gia tim hiéu dugc phan phuong phép ap dung MM vao BT va biét cach trién khai thuc
nghiém dé kiém ching 1y thuyét. K&t qua thuc nghiém va phén tich cho ra nhi€u thong tin 1y thi cua viée danh gia dac
trung. Péc trung cling chinh 1a thanh phan quan trong trong viéc xay dyng cac ham phan 16p heuristic.

Mb hinh Bradley-Terry c6 md rong thém cho cac thong tin wu tién giita cc tmg vién nhu: San nha, san d6i
phuong. Bai toan du doan bong da 1a mot bai toan phu hop dé nghién ctru tiép theo va duge md ta nhu sau: C6 20 cau
lac bo tai Premier League, mdi cdu lac b s& thi ddu véi cac dbi tha khac hai 1an (vong tron hai lugt) mot luot trén san
nha cta ho va mét trén san d6i phuong (s& ¢6 trong s khac nhau).
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USING BRADLEY-TERRY MINORIZATION-MAXIMIZATION FOR FEATURE
SELECTION IN THE HIGH BRANCHING BOARD GAMES.

Nguyén Quéc Huy, Ping Cong Qubc

ABSTRACT: The Bradley-Terry (BT) model is quite popular to identify the winning probability of a player, it has been used to
compute an ELO of a chess player. While the Minorization-Maximization (MM) approach maximizes a priori probability, a
combination between BT and MM has been an efficient algorithm of supervised learning in board games. The paper introduces in
detail BTMM algorithm and how to apply it on feature selection in Riversi, Connect-6 game records. The experients show many
efficient results and some interesting information of analysis.



