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Tém tit. Lua chon dic trung dong vai tro quan trong trong hoc may. Cac chuwong trinh
danh co la méi truong thir nghiém tuyét voi cho cac nghién cttu vé Al, day thuc sw la thach
thite 16n khi tro choi ¢é d6 phan nhanh cao nhu co Vay, Amazon, Connect6. Tim ddc trung
tt tir dir liéu cdc van cd c6 san that sy la van dé khong dé dang. Bai bao nay trinh bay
nhiing van dé cdt 16i va quan trong trong viéc phat trién mét chwong trinh danh co nhuw Cay
tim kiém, ham lugng gia, lwa chon déc trung, va lam cach nao d€ danh trong s cho cac déc
trung dwa vao dix liéu cac van co cd san.

Tt khéa: lira chon dac trung, Connect6, ham lwong gia
1 Giéi thiéu

DPanh co 1a mot chudi ldp di lap lai viéc chon lwa nidce di gitta hai nguoi choi. Trang thai
ban co thay doi khi mot nude di méi duge thuc hién. N6i cach khac, day la bai toan tim kiém
giai phap t6i wu trén mot trang thai cua ban co. Mtec do tdi wu ctia viéc chon lua giai phap thé
hién tinh thong minh cua chwong trinh.

Mot cay tro choi bao gom tat ca cac nwdce di c6 thé 6 ctia hai nguodi choi va moi nit cta
cay thé hién mot trang thai ban co sau khi nhan mét nudce di tir nguoi choi. Tir mét nat (trang
thai) hién tai c6 thé c6 nhiéu lua chon cho nudce di tiép theo do; s6 nude ¢ thé chon duoc goi la
hé s6 phan nhanh. D6 sau cua cay tro choi 1a s6 lan thay d6i luet di cta hai nguoi choi. Hinh 1
minh hoa cdy tro choi cua tro choi doi khang Tic-Tac-Toe; tro choi nay cwec ki don gian vi choi
trén khong gian 3 x 3 =9 6. Hai nguoi choi 1a X va O. Déi véi tro choi Tic-Tac-Toe, mbi 6 c6 tdi
da 3 trang thai (O, X, trong). S6 6 cua ban co la 9, nén khong gian trang thai ban co cua tro choi
Tic-Tac-Toe 1a 3° = 19.683. S6 luong cay la 9! = 362.880.

D6i v6i mdy tinh hién dai thi nhitng tro choi c6 khong gian tim kiém nho nhu tro choi
Tic-Tac-Toe thi may tinh c6 thé vét can, va ltic d6 chuwong trinh ddnh co chi tir hoa dén thang vi
biét duoc nudc di tot nhat theo cach di cua d6i phuong. Cac tro choi ¢6 khong gian tim kiém
trung binh nhu Connect4, Riversi, Chess, Chinese Chess va Shogi thi may tinh khong du kha
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nang dé vét can. Luc d6, mdy tinh ¢6 thé tinh trede mot s6 budc nao d6 roi wde lugng. Chuong
trinh may tinh manh hay yéu nho vao kha nang wéc luong.
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Hinh 1. Cay tro choi Tic-Tac-Toe

Mot s6 thuat toan tim ki€ém trén cay truyén thong nhw tim kiém Minimax, Alpha-Beta
(ap) va tim kiém A" da dugc tng dung rat thanh cdng trong nhiéu linh vuc. Vi du trong tro
choi, bt dau tir trang thai hién hanh ctia mot tro choi, ciy tim kiém duoc vé ra &€ miéu ta cac
nude di co thé tir trang thai hién hanh d6. Néu ta mo rong cdy cho dén nudce di cudi cung thi

chac chan sé tim ra duoc nude di t6i wu theo kiéu lan truyén nguoc Minimax.

Connect6 1a mot tro choi c6 tinh chat doi khang va duoc choi trén mot ban co ¢ kich
thudc 19 x 19 1a ho trod choi k-in-a-row [1] do Xu va cs. dé xuét vao ndm 2013. Kich thwdc ban co
16n va luat choi véi hai quan co mdi lwgt nén khong gian tim kiém nudc di ctia Connect6 rat
16n, d6 phtic tap cuia khong gian trang thai la 10.172 nén phai lya chon déc trung dé€ tim nudce di

t3i vy, tir d6 tao tién dé dé tim tng vién tiém ndng dan dén chién thang.

2 Cac phuwong phap lwa chon dac trung

Trong phuong phép hoc may, thay vi phai hoc hét tap di liéu hudn luyén 16n véi chi phi
cao va khong hiéu qua do dt liéu c6 nhitng yéu td du thira va nhiéu. D& két qua hudn luyén cao
thi thong thuong hoc qua cac dic trung thay vi hoc nguyén tap di liéu huan luyén [3]. S6 lugng
ddc trung (features) cang nhiéu thi d¢ chinh xac cang cao; nguoc lai, luong ddc trung qua nhiéu
sé€ khién cho qud trinh huan luyén va qua trinh phan loai mat nhiéu thoi gian hon. Ngoai ra, n6
con khién chwong trinh chiém dung lwong bo nhd va dia cing nhiéu hon. Vi vay, phai c6

phwong phap lwa chon dac trung t6i wu, khong nhat thiét phai chon hét tat ca ddc trung.

Bai toan dat ra trong phwong phép hoc may la phai lira chon tir tap cac dédc trung ra mot

tap con nhé hon ma van dam bao d6 chinh xac ctia qua trinh phan loai. Viéc lia chon d6 dwoc
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goi la lya chon ddc trung. Doi véi tiing phuong phap hoc may, sé c6 nhitng phuong phap
twong tng hiéu qua riéng véi nd. Noi cach khac, khong cd phuong phap nao la tét nhat.
Phuong phap tim tap ddc trung phd bién nhat duwoc mé ta nhu trong Hinh 2.
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Hinh 2. Quy trinh lya chon dac trung [3]

C6 ba hudng tiép can tong quat doi voi lya chon ddc trung. Tht nhat, huedng tiép cin loc
khai thac cac thudc tinh chung ctia dix liéu hudn luyén doc 1lap véi thuéat toan khai pha. Hudéng
nay thong thuong dé xudt mot do do va do ting ddc trung riéng biét va nhitng dic trung nao
thoéa man d¢ do thi dugc chon. Tuy nhién, nhitng ddc trung dwoc cho 1a t6t theo hudng loc doi
khi khong t8t khi két hop. Néi cach khac, nhiéu ddc trung t8t chua chac bd sung cho nhau dé
cho ra mot ham danh gia t&t. Thi hai, hwedng tiép can dong g6i khdm pha mdi quan hé gitra lwa chon
tap con dac trung thich hop va t6i wu. N6 tim kiém tap con déc trung t8i wu dua vao thuat toan
khai pha cu thé. Nhiing ddc trung nay néu do theo cong thirc danh gia cua hudng filter (theo
ting ddc trung riéng biét) nhiéu khi khong dat ngudng va khong duoc chon. Tuy nhién, néu
tap dac trung ndy nam trong mot ham danh gia thi tiing déc trung nay lai bo sung cho nhau
hiéu qua. Thw ba, hiéng tiép cdn nhiing la phwong phap hoi qui cho mé hinh tuyén tinh duoc
tong quat hoa. Huéng nay thuong thém nhiing gia tri cong thém cho ham danh gid nham giam
tinh qua khép ctia md hinh (ting chdt lwong ctia mo6 hinh). Mot s6 thuat toan nhu LASSO va
cay quyét dinh thudc phwong phap nay.

Theo qui trinh lyra chon d&c trung nhw md ta thi cac phwong phép t6i vu ngau nhién nhu
Leo d6i, Luyén thép va Di truyén thuong duoc dung dé€ thiét k&€ mo hinh chon lya déc trung [4].
Cong viéc 16n nhat trong phan nay la xay dung mot ham muc tiéu phu hop cho cac phuong
phap t8i wu ngau nhién va phuong phép danh gia két qua.

3 Co Connect6

Connect(m, n, k, p, q) ky hiéu ho tro choi k-in-a-row. C6 hai nguoi choi: tréng va den.
Nguoi choi tht nhat véi quan da den dat g hon da cho di chuyén lan tht nhét. Sau d6 nguoi

choi thtt hai dat g hon d4 trén ban m x n trong mdi lan. Nguoi choi nhan dwoc k hon da lién tiép
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dau tién thi théng. Connect(m, n, 6, 2, 1) goi la Connect6 [1,2]. Dau tién, nguoi choi dat duy nhat
mot quan den trén ban 19 x 19, va sau d6 hai ngwoi choi luan phién dat hai quan co vao ban
nay. Ban co Connect6 nhui Hinh 3 dénh s thit tu theo cac dong tir dudi 1én trén bat dau tir s 1
dén s6 19 va cac cot duge danh theo bang chit cai alphabet tir trai qua phai bat dau tir chit A
dén chit S. Vi tri giao nhau gitta dong va cft va chuwa c6 quan co nao dét 1én thi vi tri nay dwgc
goi la vi tri dat quan co hop 1€ (vi tri nay con duoc goi la diém giao hop 1€). Vi kich thudc ban
co la 19 x 19 nén s6 luong diém giao tuwong ting dé€ ddt quan 1a 316 va moi giao diém cd ba trang

théi (tréng, tring va den) nén d6 phtic tap trang théi ctia co Connect6 xap xi 3%L.

Van co két thic khi mot trong hai nguoi choi gianh dwoc chién thang hogc cc quan co da
1ap day ban co (khong thé dat quan co hop 1é 1én ban o). Nguoi gianh chién thing la nguoi 6
duoc moét hang (chéo, ngang, doc) gobm 6 quan lién ti€p ctia minh trede nguoi choi thit hai va
nguoi chién thé'mg duoc xem la da thuc hién duwoc mot Connect6 [1]. Nhu trong Hinh 4 nguoi
choi cam quan Pen da két thtic van co bang mot chién thang trude ddi thi 1a nguoi choi quan
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Hinh 3. Ban co tro choi Connect6
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Hinh 4. Van co két thiic dwdi mét chién thang ctia ngudi choi quan Pen
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4  Céacnghién ciru gan diy vé lwa chon dic trung trong bai toan danh ¢ c6
d6 phan nhanh cao

Trong bai bdo [6], cic tac gia mdi chi sit dung hai phwong phap t&i wu ngau nhién: giai
thuat leo do6i (Hill-Climbing) va giai thuat luyén thép (Simulated annealing) d€ t6i wu hoa cac
dac trung cua ban co Othello. Ho két hop véi phuong phap hoc ¢ giam sat Bradley-Terry
Minorization-Maximization (bao géom md hinh Bradley-Terry va giai thuat Minorization-
Maximization) d€ tim ra nhiing dac trung tét dé€ sit dung trong cay tim kiém Monte Carlo
(MCTS: Monte Carlo Tree Search). Vi phuong phap nay, nha nghién cttu c6 thé xay dung duoc
ham lwong gia hanh dong (action valuation function) t6t d€ danh gia cac nudc di hira hen giup
cho may tinh c6 thé chon lya duoc nude di t6t nhét ¢ thé trong mot thoi gian nhat dinh. Bén
canh d0, cac tac gia con dua ra phwong phép thong ké dé€ tim ra cac ddc trung va danh gia do
tin cdy cac ddc trung dé truede khi hoc. Két qua ctia cac phuwong phép nay da ap dung rat tot cho
co Othello.

Cong trinh cua Huang [7] da dua ra mét s6 phuong phap Heuristic méi cho MCTS tap
trung vao hai déng gép: Thit nhat, 4p dung thanh cong giai thuat can bang gia 14p ngau nhién
(Simulation Balancing — SB) d& hudn luyén cac tham s8 cho viéc gia 1ap ngau nhién trén ban co
Vay kich thudc 9 x 9. Giai thuét SB do Silver va Tesauro [8] dwa ra nam 2009. Day la giai thuét
hoc tang cuwong nhung chi ap dung cho ban co c¢6 kich thudc nho. Mot s6 thi nghiém da tién
hanh dé€ chiing minh tinh hiéu qua trén ban co Vay kich thudc 9 x 9 va da chi ra giai thuat SB
vuot qua giai thuat hoc c6 gidm sat noi tiéng Minorization-Maximization (MM) khoang 90 Elo.
Mot s6 thi nghiém khac duoc tién hanh cho co Vay kich thudc 19 x 19. Két qua chi ra rang cac
giai thuat quan ly thoi gian thong minh c6 thé duwgc xem xét d€ cai thién sitc manh khi choi tro

choi.

Cong trinh cua Loos [9] da kham phd kha nang két hop cua nhiéu ky thuat hoc may dé
thit nghiém tri tué nhan tao cho cdc tro choi loai k-in-a-row. Cac ky thuat st dung gom Cay
quyét dinh (Decision Trees), Random Forest (bao gom cdy quyét dinh), giai thuat Minimax va
giai thuat di truyén. Trong do, giai thuat di truyén déng vai tro chi dao dé€ xay dung tri tué cho
may tinh. Trong budc danh gid, giai thuat Minimax tim kiém trén cay dwoc st dung, mdi nuwdc
du kién sé c6 mot Random Forest gén vao dwoc stt dung nhu ham heuristic trong Minimax.
Muc dich chinh la huan luyén dé€ tién hoa cac Random Forest t6t nhat c6 thé. Thi nghiém trén
tro choi Tic-Tac-Toe, Connect4 va Gomoku trén ban co kich thude 10 x 10 cho két qua t6t. Tuy
nhién, két qua thi nghiém cho thady phuwong phap dwa ra chay cham trén kich thudc ban co 16n;
d€ cai thién duoc toc d9 doi hoi téc do xtt ly cao cua CPU. Wu va Chang st dung ham luong gia
trang théi trén cay tim kiém Alpha-Beta dua vao dédc diém vé mdi de doa trén co Connect6 dé
xay dung cac vung phu hop cac quan co can phai dat d€ c6 duoc trang théi tot nhat. Cac thanh
phan trong bai toan danh co bao gom: Cay tim kiém Alpha-Beta, Ham luong gia trang thai,
Vung déc trung phu hop d€ xay dung ham luong gia.
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Yen va Yang [10, 11] st dung mot phwong phéap gia lap méi trong ciy tim kiém Monte
Carlo. Y twdng chinh dé xudt mot bién thé méi ctia MCTS la st dung cay tim kiém And/Or két
hop véi phuong phép gia 1ap 1dy mau ngau nhién ctia Monte Carlo. Yen da stt dung mot khai
niém la vung phu hop duwoc k& thira va phat trién tit Wu cho chuong trinh danh co cta 6ng.
Yen va cac cong su da xtt ly cho vung phut hop chi tiét hon so véi ving phut hop cua Wu da dua
ra trede do va van dung vao giai doan 2 caia MCTS. Ham luwgng gia trong chuwong trinh nay la
ham Iwong gia hanh dong va duoc hd tro boi vung phtt hop duoc xac dinh qua giai phap T2,
giai phap TSS dé€ giéi han khong gian trén cdy And/Or. Cac thanh phan trong bai toan danh co
bao gom Cay tim kiém And/Or, ham lugng gia hanh dong va Vung déc trung d€ xay dung ham
leong gia (don nguy co va d6i nguy co).

5 MO0 hinh dé xuit phu hgp véi cidy tim ki€ém Monte Carlo

Trong mot s6 tro choi ¢6 d6 phan nhanh cao, nhitng cay tim kiém nhu Minimax va
Alpha-Beta thuong khong phu hop va xtt ly rdt cham vi khong gian tim kiém qua 16n. Cay tim
kiém Monte Carlo la phuong phép 14y mau dua trén phirong phép can bang gitta viéc khai thac
va khdm phéd dé tap mau tuy nho nhung dai dién chinh xac duoc khong gian tim kiém 1én
(tranh dwoc viéc vét can). Cay tim kiém Monte Carlo theo ly thuyét thi khong can ham luong
gia [5]. Tuy nhién, xay dung duoc ham luong gid phit hop sé gitup cho viéc hdi tu tap mau sé
nhanh hon. Ham luwong gid phu hop cho cay tim kiém Monte Carlo thuong la ham luwong gia
hanh dong (khac véi ham luong gia trang thai, thuong phu hop voéi cay tim kiém Minimax va
Alpha-Beta). Khi d& can xay dung ham lwgng gia thi viéc lga chon dac trung la can thiét.
Nhiing dac trung dugc danh gia la phut hop hay khong thi phai ¢ phuong phap danh trong s6.
Mot s8 nghién ctru cho thdy phuwong phap huén luyén trong s dua trén nhitng van co c6 san
bang phuong phap BTMM (Bradley-Terry Minorization Maximization) 1a rat hiéu qua. Hinh 5

mo ta moi quan hé gitta BTMM va cay tim kiém Monte Carlo.

Cay tim kiém Monte Carlo
MCTS

1

Ham lrong gia hanh dong

|

Hoc may (BTMM)

t

Chon lira d4c trung

Hinh 5. Cac thanh phan chinh trong bai toan danh c¢ ¢6 d6 phan nhanh cao
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public class MonteCarloTreeSearch {

static final int WIN_SCORE = 18;

int level;

int ocpponent;

public Board findwWextMove(Board board, int playerNe) {
opponent = 3 - playerMo;
Tres tres = new Tres();
Mode roctNode = tree.getRoot();
roothode.getState() .setBoard(board];
roothode.getState() . setPlayerio{opponent};

while (System.currentTimeMillis() < end) {
Node promisingMode = selectPromiszingMedse(rocthode)
1T {promisingheode.get3tate()}.getBoard() .checkEtatus(}
== Board.IN_PROGRESS) [
expandiode {promisingMode) ;
T
Node nodeToExplore = promisinghlode;
1T (promisingheode.getChildArray () .size() » @) {
nodeToExplore = promisinghlode.getRandomChi ldMode(]) ;
L

int playoutResult
backPropogation(nodeToExplore, playoutResult);

simulateRandomPlayout(nodeToExplore);

1

Mode winnerdode = roctMode.getChildwithMaxScaore();
tree.setRooct (winneriode) ;
return winnerhode.getState() . getboard();

L

Hinh 6. Thuét toan Monte Carlo Tree Search

Trong cay tim kiém Monte Carlo nhw Hinh 6 ¢6 4 giai doan: Chon lwa mot nut hita hen
nhat trong cay theo phuong phap can bang gitta Khai thac va Khdm pha (ham selectPromis-
ingNode() trong dong ma s& 12. Giai doan tiép theo la téng truong cay bang cach Mo rong mot
nuat con trong nat hita hen dugce chon ¢ giai doan trén, va budc mo rong nay duoc thuc hién
ngau nhién (nhu phuong thitc getRandomChildNode() trong doan ma dong 19). Giai doan
tiép theo la Gia ldp van co tir nut méi dwge moé rong va cd két qua théng thua (ham simulateR-
andomPlayout() trong doan ma dong 21). Giai doan cudi la lan truyén nguoc két qua thang
thua d6 lén nat hita hen 6 giai doan 1 (ham backpropagation () trong dong ma 22). Quad trinh
nay duoc goi la 1 playout. Trong thoi gian cho phép (vong lap trong doan ma s6 11) viéc thuc
hién playout c thye hién. S6 lIan playout dwgc thuc hién coi nhu 1a mau duoc lay tai nat hira

hen.

Trong viéc 18y ngiu nhién, vai tro ctia cac déc trung ¥; dwoc thuc hién thong qua cong

thite (2).
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Cong thic (1) duoc ap dung trong giai doan Mo rong va Gia 13p. Thay vi chon ngau
nhién thuan tty, ching ta c6 thé chon theo phuong phap Roullet Wheel (banh xe may man) va
nudc di nao c6 dac trung tot thi o ty 1€ chon luwa cao hon. Ngoai ra, trong giai doan Chon lwa,
thay vi chon nut hira hen theo cdng thic (4) thuan tiy, chung ta c6 thé chon theo cong thire (5)
6 léch theo yéu t& dac trung. Trong cong thirc (4) va (5), n la tong s6 playouts trong khoang
thoi gian suy nghi trong doan ma 11 (Hinh 6). Trong d9, n; 1a s6 lan playouts qua nut thw j, va
wi la s6 lan dac trung i xudt hién trong nut j. Trong cong thitc (5), K 1a hé s& 1éch; trong mot s6
thi nghiém thi K 16n gép 5 lan n.

uct, =Y ¢ [0 @)
n i n;

]
W. Inn K
—4+C f—+C ‘/—P m. 5

Phuwong phap hoc mdy BTMM ap dung mo6 hinh Bradley-Terry vao phuwong phép t6i wu

UCTbiasj =

Minorization Maximization. Cong thttc t6i vu (2) do Remi Coulom dé xuat ndm 2007 [6] cling
&p dung suy dién Bayes d¢ t&i wu déc trung tlr tap dit liéu c6 san. Sau khi xac dinh dugc trong
s6 cta timg dac trung thi viéc xay dung ham luong gid dua trén dac trung la viéc dé dang.
Ham lwong gia hanh dong thong thuong la tich cic trong sd ddc trung lién quan dén ham
lwong gia. Mot ham luong gi t6t sé gitip cho cay tim kiém Monte Carlo rat ngan thoi gian hoi

tu trong viéc tim kha nang t6t nhat (nwdc di toi wu) trén moét trang thai ban co hién hanh.

6  Thinghiém ban dau

Thi nghiém trén 1.000.000 van c& Connect6 c6 chat lwong cao va thit nghiém trén cac tap
4 mAu c6 do dai 6, 4 mau 6 d6 dai 7, 4 mau c6 do6 dai 8, va 4 mau trong dé6 2 mau ¢ d6 dai 8
va 2 mau c6 d6 dai 7. Mdi dic trung duoc danh trong s§ bang cong thiic (4) va dung d6 do
MLE dé x4c dinh loai mau nao phu hop nhat cho cac vi tri trén ban co. Trong 1.000.000 véan co,
995.000 van dwgc lam di liéu huan luyén, 5.000 van dugc lam di liéu kiém tra theo phuwong
phép huén luyén BTMM véi s6 vong 1dp 20 cho tat ca cac thi nghiém. Viéc thi nghiém c6 2 giai
doan: Giai doan 1 diing d6 do MLE nhu c6ng thiic (3) d€ x4c dinh mau phu hop dé xay dung
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ham luong gid. Giai doan 2 xay dung ham lwgng gia cho chuwong trinh VN-Connect dé€ dau voéi
chuong trinh X6, mot chuong trinh rdt manh tirng doat giai nhdt qudc t&€ ICGA Computer
Olympiad.

MLE cho 3 hamlwgng gia

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 1

[r=]
-3
]

-3.5

-45 |

-55

| earning 1 Learning 2 Learning 3
Hinh 7. So sanh gia tri learning gitta 3 ham luong gia

Ham luong gia 4 mau c6 d6 dai 8 c6 hién tuong qua khop (overfitting) nén bi loai trir.
Nhiing ham luong gid con lai la tot nhat (tng vdi gia tri Learning 1 nhuw trong Hinh 7). Trong
hinh nay, truc tung la gia tri MLE (Mean Log-Evidence) ciing dwoc 4p dung trong phuong
phép kiém tra chéo vdi tap dit liéu dung d€ huan luyén va danh gia la tap cac van co Connect-6
duoc thu thap. Truc hoanh mo ta s6 lan lap d€ t6i wu gia tri trong s6 ctia ddc trung nhu cong
thiec (2).

Dua trén thi nghiém giai doan 1, nhom tac gia xay dung cac ham leong gia hanh dong
theo cong thirc (1) cho chwong trinh VN-Connect, sau dé cho chwong trinh VN-Connect dau
v6i X6 va nhan duoc két qua nhu trong Bang 2. Két qua cho thdy chuwong trinh cang manh néu
ddac trung cang tot nhu trong bang 1.

Bang 1. So sanh ty 1¢ thing thua gitta VN-Connect va X6

MLE t6ng quat Két qua VI\FIF— %lfﬁjzg_ﬂ)lzj% )
4mau 6 -3,0660602 176/1000 17,6
4mau7 -2,9578211 211/1000 21,10
2 miu 8,2 mau 7 ~2,8943371 273/1000 27,30
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Bang 2. Thay do6i thoi gian suy nghi

Thoi gian suy nghi (s) Két qua Vl\?-ycloérf:jcrlg—t)}(lz?% )
4 273/1000 27,30
6 482/1000 48,20
10 617,5/1000 61,75

Mot thi nghiém khac la so sanh thoi gian suy nghi trong chiwong trinh Monte Carlo. Thoi
gian suy nghi trong chuwong trinh Monte Carlo rat quan trong vi suy nghi cang nhiéu thi viéc
14y mau cang chinh xac (s6 lwong playouts nhiéu), dan dén viéc hoi tu dén két qua toi uu.
Chung t6i thi nghiém trén 6 gidy va 10 gidy va thay két qua khac biét ro rét. Biéu d6 ching to

két qua thi nghiém ctia viéc chon dic trung l1a chac chan va két qua nhu dw doan (Bang 2).

7  Kétluan

Trong bai bao nay, chiing t6i nghién cttu cac thanh phan co ban ctia chuong trinh danh
cO va xac dinh cu thé cho ting loai co. Chuwong trinh ching t6i tim hiéu va ap dung 1a tro choi
Connect6. Day la tro choi c6 d6 phtc tap twong duwong co Vay. Co ché hoat dong cua cay tim
kiém Monte Carlo pht hop cho nhitng tro choi c6 d9 phan nhanh cao da duoc xac dinh va ham
leong gia hanh dong ttt viéc chon ra cac dac trung cling dwoc xay dung. Cac ddc trung dwoc rut

trich ttr cac van co c6 chét luong va dugc xac dinh trong s6 theo mo hinh Bradley-Terry.

Viéc xac dinh déc trung bude dau dugce thye hién tht cong va ¢ két qua dang khich 1é.
Hudng phét trién tiép theo ctia bai bao nay la stt dung cac phuong phép t6i wu ngau nhién nhu
Leo do6i, Luyén thép va Giai thudt di truyén; va sit dung phuong phap Deep Learning dé€ chon
lya déc trung mot cach ty dong va tim ra cac dac trung t6i wu nhat, dan dén ham lwong gia sé

to1 wu.
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EXAMINATION AND EVALUATION OF FEATURE-
SELECTIVE APPROACHES IN BOARD GAMES WITH
HIGH-COMPLEXITY BRANCHES

Dang Cong Quoc!, Nguyen Dang Binh!, Nguyen Quoc Huy?

'Hue University of Science, 77 Nguyen Hue street, Hue city
2Sai Gon University, 273 An Duong Vuong street, district 5, HCM city

Abstract. Feature selection plays a crucial role in machine learning problem. Board game is a
suitable testbed for Al areas, this is a really big challenge if the game with high complexity
of branches like Go, Amazon, Connect6. It is very hard to find out the great features from
game records in these games. This paper proposes a full survey of many studies in comput-
er games such as search trees, evaluation functions, feature selection, and how to weight the
game feature based on a set of game records.

Keywords: Feature selection, Connect6, evaluation function
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