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TOM TAT
Trong bai b&o nay, chang t6i sir dung chién lroc phan lép Half- against-Half va bé
phan Iop nhi phan Support Vector Machines (SVMs) cho bai toan phan lop da lop. Trong
do, dé tao cdu tric cdy cho HAH, chung 16i dé xudt mot thudt todn duwa trén Ii thuyet tap
thd (Rough Set Theory — RST). Két qua ciia thudt todn sé dwoc so sanh véi mét s6 chién
lwgc phan da l6p pho bién dya trén bg phan l6p SVMs.
Tirkhoa: li thuyét tap tho, Haft-against-Haft, may hoc hd trg vector.
ABSTRACT

Applying Rough Set Theory in generating HAH tree structure
in multi-class classificaiton

In this paper, we use Half- against-Half (HAH) strategy with binary classifier
Support Vector Machines (SVMs) for multi-class classification problem, for generating
HAH tree structure we propose new algorithm based on Rough Set Theory, the result will
be compared with three multi-class classification general strategies of SVMs.

Keywords: Rough Set Theory, Haft-against-Haft, SVMs.

1.  Gioi thiéu

Hién c6 nhiéu nghién ciru vé phan 16p van ban cu thé: trong [1, 4, 5] gidi thiéu
mot sb ki thuat may hoc cho bai toan phan 16p da 16p nhu: Naive Bayes, Decision Tree,
K-Lé&ng giéng gan (KNN), mang Neural, Support Vector Machines (SVMs), thuat toan
Rocchio, Giai thuat di truyén. [9] két hop fuzzy c-means va fuzzy SVMs (goi tat 1a
FCSVM). Trong [9], fuzzy c-means dugc sir dung dé loc cac dit liéu gay nhiéu trong
tap huén luyén, sau d6 SVMs dugc st dung nhu bo phan 16p. [6] két hop Li thuyét tap
thd va SVMs cho bai toan phan Iép van ban, trong d6 RST duge sir dung dé giam do
I6p tap thudc tinh qua d6 gilp SVMs cho két qua tét hon. Dic biét, [1,4,5] nhan xét
SVMs 1a bd phan 16p duogc st dung phd bién, va tir két qua thuc nghiém [5] cho thay
SVMs la thuét toan dat két qua tot nhét.

Tuy nhién, SVMs |a bo phén 16p nhi phan, dé 4p dung cho bai toan phan, mot sb
chién thuat da duoc dé xuét nhu: OAR (One-against-Rest. Vapnik (1998)), OAO (One-
against-One. (Krefel (1999)), Decision Directed Acyclic Graph (DDAG. Platt et al.
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(2000)), HAH (Haft-against-Haft).

Trong céc chién thuat ndy, HAH yéu cau huan luyén it b phan 16p hon cac chién
thuat con lai, tuy nhién hiéu qua cia HAH lai phy thudc vao cau tric cay ctia né. Vi
vay, Viéc xay dung mot cau tric cay hiéu qua dac biét quan trong trong chién thuat.

Trong bai béo nay, phan 2 ching t6i giéi thiéu vé cac khai niém co ban cia RST,
chién thuat HAH sir dung cac bo phan 16p SVMs, chung t6i d¢ xuat mot thuat toan sur
dung RST cho viéc tao cau tric cdy HAH. Phan 3, ching t6i trinh bay cac két qua dat
dugc. Phan 4, 12 phan két luan va huéng nghién ciru tiép theo.

2.  Phwong phap
2.1. Lithuyét tap tho

Hé thong théng tin (Information System)

Trong li thuyét tap tho, mot hé thong théng tin 14 mot bo ¢ dang 1S= (U, A),
trong d6 U 1a tap vil tru (U khac rong, 14 tap cac d6i tuong), A duoc goi 1a tap thuoc
tinh (A khéc rong va xac dinh).V6i moi thugc tinh a €A ta co twong (g mot tap V,,
sao cho a: U-V,. V, duoc goi la tap gia tri cia a hay mién gia tri cua thudc tinh a. a(x)
€ V, duoc goi 12 gia tri thudc tinh a cua dbi twong x thude U.

Quan hé bt kha phan biét (Indiscernibility relation)

V6i bat ki B €A, ching ta c6 quan hé:

IND(B) ={(x,y) eUxU| Va € B,a(x) = a(y)}

IND(B) goi la quan hé B — bit kha phéan biét (B-indiscernibility relation). Néu
x,y € IND(B), x vay dugc goi 1 bat kha phan biét trén tap B. Cac 16p twong dwong
cta quan hé bat kha phan biét trén B dugc ki hiéu 1a [x].

Xdp xi dwéi va xdap xi trén (Lower and upper approximations)

Cho mét tap d6i twong X S U va tap thugc tinh B (B € A). X ¢6 thé dugc xép xi
boi cac xap xi dudi va xap xi trén.

- Xdp xi duéi ( Lower approximation) (hay mién khang dinh, duoc ki hiéu boi BX)
la tap cac doi tuong cua U ma khi sir dung cac thudc tinh trong B, ta c¢6 thé xac dinh
ching chac chan thudc X:

BX={x|[x]s <X}

- Xép xi trén (Upper approximation - ki hiéu boéi BX) 1a tap ddi twong trong U ma
st dung céc thudce tinh trong B ta x4c dinh chiing ¢6 thé thudc X:

BX={x|[x]g nX # 0}

Dinh nghia tap tho

Tap tho 1a mot bo <BX, BX > trong d6 BX la xap xi dudi va BX la xap xi trén.

D6 chinh xac tho cua viée biéu din boi X duoc cho boi (Pawlak 1991):
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0< ap(X) =BX/BX <1
Néu ag(X) = 1 thi X la tap cd dién, nguoc lai néu ag(X) < 1 thi X Ia tap tho.
Sw phu thudc thuoc tinh

Cho 2 tap phan biét P, Q cua tap thudc tinh. Cac 16p twong duong cta P cho bai
[X]p, va cac 16p twong duong cia Q cho bdi [X]o. V6i [X]o= {Q1, Q2 Qs,..., Qn}. DO
phu thudc cta tap thudc tinh Q trén tap thudc tinh P, ki hiéu yp(Q) dugc cho boi:

_ ZiLilPQil
yp(Q) = m <1

2.2. Support Vector Marchines (SVMs)

Cho tap huén luyén D gdm n diém c6 dang sau :

D ={(x;,y)|x; € RP,y; € {-11}};i=1,2,3,..,n
trong do:

)

x; la vector p-chiéu

y; duge gan 1 hodc -1 (16p cua diém tht i trong tap hudn luyén)

Y tudng ciia SVMs 1a tim mot siéu phang tdi wu f(X) trong khong gian p-chiéu,
ma siéu phang nay phan chia cac diém c6 y;=1 (mau duong) va y;=-1 (Mau am) véi 1é
cuc dai. Mdi siéu phang trong khong gian p-chiéu 1a tap cac diém x c6 dang:

w'x-b=0
trong do:

w' 1 vector trong s6

b vo hudng

Pé tim siéu phing tdi wu, ta chon w va b sao cho I& 1a cuc dai. Nghia 14 ta chon w
va b sao cho 2 siéu phing song song c6 khoang cich cuc dai trong khi van c¢6 thé phan
chia dit liéu. Hai siéu phang song song nay dugc cho bai:

w'x-b=1vaw'x-b=-1

Néu céc diém dir liéu c6 thé phan chia tuyén tinh, siéu phang toi vu 1a 10i giai cua
bai toan toi vu sau:

Min () = u
yi(whx +b)>1  i=1,..,1

Néu cac diém dir liéu trong tip huin luyén dugc phan chia tuyén tinh va c6 cac
diém nhiéu (cic mau 4m nhung thudc phan dwong, hoic cac mau dwong nhung thuodc
phan am), bai toan trg thanh:
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Mind(w,§) == [Iwll? + C i, &

ywl.x;+b)=>1-¢§ i=1,.,1
=0 i=1,..,1

Néu cac diém dir liéu trong tap huan luyén khong duoc phan chia tuyén tinh,
ching s& duoc anh xa Ién mot khong gian g-chidu (p>q) dé ching co thé dugc phéan
chia. P& 1am viéc ndy, ta can dinh nghia mot ham &nh xa, goi 1a ham nhéan (kernel
function). Mot vai ham nhan phd bién:

: - .
Linear function: K (x;,x;) = x{.x;

Polynomial function: K (x;, x;) = (x;. x; + 1)¢
Radial basis function-RBF:
K(x;,x;) = exp(—y(x; — x;))%y € RY
2.3. Chién thugt HAH si dung bg phan lép nhi phan SVMs

SVMs la bo phan 16p nhi phan, dé sir dung né cho bai toan phan lép da 16p, nguoi
ta sir dung mot s6 chién thut sau: OAO, OAR, DDAG, HAH. Trong céac chién thuat
nay thi HAH dugc xay dung dya trén viéc chia dé quy N-16p thanh 2 tap 16p. Cau tric
cdy HAH twong ty nhu cdy quyét dinh, mdi nat 14 14 mot by phan 16p nhi phan SVMs
gildp phan mot mau vao mot trong hai 16p xac dinh. Trong giai doan huan luyén, HAH
cay xay dung (N-1) bo  phan 16p SVMs cho bai toan N-I6p. Va trong giai doan phén
16p, de phan 16p mot mau, HAH can duyét qua log,(N) bd phan 16p . Hinh 1 12 vi du vé
mot cau tric cay HAH cho bai toan 6-Lop.

ABC vs DEF

=] (=]
7N 7\

Hinh 1. Cdu tric cay HAH cho bai toan 6 lop

Ta s& phan tich mot s6 chién thuét phan 16p da 16p phd bién:
OAO (One-against-One): trong chién thuét ndy, & giai doan hudn luyén, ta can
xay dung ——= N(N D) b phan 16p SVMs. Trong giai doan phéan 16p, mot mau duge phan 16p

NV-1)
2

bang cach duyf_:t qua ) bo phan 16p, néu moét mau duge phan vao I6p i thi diém

cua 16p i" tang 1én mot 1. Lép ctia mau duogce xac dinh 12 16p co diém cao nhit.
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Tuong tw OAO, DDAG (DeC|S|on Directed Acycllc Graph) xay du’ng cung so
luong bd phan 16p trong giai doan kiém thir, nhung dé phan 16p mot mau DDAG can
duyét qua (N-1) bo phan 16p SVMs.

OAR (One-against-Rest): O giai doan huan luyén, ta xdy dung N bo phan 16p
SVMs, mdi bg phan 16p s& phan mot mau thude vé 1 16p hodc N-1 I6p con lai. Trong
giai doan phan 16p, 16p ctia miu dugc gan cho by SVMs co 1é 16n nhat so véi cac bo
phan I6p con lai. Nhuogc diém ciia OAR 1a khi ¢d nhiéu hon 1 16p c6 1€ 16n nhat thi mau
khong dugc phan 16p.

Vi vy, ta thdy HAH can it bo phan 16p hon can phai xay dung trong giai doan
huén luyén hon so véi cac phuong phap khac. Va trong giai doan phéan 16p HAH chi can
duyét qua log(N) bo phan 16p (OAO cin duyét “"—, DDAG cin duyét N-1, va OAR
cin duyét N). Tuy nhién, hiéu sudt HAH lai phu thudc vao cAu tric cay cua n6. Trong
phan tiép theo chung t6i s€ dé xuat mot thuat toan tao cau trac cdy HAH dya trén li
thuyét tap tho.

2.4. Sirdung RST tgo cdu trac cay HAH

Trong phan nay, chiing t6i dé xuit mot thuat toan cho viée tao ciu tric cdy HAH
sir dung RST. Bau tién, tap huan luyén sé dugc tien xt li va rat trich dat trung. Sau do,
tap hudn luyén s& duoc chuyén thanh mot Hé théng Théng tin ¢d dang 1= (U, A), trong
d6 U la tap céc tai liéu trong tap huin luyén, A 1a tap thudc tinh (cac tir trong tap huén
luyén).

Goi d 1 thudc tinh quyét dinh (d € A va d dinh nghia 16p ciia mét d6i tuong trong
U). Tir cong thire (1), véi mdi thudce tinh a €A (a #d) ta tinh d6 phu thudc cua d vao a
bai cong thirc:

_ ZiL, IP{d}il
Yy ({d}) = =m )
Dya trén d6 phu thudc ndy, ta sip xép cac thudc tinh trong {A-{d}} giam déan.
Tiép theo, v&i mdi 16p trong tip huan luyén, ta tao ra mot vector G= (ay, &, ... a),
trong do:

a=0 (j=1, 2, ...c) néu a; khong xuat hién trong 16p, nguoc lai a; =1 (a;€ {A-{d}}).

¢ =|Al-1 a6 lugng cac thudc tinh khong phai 1a thudc tinh quyét dinh trong tap
huan luyén.

Sau khi c6 mot tap cac vector cua timg 10p, ta tinh do twvong duong cua 16p thir i
V&i cac 16p con lai. Bé tinh, ching t6i d¢ xuat cong thirc:

Zi:o(c_k)*akl*akz (3)

sim(vy,vy) = .

Trong d6 ay, a 12 gia tri thudc tinh thir k™ caa vector v, v,
Téng d6 tuong tu giita 16p thir i™ vector va céc 16p con lai duoc luu trong phin tir
thir i ciia mang sim[n] (trong d6 n 1a sb 16p).
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Tiép theo, ta tinh trung binh ciia cac phan tir trong sim[n]. Dua trén gia tri trung
binh nay, ta chia n 16p thanh 2, mét nhom (goi 1& nhom trai) gom cac 16p c6 sim lon
hon gia tri trung binh, va mot nhom (goi 1a nhdm phai) gom cac 16p ma gia tri sim nho
hon gia tri trung binh. Lap lai ¢én khi ca nhém trai va nhém phai chi con 1 phan ti.

Thudt toan:

Input: Tap huén luyén D, tap 16p C= {Cy, ..., Co}

Output: H la céu tric cay HAH

B 1. Chuyén D thanh 1= (U, A)

B2.Vae€A(a=#d) tinh:

N . IP{d};
Vi () = 2= H

B3. Dua trén két qua ¢ B2, tao mét h¢ théng thong tin méi I’= (U, A’), trong do
A’ dugc sap x€p giam dan theo d phu thudc cua tap thudc tinh A dya trén do phu
thude v ({d}).

B4. V&i mbi 16p trong tap huén luyén D, tao G= (ay, ay,... &), trong do

a; =

{ 0 néu a; khong xuat hién trong lép
j

1 néu a; xuat hién trong l6p
Voij=1,...,c
B5. Khoi tao sim[n], n 1a sb 16p trong C

B6. Tinh sim[i]; vai i=0,..., n-1 (n 1a 6 16p); theo cong thirc:

Trong d6 sim(v;, vi) duoc tinh bai (3) néu i # k, nguoc lai sim(v;, vi)=0
B7.H = @, ClassSet = C, 1 = 0. (M&i phan tir trong ClassSet 1a 1 tap 16p).
Step 8. While (i! = size of ClassSet)
Begin
avg = trung binh dé twong twong ciia cdc phan tir trong ClassSet(i);
/* Trong ClassSet(i) 1& phan i thir i ciia danh sach ClassSet */
ClassLeft = @;
Add cac phan tir trong ClassSet(i) ¢ sim >= avg vao danh sach ClassLetf;
ClassRight = ClassSet — ClassLeft;
/* ClassRigh gom cdc phan tir ¢6 sim<avg */
IF(size of ClassLeft >0) Thém ClassLeft vao ClassSet;
IF(size of ClassRight >0) Thém ClassRigh vao ClassSet;
H.add(ClassLeft +’vs”’+ClassRight);
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i++;
End

B9. Return H.
O day, st dung b dir liéu Reuters-R8 dé dién giai thuat toan. Bang 1 cho biét o

tuong tu cia mot 16p vai cac 16p con lai.

Bdng 1. Do twong tw cua mét lop vdi cac lop con lai

Acq(0) | Crude(1) | Eam(2) | Grain(3) '”t(ir)e“ mor(g’ D ship 6) | Trade (7)

Acq (0) 0 591 730 350 452 504 435 575
Crude (2) 591 0 585 315 404 463 404 512
Earn (2) 730 585 0 339 444 495 422 556
Grain (3) 350 315 339 0 272 302 263 325
Interest (4) 452 404 444 272 0 398 308 407
money-fx (5) 504 463 495 302 398 0 351 476
Ship (6) 435 404 422 263 308 351 0 391
Trade (7) 575 512 556 325 407 476 391 0
Sim(i] 3640 3276 3576 2168 2689 2992 2577 3244

Tacd: H = @,ClassSet = C ={{0,1,2,3,45,6,7}}, i=0

7 .
avg = Z—l:"?m[l] = 3020.8
Sau @6 ta thém {0, 1, 2, 7} vao ClassLeft (cac 16p c6 sim >= avg), thém {3, 4, 5,
6} toi ClassRight

ClassSet={{0,1,2,3,4,5,6,7},{0,1,2,7},{3, 4,5, 6}}
H={{0,1,2,7vs3,4,5,6}}
Tiép theo, khi i=1

avg

__ sim[0]+sim[1]+sim[2]+sim[7] _

4

3434.675
Thém {0, 2} vao ClassLeft, va {1, 7} vao ClassRight.

ClassSet = {{0, 1,2, 3,4,5,6, 7}, {0, 1, 2, 7}, {3, 4, 5, 6}.{0, 2} {1, 7}}
H={{0,1,2,7vs3,4,5,6}{0,2vs1, 7}}

Khi i=2
__ sim[3]+sim[4]+sim[5]+sim[6] _

avg = = 2606.925

4

Thém {4, 5} vao ClassLeft, va {3, 6} vao ClassRight.
ClassSe t={{0, 1, 2, 3,4,5,6, 7}, {0, 1, 2, 7}, {3, 4, 5, 6}, {0, 2} {1, 7}.{4, 5}{3,
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6}}
H={{0,1,2,7vs3,4,5,6}{0,2vs1,7}{4,5vs 3, 6}}
Tiép tuc, khi két thuc thuét toan, ta thu duge H nhu sau:
H={{0,1,2,7vs3,4,5,6}{0,2vs 1, 7}{4,5vs 3,6}, {0vs2} {1vs7} {5vs
4%, {6 vs 3}}

Hinh 2 chi ra cdu trac HAH dua trén thuat toan dé xuét.

0127vs3456
01lvs27 45vs36

[ ovs2 | [ 1vs7 || svsa | [ 6vs3 |

0 2 1 7 5 4 6 3

Hinh 2. Cdu triic HAH dira trén thudt todn dé xudt

3.  Két qua thye nghiém

Chung t6i &p dung phuong phap dé Xuat trén 2 bo dir lidu: 20 Newsgroups (v6i 20
danh muyc, 11.293 tai li¢u trong tp huan luyén, 7528 trong tdp kiem thwr) va Reuters-
21.578 R8 (v6i 8 danh muc, 5485 tai liéu trong tap hudn luyén, 2189 trong tap kiém
thr). Testing System: Intel® Pentium® CPU G630 2.27Ghz x 2, Memory 2GB, OS:
Windows 7 Professonal.

Két qua cua phuong phap dﬁ xuét s& duoc so sanh v6i mot sé chién thuat phan da
|6p pho bién. Bang 2 biéu dién két qua phan 16p trén bo RS.

Bing 2. Két qud thwe nghiém trén bé RS

No Cat F-Score

OAR OAO DDAG HAH

1 acq 0.961 0.926 0.93 0.928
2 crude 0.769 0.807 0.796 0.801
3 earn 0.981 0.986 0.986 0.986
4 grain 0.3 0.5 0.571 0.533
5 interest 0.638 0.732 0.75 0.741
6 money-fx 0.426 0.6 0.658 0.628
7 ship 0.359 0.609 0.532 0.568
8 trade 0.805 0.832 0.765 0.797
Average 0.655 0.749 0.749 0.748
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Bing 3. Két qua thuwc nghiém trén bé dit liéu 20newgroup

No Categories F-Score

OVA ovo DDAG HAH

1 | alt.atheism 0.542 0.614 0.545 0.568
2 | comp.graphics 0.254 0.607 0.452 0.416
3 | comp.os.ms-windows.misc 0.354 0.481 0.392 0.474
4 | comp.sys.ibm.pc.hardware 0.309 0.556 0.452 0.49
5 | comp.sys.mac.hardware 0.429 0.486 0.429 0.558
6 | comp.windows.x 0.327 0.546 0.51 0.507
7 | misc.forsale 0.544 0.741 0.751 0.61
8 rec.autos 0.547 0.572 0.491 0.675
9 rec.motorcycles 0.693 0.739 0.724 0.783
10 | rec.sport.baseball 0.675 0.69 0.622 0.596
11 | rec.sport.hockey 0.684 0.689 0.689 0.79
12 | sci.crypt 0.659 0.707 0.677 0.734
13 | sci.electronics 0.336 0.445 0.455 0.531
14 | sci.med 0.444 0.49 0.523 0.598
15 | sci.space 0.55 0.619 0.645 0.713
16 | soc.religion.christian 0.626 0.744 0.746 0.692
17 | talk.politics.guns 0.613 0.706 0.709 0.641
18 | talk.politics.mideast 0.604 0.593 0.649 0.725
19 | talk.politics.misc 0.355 0.445 0.503 0.555
20 | talk.religion.misc 0.315 0.482 0.597 0.476
Average 0.493 0.598 0.578 0.607

Bdng 4. Thoi gian hudn luyén va Kiém thit trene cac bé dir liéu theo chién thudt phdn 16p

Reuters-21578 R8 20 Newsgroup

Training | Testing | Training | Testing
OAR 35 3 1208 30
OAO 21 9 372 302
DDAG 21 9 372 107
HAH 14 2 382 25
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4. Kétlugn

HAH la mot chién thuat hiéu qua trong phan 16p da 16p, vi n6 yéu cau xay dung it
bo phan 16p hon trong giai doan huan luyén ciing nhu duyét qua it bo phan 16p hon khi
phéan 16p. Tuy nhién, hiéu suit ciia n6 lai phu thudc cau triic cdy, trong bai béo nay
ching t6i d& xuat phwong phap tao cdy dua trén RST. Két qua thuc nghiém cho thay,
phuong phap dé xuit mang lai do chinh xac cao hon cac phwong phap phan 16p khac
nhu: OAO, OVR, va DDAG.

Ghi chu:
Nghién citu nay dwoc @i tro béi Pai hoc Quoc gia TP Ho Chi Minh (VNU-HCM)
trong dé fai ma so C2014-26-04.
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