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PHAN LOAI THU RAC VOI GIAI THUAT BOOSTING
CAY QUYET PINH NGAU NHIEN XIEN PHAN PON GIAN

Huynh Phung Toan’, Nguyén Vii Lam’, Nguyén Minh Trungl va Pé Thanh Ngh,i‘?
ABSTRACT

Our investigation aims at classifying spam emails based on machine learning algorithms.
The representation of the email that we use for classification is the bag-of-words model,
which is constructed from the counting the word occurrence in a histogram like fashion.
The pre-processing step brings out a dataset with a very large number of dimensions.
Thus, we propose a new algorithm boosting of random oblique decision stumps that is
usually suited for classifying very-high-dimensional datasets. The numerical test results
on a real dataset collected from 1143 spam and 778 non-spam emails showed that our
algorithm boosting of random oblique decision stumps outperforms support vector
machine (SVM) and Naive Bayes in terms of Accuracy, F1-Measure, Precision, TP Rate
and TN Rate.

Keywords: Spam emails classification, boosting of random oblique decision stump,
classification, data mining.

Title: Spam emails classification with boosting of random oblique decision stump
TOM TAT

Trong badi viét nay chiing téi dua ra hudng tiép cdn hoc tw dong dé phat hién thie rdc véi
gidi thudt Boosting cdy quyet dinh ngau nhién xién phdan don gian (Boosting of Random
Oblique Decision Stump). Dé thiec hién, dau tién phai tao ra tap dit liéu gom mét bo suu
tdp cdc thie rdc va thie khéng phdi la the rac. Ké tiép thiee hién tien xir Iy dit liéu, bao gom
cdc buée phan tich tir vung, chon tdp hop tir hitu dung d@é phan loai thw rdc, xdy dung mé
hinh tii tiv. Buée tién xit Iy sinh ra tdp dit liéu cé so chiéu rat I6n, ching t6i dé nghi gidi
thudt méi c6 tén la Boosting cdy quyét dinh ngdu nhién xién phdn don gian cho phép
phan 6p hiéu qua tap dir liéu nay. Két qua thuc nghiém trén tdp dir liéu thuc thu thap tie
1143 thie rdc va 778 thuw khéng phdi th rdc cho thdy gidi thudt do ching téi dé nghi phdn
16p chinh xac hon so voi giai thugt SVM va Naive Bayes qua cdc tiéu chi so sanh nhw
Accuracy, F1-Measure, Precision, TP Rate va TN Rate.

Tir khéa: Phén logi thw rdc, gidi thudt hoc Boosting cdy quyét dinh ngdu nhién xién
phdn don gidn, gidi thudt phdn lop div liéu, khai mé div liéu.

1 GIOI THIEU

Trong nhirng nam 1990, cu¢c cach mang k¥ thuat s6 cho phép s6 hoa thong tin dé
dang va chi phi thap, thém vao do 1a su phat trién ctia cong nghé thong tin ca phan
ctmg 1an phan mém, cong nghé truyén thong, web, internet da gbp phan dua may
tinh vao céc sinh hoat thuong nhat. Dich vu thu dién tr hién tré thanh phuong tién
lién lac duoc nhiéu nguoi st dung nhit nho vao sy tién loi nhu chi phi théip,
nhanh, hiéu qua. Tuy nhién, nghién ctru ciing cho thiy rang, ngudi ding may tinh
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trén toan cau nhan nhiéu thu dién ti khong phuc vu cho muc dich thiét thuc cua
ho, ma thudng chi 1a nhitng thu quang cao, thu phan dong, choi danh bac, tham chi
la nhitng doan ma ddc hai, doi truy khac, ma chung ta goi do6 la thu rac (spam
emails).

Trong nhitng ndm gan day, cic phuong phap chong thu rac déu theo hai nhom tiép
can chinh (Goodman et al., 2007), (Guzella and Caminhas, 2009), (Sebastiani,
2002). Nhom giai phap dau tién dua vao viée tim kiém chinh xac cic mau xac dinh
danh sach chinh xac cac dia chi nguoi gui thu rac, cac dia chi mang, tim kiém
chinh xéc tir khoa, dé ngan chan thu rac. Nhom giai phap nay thuong rat nhanh
nhung rat d& bj ngudi phat tan thu rac qua mit do chi can thay d6i mot it thong tin
1a cac chuong trinh khong thé phat hién dugc. Trong thyc té, cic nghién ctru chi
yéu tap trung vao may hoc dé phan loai thu rac dwa vao noi dung. Nghién ctru cua
Drucker va cac cong su cua ong (Drucker ef al., 1999) sit dung m6 hinh tui tir va
giai thudt may hoc vécto hd trg (SVM (Vapnik, 1995)) dé phan 16p hiéu qua thu
rac. Mot nghién ctru khac cua Sahami va cac cong su (Sahami et al., 1998) dé xuat
két hop mo hinh tai tir va giai thuat hoc Bayes tho ngdy (Naive Bayes (Good,
1965)) cho phan 16p thu rac. So vai st dung SVM thi Bayes tho ngay chay nhanh
hon nén dugc dung nhiéu trong thuc t& mic du két qua thap hon. Trong bai viét
nay, chung toi dé& xuat giai thuat phan 16p thu rac bang phuong phap két hop mé
hinh tai tir va giai thuat méi do ching t6i dé xuét tén la Boosting cdy quyét dinh
ngau nhién xién phan don gian (Boosting of Random Oblique Decision Stump -
BRODS). BRODS la mét gii thuat don gian, phan 16p hiéu qua trén tap dir lidu co
s6 chiéu rat 16n va thoi gian thyuc hién twong dbi nhanh. Két qua thuc nghiém trén
tap dit liéu thu dién tir cho thay rang BRODS phan loai thu rac v6i do chinh xac
cao hon so voi SVM (Vapnik, 1995) va Bayes tho ngay (Good, 1965) trén céc tiéu
chi nhu Accuracy, F1-Measure, Precision, TP Rate va TN Rate.

Trong phan 2, ching t6i s& trinh bay tom tit cac budc tién xur 1y dit liéu dung dé
phan loai thu rac dua trén thu vién Bow (McCallum, 1998). Tiép theo, chung toi s&
mo ta giai thudt BRODS dung cho viéc phén loai thu rac trong phan 3. Két qua
thuc nghiém s& duoc trinh bay trong phan 4 trudc phan két luan va hudng phat
trién trong phan 5.

2 TIEN XU LY DU LIEU

Tiép can cua phuong phap mé hinh tii tir va may hoc bat dau tir viéc tao ra tap dir
lidu dé hoc mo hinh phéan 16p thu dién tir ¢ phai 1a thu rac hay khong. Dé giai
quyét van dé nay, chung toi phai tao ra tap dit liéu hoc gdm céc thu rac va khong
phai thu rac, phan tich tir vung va tach cac tir trong ndi dung thu cta tap di li¢u
nay. Sau d6 chon tap hop cac tir ma c6 thé ding dé phan loai thu rac, biéu dién dir
lidu thu dién tir vé dang bang dé tir d6 cac giai thuat may hoc c¢é thé hoc dé phan
loai thu.

Tap dir liéu do chung toi swu tam gém c6 1921 tép tin sir dung ngon ngir tiéng Anh
va tiéng Viét (loai bo diu) dugc phan vao hai thu muc twong tmg véi hai 16p thu
rac hay khong phai thu rac. Tap dit 1i€u c6 1143 thu rac va 778 thu khong phai thu
rac. Chung t6i chi str dung tiéu dé va ndi dung cua thu dé xir 1y. Tiép theo, mdi thu
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duogc biéu dién bang mot vécto tan s cua cac tir trong 14 thu d6. Vécto nay duoc
xem nhu mot phén tur trong tap dir li¢u, dé 1am duge diéu nay, chung t6i sir dung
thu vién Bow (McCallum, 1998) dé tach tir va chuyén dir liéu vé v6i dang bang,
gdm hai budc sau:

Budce 1: Xay dung mo hinh tach tir cuia céc thu dién tir trong hai thu muc thu rac
va khong phai thu rac. O budc nay chiing ta thu duge mo hinh gom c6 28719 tir da
b6 qua cac tir c6 it ¥ nghia trong cac thw, ching han nhu mao tir, gidi tir. M6 hinh
tach tir cia Bow vira xdy dung c6 dang bang vé6i cac cdp chi muc va tan sb xudt
hién tir (nhu Hinh 1).

- Dong : 1921 dong tuong tng vaoi 1921 thu trong tap dit ligu.

- Cot : 57440 cot, v nghia cia tirng ¢t nhu sau
+ Cot 1, 2 tuong ting 14 : tén tap tin va tén 16p (t€n thu muc)
+ Cot 3 1a chi muc tir thir nhét (bat dau 1a s 0)

+ Cot 4 1a tan s xudt hién cua chi muyc tir thir nhat

+ Cot 57439 la chi muc tir thur 28718

s o
+ Cot 57440 1a tan s6 xuat hién cta chi muc tir thir 28718
/4 5 48.txt nonspam © 1 1€ 260 360 4606 50 660 79 86 %96 181 116 121 1386 1
/5 4 G.txt nonspam ©0 10 21 30 40 518 60 71 80 91 1o 111 121 150 1
/64 5. txtnonspam ©1 18 268 30 40 52 660 76 B0 90 1060 116 126 139 14
A11 4 2. txt nonspam © 1 10 20 30 41 5606 660 70 80 92 1006 1190 1206 151 1
f9 05 _79.txt nonspam © 1 1© 2©0 30 40 52 660 ¥1 BO 90 181 110 126 13 1
/45 23.txtnonspam @O 16 20 30 40 50 660 70 80 96 196 110 120 138 1
F22 5 9.txt nonspam © 1 1€ 20 36 46 52 6606 71 86 %91 101 116 121 1538 1
7 4 3. txt nonspam © 1 18 26 6 41 51 66 786 81 96 191 119 128 138 1
/34 ltxtnonspam OO 16 20 30 40 51 60 70 80 90 100 110 126 130 14
F9 05 Bl.txt nonspam O 1 1© 2© 30 40 560 660 F¥5 BO 960 184 111 121 13 1
/B S5 S.txtnonspam ©80 18 20 30 40 50 60 760 81 98 186 111 128 132 14
/45 26.txt nonspam 0 ©® 12 268 3606 406 52 66 760 86 %96 16 1160 121 13 8 1
/65 14 . txt nonspam &1 18 286 386 46 53 6606 70 86 %58 186 1186 128 13 1 1
F22 5 28.txt nonspas 0 0 1O 20 30 41 50 660 70 880 980 16 11 B 120 130
J9_05_BO.txt nonspam © 1 1 280 30 46 52 6808 71 BO® %906 181 11 128 13 1
/2°5_14. txt nonspam 51 10 20 30 41 51 686 780 80 90 100 110- 121 3 e 1
J49_05_91.txt nonspam O 1 2 39 41 50 608 780 BO® %98 18 111 13 e

-

F18_7_1.txt nonspam BG 10 20 3-5 48 58 68 78 80 9'5 la 1 11 @ 129 1z 8
/E 5 B.txtnonspam © 90 1© 28 360 480 5 60 70 BQ 90 180 110 126 13 @ 14
/6.5 2B.txt nonspam ©©® 1@ 280 38 46 58 68 786 86 % 16 119 128 13 8 1
49 05 24 . txt nonspam 00 10 2O 3O 40 51 660 760 B0 90 160 11© 1206 13 0

A3 4 6.txt nonspam © © 18 20 38 46 52 68 70 836 % 196 119 128 13 8 1

. , —T
I T Tén s5 =uit hién

T Tén 14 . o thor 1
Chi muc

Tén tﬁp tin o thr 1
Hinh 1: M6 hinh tach tir ciia thw dién tir thu duwgc tir thu vién Bow

Budc 2: Dya trén mo hinh tach tir cia Bow vira xdy dung, chung t6i biéu dién thu
dién tir vé mé hinh tai tur b::ng cach trich ra cot thtr 2 lam 16p dir li€u va céc cot tan
s6 xuét hién cua céac tir dua vé mot bang dit liéu. V&i mo hinh tai tir, chung t6i thu
dugc bang dit liéu co 1921 dong (mdi dong tuwong tmg véi mot thu) va 28719
thudc tinh (mdi thudc tinh twong tng véi mot tir, gia tri mdi thudc tinh 13 tan s6
xuat hién cua tir trong thu) va thudc tinh cudi cung 1a 16p dit liéu (thu rac hay
khong phai thu rac).
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Qua budc tién xur 1y dit liéu, ching ta c6 thé thiy rang tap dir liéu thu c6 sb lugng
chiéu (thudc tinh) rat 16n. Ngoai trir giai thuat SVM (Vapnik, 1995) va ring ngau
nhién xién phan RF-ODT (Do et al., 2009), hau hét cac phuong phép hoc tu dong
hién nay gip nhiéu kho khan trong viéc xir Iy tap dir liéu co s6 chiéu 16n. Dé c6 thé
phan 16p hi€u qua tap dir liéu thu nay, ching toi da dé xuit giai thuat Boosting cay
quyét dinh ngau nhién xién phan don gian (BRODS) dugc két hop tir cdy ngiu
nhién xi€n phan (Do et al., 2009) véi ky thuat Boosting (Freund and Schapire,
1995).

3 BOOSTING CAY NGAU NHIEN XIEN PHAN PON GIAN (BRODS)

Giai thuat boosting cay quyet dinh ngau nhién xién phén don gian (BRODS) 1a xay
dung tap cac bd phan lop yé€u la cay ngau nhién xién phan don gian sao cho moi
budc xdy dung ciy tap trung vao khic phuc 18i tir cic mo hinh xdy dung tir cac
budc 1ap trude do.

3.1 Cay quyét dinh ngiu nhién xién phén don gién

Qua trinh xay dung cay quyét dinh cta cac giai thudt hoc ty dong CART (Breiman
et al., 1984) hay C4.5 (Quinlan, 1993) dugc lam nhu sau:

- Bat dau nut goc, tat ca cac dir liéu hoc ¢ nut goc,

- Néu dit liéu tai 1 nat c6 cung 16p thi nit dugce cho 1a nut 14, nhan cia nit
14 14 nhan cua céc phan tir trong nut 14 (hay luat binh chon s6 dong neu nut 1a cé
chtra cac phan tir ¢6 16p khac nhau),

- Néu dit liéu ¢ nat khong thuan nhat (co sy 1an 16n cac phan tir cta nhiéu
16p khac nhau) thi nat dugc cho 1a nut trong, tién hanh phan hoach dir liéu mét
cach dé quy bang viéc chon 1 thudc tinh d€ thyc hién phan hoach tot nhat co thé.

Chuing ta c6 thé thiy rang qua trinh xay dung ciy cua cic giai thuat hoc chi chon
mdt thudc tinh cho viéc phén hoach dir liéu tai cac nat. Hon nira, khi Freund va cac
cong su (Freund and Schapire, 1995) dé xuat boosting trén cay quyet dinh don
gian (decision stump chi gom 1 nut gbc va 2 nut 1a) co thé thay rang cdy chi sir
dung duy nhat 1 thudc tinh dé tao bo phan 16p yéu. Do d6, tinh manh mé cua cay
bi giam khi lam viéc voi cac tap dir li€u co s6 chiéu 16n va phu thudc 1an nhau,
chang han nhu dit liéu thu dién tir ma ching t6i xir Iy & day. Mot vi du trong hinh
2, bat ky viéc phan hoach don thudc tinh niao (song song véi truc toa do) déu
khong thé tach dir liéu mot 1an duy nhat thanh hai 16p mot cach hoan toan ma phai
thyc hién nhiéu 1an phan hoach, nhung viéc phan hoach da chiéu (xién phan, két
hop 2 thudc tinh) ¢6 thé thuc hién mot cach hoan hao voi duy nhat mot 1an. Tuc 1a,
cay quyét dinh don gian (decision stump) khong hiéu qua bang cay quyét dinh xién
phéan don gian (decision oblique stump).
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Hinh 2: Phin hoach don thugc tinh (trai), phan hoach da thudc tinh (phai)

Dé khic phuc nhuoc diém trén, nhidu giai thuat xay dung cay quyet dinh st dung
phan hoach da thugc tinh (xién phan) tai cac nut dugc dé nghi. Van dé xay dung
cay quyét dinh xién t6i wu da duoc biét nhu 1a mot van dé co do phirc tap NP-hard.
Nghién ctru tién phong cua Murthy va cac cong su trong (Murthy et al., 1993) da
dua ra giai thuat OC1, mot hé thong dung dé xay dung cdc cay quyét dlnh xién
trong d6 dung leo d6i dé tim mot phan hoach xién tot dudi dang mot siéu phang.
Rung ngau nhién xién phan RF-ODT cua ching toi trong (Do, ef al., 2009) xay
dung cac ciy xién phan ngau nhién dya trén siéu phang tdi wu (phan hoach hi¢u
qua cao, kha ning chiu dung nhiu tot) thu dwoc tir huan luyén SVM (Vapnik,
1995).

Dé giai quyét 2 vin dé chinh 1a d6 phirc tap va hiéu qua cia bd phan 16p yéu cua
ky thuat boosting, chiing t6i dé xuat chi xdy dung cdy ngau nhién xién phan don
gian (Random Oblique Decision Stump, RODS). Giai thuat RODS xay dung cay
nhu md ta trong hinh 3. Cay xién phan 3 nit, bét dau voi toan bo dir liéu nam ¢ nut
gbc, chon ngau nhién n’ thugc tinh tir tap n thude tinh ban dau cua dir liéu 14 tim ra
siéu phang t6i wu n’ chiéu (SVM (Vapnik, 1995)) dé phan hoach dir li¢u.

Siéu phang can xac dinh c6 dang:
n

le.wl.+w0 =0

i=1

Trong d6 x; 1a thudc tinh thir i (chiéu) cua dir liéu, w; la trong s6 vécto phéap tuyén
cua siéu phang, w, la 6 I¢éch cua siéu phang.

Dua vao dau cta biéu thirc inWi +w, ma dir liéu sé dugc phan hoach qua trai
hay qua phai dé du bao nhan. '

Cay xién phan ngiu nhién don gian co thé lam viéc hiéu qua trén tap dir lidu c6 s6
chiéu 16n do n6 dam bao duogc 2 yéu t6 co ban 1a thoi gian xay dung nhanh va hi¢u
qua phén 16p cao. Do don gian chi ¢6 3 nut, viéc xay dung cay xién phan ngau
nhién rat nhanh khi chi tim mét siéu phang t6i vu trong khong glan n’ chidu (n’ <<
n). Viéc két hop nhiéu thudc tinh dé tao phan hoach xién phan gitip phan 16p hiéu
qua dit liéu c6 s6 chiéu 16n.



Tap chi Khoa hoc 2011:19b 1-9 Truong Dai hoc Can Tho

Lay ngdu nhién n’ thudc tinh tir tap
n thudc tinh cua dir liéu (n’ << n),
tim siéu phang phan hoach n’ chiéu:

wa +w, =0

g
le.wl. +w, 20

i=1

Lop dwong (+)

Hinh 3: Ciy ngiu nhién xién phin don giin
3.2 Giai thuit Boosting ciy ngiu nhién xién phan don gian (BRODS)

Tuy nhién, dé cai thién hon hiéu qua phan 16p dit liéu thu rac, chung t6i tiép tuc ap
dung k¥ thuat boosting dua trén bo phan 16p yéu 1a cdy ngiu nhién xién phan
don gian.

Boosting dugc Freund va cac dong nghiép ctia ong phat trién trong thap nién 1990.
Pay 1a mot phuong phép xay dung tap hop cic mé hinh phén 16p yéu dé nang cao
hiéu qua cia cac bd phan 16p nay.

Y tudng chinh cua gidi thuat nay 1a 1ap lai qua trinh hoc ciia mot by phan 16p yéu
nhiéu 1an. Sau mdi budc lip, bd phan 16p yéu (chang han nhu cdy ngau nhién xién
phan don gian) s tap trung hoc trén cac phan tur bi phén 16p sai trong cac lan lap
trude. De lam dugc diéu nay, nguoi ta gan cho mdi phan tir mot trong s0. Khoi tao,
trong sb cla cac phan tr bang nhau. Sau mdi bude hoc, cac trong sO nay s€ dugc
cap nhat lai bang cach ting trong sé cho cic phan tir bj phan 16p sai va giam cho
cac phan tr duoc phan 16p dung. Két thuc qua trinh hoc thu duoc tdp hop cac md
hinh hoc dung dé phan 16p. Dé phan 16p dir liéu méi dén, nguoi ta sur dung luat
binh chon s déng tir két qua phén 16p cua timg mo hinh phén 16p yéu. Doc gia
quan tim dén boosting c¢6 thé tham khao chi tiét ky thuat ¢ tai liéu (Freund and
Schapire, 1995).
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Diu vao:
- m phén tir dit liéu : {(x;, y))}j=1m VOix; € R" vay; € {1, -1}
-so bude lap T

Huin luyén:
» khoi dong phan phdi ciia m phan tir dit liéu Dist,(j)
cho j =1 t6i m thyc hién
Dist;(j) = 1/m

» choi=1t6i T thuc hién (lap T budc)
- ldy mau S; phan tir dwa trén phan phdi Dist;
- hoc m6 hinh cAy ngau nhién xién phan don gian 4; tir tip mau S;
h; = RODS(S;)
- tinh lai 16i du doan ctia mé hinh 4;

m

&= Zh’(x/) « v, Dist,(f)

Jj=1
- tinh trong 6 cho mo hinh A,
o; =(1/2)In[(1-¢)/e;]
- cap nhat lai phan phdi ctia m phan tir dir liéu
cho j =1 t6i m thyc hién
néu (y; = hy(x;)) thi Dist,s,(j) = Dist,(j) exp(-o) / fac;
nguoc lai thi Dist,.;(j) = Dist,(j) exp(a;) / fac;
VOl fac,=2./g(1-¢)

» tra veé T cay ngﬁu nhién xién phéan don gian va trong so tuong (g {h;, a;}i-1.7

Phdn lop:
T
P phan 16p phén tirx: H(x) = sign()_ e, h(x))

i=1
Giai thuit 1: Boosting ciia ciy ngiu nhién xién phin don gian
Giai thuat boosting cdy ngau nhién xién phan don gian cai thién duogc do chinh xac

so voi viée st dung md hinh don cia mot cay. Giai thuat dap tng duogc yéu cau xu
1y hiéu qua dir liéu thu dién tir ¢6 s6 chiéu 16m.

4 KET QUA THUC NGHIEM

Dé danh gia hiéu qua cua tiép can do chung to6i dé xuat cho phan 16p thu rac,
chung t6i da tién hanh cai dat giai thuat boosting cay ngiu nhién xién phan don
gian (BRODS) bang C/C++ trén hé diéu hanh LINUX (Mandriva 2008) c6 sir
dung thu vién SGDSVM (Bottou and Bousquet, 2008).

Nhu da trinh bay & phan 2, sau budc tién xir Iy chung t6i thu dwoc tap dit liéu co
1921 phén tir (1143 thu rac va 778 thu khong phai thu rac), 28719 thude tinh, 2 16p
(thu rac hay khong phai thu rac). Chung toi sir dung giai thuat boosting cay ngau
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nhién xién phan don gian, giai thuat may hoc SVM chuén (LibSVM (Chang and
Lin, 2001)) va Bayes tho ngdy trong thu vién may hoc Weka (Witten and Frank,
2005) dé phan 16p dir liéu thu rac hay khong. Nghi thirc kiém tra chéo (10-fold)
dugc ap dung d€ danh gia hiéu qua cua cac giai thuat phan 16p. Cach lam nhu sau:
tap dir liéu chia thanh 10 phén bang nhau, ¢ lan thi i 1ay ra phan thir i/ d¢ l1am tap
kiém tra va 9 phan con lai dung lam tap huan luyén. Két qua dugc tong hop tur 10
lan thyc thi nhu vira m6 ta. Céc ti€u chi danh gia hiéu qua dya vao cac két qua thu
duoc tir phan 16p cua cac giai thuat.

tp: s6 thu rac dugc phén loai vao 16p thu rac,

fp: s6 thu khong phai thu rac dugc phan loai vao 16p thu rac,

fn: s6 thu rac dugc phan loai vao 16p khong phai thu rac,

tn: s6 thu khong phai thu rac dugc phan vao 16p khong phai thu rac.

Mot s6 d6 do duoc sir dung phd bién hién nay la:

TP Rate = Recall = tp/(tp+fn)

TN Rate = tn/(tn+fp)

Precision = tp/(tp+fp)

F1-Measure = (2*Precision*Recall)/(Precision + Recall)

Accuracy = (tp + tn)/(tp+fp+tn-tfn)
Chung t6i sir dung ca 5 tiéu chi trén dé so sanh hiéu qua cua cc giai thuat phan
16p thu rac. Bang 1 trinh bay két qua thu dugc tir 3 giai thudt phan 16p boosting
cdy ngau nhién xién phén don gian, SVM va Bayes tho ngady. Ket qua cao nhat
trong bang dugc in dam, hang nhi dugc in nghiéng. Nhin vao bang két qua, c6 thé
thay dugc Bayes tho ngdy cho két qua rat thap khi phéan lop. Méc du Bayes tho
ngdy dugc dung pho bién trong thue t€ cho loc thu rac nhung vdi dir li€u s6 chiéu
16n thi mo hinh nay khong con hiéu qua nira. Tiép dén 1a giai thuat SVM, c6 1& do
st dung mo hinh don nén SVM cho két qua thap hon giai thuét do ching toi dé
xuat (boosting cdy ngau nhién xi€n phan don gian BRODS). Két qua nay cho phep
chung t6i tin tudng vao kha nang xu ly hiéu qua cua giai thuat cho van dé phén 16p
thu rac va dir liéu c6 so0 chiéu 16n.

Bing 1: Két qua phan 16p thu rac

Accuracy F1-Measure Precision TN Rate TP Rate

BRODS 97.44% 97.84% 97.43% 96.34% 98.25%
SVM 92.50% 93.70% 93.62% 90.61% 93.78%
Naive Bayes 56.27% 64.31% 48.03% 28.34% 97.30%

5 KET LUAN VA HUONG PHAT TRIEN

Trong bai viét nay, ching t6i vira trinh bay mot huong tié~p can trong viéc phan
loai thu rac. Chung t6i da su dung md hinh tai tr ¢ biéu dién céc thu dién tur. Téap
dir liéu thu rac sau budc tién xtr 1y cho ra tap dit li€u co6 s6 chiéu 16n dén 28719.
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Tiép theo sau, chung t6i dé nghi giai thuat méi Boosting cdy quyét dinh ngiu
nhién xién phén don gian cho phép phan 16p hiéu qua trén dir liéu thu dién tir c6 sd
chiéu 16n. Két qua thuc nghiém cho thiy giai thuat do ching t6i dé xuat cho két
qua tot hon giai thuat SVM va Naive Bayes qua céc tiéu chi so sanh nhu Accuracy,
F1-Measure, Precision, TP Rate va TN Rate.

Trong tuong lai, ching t6i s& phat trién dé xdy dung mg dung tich hop vao hé
thong cua server cho phép loc thu rac. Ngoai ra, cling c6 thé mo rdng nghién ciru
sang nhén dang tan cong qua mang.
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