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PHAN LOP DU LIEU KHONG CAN BANG VOI ROUGHLY
BALANCED BAGGING

Phan Bich Chung' va Pé Thanh Nghi®
ABSTRACT

In this paper, we present a novel improvement of the Roughly Balanced Bagging
algorithm (Hido & Kashima, 2008) to deal with the imbalanced data classification. Our
proposal use ensemble-based algorithms including Boosting (Freund & Schapire, 1995),
Random forest (Breiman, 2001) as base leaner of the orginal Roughly Balanced Bagging
instead of a single decision tree (Quinlan, 1993). In addition, the distribution in each
subset determined by under-sampling of the majority class is belongs to negative
binomial distribution function using adjust parameter. The experimental results on
imbalanced datasets from UCI repository (Asuncion & Newman, 2007) showed that our
proposal outperforms the orginal Roughly Balanced Bagging.
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TOM TAT

Trong bdi bdo ndy, ching t6i trinh bay mét cdi tién cua gidi thudt Roughly Balanced
Bagging (Hido & Kashima, 2008) cho viéc phan Ip cac tap dir liéu khong cdn bang.
Chiing 16i dé xudt sir dung cdc gidi thudt tdp hop mé hinh bao gom Boosting (Freund &
Schapire, 1995), Random forest (Breiman, 2001), lam m6 hinh hoc co so cua giai thudt
Roughly Balanced Bagging goc, thay vi su dung mot cdy quyét dinh (Quinlan, 1993).
Chiing toi ciing de xuat diéu chinh cach ldy mau giam phan tir 16p da s6 theo ham phan
phOl nhi thirc am & méi lan. Két quad thuc nghiém trén cac tdp dir liéu khong can bang
e lay tir nguon UCI (Asuncion & Newman, 2007) cho thdy rang phwong phdp ma
chiing ti dé xudt cho hiéu qua phan logi chinh xdc hon khi so sanh véi giai Roughly
Balanced Bagging goc.

Tir khod: D ligu khéng cin bang, Roughly Balanced Bagging, Bagging, Boosting,
AdaBoost, Rirng ngéu nhién, Cay quyét dinh, Phin phoi nhj thivc dm

1 GIOI THIEU

Phan 16p dit liéu khong cin bang 1a mot trong 10 van dé khé dang duoc cong dong
may hoc va khai mo dit liéu quan tam (Yang & Wu, 2006). Véan dé khong can bang
16p thuong xay ra voi bai toan phan 1op nhi phan (chi ¢6 2 16p) ma ¢ d6 mot 16p
ma ngudi ta quan tim chiém ti 16 rt nho so voi 16p con lai. Trong nhiéu tng dung
thuc té, chang han nhu phat hién cac giao dich gian 1an, phat hién x4m nhap mang,
sy rili ro trong quan 1y, phan loai vin ban hay chin doan trong y hoc. Su khong
can bang 16p n6 anh hudng rat 16n dén hiéu qua cua cac md hinh phén loai. Vi dy,
trong linh vyuc phat hién sy xdm nhép mang, s6 lwong cac x4m nhap trén mang
thuong 1a mot phan rat nhé trong tong sb cac giao dich mang. Hay trong co sé dir
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liéu y hoc, khi phan loai cac pixels trong cac anh phim chup tia X c6 bi ung thu
hay khong, nhing pixels khong binh thuong (ung thu) chi chiém mét phan rat nho
trong toan bo anh. Véi cac tap dir liu ctia céc bai toan phan l6p nhu vay sé lam
cho cac md hinh hoc phan 16p gip rat nhidu kho khin trong du bao cho dit liéu 16p
thiéu s6. Hau hét giai thuat hoc nhu cdy quyét dinh C4.5 (Quinlan, 1993), CART
(Breiman et al., 1984), SVM (Vapnik, 1995) déu duoc thiét ké dé cho do chinh xac
téng thé, khong quan tam dén bat ky 16p ndo. Chinh vi Iy do nay, cdc giai thuét hoc
phan 16p cho tap dir liéu khong can bang gép phai van d& dy bao d& lam mét 16p
thiéu sb mac di cho do chinh xac tong thé rat cao. Vi du nhu tap dir liu cho dy
bao bénh A c¢6 40000 phan tir, trong d6 16p bénh A 13 16p thiéu s6 (ngudi ta quan
tam hay 16p dwong) chi c¢6 10 phan tir va 16p con lai (khéng bénh, 16p am) co
39990 phﬁn tr. Mot gidi thuét hoc dy bao sai hoan toan bénh A (luc nao ciing du
bdo la khéng bi bénh A) thi van cho d6 chinh xac tong thé 1a 99,975%. Day 1a mot
trong nhirng sai 1Am nghiém trong cia giai thuat hoc phén 16p. Chinh vi 1y do nay,
cong dong may hoc ciing da tap trung dé giai quyét van dé phan 16p dir liéu khong
can bang, chang han nhu cac cudc hoi thao khoa hoc (Chawla et al., 2003, 2004).

Nhiéu giai phap ciing da dugc dé xuat dé giai quyét van d& trén trong giai thuat
hoc cdy quyét dinh nham cai thién dy bao 16p thiéu sb nhung khong 1am mét nhiéu
du bao 16p da sb. Chlén lugc thay d6i phan b dix liéu, (Chawla et al., 2003) deé
xuit phuong phép. lay mau tang thém cho 16p thleu s6. (Liu et al. 2006) (Hido &
Kashima, 2008) dé xuat lay mau giam cho 16p da s6. Chién luge can thiép tryc tiép
gidi thuat hoc cdy quyét dinh, (Lenca et al., 2008) dé xuét thay d6i ham phan
hoach dir liéu nham cai thién dy béo 16p thidu s6 nhung khong 1am mét nhiéu dy
béo 16p da sé. (Domingos, 1999), (Weiss & Provost, 2003) dé xuit gan gia phai tra
cho du bao sai ctia cac 16p khac nhau (gia ctia 16p thiéu s6 16n hon gia cia 16p da
s0). Ngoai ra (Domingos, 1999) dé xuat diéu chinh wdc luong xac suat tai nut 1a
ctia cdy nham cai tién du bao 16p thiéu sb.

Chung t6i dé xut cai tién giai thuat Roughly Balanced Bagging — RB Bagging
(Hido & Kashima, 2008) gitip cai thién du bao 16p thiéu sé nhung khong lam mat
qua nhiéu du bao 16p da sb. Chiing t6i d& xuat thay thé mé hinh hoc co so 1a cay
quyét dinh C4.5 (Quinlan, 1993) dung trong RB Bagging bang giai thuat tap hop
mo hinh manh hon nhu rimg ngau nhién (Breiman, 2001) va AdaBoost (Freund &
Schapire, 1995). Ngoai ra, chung t6i ciing diéu chinh cach 1dy mau giam phan tu
16p da s6 theo ham phan phdi nhi thirc Am ¢ mdi lan cia RB Bagging dé khong
lam mat qua nhiéu du bao 16p da sb. Két qua thyc nghiém trén 10 tdp dir ligu
khong can bang tir kho dir liéu UCI (Asuncion & Newman, 2007) cho thdy ring
phuong phap ma chiing toi dé xuat (RB Bagging cai tién) cho hiéu qua cao hon khi
so sanh v&i giai RB Bagging gbc, dua trén cac tiéu chi vé precision, recall, F1-
measure va accuracy (van Rijsbergen, 1979).

Phan tiép theo cua bai bdo duge té chirc nhu sau: Trong phan 2, ching t6i s& trinh
bay ¥ tuong chinh cua giai thuat RB Bagging va giai thuat cai tién cho phan 16p dir
liéu khong can bang. Tiép theo 13 cac két qua thuc nghiém dugc trinh bay trong
phan 3 trudc khi két luan va hudng phat trién dugc trinh bay ¢ phan 4.
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2 GIAI THUAT RB BAGGING CAI TIEN

Giai thuat RB Bagging cua (Hido & Kashima, 2008) cho van dé phan 16p dir lidu
khong can bang véi chién lugc thay doi phan bd cua tap dir liéu. RB Bagging tap
trung cai thién hiu qua dy bao cho l6p thiéu sb, bén canh d6 c¢b ging dam bao su
dung hau hét thong tin cho 16p da sb. Dé dat duoc muc tiéu nay, RB Bagging b
gang can bang phan bd dir liéu ciia 16p duwong (16p thiéu sé ma nguoi ta quan tam)
va 16p am (16p con lai). Giai thuat RB Bagging nhu trinh bay trong giai thuat 1 co
thé dugc trinh bay ngén gon nhu sau.

Gia st tap dir liéu khong cén bang D bao gdm N* phan tir 16p dwong trong D™
va N*¢ phan tir 16p 4m trong D". RB Bagging thuc hi¢n xdy dung tép hop K cay
quyét dinh C4.5 (Quinlan, 1993). O mdi bude lap k, RB Bagging thyc hién chién
lugc ldy mau giam trén 16p da s6 (10p 4m) va toan bo 16p thiéu sé (16p dwong) dé
xdy dung mé hinh co sé cdy quyét dinh. RB Bagging sir dung s6 lugng phan tir 16p
duong (16p thiéu sd) bang vé&i sé phan tir 16p duong N trong tap dir lieu D,
Néu chung duoc 1dy mau khong hoan lai, thi tat ca cac phan tir 16p duong D s&
duogce st dung trong tap hoc. RB Bagging sir dung 14y mau giam sé phan tir 16p da
s6 (16p am) voi sé luong duoc xac dinh theo phan phdi nhi thirc 4m trong d6 cac
tham s6 1a sd lugng phan tir bang véi N* cuia 16p thiéu sé (dwong) va xac suat
thanh cong ¢=0,5. Diém chinh 14 s6 lwong phan tir cua ca hai 16p duoc léy Vi xac
suét bang nhau, nhung chi c6 kich thuge cua 16p da s6 (16p am) thay d6i va sb
lugng phan tr 16p duong duoc gitt nguyén vi ching rat nho. Tap mau vira tao dugc
dung dé xay dung mo hinh cay quyét dinh ¢ budc ldp k. Trong du bao mot phan tir
moéi dén dya trén chién lugc binh chon s6 dong tir két qua dy bao cia K mo hinh
co s6 cay quyét dinh.

Trong xu 1y véan dé khong cén bang 16p, chlen lwgc 14y miu cua RB Bagging c6
the hiéu nhu mot vige ldy mau lap lai ting mau mot ma viée chon 16p duoc lay
mau dya trén x4c suét tién nghiém cén bang p(dwong) = p(im) = 0,5. Trén thyc te,
phwong phép nay tuong dong v6i viée lay mau bootstrap (1iy mau ngau nhién co
hoan lai) ma & d6 kich thuéc miu cia mdi 16p duge chon theo phan phéi nhj thirc
am voi p(dwong) = p(@m) = 0,5. Mac du kich thudc cua nhiing tap con hoi khac so
v6i nhau, nhung hau hét duoc can bang trén binh quan.

Két qua thuc nghiém trong (Hido & Kashima, 2008) cho thdy ring RB Bagging sir
dung chién luoc 13y mau dya trén phan phdi nhi thirc Am dam bao chit lugng cua
giai thuat Bagging gbc ctia (Breiman, 1996) nhung st dung dugc hau hét thong tin
ctia 16p thiéu sd. Tuy nhién, _vi qua quan tdm dén l6p thiéu s nén co thé khong
dam bao duoc kich thudce mau cta 16p da s6 trong mdi 1an 1ap, n6 s€ lam mat di
moét sé lwong 16n théng tin (c6 thé quan trong) trong 16p da s6. Piéu nay dan dén
viéc RB Bagging cai tién dugc du bao 16p thiéu sé (dwong) nhung lai 1am mét dy
béo 16p da sé (4m). Dé khic phuc khuyét diém ciia RB Bagging gdc, ching toi dé
Xuat giai thuat cai tién van giir duoc hidu qua du bao 16p thiéu sé nhu RB Bagging
gbc nhung khong 1am mat nhiéu duc bao 16p da sb.
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e Diu vao:

D tap dit liéu khong can bang

L giai thuit co sé (cAy quyét dinh C4.5)
K sb bude lap

e Xay dung md hinh phan 16p RB Bagging:
Chia tdp d@ liéu D thanh tap di liéu 16p 4m D" va 16p duong D
Cho k=11t6i K

Xéc dinh sb luong phan tir 16p am N, tir phan phéi nhi thirc 4m véi tham
s0 nhu n = NP va xéac suat thanh cong ¢ = 0.5

Ly s6 phan tir 16p dwong N/ asbang véi kich thudc 16p dwong tir D”

Thuc hién 1dy miu ngdu nhién N} tir tap D" tao ra D*®
Thyc hién l1dy miu ngdu nhién N/ tir tap D" tao ra D/
Xéy dung mé hinh f*(x) bing giai thuat co sé L trén tap dir lidu bao

A neg X POs
gom D va D}

e Dubao phﬁn tlr x; méi dén:
Binh chon s6 dong ciia cac { f*(x) =11

Gidi thuit 1: Giai thuat RB Bagging

Tir giai thuat RB Bagging gbc, chiing toi diéu chinh lai cach ldy mau giam cia 16p
am va thay thé mé hinh hoc co s¢ cay quyét dinh bang phuong phap tap hop mo
hinh. Do RB Bagging gde lay mau giam qua nhiéu 16p da s6 & mdi lan lap (chi su
dung s6 luong twong duong voi 16p thiéu so) gdy ra du bao léch qua nhiéu sang
16p thiéu sO va giam dang ke du béo 16p da s0. Trong cai tién, chung toi dé nghi st
dung 1ay miu giam 16p da sb ciing dya trén phan phoi nhi thirc Am nhung v6i tham

A N"eg 05 — oS : A h A A
SO n=,/—- v N thay vi la n = N°* nhu trong RB Bagging goc. Ngoai ra, d€ nang

cao hiéu qua cta dy bao, chung t6i ciing dé xuit sir dung phwong phap tap hop mé
hinh nhu rimg ngiu nhién (Breiman, 2001) va AdaBoost (Freund & Schapire,
1995) 1am mé hinh hoc co s& manh hon mé hinh don cdy quyét dinh & mdi budc
1ap cia RB Bagging.

Rung ngau nhién (giai thuat 2) tao ra mot tap hop cac cay quyet dinh khong cit
nhanh, moi cay dugc xay dung trén tap mau bootstrap (lay miu ngiu nhlen co
hoan lai), tai moi nut phan hoach t6t nhat duoc thuc hién tir viéc chon ngiu nhién
mdt tip con cac thudc tinh. Li tong quat cua rimg phy thudce vao do chinh xac cua
ting cdy thanh vién trong rimg va sy phu thudc 1an nhau gitra cic cdy thanh vién.
Giai thuat rimg ngau nhién cho d6 chinh xac cao khi so sanh véi cac thuat toan hoc
¢6 giam sat hién nay, chiu dung nhiéu tdt.
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Tap di¥ ligu hoc LS
{(m phan t, n thudc tinh)

I Bootstrap, I I Bootstrap, I ........ Eootstrap
9. G X) e 9,00

Giai thuat 2: Giai thuit rirng ngiu nhién

Giai thuat AdaBoost (giai thuat 3) xay dung tun ty 7 mod hinh, 13p lai qua trinh
hoc cua mot md hinh phan 16p yéu (cay quyét dinh) 7 1an. Sau mdi budc lap, mod
hinh phéan lop yéu (cay quyet dinh) s& tap trung hoc trén cac phan tr bi phan l6p
sai boi cac lan trude. Pé lam duoc diéu nay, can gan cho mdi phan mot trong sO.
Khoi tao, trong s6 cta cac phan tir bang nhau. Sau moi budc hoc, cac trong so nay
s& dugc cap nhat lai (ting trong sd cho cac phan tir bi phan 16p sai va giam trong
sO v6i cac phan tir phan 16p dung). Dit trong s6 cho cic mo hinh dya trén 16 cia
cac mo hinh co so. Két thiic giai thuat s& dung chién luge binh chon s dong véi
trong s6 dé phan 16p phﬁn tu dit liéu.

Hﬁ%/ﬁ% /ﬁ%

2 (x) yz(x) T(x)

phan loai : #(x) = binh chon 6 déng {#,(%),....$Ax)}
véi cac trong s6 twong ung {b,.b,,....b;}

Giai thuit 3: Giai thuit AdaBoost

193



Tap chi Khoa hoc 2011:20b 189-197 Truong Dai hoc Can Tho

Viéc diéu chinh cach ldy mau giam cta 16p da sb va thay thé mé hinh co s& bang
phuong phap tap hop mé hinh vi thé gitip cho giai thuat RB Bagging cai tién ma
ching t6i dé xuat, xtr 1y tot hon khi phan lop tap dir liéu khong can bang vi gilt
dugc hiu qua dy bao 16p thiéu s nhu giai thuat RB Bagging goc nhung van dam
bao khong 1am mat nhiéu thong tin cua 16p da sé. Tuy nhién, thoi gian thuc thi cua
n6 lau hon so véi giai thuat RB Bagging gdc.

3 KET QUA THU'C NGHIEM

Dé danh gia hiéu qua cia giai thuat RB Bagging cai tién, ching toi tién hanh cai
dat tit ca chuong trinh bang ngén ngit R (Ihaka & Gentleman, 1996). Thuyc
nghiém trén 10 tap dir liéu khong can bang duoc lay tir nguén UCI (Asuncion &
Newman, 2007) m6 ta trong bang 1. Néu tap dit lidu c6 sén tap hoc va tap kiém tra,
chung t6i ding tap hoc dé xay dung mé hinh va sau d6 phan 16p tap kiém tra bang
mo hinh thu duoc két qua phéan 16p. Néu tap dir liéu chua c6 sin tip hoc va tap
kiém tra thi chung t6i sir dung nghi thirc Hold-out dé danh gia hiéu qua. Nghi thirc
Hold-out thuc hién lay ngau nhién 2/3 s phan tir tir tap di liéu dé lam tap hoc va
1/3 con lai cta tap dir liéu dung cho kiém tra, qua trinh nay c6 thé lap lai & lan
(k=3 trong thuc nghiém cua chung t6i) va sau d6 tinh gia tri trung binh trén & Kkét
qué sinh ra lam két qua cudi cung.

Dé thay rd hiéu qua cla giai thuat RB Bagging cai tién ma chiing toi dé xuét so véi
giai thuat RB Bagging gdc, chiing t6i tién hanh so sanh két qua dua trén cac tiéu
chi nhw precision, recall, accuracy va Fl-measure (van Rijsbergen, 1979). Trong
do precision cua mot 16p 1a s6 phan tir dugc phan 16p ding v 16p nay chia cho
tong sb phan ttr duwoc phan vé 16p nay. Recall cia mét 16p 1a s6 phan tir dwoc phan
16p ding ve 16p nay chia cho téng s6 phan tur cua 1dp. Accuracy 1a s6 phan tir dwoc
phan 16p dung cua tit ca cac 16p chia cho tong s6 phan tir. Fl-measure 1a trung
binh diéu hoa cta precision va recall.

Bing 1: Cac tap dir liéu khong cin bing.

ID Téapdirlitu  S6 phin tir  S6 thudc tinh  Nghi thirc Ty 1¢ 16p nho
1 Letter-A 20 000 16 Trn- tst 3.95%
2 20news 20 000 201 Trn- tst 5%
3 Pendigits 10 992 16 Trn- tst 9.6%
4  Sat-images 6435 36 Trn- tst 9.73%
5  Adult 48 844 104 Trn- tst 23.9%
6  connect-4 67 557 42 Trn- tst 24.6%
7  Pima 770 8 Hold -out 34.9%
8  Segment 2310 19 Hold -out 14.3%
9  German 960 24 Hold -out 28.6%
10 Yeast 1 480 8 Hold -out 31.2%

Khi thue thi cac giai thuét theo dung nghi thie kiém tra dugc mé ta nhu trén,
chung t6i thu dwoc két qua trong bang 2. Trong d6, cot DTO la két qua thu dwoc
khi chay giai thuat RB Bagging gdc voi viée ding ciy quyét dinh C4.5 nhu 1a mo
hinh hoc co sd, cot DT, RF va Ada 1a két qua khi chay véi giai thut cai tién
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tuong tmg v6i ba md hinh hoc co so ding ciy quyét dinh C4.5, rimg ngau nhién va
AdaBoost.M1. Khi thuc thi, cac giai thuat RB Bagging gdc va cai tién deu xay
dung 200 mo hinh hoc co s6. Hon nita cic mé hinh hoc co sé nhur rig ngiu nhién
va AdaBoost.M1 xdy dung 100 ciy cho mdi lan hoc. Cac két qua tét nhat duoc t6
dam va tot nhi dugc gach duoi.

Bang 2: Két qua phan 16p ciia RB Bagging gc va RB Bagging cii tién

Precision (%) Recall (%) F1-measure (%) Accuracy (%)

DTO| DT | RF |Ada|DTO | DT | RF | Ada |[DTO| DT | RF |Ada |DTO| DT | RF |Ada
545|88.8|96.7|97.0( 925 | 848 |963|97.8 |68.0|86.7(96.5|97.4|963(99.0|99.7|99.8
743 (74.3|76.4|75.4 |100.0|100.0 | 99.7|100.0| 853 |85.3 | 86.5 | 86.0 |98.2|98.2 [98.4[98.3
62.1\74.0(94.0(94.7| 938 [ 923 (96.4| 95.8 (74.7 |82.1|95.2(953|93.9|96.1(99.0(99.1
382 (451751652541 (319 (679|378 [447(373|70.2]|479|674|739(86.7|799
386|56.7|63.2(546|86.7| 739 |758| 76.0 |53.4 |64.2|69.0]|63.6|84.0(913|92.8|908
519|586 |66.6 (656|843 77.1 (752 71.1 |65.0|66.6|70.4|68.5|78.6|81.7|85.0(24.4
63.0|63.7|64.3 (626|808 | 692 |67.1|69.8 |71.3|66.3|65.6|66.0(77.0|76.0|75.9|75.0
895(97.2(98.7(974|975 (962 |98.3|98.5|933|968|98.5|97.9(980(99.1|99.6(994
470522603 (61.0| 742 | 56.7 |59.3 | 60.5 |57.7 |54.3|59.8|61.0 683 |72.7|77.8(77.9
488 |554|59.4|57.1|78.0 [ 660 |633|67.6 |60.1|602|612|61.9|682(726|74.5|741

B

O oo |[—a|oy|w b ||| =

—
=]

Tir bang két qua phan 16p thu dugc khi xtr Iy 10 tép dir liéu cho thy giai thuat RB
Bagging cai tién ma ching toi dé xuat cho két qua t6t hon so véi RB Bagging gbe
ctia (Hido & Kashima, 2008). Xét tidu chi precision, thi RB Bagging cai tién véi
moé hinh co s¢ 14 rimg ngdu nhién va AdaBoost.M1 thing tat ca 10 tap. Duya trén
tiéu chi recall, thi RB Bagging cai tién van cho két qua so sanh dugc véi RB
Bagging goc (thing 5 trén 10 tap). Véi ti€u chi FI va accuracy, RB Bagging cai
tién thang tat ca 10 tap. Piéu nay ly gidi cho viéc thay dbi cach lay mau va mé
hinh co s¢ trong RB Bagging cai tlen van c6 duge du bao l6p thiéu sb tot nhung
khong 1am mét nhiéu dy béao 16p da s so voi RB Bagging gdc.

F1

=—DTO

100.0
A A o
500 =r—RF
\\ =—=fda

" V/

300

Datasets

Hinh 1: Db thi so sanh tiéu chi F1 ciia cac giai thuat trén 10 tip dir liéu
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Accuracy

—4—DTO
——DT

=—d—=RF
—=pAda

T T T
1 2 3 4 5 6 7 8 9 10
Datasets

Hinh 2: D) thi so sanh tiéu chi Accuracy ciia cac gidi thuat trén 10 tip dit li¢u

Quan sat cac dd thi biéu dién cac tiéu chi £/ (hinh 1) va accuracy (hinh 2) thu
duogc cua cac giai thuat RB Bagging gbc va RB Bagging cai tién khi phan 16p 10
tap dir liéu khong can bang trong thyc nghiém. Chung ta nhan thdy rang dudng
DTO cua RB Bagging goc ludn nam can dudi cua cac duong DT, RF, Ada cua RB
Bagging cai tién. Piéu nay ching minh rang giai thuat RB Bagging gdc cho hiéu
qua phan loai bi 1éch manh vé 16p thiéu 80 va lam giam hiu qua du bao cua 1dp da
so trong khi RB Bagging cai tién thi van cho ket quéa dy bao tét cho 16p thiéu sd
nhung khong lam mét hiéu qua du béo 16p da sd.

Qua két qua dat dugc, chung toi tin rang giai thuat RB Bagging cai tién ma chung
t6i dé xuét c6 thé xir 1y tot cho van dé phan 16p dir liéu khong can bang.

4 KET LUAN VA HUONG PHAT TRIEN

Chung t61 vira trinh bay giai thuat RB Bagging cai tién cho phan 16p tap dur liéu
khoéng can bang Y tuong ma chiing toi dé xuat tan dung dugc cac uu diém ciia RB
Bagging goc (Hido & Kashima, 2008) cai tién dy bao 16p thleu sO va khic phuc
duogc yéu diém lam giam dy béo lop da s0. RB Bagging cai tién tap trung cai thién
hiéu qua dy béo cho 16p thiéu s6, bén canh d6 ¢ ging dam bao sir dung hau hét
thong tin cho 16p da sb6. Bé dat dugc muc tiéu nay, chung toi dé xuét hai cai tién:
diéu chinh cach lay mAu giam phan tir 16p da s6 theo ham phan phéi nhj thirc 4m &
mdi lan cua RB Bagging dé khong 1am mét quéa nhiéu du bao 16p da s, thay thé
mo hinh hoc co s¢ 1a cay quyét dinh C4.5 (Quinlan, 1993) ding trong RB Bagging
bang giai thut tip hop mé hinh manh hon nhu rimg ngiu nhién (Breiman, 2001)
va AdaBoost (Freund & Schapire, 1995). Két qua thuc nghiém trén 10 tap dir lidu
khong can bang tur kho dir liéu UCI (Asuncion & Newman, 2007) cho thay rang
RB Bagging cai tién cho hiéu qua cao hon khi so sanh voéi giai RB Bagging goc,
dua trén céc tiéu chi vé precision, recall, F1-measure va accuracy (van Rijsbergen,
1979).

Trong thoi gian t6i, chung t6i s& thuc hién so sanh hiéu qua giai thuat RB Bagging
cai tién voi cac giai thudt khac nhu SmoteBoost (Chawla ez al., 2003), MetaCost
(Domingos, 1999) trong van dé phan 16p dir liéu khong can bang.
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