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Abstract: Dir liéu _phan 16p thuong c6 phén bd sb
luong khong dong déu giira cac nhan 16p, van dé nay
duogc goi la phén 16p dir liéu mat cin bang va xuat
hién ngdy cang nhiéu trong cac tng dung thuc té. K§
thuat sinh thém phan tir nhén tao (SMOTE) 1a mét
trong nhimg phuong phép tlen xur ly dit lidu dugc biét
dén nhiéu nhat dé giai quyet bai toan nay. Tuy nhién,
theo cac nghién ctru gan day, s6 lwong phan tir mat
can bang khong phai 1a mot van de chinh ma hiéu qua
phan 16p con bi giam do cac yéu t6 khac nhu sy phan
bd dir liéu véi su xuat hién cta cac phan tr nhiu va
cac phan tir & bién. Han ché ndi tai cia SMOTE la
sinh thém nhiéu phan trr nhidu dang nay. Mot sb
nghién ctru da chi ra bo loc nhidu két hop véi SMOTE
s€ nang cao hi¢u qua phan 16p (SMOTE-IPF). O bai
béo nay, ching t6i d& xuit t phuong phap két hop phan
cum v6i bd loc tai ldy miu nham giai quyét t6t hon
van dé nay. Két qua thyc nghiém trén cac bo dir liéu
téng hop va dir liéu chuan qudc t& UCI voi cac mirc
d6 mat can bang da chi ra phuong phap dé xuit nang
cao hi¢u qua cuia thuat toan SMOTE va SMOTE-IPF.

Keywords : SMOTE, IPF, Over-Sampling, dir liéu
mat can bang, phan 16p.

I. GIOITHIEU

Ngay nay, voi sy xut hién ngay cang quan trong
cta dir liéu 16n, nghién ctru vé xir 1y va khai pha dir
lidu 16n tré thanh mot chu dé noéng, thach thuc cac
phuong phap hoc may truyén théng véi mong mudn
nhanh, hi¢u qua, va chinh xac. Hién nay chua c6 mot
phuong phap hiéu qua nao khai pha cac loai dir liu
thue té. Dic biét, mot kho khin nita ma chung ta cling
thuong phai doi mat 1a dir liéu mét can bang. Cuy thé
nhu xac dinh nhitng giao dich thé tin dung gian lan
[1], klem tra cAc xam nhdp mang trdi phép [2], phat
hién vét dau loang tir hinh anh vé tinh [3], cac chuin
doan, du doan trong y sinh hoc [4] Cac phuong phap
phan 16p dit liéu chudn truyén thdng thudong gip nhiéu
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khé khan do viéc hoc bi léch sang 16p da s6, dan dén
d6 chinh xéc thap khi du doan 16p thiéu sb.

Mot s6 giai phap cho van d& phan 16p dir liéu mat
can béng duoc dua ra 1a dua trén mirc d0 dir liéu va
mue do thuét toan. O cép d6 thuat toan, cac giai phap
cb gang cai tién cac thuat toan phan 16p truyén thong
dé tang cudng viéc hoc véi cac mau trong 16p thiéu so.
Cu thé nhu mot sb thuat toan hoc dua trén chi phi vai
viéc dat thém trong sb cho 16p thiéu s [5], diéu chinh
xac xuét du doan ¢ 14 dbi voi phuong phap ciy quyét
dinh [6], bé sung thém hing s phat khac nhau cho
mdi 16p hodc didu chinh ranh gidi phéan 16p cai tién
thuat toan may vector hd trg. O cép do dir liéu, muc
dich 1a dé can bang su phan bd cac 16p boi viée diéu
chinh mdu ving dit liéu theo hai huéng gom giam
kich thuéc miu 16p da s hodc ting kich thudc mau
16p thiéu sé. Trong d6, c6 mot sé phuong phap phd
bién dugc 4p dung nhu Condensed Nearest Neighbor
Rule (CNN) [7], Neighborhood Cleaning Rule (NCL)
[8], Tomek links [9], SMOTE [10], Borderline-
SMOTE [11], Safe-level-SMOTE [12]. Ngoai ra, mot
sb nghién ctru khac sir dung cac bd loc nhu loc tép
hop EF [13], loc phan ving IPF [14] két hop vdi cac
phuong phap sinh thém phan tir nhim nang cao hiéu
quéa phan 16p. Cu thé nhu phuong phdp SMOTE-IPF
[15] duoc gioi thidu ndm 2015 nham xtr 1y nhiéu trong
cac phan 16p mét can bang.

Maic du cac phuong phap trén da cé nhitng hiéu
quéa nhat dinh d6i v6i phan 16p dir liéu mét cin bang
c6 phan tir nhidu. Tuy nhién, cac phwong phap nay
van ¢6 nhitng han ché nhét dinh nhu: SMOTE c¢6 mot
s6 han ché lién quan dén sinh thém phan tir “mu”. Boi
viéc sinh thém cac phan tr nhan tao (& 10p thiéu sb)
chi 1am mot cach hinh thirc va do d6 nhitng phan tir &
mdi 16p co thé bi gan sat nhau. Trong khi cac dic tinh
khac ctua dir liéu bi bo qua nhu sy phan bd cua cac
phan ttr & 16p da s6 va thidu sb & ting ving khac nhau.
Tur o, tac gia dé xuat mo rong moi (KSI) cua
SMOTE-IPF thong qua viéc phan cum, nhim xac dinh
cac cum dit liéu c6 nhimg phén tir 16p 13 thiéu sé ¢
toan cuc nhung lai 1a phf‘?m ttr chiém da sb trong cuc bo
cum. Dya vao d6 ching t6i co co ché sinh thém phan
tir nhan tao mot cach phu hgp hon, nang cao hi¢u qua
phén 16p dir liéu hon. Trudce khi di vao gidi thiéu chi
tiét phuong phap KSI & phan III, phan II s& trinh bay
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vé tiéu chi danh gia. Mot sb két qua dat dwoc va danh
gia s€ duogc trinh bay trong phan IV, va cuoi cung la
phan két luan.

Il. TIEU CHI DANH GIA

Nham dénh gia hiéu qua giita cac phuong phip
phan 16p dir lidu, dau tién, ching ta xac dinh ma tran
nham 1an d6i véi phan 16p dit liéu nhi phan, nhu dugc
chi ra trong Bang 1, TP 1a s lugng phan tir 16p
positive dugc du doan dung, FN 1a s lwong phan tir
thuc sy la positive nhung bi dy doan nhim 1a
negative, FP 1a s luong phan tir thuc sy 1a negative
nhung bi dy doan nham 1a positive, TN 1a s6 luong
phan tir 16p negative dugc du doan dung.

Bang 1. Ma trdn nham l&n

Nhin thye té

Nhén dy doan

Lép Positive Lép Negative

True Positive False Positive

Lép Positive

(TP) (FP)
. . False Negative True Negative
Lop Negative (FN) (TN)

Mot s6 do do duoc xac dinh dya trén ma tran nhim
1an [16]-[18]:

TP
TPrace = 7p T pN
TN
TNrace = T3 3 Fp
FP
FPrace =75 T 7p
FN
FNrate = 7p 1 FN

Do chinh xac cua cac thuat toan phan 16p truyén
thong dugc mo ta nhu sau:
TP+TN

TP+ FP+TN+FN

Accuracy =

Tuy nhién, d6i v6i dir liéu mat can bang, sé luong
phén tir 16p negative 16n hon rat nhidu cac phan tir 16p
positive nén anh hudéng cia TP 1a rat nho, d& dang bi
bo qua. Do do, d6 chinh xac, accuracy, thuong khong
dugc sir dung khi danh gia phan 16p dir liéu mat can
bang. Thay vao d6, cic nghién ctru thuong sir dung do
do G-mean nhu mét chi sé danh gia hiéu ning phan
16p ctia mo hinh trén tap dir liéu mat can bang.

TP TN
TP + FN TN + FP

G-mean la do do kha ning phan 16p tong quat cua
ca 16p positive va negative ctia mo hinh phén 16p [15],

G — mean =

SO 01 (CS.01) 2019

[16], [19], [20]. Trong bai béo nay, phan thyc nghiém
ching t6i st dung G-mean dé danh gia higu qua cua
mo hinh phan 16p dit li¢u.

Bén canh d6, trong nghién ctr nay chiing t6i st dung
thém do do AUC (Area Under the ROC Curve) —
dién tich bén dudi duong cong ROC (Receiver
Operating Characteristic curve), mot cach phd bién
dé danh gia chat lugng ctia cac md hinh phan 16p véi
hai tiéu chi dua trén ma tran nham 13n 1a TPrae Va
FPrae. AUC dao dong trong gia tri tir 0 dén 1 [21].
Mot mo hinh ¢6 du doan sai 100% c6 AUC la 0,0; va
dy doan chinh xac 100% c6 AUC la 1.0.

. PHWONG PHAP

A. Phuong phap SMOTE

Thuat toan SMOTE (Synthetic Minority Over-
samphng Techmque) dugce d& xuit nam 2002, nham
giai quyét van dé mat can bang dir liéu [10]. Pay la
mdt trong nhimg cach tiép can ndi tiéng nhét do su
don gian va hiéu qua cia no.

Cu thé SMOTE sinh thém phéan tir nhin tao bang
cach nhu sau: dau tién tim hang x6m gan nhit ciia mdi
phﬁn tur cia lop thiéu sd; sau d6 chon ngau nhién mot
trong s6 nhitng hang x6ém gan nhat; cudi cung sinh
thém phan tir nhan tao trén doan thing ndi phan tir
dang xét va lang giéng dugc lwa chon bang cach tinh
d6 1éch gitra véc to thudc tinh ctia phén tir 16p thiéu s6
dang xét va lang giéng ciia no.

B. Phuong phap IPF

Phuong phap loc phan vung ldp lai IPF (Iterative-
Partitioning Filter) [14] loai bo cac trudng hop nhiéu
bing cach lap di lap lai cho dén khi dat dugc mot tiéu
chi dimg. Qua trinh lip s& ding néu, d6i véi mot sb
lap lap di lap lai, ) luong cac phﬁn tr nhidu duge xac
dinh trong mdi lan lap lai nay it hon 1% kich thudc
cua tap dir liéu huén luyén ban dau. Céc bude co ban
ctia mdi 1an lap 1a:

(1) Chia tap dit liéu huin luyén Dt hién tai thanh
c4c tap hop con bang nhau.

(2) Xay dung mé hinh véi thuat toan C4.5 trén mdi
tap con nay va str dung chung dé danh gia toan bo tap
dit liéu hudn luyén hién tai Dr.

(3) Thém vao Dy cac vi du nhiéu dugc xac dinh
trong D sir dung mot chuong trinh bo phiéu.

(4) Loai bo nhiéu tir tdp huin luyén: Fs = Dy \ Dy

Qué trinh lap di 1ap lai két thuc khi didu kién dung
théa man, do 1a, trong ba lan lap lai lién tlep, néu so
lugng cac vi du nhiéu duge xac dinh trong moi lan lap
12 it hon 1% kich thudc cua céc tap dir ligu huén luyén
ban dau, qua trinh 13p di 1ap lai ding.

C. Phuong phap KSI
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Hinh 1. M6 hinh thuat toan KSI

Phuong phiap SMOTE-IPF [15] dugc gidi thiéu
niam 2015 nham xir 1y nhidu trong cac phan 16p mat
can bang. Mic du SMOTE-IPF di c6 nhirng hiéu qua
nhit dinh d6i voi mét can bang 16p c6 dit liéu nhidu,
tuy nhién phwong phap nay van c6 nhitng han ché
nhu: SMOTE c6 mdt sd han ché lién quan dén sinh
thém phan tir “mu”. Boi viée sinh thém cac phan tir
nhén tao (¢ 16p thiéu s6) chi lam mot cach hinh thirc
va do d6 nhitng phan tir & mdi 16p c6 thé bi gan sat
nhau. Trong khi cac dic tinh khac cta dir liéu bi bo
qua nhu sy phin bd ciia cac phan tir & 16p da sb va
thiéu s6 ¢ timg ving khac nhau, cu thé nhu & mot s6
ving dir liu, cac phan tir 16p thiéu s6 ¢ toan cuc
nhung lai 1a phan tir chiém da s6 trong cuc b ving dir
liéu do.

Tir d6, tac gia dé xuat mo rong moi cia SMOTE-
IPF 1a thuat toan KSI (K-means-SMOTE-IPF) théng
qua viéc phan cum, nham xéc dinh cac cum dit liéu co
nhitng phan tir 16p 1a thiéu s6 & toan cuc nhung lai la
phén ttr chiém da sb trong cuc bo cum. Dya vao dé
chung t6i ¢ co ché sinh thém ph?m tir nhan tao mot
cach phu hop hon, nang cao hi€u qua phan 16p dir li¢u
hon. M hinh thuét toan dé xuat KSI dugc md ta chi
tiét & Hinh 1. Dau tién, bo dit li¢u duoc chia lam 10
phan, trong d6 9 phan lam tap huén luyén, con 1 phan
lam tép kiém thir. Sau do, tap dir lidu huén luyén dugc
phan cum thanh timg ving dit liéu nhim kiém tra mirc
dd mat can bﬁng tai tng cum cuc bg. Nhitng cum co
phén tir 16p thiéu s6 & toan cuc nhung lai chiém da s6
tai cum d6 thi s& dugc gitr nguyén, khong can sinh
thém phan tir nhan tao & nhung Vung nay. Nguoc lai, &
nhung cum cac phan tir thiéu sé ¢ toan cuc ciing la
thiéu s & cuc bd s€ dugc ap dung SMOTE va bd loc
IPF. Cudi cing chung ta thu dugc tap dir liéu méi. Chi
tiét thuat toan KSI duge md ta nhu sau:

Input: B¢ dir liéu huan luyén (Train) gdm P phan
tir thiéu s (positive) va N phan tir da sé (negative).

Output: Téap cac phan tir nhan tao thudc 16p thiéu
sO.
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Thuattoan i 4 <
phan 6p E [~
("_f%
Béng 2. B6 dir liéu thure nghiém
S6 A L LOP |y o s n
Ditligu |phin| P9 gy | LOP | TV 16 mat
: . | tinh « |da so| can bang
tw i)
abalone 731 8 42 | 689 | 1:16
blood 748 4 177 | 571 13
newthyroid | 215 5 35 |180| 1.5
ecoli 768 8 268 [500| 1:8
haberman 306 3 81 |225| 1:3

Budée 1: Ap dung thuat toan k-means dé chia dir
lidu ban dau (Train) thanh cac cum Clust[l] clust[2]
clust[3]... clust[n]. V&i N; la tong s6 phan tir da so cua
cum thir i va P; 1a tong sd phan tir 16p thiéu sb cua
cum thr i trong do i = 1,2,3,...n.

Buéc 2: Trong tap dit liéu (Train) cé chira cac cum
clust[i] (voi i la thlr tw cac cum i = 1,2,3,...,n) ta s&
tién hanh iy dir liéu cua clust[1], clust[2]...., clust[n].

Bude 3: Xét diéu kién can cho clust[i] dé ap dung
thuat toan SMOTE. Ta goi S; 1a s6 phan tir nhan tao
sinh thém trong cum thir i.

Néu N; > P, va P, >5 thi ap dung thudt toan
SMOTE cho clust[i] sinh ra S;.

Néu N; < P; thi khong ap dung thuat toan SMOTE
cho clust[i].

Néu chta nguyén N; hodc P; thi khong ap dung
thuat toan SMOTE cho clust[i].

Két thic budc 3, chung ta thu dugc bd dir li€u
{S,, Ny, Py, Ny, Py, ..., Sy, Ny, B}

Budc 4: St dung IPF dé loc dir liéu du thira dugc
sinh ra tu bude 3.

Bwoc 5: Dir liéu sau khi duogc loc boi IPF duoc hoc
dé xay dung mé hinh. Két thiic cac budc clia phuong
phép dé xuat KSI.

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 57



KSI - PHYONG PHAP KET HOP PHAN CUM VO!I BO LOC TAI LAY MAU BE LOAI BO NHIEU .......

IV. THUC NGHIEM VA DANH GIA

Céac bd dir li€u dugce st dung 1a cac bo dir liu thyc
té ap dung cho phan 16p mét can bang véi cac phan tir
nhiéu va duong bién, cic bo dir liéu danh cho phan
16p mét can bang khac. Cac bo dir liéu nay c6 sin tai
kho dir liéu KEEL (http://keel.es) va kho dir liéu UCI
[22]. Cu thé nhu sau & Bang 2.

Dé danh gia hiéu qua ctia phuong phap dé xuat KSI,
chung t6i da tién hanh thuc nghiém trén cac b dir liéu
dugc trinh bay trong Bang 2 véi cac phuong phap dicu
chinh dix li¢u: Original, SMOTE, IPF, SMOTE — IPF,
va phuong phap KSI. Sau khi é&p dung cac phuong
phap diéu chinh dit liéu, cac bd dit liéu méi duge phan
16p bang thuat toan phan 16p “bagging tree”. Két qua
so sanh cudi cung 1a gia tri trung binh cia AUC va G-
mean sau 20 lan thyc hién cac phuong phép trén.

BIEU PO SO SANH GIA TR| AUC

1
0.8
0.6
0.4

0.2

0 SEEES SESSE EESSES SSSEE SSSSS

abalon newth . haber
blood R ecoli
e yroid man
= Orginal 0.68 059 0933 0.74 0.58
= SMOTE 0.72 0.61 0928 0.81 0.6
IPF 0.53 054 0.895 0.73 0.6
=SMOTE-IPF 0.69 0.68 0.886 0.73 0.67
= KSI 0.77 0.7 0939 09 0.72

Hinh 2. Biéu dé so sanh gia tri AUC

Hinh 2 va Hinh 3 1a cac biéu dd so sanh gia tri AUC
va G-mean danh gia két qua thyc hién phan 16p trén
mdi bo dit liéu abalone, blood, newthyroid, ecoli va
haberman khi chwa diéu chinh (original) va khi da
duoc diéu chinh bdi cc thuat toan tién xt ly SMOTE,
IPF, SMOTE-IPF va KSI. Nhan thdy, v6i nim bo dit
lidu, gia tri AUC ctia phuong phap dé xuat tot hon so
v6i truong hop dit lidu ban dau va cac trudng hop dir
liéu &p dung cac thuat todn con lai; voi ba bd dir liéu
blood, newthyroid, haberman, gid tri G-mean cua
phuong phap dé xuét tot hon; véi hai by dir liéu con
lai gia tri G-mean dat Kkét qua cao hon hén.

Cu thé nhu voi bo dir liéu abalone, d0 do AUC va
G-mean cua thuat toan KSI cling dugc cai thi¢én hon
so voi cac thuat toan khac. BO dir li€u abalone ban dau
¢6 két qua phan 16p AUC va G-mean chi dat (68%,
61%). Cac bo dir liéu sau khi dugc didu chinh déu co
két qua phan 16p dugc cai thién dang ké. Sau khi diéu
chinh bsi KSI, AUC cao nhat 1a 77%, G-mean dat
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BIEU PO SO SANH GIA TR] G-MEAN

abalon newth . haber
blood ) ecoli

e yroid man

= Orginal 0.61 0.52 0.93 0.7 0.52
= SMOTE 0.71 0.6 0.93 0.81 0.59
IPF 0.21 0.32 0.89 0.68 0.53
®SMOTE-IPF  0.74 0.67 0.94 0.73 0.69

= KSI 0.76 0.68 0.95 0.9 0.7

Hinh 3. Biéu dé so sanh gia trj G-mean

76%. Tuy nhién, néu chi su dung bd loc IPF thi Kkét
qua kha kém, AUC va G-mean chi dat 53%, 21%.
Diéu nay la do bo loc IPF trong qua trinh loc dit lidu
gbc da loai bo di mot sb dir liéu gdm ca cac phan tir
16p thiéu s, day 1a nhitng phan tir c6 y nghia quan
trong trong phéan 16p dir liéu mat can bang.

Bén canh két qua thyc nghiém véi dir liéu
abalone, thuat toan dé& xuit KSI cling dat hi¢u qua rat
t6t v6i bd dit lidu ecoli, cu thé véi do do AUC thuat
toan KSI da tang hon 16% so véi dit liéu ban dau, va
tang hon 9% so vdi thudt toan SMOTE. Véi d¢ do
G-mean, phuong phap IPF khong dat hi€u qua ma
con lam giam d6 chinh xac xudng 2%, tuy nhién,
thuat toan KSI dat hi¢u qua hon hén dir liéu ban dau,
SMOTE, IPF, vd SMOTE-IPF lan luot 1a (20%, 9%,
22%, va 17%).

V. KETLUAN

Trong bai b4o nay, ching tdi da tap trung vao giai
quyét ctia cac phan tir nhidu, ddy 1a mot van dé nghién
clru quan trong trong dit liéu mét can bang. Pdng thoi,
ching t6i nghién ctiru d& xudt thuat toan KSI mé rong
thuat toan SMOTE két hop véi bd loc nhidu IPF
(SMOTE-IPF) nham kiém soat tot hon cac phan tu
nhiéu dugc tao ra boi SMOTE. Sy phu hop cua cach
tiép can trong phuong phap dé xuit da duoc phan tich.
Céc két qua thuc nghiém voi d6 do AUC va G-mean
da chi ra ring dé xuit KSI cua ching t6i c¢6 hiéu suit
dang cha y hon khi 4p dung vao cac tap dir liéu mat
can bang voi cic phan tir nhidu trén cac bo dit liéu
thuc té.

Mic di phuong phap KSI di dat duoc hiéu qua
phan 16p tot hon so v6i mot sé phuong phap khac, van
con nhidu chu dé khac can xem xét k§ hon trong
hudng nghién ctru nay. Trong thoi gian téi, ching t6i
nhan thay c6 thé diéu chinh cai tién phuong phap KSI
bang cach ap dung mot s bd loc méi hién nay nhu
INFFC ¢6 thé cho két qua loc nhidu t6t hon bd loc
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IPF, tir 46 co thé nang cao hi€u qua thuat todn phan
16p dir liéu mat can biang. Bén canh do, c6 thé két hop
KSI véi giam chiéu dit liéu dé 4p dung cho cac bo dir
lidu mét can bang c6 sd lugng phan tir va thude tinh
16n.
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Nghién ciru nay dugc hoan thanh dudi su tai trg cta
d¢ tai Nghién ciru Khoa hoc cap B Giao duc va Pao
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KSI - A COMBINED CLUSTERING AND
RESAMPLING METHOD WITH NOISE
FILTERING ALGORITHM FOR
IMBALANCED DATA CLASSIFICATION

Abstract: Classification datasets often have an
unequal distribution of numbers between class labels,
which is known as imbalance classification and
appears more and more in real-world applications.
SMOTE is one of the most well-known data-
processing methods to solve this problem. However,
as in recent researches, the imbalance distribution is
not a main problem, the performance is reduced by
other factors such as the distribution of data with the
appearance of noisy samples. Some researchers have
shown that SMOTE-based interference filters will
improve efficiency (SMOTE-IPF). In this paper, we
propose a clustering method with a re-sampling filter
to archive better address this problem. Experimental
results on UCI datasets with different levels of
imbalance indicate the novel method improve the
efficiency of the SMOTE and SMOTE-IPF
algorithms.
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