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TOM TAT

Bai b4o d& xuat mot phwong phép dé ning cao hiéu qua phan
16p dit liéu khong can bang. Péng goép chinh ctia phwong phap
13 két hop thuat toan phan cum K-means va k¥ thuét sinh mau
thiéu s6 VCIR dé tao ra cdc mau nhén tao c6 tinh dai dién sat
voi dic trung cua dit liéu thue té. Cac két qua thuc nghiém da
chi ra rang phwong phép dé xuat dat hiéu qua cao hon trén mot
s6 d6 do so véi cac phirong phap xir Iy dit liéu khéng cin bang
phd bién hién nay nhit SMOTE, Borderline-SMOTE, Kmeans-
SMOTE va SVM-SMOTE.

Tir khéa: Phan Iop dir lidu; dir liéu khong cén bang;
oversampling; K-Means; SMOTE.

1. Gi6i thiéu

Phan lop dit liéu [a mot bai toan quan trong trong hoc may,
da va dang dugc tng dung & nhiéu linh vire cia doi song
x3 hoi [2]-[3]. Trong thue té, nhiéu trrdng hop dit lidu thu
thap dé xay dung cac moé hinh phan 16p thuong khong can
bang nhin 16p. Do 14 hién twong khi s6 lrong mau dit lidu
ctia mot hodc mét so 16p (goi 1a 16p thiéu s6) it hon nhiéu
s0 v6i s6 lwong mau dit lidu cia cac 16p khac (goi 1a 16p
da s6) [1]. Bai toan phan 16p trén tap dit liéu khong cén
bang, dac biét 1a phan 16p nhi phan (co6 hai nhin 16p) xuat
hién kha phd bién, vi du nhw: Phét hién gian 1an thé tin
dung (so lwong giao dich gian lan thuong it hon nhiéu so
voi so lwong giao dich hop 18) [2]; Chan doan bénh (s6
lwong nguoi bi bénh thudng it hon so véi sé lwong nguoi
dén kham); Phan loai email réc (s6 lwgng email rac thuong
it hon nhiéu so véi s6 lrgng email binh thuong) [3].

Khi ti I¢ khong can bﬁng cua bo dir liéu cao thi cac mo
hinh phan 16p thwong nhan dién kém cac phan tit & 1op
thiéu s, day 1a nhitng phan tir quan trong trong cic ng
dung. Hay néi mét cach khac, mé hinh phéan 16p truyén
théng sé hoat dong kém hiéu qua trén cac bg dir licu
khong can bang [4], [14]. Hién nay c6 hai huéng tiép
can chinh dé nang cao hi¢u qua cua bai toan phan lép dir
liéu khong can bang, bao gém huéng t1ep can theo di
liéu va theo giai thuat [14]. G hudng tiép can thit nhat,
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céc giai phép tap trung vao viée diéu chinh, cai tién cic giai thuat phan 16p truyén thong
nhw Decision Tree, KNN, SVM... sao cho mo hinh ¢6 hiéu qua cao d6i véi cac mau trong
16p thiéu s6 nhu phwong phap diéu chinh xac suat ude  luwong d6i véi Decision Tree [5]. bod
sung hang sé thuong hoac phat cho mobi 16p hodc diéu chinh ranh gidi phan 16p doi véi
SVM [6]. Hudng t1ep can thit hai, cac phwong phap hudng téi diéu chinh sy khong can
bang cua dit liéu bang cach 4p dung ky thuat sinh thém phén tit & 16p thiéu sb (Over-
sampling) hodc giam phan tir & 16p da s6 (Under-sampling), vdi céc ky thuat pho bién nhw
SMOTE [7], ADASYN [8], Tomek links [9]. Ngoai ra, ciing c6 thé ket hop ca hai phwong
phap trén dé cung lic giam phan tir 0 lop da s6 va tang phan tir 6 16p thiéu sb.

Déi véi phwong phap sinh mau & 16p thiéu s6, SMOTE va cac bién thé ciia né nhu
BorderlineSMOTE [10], SVM-SMOTE [11]... 1a cac ky thuat c¢6 hiéu qua cao va dugc st
dung kha rong rai. Ky thuat sinh mau  trong SMOTE duoc mo ta ngan gon nhu sau: voi
moi mau x cua 16p thleu s6, chon ngau nhién mot trong so k lang giéng gan nhat cung
nhén 1&p véi x va sinh mau nhan tao trén doan thang noi mau dang xét va lang giéng duoc
Iira chon [7]. Trong BorderlineSMOTE, cac mau lép thiéu so duge chia thanh 3 nhém:
nhiéu, dudng bién va an toan, bang cach tinh todn s6 mau thudc 16p da sé trong k 1an cin
gﬁn nhét, sau d6 tién hanh sinh mau méi trong tt SMOTE nhung chi thie hién ddi voi cac
mﬁu nim trén duong bién [10]. SVM-SMOTE tap trung vao vigc tang cac mau thiéu s6
gan duong bién bang mé hinh SVM dé giup thiét lap duong bién gitra cac 16p, voi lap luan
rang cac truong hop xung quanh duong bién la rat quan trong [11]. Pbi v6i Kmeans-
SMOTE, cac mau dugce phan cum theo thuat toan K-Means, sau do chon cac cum co ti 1€
chénh léch cao (I6n hon 50%) va tién hanh sinh mau méi trén céc cum do tuong tw
SMOTE, so Irong mau méi duge sinh ra dua trén do thwa thét cua 16p thiéu so trong cum,
néu cum cang thua thét, cac mau sinh ra cang nhiéu [12].

Céc ky thuat sinh mau thiéu sé trén day déu dya vao SMOTE, tuy nhién, SMOTE
thuong c6 nhuoc diém, mau maéi duoc tao ra khong c¢o tinh dai dién cao cho dit li¢u thure
té va thuong nhay cam voi nhiéu. Hién nay c6 mét s6 ky thuat sinh 1n§u thiéu s6 khong
dung SMOTE, chang han k¥ thuat CIR trong [13]. Quy trinh sinh mau cua CIR duge mo
ta nhw sau: Trude tién, chon tam c tir cac mau thiéu so, do 1a diem trung binh cua cac mau
nay; tiép theo, tim mau thiéu s6 gan tdm C nhat, ky hiéu D,,;,, va cubi ciing 12 sinh ra cac
mau nhan tao D; = Dyin + hj x C, vO1 hj 1la mot gia tri thudc (0, 1).

Bai bdo nay dé xuat mot phwong phép dé nang cao hiéu qua phéan 16p dit liéu khong
cén bang. B1em moi cua phuwong phap la su két hop thuat toan phan cum K-means va k¥
thuat sinh 1nau thiéu s6 dé tao ra cac mau nhan tao c6 tinh dai dién sat véi dac tmng cua
dit liéu thure té. Phan con lai cua bai bao duwoc bd cuc nhw sau: Phan 2 gi61 thiéu van tat
moét s6 thudt toan phan 16p tiéu biéu; Phan 3 trinh bay phwong phap dé xuat; Phan 4 1a két
qua thue nghiém cua mo hinh trén cac d6 do thuong duoc str dung dé danh gia cac mo hinh
phan 16p voi tap dir ligu khong can bang trong y té; Cudi cung 1a két luan bai bao va mot
s6 hudng phat trién tiép theo.

2. Mot s6 thuét toan phan 16p tiéu biéu

Phéan nay gi6i thiéu so qua vé ba thuat toan phan 16p phd bién 1a Decision Tree,
KNN (K-Nearest Neighbors) va SVM (Support Vector Machine). Céc thuat toan nay dwoc
stt dung trong cac thir nghiém ¢ phan 4 cua bai bao.
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2.1. Decision Tree

Thuét toan Cay quyét dinh (Decision Tree - DT) 1a mét thuét toan hoc c6 gidm sat
duoge sir dung cho ca bai toan phan 16p va héi quy. DT st dung mét ciu tric dang cay dé
mo6 hinh hoa mdi quan hé giita cac thude tinh (dic trung) va nhan 16p cua dit lidu. Vé cau
tric, mot cay quyét dinh bao gdbm céc nit (node) va canh (Hinh 1). Nut 1a dai dién cho mét
quyét dinh va canh 1a dai dién cho mét diéu kién dé phan chia dit liéu. Moi canh c6
mot ngudng gia tri dé chia di liéu thanh cac nhanh con. C6 hai loai nit chinh: Nut gbc
(root node) la nut dau tién cua cdy, dai dién cho toan bo tap dit liéu; Nut 14 (leaf node): la

nut cudi cung cua cay, dai dién cho mot nhan 16p cu thé. Céc bién thé phd bién cua thuat
toan cay quyét dinh bao gom ID3, C4.5 va CART.

Niit quyét Nit quyét Cay con
dinh dinh

) G
66

Hinh 1: Minh hoa thuat toan Decision Tree
2.2. KNN (K-Nearest Neighbors)

Thut toan K lang giéng gan nhat (K-Nearest Neighbors - KNN) 14 thuét toan hoc
may c6 giam sat. Y tuéng chinh cia KNN la dwa vao su twrong déng cua cac diém dir lidu.
Khi cac diém dit liéu c6 xu hudng thuoc, vé cting mét 16p néu chung trong tur nhau, hay
noi cach khac la chung c6 khoang cach gan nhau trong khong gian dac trung.

Gia sur ta co tap dir lieu huan luyén duoc chia thanh cac 16p va c6 mot diém dit lidu
méi can phan 16p diém do6 thudce 16p ndo. Khi d6 cic bude co ban cua thuat toan KNN
duge mo ta nhuw sau:

- Buéc 1: Tinh khoang céch gitta diém dit liéu méi nay véi tat ca cac diém dit lidu
trong tap dit liéu huan luyén. Khoang céch thudong duoc tinh bang cic do do phd bién
nhwr khoang cach Euclid hoac Manhattan.

- Bu6e 2: Chon ra k diém dit liéu gan nhat véi diém dit liéu mdi, trong d6 £ la
moét s6 nguyén dwong cho trude.

- Buge 3: Dya trén nhan 16p cua & lang giéng gan nhit, KNN sé gan nhan 16p cho
diém dit liéu méi theo nhan 16p phd bién nht trong s6 k lang giéng do.

Hinh 2 minh hoa thuat todan KNN theo cac gia tri £ khac nhau. Khi £ = 3 thi diém
dit li¢u mai (hinh sao) thuoc 16p nhan hinh vudng, khi & = 6 thi lai thudc 16p nhan hinh
tron.
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Hinh 2: Minh hoa thuat toan KNN véi gia tri k khac nhau
2.3. SVM (Support Vector Machine)

Thuat toan SVM (Support Vector Machine) la mot thuat toan hoc may cé giam sat
duoc st dung pho bién cho céc bai toan phan 16p [14]-[15]. Muc tiéu cua SVM Ia tim siéu
phing phén chia t6i wu dit liéu trong khong gian dic trung dé phan tach cac diém dit liéu
thudc cac 16p khac nhau. Noi mot cach khac, SVM ¢6 géng tim mot ranh gidi co thé tach
biét cac nhom dir lidu mot cach tot nhat, giam thiéu sai sot trong viéc phan 16p. Hoat dong
cua SVM duoc mo ta nhw sau:

- Mbi diém dit liéu dwoc biéu dién nhw mot vecto trong khong gian da chiéu, moi
chiéu trong tng vo1 mot thude tinh cua tap di lidu.

- Tim mot siéu phang sao cho no ¢ the phéin chia cac diém dit liéu thudc cac lop
khac nhau mét cach téi vu nhat “Téi wu” & diy co nghia la khoang céch gitta siéu phang
t6i céc diém dit liéu & cac 16p gan nhat 1a 16n nhat.

- Khi c6 mot diém dit liéu méi, SVM sé du doan 16p cua nd dwa vao vi tri cua diém
nay so véi siéu phang da dugc tim ra.

Hinh 3: Minh hoa siéu phéng t6i 1ru
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3. Phwong phap dé xuat

Phéan nay dé xuét phuwong phap dé nang cao hiéu qua phan 16p di liéu khong can
bang. Pong gop chinh cua phwong phap la két hop thuat toan phan cum K-means va ky
thuat sinh mau thiéu sé6 VCIR (Class Imbalance Reduction) dé tao ra cdc mau nhan tao.
Hinh 4 1a minh hoa trirc quan cta phwong phap dé xuat.

Ap dung thujt
toan phan lép

h 4

dir licu sir dung

Dir licu khong|
Kmeans-VCIR

ciin bang

Dir liéu
huan luyén

N~ Cian bang héa

/—""_""'-\ N

\“‘:'T:"/ .| Mé hinh
Drr liéu "l phanlép
kiem tra

h 4

Két qui dy
dodn

Hinh 4: Plurong phép dé xuat dé néng cao hiéu qua phén I6p dir liéu

Quy trinh can bang héa dit liéu trong phwong phép dé xuat dwoc mé ta nhu sau.
Trwde tién, tap dir ligu huin luyén duoc phan thanh cac cum béng thuat toan K-means, dwra
vao do thua thét ciia moi cum dé xac dinh s6 lwong mau méi can sinh cho méi cum. Céch
lam nay dé tranh sinh mau méi don cuc vao mét khu vue, dan dén mat tinh dai dién cua
céc mau thiéu so. Sau do, dung k¥ thuat VCIR, 1a mét mé rong cia CIR dé sinh mau méi
cho méi cum. Véi muc dich giam thiéu anh huéng ctia nhiéu dit liéu, trong VCIR chung
t61 dé xuat sir dung tAm cum 1a trong tAm ctia mau thiéu s6 thay vi ding diém trung binh
nhu cta CIR. Viéc sinh mau méi theo cach nay lam cho tap dir liéu huan luyén dwoc can
bang hon, phan bb dong déu hon va cac mau méi co tinh dai dién sat véi dic trung cua dir
lidu thue té. Viée sinh mau méi trong phwrong phép dé xuat duoc hinh thitc hoa bang thuat
toan Kmeans-VCIR nhu sau:

Thuit toin sinh mau Kmeans-VCIR

Pau vao: Tap dit lidu khong can bang (DS) véi m thude tinh mé ta bo dit liéu X7,
Xz, Xs, . Xm, L 12, 13 .. In la CéC bén ghi

n la s0 luong mau th1eu s6 can tao

k14 s6 cum dé thue hién K-Means

irt 1a ngudng cho trude vé ty 16 khong cén bang giita 2 16p

m 1a s6 mil duge sit dung dé tinh toan mat do, & day dugc chon 1a sé cac thudc
tinh m6 ta cia mau dit liéu

Pau ra: Tap dit liéu can bang (BD)

Buée 1: Phan cum tap dit liéu va loc cac cum c6 ty 1é mau troi va mau hiém theo
nguong irt

Buoc 1.1: Phan cum K-Means tap dit ligu voi & tdi rru (dwa vao hé ) Silhouette)

Budée 1.2: Tinh ti s6 can bang méi cum theo cong thire:

SoLuongMauDaSo(c)+1
TvLeMatCanBang= S ()
- SoMauThieuSo(c)+1
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Bude 1.3: Loc cac cum ¢ ti s6 can bang < ngudng irt

Buée 2: Véi moi cum fduge loc, tinh sO lrong mau thiéu so tang thém dua trén
mat d6 16p thiéu sé

Bude 2.1: Tinh ma tran khoang cach Fuclid cia mau thiéu sé trong méi cum f;
MaTranKhoangCach(f).

Budc 2.2: Tinh khoang cach trung binh ctia mau thiéu sé trong méi cum f:

KhoangCachTBMauThieuSo(f) = mean(MaTranKhoangCach(f))

Buéc 2.3: Tinh mat dd6 cua mau thiéu so: MatDo(f) =

§6 mau thiéu so(f)

KhoangCachTBMauThieuSo(f)™

Budc 2.4: Tinh d6 thwa thét ctia mau thiéu s6: DoThuaThot(f) ———M Do)

Bwoce 2.5: Tinh tong d6 thira thét cia mau thiéu sb:

TongDoThuaThot = },r DoThuaThot(f)

Buée 2.6: Tinh toan ti 18 sinh cia mau thiéu sb: TrongSoSinhMau(f) =
DoThuaThot(f)
TongDoThuaThot

Buée 3: Sinh mau moi cho ting cum f

Bude 3.1: Tinh todn s6 lrong mau can sinh cho méi cum f'theo cong thkc:

SoLuongMauGiaTang(f) = FLOOR [n* T mngSoSmhMau N1

Bude 3.2: Chia f'thanh 2 16p, 16p thiéu sé (fy), 16p da sé )

Bu’o’c 3.3: Tinh trong tam (C) cua fo:

= {median(X,), median(X,), median(Xs), ..., median(Xy,)}

Bu’o’c 3.4: D6i v6i mdi ban ghi 7; trong /5 tinh khoang cach Euclid dist(r;, C) tr
ri déll C

Bwac 3.5: Chon ban ghi ¢6 khoang cach nho nhat () dén trong tam C

Buwdéc 3.6: Tao p so ngau nhién /1y, &, ..., hy trong khoang tir 0 den 1, trong do p
= SoLuongMauGiaTang(f)

Bwdéc 3.6.1: Tao ban ghi mdi dudi dang foun + i * C

Buoc 3.6.2: Cap nhat ban ghi maoi vao f

4. Thir nghiém va danh gia két qua
4.1. Cac dp do hiéu sudt phan Iép

Doi v6i dit liéu can bang, do chinh xdc (accuracy) thuong duge dung dé danh gia
hiéu suit cia mé hinh phan 16p. Tuy nhién, d6i véi tap dit liéu khong can bang, d6 chinh
xé4c thuong khong phtt hop dé danh gia tinh hiéu qua cia mé hinh. Chinh vi vy, mét s6
do do khac s€ duoc dung dé do hiéu nang cua mo hinh. Cac do do nay sé tap trung nhiéu
hon vao danh gia do chinh xac trén nhom thiéu sb. Céac do do dung dé danh gia hiéu suat
mo hinh duoge tinh dwa trén ma tran nham lan (Bang 1). Bai bao st dung cac do do F1-
Score, G-Mean dé danh gia chat lwong mé hinh phan 16p.

Bang 1: Ma tran nham lan

Positive dw doan | Negative du doan
Positive thuc té TP FN
Negative thuc té FP N

10
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Cu thé, cac do do sé duoc tinh nhr sau:

Precision = — (1)
recision = m FPT

[tivi = = — 2

Sensitivity = Recall TP T EN (2)

Fl—s _ 2 Precision * Recall 3)

core = Precision + Recall

Specificity = —— )
pecificity = TN T FP

G — Mean = /Sensitivity * Specificity &)

Bén canh do, do do AUC (Area Under the Curve) ciing duoc st dung dé danh gia
chat lwong ciia mé hinh. AUC 14 chi s6 dwoc tinh toan dya trén duong cong ROC (Receiver
Operating Characteristics) nham dénh gia kha nang phan loai ciia mé hinh t6t nhw thé nao.
AUC cang gan 1, mé hinh phan loai cang tét.

4.2. Két qua thie nghiém

Phuwong phap dé xuét duoc thit nghiém trén ba bo dit liéu khong can bang tir kho
dit liéu chuan qubc té UCT: Breast _tissue, Vehicle va Ecoli. Cac nhin 16p cua cac bo dit
liéu duge gom nhom thanh nhom 16p thiéu so va 16p da s6 dé thuan loi hon khi tinh ti 16
mat can bang dbi v6i bai toan phan 16p nhi phan. Viéc gom nhoém nay tuy vao timg dic
diém riéng cia méi bo dit liéu. Thong tin vé sé mau, sb thudc tinh, s6 nhan 16p, ti 16 khong
can bang cua cac bo dit lidu dirge mo ta chi tiét & Bang 2.

Bang 2: Bo dir liéu thire nghiem tir ngud‘n dit liéu chudan UCI

SL | L6p thiéu so Lép da so Tilé MCB

Bo dilign | S0 thsl::'ic nhan | (Nhan+1) | (Rhan -1) (SL da
L ¢ mau til.‘li:l lo’pkban S0 |Nhan| So Nhin 16p SO:A"SL‘(
dau | mau | 16p | mau thiéu so)
Breast_tissue| 106 | 9 6 36 | 134 | g9 |adicongla g,
- car mas
cp., im, imL,
Vehicle 846 18 8 52 pp | 284 | imS, imU, 3,25
om, omL,
Ecoli 336 7 3 199 | van | 647 bus, car 5,46

Ap dung chi s6 Silhouette dé ti;n k ('56 cum) t6i wru cho tl‘rng bo dfrnliéu khi str dung
th}lﬁt toan K-Means, thu durgc bang so liéu phan cum véi thong so cu thé duge mo ta chi
tiét trong Bang 3.

Bang 3: Bo dir liéu thirc nghiem tir ngud‘n dit liéu chudan UCI

A 1 pen Ngwong SO cum S0 mau thiéu | So mauda | Ti le mit
Bo di lieu . . Cum £ £ A 33
: ; loc (irt) | toiwu . SO i} can bang
1 36 69 1,92
Breast_tissue 1,94 2 0 1

11
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A 1 pen Ngwong So cum S6 mAu thiéu | S6 mauda | Ti le mat
Bo di lieu . . Cum £ £ A 33
: ; loc (irt) | toiwu : i) i} can bang
) 1 199 370 1,86
Vehicle 3,25 2 ) 0 277
1 1 104
Ecoli 5,46 3 2 3 146
3 48 34 0,71

Cac cumco ti lé mat can bang bé hon hodc bang ngudng loc irz s€ duoc gitt lai dé
thue hién cac budc tiép theo cia thuit toan, cac cum co ti 16 mat can bang 16n hon ngudng
loc irt s& bi loai bo. Cu thé hon, ddi voi cac bo dit lidu Breast tissue, Vehicle va Ecoli, cac
cum 1, 1, 3 ¢6 ti 16 mat can béng tuong Ung 1a 1,92; 1,86; 0,71 cua tirng bo sé duoc gitr lai,
cac cum con lai sé duoc loai bo.

Dé danh gi4 hiéu qua cua phwong phép dé xuat, bai bao thue nghiém trén céc bo
dit liéu trong Bang 2 véi cac phwong phap sinh mau thiéu sé SMOTE, Borderline-SMOTE
(Border-SMOTE), Kmeans-SMOTE, SVM-SMOTE va phwong phdp dé xuit Kmeans-
VCIR. Thue nghiém véi cac mé hinh phén 16p phé bién Decision Tree, KNN va SVM trén
ngon ngit 1ap trinh Python.

Moéi bé dir liéu duge chia ngau nhién theo ty 1é 70:30, tirc 1a 70% ban ghi ding
huan luyén mé hinh, 30% con lai dung dé danh gia mé hinh, két qua trung binh 10 lan chay
theo cac do do F1-Score, G-Mean va AUC duoc trinh bay trong Bang 4.

Bfll:!g 4: Kot qua thir nghiém trén cac bo dir liéu
doi voi Decision Tree, GaussNB, KNN, SVM

Thuat toan

~ xr Decision Tree KNN SVM
R phan lop
Bo dur Phwong
liéu . Fl- G- Fl1- G- Fl- G-
ph::;)gtl::ng Score | Mean AUC Score | Mean AUC Score | Mean AUC
SMOTE |0,641]0,720(0,727|0,677|0,752 10,759 | 0,684 | 0,742 | 0,758
Border-
SMOTE 0,630(0,712 10,725 0,720 | 0,786 | 0,789 | 0,675 | 0,736 | 0,753

Breast | Kmeans-

tissue SMOTE 0,616 {0,700 0,714 | 0,683 | 0,754 | 0,759 | 0,699 | 0,737 | 0,772

SVM-
aMOTE | 0629|0711 (0,723 0,675 | 0,747 | 0,760 | 0,654 | 0,720 | 0,733
Kg‘é‘?l‘ﬁs 0,651 | 0,730 | 0,746 | 0,644 | 0,710 | 0,744 | 0,625 | 0,702 | 0,726
SMOTE |0.857/0,910]0,911] 0,829 0,929 0,930 0,921 0,962 | 0.962
Border-

Vehicle | SMOTE | 0-839[0.913 0,914 | 0,826 | 0,26 | 0,928 | 0914 | 0,956 | 0,957
Kmeans-
oMOTE | 0844 0,898 0,899 0,817 | 0,908 | 0,908 | 0,922 | 0,960 | 0,960
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Thuattoan| — p cion Tree KNN SVM
~ .~ | phanlop
Bo dur Phwong
liéu 1ot Fl- | G- Fl- | G- Fl- | G-
ph::;)gtl::ng Score | Mean AUC Score | Mean AUC Score | Mean AUC
SVM- 15643 10.902 |0.904 | 0.828 | 0.926 | 0,927 | 0.919 | 0,963 | 0,963
SMOTE ] -] -] ] -] -] -] b b
Kg‘é‘?l‘ﬁs 0,874 | 0,919 | 0,920 | 0,791 | 0,842 | 0,850 | 0,904 | 0,937 | 0,938
SMOTE |0.,778]0.875 | 0,880 0,798 [ 0,931]0.932 0,730 0,913 | 0.914
Border-
SMOTE | 0789 | 0,883 0,888 | 0,848 | 0,940 | 0,941 0,729 | 0,889 | 0,891
Kmeans-
Beoli | SMOTE | 0784|0868 | 0,873 | 0,857 | 0,947 | 0,947 | 0,748 | 0,919 | 0,920
SVM- 1,806 10,902 |0.905 | 0.817 | 0.937| 0,938 | 0.724 | 0,913 | 0,914
SMOTE L b b ] -] -] -] -] -]
Kg‘é‘?l‘ﬁs 0,732 0,842 | 0,849 | 0,864 | 0,932 | 0,933 | 0,755 | 0,858 | 0,864

Tir két qua thir nghiém trong Bang 4, phwong phép dé xuat cho két qua tot hon nhitng
phwong phép khéc & tat ca cac do do déi vai bo dit liéu Breast_tissue va Vehicle khi ap dung
giai thuat phan 16p Decision Tree. Cu thé hon, két qua phan 16p theo céc d6 do F1-Score, G-
Mean, AUC lan luot 14 65,1%, 73%, 74,6% dbi véi bo dit liéu Breast_tissue va 87,4%,
91,9%, 92% dbi véi bo dir lidu Vehicle. Bén canh do, phwong phap dé xuat con cho két qua
t6t nhat d6i véi do do F1-Score khi dung cic bd phan 16p SVM va KNN trén bo dit lidu
Ecoli. Tuy nhién, d6i v6i cac truong hop khac, thuat toan cho két qua khong tét hon.

Thuét toan cay quyét dinh kha nhay cam voi nhiéu, k¥ thuat sinh mau VCIR dung
gia tri trung vi thay cho g1a tri trung binh nén mau méi sinh ra cé thé sat véi dac diém ctia
dix liéu, dan dén hiéu suat phan 16p duoc cai thién. Tuy nhién, vo1 Bo dir liu Ecoli phan
b6 ty 16 mat can bang giita cac cum qua léch nhau nén hiéu suat phan 16p v6i thuat todn
nay khong cao. Mot trong nhitng wru diém ctia cac thuat toan SVM va KNN 1a ¢6 kha ning
chiu nhiéu t6t nén pht hop véi k¥ thuat sinh mau méi SMOTE va cac bién thé ciia né nhu
Kmeans SMOTE, BorderLine-SMOTE.

Qua két qua thtr nghiém cho thiy phwong phap dé xuat trong bai bao bude dau da
c6 nhitng két qua kha quan trong viéc cai thién hiéu suat phan 16p trén tap dir liéu khong
can béng. Dic biét 1a doi véi thuat toan phan 16p Decision Tree khi st dung bo dit ligu
Breast tissue va Vehicle.

5. Két luan

Bai bdo dé xuat mot phwong phap de nang cao hiéu suat phan 16p dir lieu khong
can bang st dung k¥ thuét ting mau thiéu s6 va dic trung méi cum. Két qua thye nghiém
trén cac tap dit liéu khong can bang trong linh vire y té cho thay, phwong phap dé xuat dat
hiéu suét cao hon trén mét s6 d6 do so v6i mot sé phwong phap phan 16p st dung SMOTE
va céc bién thé cia SMOTE. Ky thuat sinh mau méi st dung VCIR va dic trung cla céac
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cum dit liéu co thé da tao ra cac mau nhén tao co tinh dai dién tot hon. Tuy nhién, mot
nhuoc diém cua ky thuat nay la s6 mau nhan tao duoc sinh ra phu thudc vao phan bo dix
liéu trong moi cum nén co6 thé trén mét s6 bo dit liéu két qua phan 16p s€ khong dwoc cai
thién. Mot huéng nghién ctru trong twong lai 1a tiép tuc thir nghiém phwong phép sinh mau
hiém Kmeans-VCIR v&i mét so thuat toan phan 16p khac nhwr Random Forest, AdaBoost...
trén nhimg bo dir lidu co ty 18 khong can bang cao hon.
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ABSTRACT

IMPROVING PERFORMANCE FOR IMBALANCED DATA
CLASSIFICATION USING OVERSAMPLING
AND CHARACTERISTICS OF EACH CLUSTER

Phan Anh Phong, Le Van Thanh
Vinh University, Nghe An, Vietnam

Received on 19/4/2024, accepted for publication on 21/6/2024

This paper proposes a method to enhance the effectiveness of classifying
imbalanced data. The main contribution of the method is integrating the K-means
clustering algorithm and the minority oversampling technique VCIR to generate synthetic
samples that closely represent the actual data characteristics. Experimental results have
shown that the proposed method performs better on several metrics than current popular
methods for handling imbalanced data, such as SMOTE, Borderline-SMOTE, Kmeans-
SMOTE, and SVM-SMOTE.

Keywords: Data classification; imbalanced data; oversampling; K-Means;
SMOTE.
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