NANG CAO HIEU SUAT BAI TOAN PHAN LOP DU LIEU
MAT CAN BANG VOI BLSMOTE-LOF
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Tom tit: Phan 16p dit liéu mét can bang hién dang la mot trong nhitng van d& nhan dugc
nhiéu su quan tdm ctia cac nha nghién cau trong nhiéu linh vuc. Ky thuat Sinh thém phan tir
I6p thiéu s l1a mot trong nhitng phwong phap gilp cai thién hiéu suat bai toan phan 16p dit
liéu mat can bang. Trong bai bao nay, chiing toi d& xuit mot thuat toan sinh thém phan tir
thiéu sé két hop véi xtr I phan tir nhidu dé nang cao két qua bai toan phan 16p dix ligu nay.
Tur khoa: Dit liéu mat can bang, sinh thém phan tir 16p thiéu s, Smote-Lof, Boderline-
Smote, hé s6 ngoai lai cuc bo (Lof).

1. PAT VAN DE

Hoc may tir dir liéu mat can bang 1a mot trong nhiing van dé da va dang dugc nhiéu nha
nghién ciru, trong nhiéu linh vuc nhu bao mat, vién thong, tin sinh hoc... quan tam. Mot
tap dit liéu duoc goi 14 mét can bang khi sb lwong phan tr cia mot nhan 16p nho hon
nhiéu so vai sé lwong phan tir ciia cac nhéan 16p khac. B4i véi bai toan phan 16p hai 16p,
nhan 16p c6 s6 phan tir nhidu hon goi 1a 16p da sd, 16p c6 sb phan tir it hon goi 1a 16p thiéu
s6. Dir liéu mat can bang 1am giam chat lugng cua viéc phan 16p bang cac thuat toan phan
I6p truyén théng vi thuong kém chinh xac trén 16p thiéu s6. Diéu nay dan dén két qua
khéng mong muén 1a khong nhan dang dugc nhitng phan tir 16p thiéu s6, thuong la cac
dbi twong hiém nhung quan trong trong thuc té[1]. Chang han nhu d6i véi bai toan chan
doan phat hién sém cac bénh nhan bi tiéu duong, viéc phan 16p sai bénh nhan bi tiéu
duong thanh ngudi binh thuong s& dan dén hau qua nguy hiém 14 ngudi bénh khong duoc
phét hién va diéu tri kip thoi.

Dé giai quyét bai toan phan 16p dit liéu mat can bang, c6 hai hudng tiép can chinh, la dua
trén mirc d6 dit liéu va dua trén mic d6 thuat toan. Sinh thém phan tir 16p thiéu sb va
Giam bét phan tir 16p da sb 12 nhitng phuong phap thudng dugc ap dung va dugc ching
minh 1a ¢ hiéu qua. Mot s6 phuong phap sinh thém phan tir nhan tao & 16p thiéu sb pho
bién nhu SMOTE[2], Borderline SMOTE[3], Safe-level SMOTE[4]...

SMOTE (Synthetic Minority Over-sampling Technique) sinh thém cac phan tir méi bang
cach: véi mdi phan tir x thudc 16p thiéu sb, chon ngiu nhién mét trong sé k lang giéng



gan nhat cung nhan 16p ctia nd va lay do léch giira vector dic trung cua X véi lang giéng
dugc chon nay nhan véi mot gia tri ngau nhién trong doan [0,1] rdi cong két qua thu duoc
véi vecto dic trung cua x. Két qua cudi cung chinh 13 vecto dic trung cua phan tor méi
dugc sinh thém cua x [2].

Ky thuat SMOTE tao ra phan tir sinh thém nam gitra phan tir 16p thiéu s dugc chon va
mét trong cac lang géng cua né da khac phuc dugc han ché cia phuong phap Sinh thém
phan tr ngau nhién, nhung viéc tao ra cac phan tir tng hop tir tit ca cac phan tu thiéu sb
ma khong quan tdm dén cac phan ti [6p da s6 dan dén ranh giéi quyét dinh ddi véi 16p
thiéu s6 lan rong hon vao khong gian I6p da s6 [5]. Nam 2002, Han H. va cong sy dé xuat
phuong phap Borderline-SMOTE [3]. Cac phan tir 16p thiéu sé dugc chia thanh 3 nhom:
nhidu, dudng bién va an toan bang cach tinh toan sb phan ti thuoc 16p da s trong m 1an
can gan nhat. Khi da xac dinh dwoc cac phan tu thiéu sé ¢ duong bién, Borderline-
SMOTE tién hanh sinh cac phan tir mai twong tu nhu thuat toan SMOTE nhung chi thuc
hién vai cac phan tir nam trén dudng bién cua I6p thiéu s thay vi tao phan ti tong hop
cho tat ca cac phan tir cua 16p thiéu s6 nhu SMOTE[3].

Mot trong nhitng nhuoc diém khac caa SMOTE Ia sinh ra nhiéu va cac phan tur 16p thiéu
s6 nhidu duoc tao ra nay dé bi nhan nham thanh 16p da sb. Pé khic phuc nhuoc diém nay,
SMOTE — LOF [6], mét phuong phap mé rong cia SMOTE két hop voi Hé sé ngoai lai
cuc bo (LOF) [7] dé xt ly nhiéu trong 16p mat can bang da duoc gigi thiéu vao nam 2021.
SMOTE-LOF x4c dinh va loai bo nhidu do SMOTE tao ra bang céach st dung hé sé ngoai
lai cuc bo. Hé s6 ngoai lai cuc bo dugce dé xuat dé phét hién ngoai lai dua trén mat do va
hoan toan khong c6 gia dinh vé phan phbi. Khdng giong nhu cac phuong phéap phat hién
ngoai lai truyén thong, coi ngoai lai 1a thuoc tinh nhi phan, LOF chi dinh muac d6 ngoai
lai cho tat ca cac phan tu dit liéu [6].

Nham khéc phuc cac nhuge diém trén caa SMOTE, trong bai bao ndy, chiing toi dé xuét
mot phuong phéap sinh thém phan tir 16p thiéu sé méi: thuat toan BLSMOTE-LOF.
Chng t6i s& tién hanh thyc nghiém va danh gia mo hinh phan 16p trén mot s tap dir liéu
st dung cac thuat toan SMOTE — LOF, Borderline-SMOTE va thuit toan dé xuét
BLSMOTE-LOF.

2. PO PO PANH GIA HIEU SUAT PHAN LOP

Pé khic phuc nhuoc diém cua viéc st dung do chinh xac danh gia hiéu suat trong bai
toan phan 6p dit liéu mat can bang, chdng tdi st dung cac d6 do sau:[8]

Sensitivity = Recall = 1)

TP+FN



Specificity = (2)

TN+FP

Precision =

3)

trong d6, TP 1a s6 phan tir 16p thiéu sé duoc dy doan ding; FP 1a sé phan tu 16p da sb
duoc du doan sai; TN 1 sb phﬁn tu lop da $6 duoc du doan dung; FN 1a sb phén tu lop
thiéu sb bi dy doan sai so vai nhan 16p thuc caa ching.

TP+FP

Mot do do khac thuong duoc sir dung trong bai toan cé dit liéu mat can bang 1a F-Measure.
F-Measure la su két hop gitra Precision va Recall:
2* Precision * Recall

F-Measure = 4)

Precision+Recall

Ngoai ra, AUC (Area Under the ROC Curve)- d6 thi thé hién hiéu suit caa mot mé hinh
phan 16p ciing thuong duogc sir dung. Pai lugng nay chinh Ia dién tich nam dudi duong
ROC. Gia tri AUC cang l6n thi md hinh cang tot.

3. PHUONG PHAP BLSMOTE - LOF

Pé cai thién hiéu suat bai toan phan 16p dir liéu mat can bang, chung toi dé xuat thuat
toan BLSMOTE-LOF dudi day. Thuat todn BLSMOTE-LOF duoc xay dung dua trén cai
tién thuat toan SMOTE- LOF va Borderline - SMOTE.

Thuat toan BLSMOTE-LOF

Input: Toan bo tap dit lieu T, tap thiéu sé P chira cac phan tir thudc 16p thiéu sd, ty 18
phan tir can sinh thém S%, s lang giéng gan nhat m ciia mdi phan tir thiéu sé dé xac dinh
phan tir thiéu s6 & duong bién, sé 1ang giéng gan nhat ks dé sinh phan tir tong hop, s6
luong lang giéng gan nhét Kier dé xac dinh gia tri lof.

Output: Tap cac phan tir sinh thém G
1. O = Borderline-Smote(P,S,m,ks)
2. V6i mdi phan tir xeO:

2.1. normalize(x)

2.2. N = knn(K)

2.3. k_dist(x)

2.4. reach-distk(x,0)

2.5. Ird(x)



2.6. Iof(x)
3. G ={ xeO|lof(x) < &}
Mo ta thuat toén:
1. Sinh thém phan tir cho tap thiéu sé P biang thuat toan Boderline-SMOTE.

Cac buac thuc hién caa Borderline-SMOTE nhu sau:

Budéc 1. V6i moi phan tir x thuoc 16p thiéu s P, xac dinh m’ 1a s6 lang giéng gan
nhat thudc 16p da sb trong s6 m lang giéng gan nhat cua X (0 < m'< m).

Buwéc 2.

Néu m’ = m nghia 12 m lang giéng gan nhit ciia x déu thuoc I6p da sd: x dugc xem
la nhiéu (noise).

Néu m/2 < m'< m, s6 lugng lang giéng gan nhat thudc 16p da sé caa x 16n hon sb
lwong lang giéng gan nhat thudc 16p thiéu sé cua nd: x 1a phan ti d& bi du doan nham va
duoc dua vao tap DANGER.

Néu 0 < m'< m/2 thi x 14 phan tir an toan.

Buwoc 3.

V&i mdi phan tir thudc tap DANGER, xéc dinh ks lang giéng gan nhat thuoc I6p thiéu sb
P.

Bu6c 4. Sinh thém Sxdnum phan tir méi tir cac phan tir thuoc tap DANGER, trong
d6 S 1a 1 s6 ngau nhién tir 1 dén ks, dnum 12 56 phan tir cia tap DANGER.

V&i mdi xeP, chon ngau nhién S phan ti trong sé ks lang giéng gan nhat caa nd
trong P, tinh khoang cach difj (j = 1,2,..., S) gitra x va S lang giéng gan nhat nay.

Khi d6, S phan tir méi duoc sinh thém cua x 1a:

Syn(x) = {synthetic;j | syntheticj = x +rj x dif;, j = 1,2,...,S}
trong d6 1j (j = 1, 2,..., S) 1a mot s6 ngéu nhién trong doan [0,1].
Tap tat ca cac phan tir méi duoc sinh thém O tir tap thiéu sb P 1a O ={ Syn(x), VxeP,j}

2. Tinh hé s6 ngoai lai cuc bd
2.1. Chuan héa gia tri mdi thudc tinh caa phan ti 16p thiéu sb

z=%t (5

(9

trong do,



u: Gid tri trung binh cia mdi thudc tinh

o- b6 léch chuan caa mdi thudc tinh

2.2. Xac dinh k — lang giéng gin nhat cting nhén I6p cua x: N € o sao cho:
Vo€ Ny (x), Vy € 0,y # Ni (x) = dist(x, 0) < dist(x, y) (6)

trong do,

O: Tap dit lidu duoc sinh thém bang Borderline-SMOTE

k: s6 lang giéng gan nhat

dist (X, y): khoang cach Euclide gitaxva y € O

2.3. Tinh gia tri k — distance(x): 12 khoang céch 16n nhét trong sb cac khoang céch tir phan
tr 16p thiéu s6 dang xét x dén céc lang giéng gan nhat caa no:

k_dist(x) = max{dist(x,0)|jo € Nr(x)} @)

2.4. Xac dinh khoang céch cd thé tiép can (reachability distance) gitra x va lang giéng cua
no.
reach_distk(x,0) = Max{k-distance(0), dist(x, 0)[o € Ny (x)} (8)

véi, k-distance(0): Gia tri k—distance cua cac dbi tuong o trong tap tap cac lang giéng gan
nhét caa x

2.5. Tinh mat d¢ tiép can cuc bo cua d6i tuong X:

k

Ird(X) = EoeNk(x) reach_dist(x,0) (9)
2.6. Tinh hé sb ngoai lai cuc bo cua x lof(x):
3 ( )lrd(o)
OEN 1, (X) T A ()
lof(x) = ———14®) (10)

k

3. Cudi cung sau khi da tinh dugc hé sé ngoai lai cuc bo cua cac phan tir thiéu sb tir thuat
toan Borderline-SMOTE, nhiéu duoc xac dinh dira vao hé s6 ngoai lai cuc b, la cac phan
tir cO gid tri lof bé hon ¢, va loai khoi tap phan tir duoc sinh thém.

4. PANH GIA HIEU SUAT PHAN LOP



Dé danh gia hiéu suat cua thuat toan BLSMOTE-LOF, ching t6i sir dung cac bo dir liéu
méat can bang UCI |a Pima, Haberman va Breast-w [9]. Thong tin cu thé vé cac bo dix liéu
nay, bao gébm sb thudc tinh, sb lugng phan tir trong méi tap dix liéu, sé lugng phan tir [6p
thiéu so, s6 lwong phan tu 16p da sé va ty 1é mat can bang dugc mo ta ¢ Bang 1.

Bang 1. D ligu thuc nghi¢m

Tap dir liéu | S6lwong | Sélwong | S6lwong | S6lwong Ty 1é mat
thugc tinh miu 16p thiéu sé | 16p dasoé | can bing IR

Pima 9 768 268 500 1.87
Breast-w 11 695 241 454 1.88
Haberman 4 306 81 225 2.78

Déi véi thuat toan Borderline-SMOTE va SMOTE, gia tri lang giéng gan nhat dung dé
sinh thém phan tir thiéu sb 12 k = 5 duoc chon. Diéu chinh céc tham sé dé tap dir liéu sau
khi ¢3 Boderline-SMOTE, SMOTE c6 ti 1¢ giita I6p da sd, thiéu s6 12 50:50 dya trén phan
dé xuat thyc nghiém trong bai bao cua Asniar va cong su [6].

Déi véi cac thuat toan SMOTE-LOF va BLSMOTE-LOF, tham s k lang giéng gan nhat
la k= 3 va k = 5 dugc chon dé thuc nghiém.

Thuat toan phan 16p SVM thuoc goi Caret[10] duogc st dung dé tién hanh phan 16p va so
sanh két qua phan 16p trong trudng hop khdng cd su can thiép cua thuat toan lam thay doi
s6 phan tir dé xtr ly mat can bang dit liéu (ORIGINALY), két qua phan 16p c6 sir dung thuat
toan SMOTE-LOF, két qua phan 16p cé st dung thuat toan Borderline-SMOTE, két qua
phan 16p c6 str dung thuat toan ¢ xuat BLSMOTE-LOF nham danh gia hiéu qua cta cac
thuat toan nay.

Qua trinh phan lép duoc thuc hién nhu sau: V&i mai tap dir liéu, ching toi thuc hién nam
lan 5-fold cross-validation, nghia 13 v&i mdi 1an thyc hién 5-fold cross-validation:

+ Tap dit liéu duoc chia ngau nhién thanh 5 phan bang nhau.

+ Lan luot mdi phan trong nim phan d6 duoc chon 1am tap kiém tra, bén phan con lai tao
nén tap huan luyén dé xay dung mé hinh phan 16p.

+ Két qua cua thu duoc tir nam bo tap kiém tra va huan luyén chinh 1a két qua caa mot
lan thuc hién 5-fold cross-validation.



Cudi cuing, cac gia tri do do danh gia hiéu suat F-mesure va AUC duoc tinh bang cach
lay gi4 tri trung binh cong cta nam lan thuc hién doc 1ap nay.
Toan bo qua trinh thyc nghiém dugc md ta nhu ¢ Hinh 1.

Tap di liéu mét can bang

/\

Tap huan luyén Tap kiém tra

— .

L6p thiéu sé Lép da sb

v
} }

Du doan
nhan 16p

BLSMOTE/ SMOTE- Tap huan luyén mai
LOF/ BLSMOTE-

LOF

Hinh 1: Qua trinh thzc nghiém phan lop dir liéu

Két qua thue nghiém trén cac bo dir liéu Pima, Haberman va Breast-w lan lugt dugc trinh
bay ¢ Bang 2, Bang 3 va Bang 4 tuong tng.

Két qua thuc nghiém cho thay, so véi thuat toan Boderline-SMOTE va SMOTE — LOF
thi thuat toan BLSMOTE-LOF c¢6 hiéu suat phan Iép tét hon hoic tuong dwong. Thuat
toan do chung toi dé xuat di cai thién hiéu qua phan 16p cua cac bo dit lidu duogc thir
nghiém. BLSMOTE-LOF dat hiéu qua tot nhat vai gi4 tri k=5 trong xir Ii nhidu voi
phuong phap hé sb ngoai lai cuc bo LOF & cé4c gia tri (AUC, F-Measure).

Bang 2. Két qua phan I16p cua tdp dir liéu Pima

BLSMOTE-
X BODERLINE- | SMOTE-LOF
Po do ORIGINAL |~ o o LOF
k=3 | k=5 | k=3 | k=5
Sensitivity(%) 52.6 76.88 7423 | 7424 | 7745 | 77.22
Specificity(%) 88.8 74.19 732 | 728 | 694 | 72.8
AUC(%) 70.7 74.14 7371 | 7352 | 73.43 | 75.01




F-
Measure(%) 60.62 67.01 66.36 | 66.15 | 65.86 | 67.85
Bang 3. Két qua phan I6p cua tdp dir liéu Haberman
BLSMOTE-
BODERLINE | SMOTE-LOF
0 LOF
Pj do ORIGINAL | =~ @)
k=3 k=5 | k=3 k=5
Sensitivity(%) 5.0 56.59 49.26 | 49.26 | 54.34 | 54.34
Specificity(%) 98.22 64.44 7289 | 7244 | 70.22 | 71.38
AUC(%) 51.61 60.57 61.08 | 60.86 | 62.1 | 62.28
F-Measure(%) 19.52 43.83 43.72 | 43.42 | 4554 | 45.6
Bang 4. Két qua phan 16p cua tdp di ligu Breast-w
BLSMOTE-
N BODERLINE- | SMOTE-LOF
Do do ORIGINAL SMOTE LOF
k=3 k=5 | k=3 | k=5
Sensitivity(%) 98.76 99.17 98.76 | 98.76 | 99.17 | 99.17
Specificity(%) 95.15 95.15 95.37 | 95.15| 95.15 | 95.15
AUC 96.95 97.16 97.06 |96.95| 97.16 | 97.16
F-Measure(%) 95.25 95.25 95.23 | 95.05 | 95.25 | 95.25

Cu thé, BLSMOTE-LOF tbt hon so véi ORIGINAL, Boderline-SMOTE, SMOTE-LOF
dbi voi tap dix lieu Pima lan luot 12 (4.31%, 7.23%), (0.87%,0.84%), (1.3%, 1.49%); dbi
Véi tap dir liéu Haberman lan luot 13 (10.67%, 26.08%), (1.71%, 1.77%), (1%, 1.88%);
Déi vai tap dir liéu Breast-w thi cac gia tri do do xap xi nhau khi &p dung céc thuat toan
xt Ii mit can bang dir liéu, gia tri AUC cia BLSMOTE-LOF cai thién hon lan luot Ia
0.21%, 0%, 0.1%.

5. KET LUAN

Phan Iép dit liéu mét can bang 1a mot bai toan quan trong va dugc tng dung vao nhiéu
linh vuc khéc nhau trong thuc té. Rat nhiéu phuong phap khac nhau da duoc dé xuat dé
cai thién hiéu qua phan lop loai dix li¢u nay. Trong bai bao nay, ching t6i da trinh bay
mot phuong phap sinh thém phan tir 16p thiéu sé méi két hop giira viéc sinh thém cac
phan tir & dudng bién va loai bo cac phan tir moi dugc tao thém nay ma khdng an toan la



BISmote-Lof. Chung t6i ciing da tién hanh céc thuc nghiém trén mot sb tap di liéu UCI
dé danh gia hiéu qua cua thuat toan méi dé xuat. Két qua thuc nghiém cho thay rang thuat
toan BISmote-Lof do chung toi dé xuat da c¢d nhitng cai thién tot vé& hiéu suét phan 16p
dur liéu.
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Title: BLSMOTE-LOF ALGORITHM FOR DEALING WITH IMBALANCED
DATA SETS

Abstract: Imbalanced classification is one of the most important research topics. Many
approaches were developed to handle this problem. In this paper, we present a novel

Oversampling algorithm for identifying the noises from the synthesized data to enhance the
result of the imbalanced data sets classification.

Keywords: imbalanced data, Oversampling, Borderline-SMOTE, Local Outlier Factor
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