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Tom tit: Phan 16p dit liéu mat can bang dac biét voi tap dir liéu c6 sb chiéu
l6n 1a mot bai toan quan trong trong thyc té. Trong bai béo nay ching toi dé
xuit mot thuat toan lam giam sé lugng phan tir 16p da sb trén mot tap con cac
dic trung dé cai thién hiéu suat phan 16p tap dir liéu mat can bang va co sb
chiéu Ién.

Tur khda: Dir ligu mat can bang c6 s6 chiéu Ién, phuong phép lam giam so
luong phan tir 6p da so, phuong phap lua chon dac trung.

1. PAT VAN BE

Bai toan phan 16p 1a mot bai toan quan trong trong hoc may véi nhiéu thuat toan phan 1op
khac nhau d3 duoc phét trién va st dung rong réi trong nhiéu linh vyuc. Tuy nhién trong
thuc té c6 rat nhiéu tap di liéu khdng can bang, 1a tap di liéu ma mot 16p c6 s6 phan tir
nhiéu hon céc l6p khac theo ty Ié dang ké, chiang han 1a 1:100 hozc 1:100000 [1]. Trong
pham vi bai toan phan 16p hai I6p caa bai bao nay, 16p c6 sé luong phan tir it goi 1a 16p
thieu sd, 16p con lai goi 1a 16p da s6. Khi &p dung céc thuat toan phan I6p truyén thong
1én cac tap di licu mat can bang, da s6 c&c phan tir thudc 16p da s6 s& duoc phan lép dung
va Cac phan tir thudc 16p thiéu s6 cung s& duoc gan nhan [6p 1a nhan 16p cua I6p da so.
Diéu nay dan dén két qua do chinh xéc cua viéc phan 16p rat cao nhung nhiéu hozc c6 khi
|a tat ca phan tur 16p thiéu s6 lai bi phan loai sai.

C6 nhiéu phuong phép da dwoc phét trién dé xir Iy bai toan phan lop dir liéu mét cén bing
[21[3][4]1[5][6]. Nhin chung, cac phuong phap dé giai quyét van dé nay dugc chia thanh
2 nhom: Céc phuong phap tiép can & murc do dit liéu va cac phuong phap tiép can & mac
do thuat toan. Mot s6 nghién ctiu cho thiy cac phuong phép tiép can & mc dit liéu hiéu
qua hon cac phuong phap con lai trong viéc cai thién do chinh xac su phan 16p céc tap dir
liéu mét can bang [1].

Cac phuong phap tlep can ¢ muc dir ligu 1a cac phuong phap huéng dén thay doi su phan
bd cac dbi tuong bang céach sinh thém cac phan tir cho 16p thiéu s6 nhu SMOTE [2], va
mot s6 cai tién cua nd nhu Borderline-SMOTE [3], Save-Level-SMOTE [4],... hay giam
bot cac phan tir thudc 16p da sb dé 1am giam sy mat can bang gitra cac 16p di tuong nhu
NEARMISS-1, NEARMISS-2, NEARMISS-3 [6]....
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Xét vé cac phuong phap sinh thém phan ti 16p thiéu sb, SMOTE duoc cho 12 ki thuat
duoc sir dung thuong xuyén nhat khi tap di liéu c¢6 sé phan tu it [2]. Thanh cong cua
SMOTE va cac thuat toan cai tién caa n6 chinh 1a don gian, d& tinh toan, hiéu qua va hiéu
suét vuot troi cua ching [2][3][4]. Tuy nhién, khi 4p dung véi dir liéu c6 s6 chiéu lon,
SMOTE va cé4c thuat toan cai tién cua n6 tré nén khéng phu hop. Mat trong nhiing ly do
la vi cac thuét toan nay st dung do do Euclid dé tinh khodng cach gitra cac phan tir. Céc
nghién ctru da chi ra rang trong trudng hop nay, cac phan tir trong tap dit liéu gan nhu la
cach déu nhau. Ngoai ra, SMOTE sir dung d6 do khoang cach Euclid tic 1a gia dinh ring
tat ca cac dic trung déu quan trong nhu nhau trong viéc xac dinh cac phan tu lang giéng.
Trong khi d6, tap dit liéu nhiéu chiéu thudng c6 cac dac trung du thira 1am giam hiéu suat
cua thuat toan [5].

Pé khic phuc van dé nay, S. Maldonado va cac cong sy da dé xuat thuat toan SMOTE-
SF. SMOTE-SF xay dung cong thirc khoang cach méi dua trén khoang cach Minkowski
[5] va chi c6 mot tap con cic dic trung Sselected tham gia vao qua trinh xac dinh cac phan
tir lang giéng ciia mot phan tir 16p thiéu sé Xi. Dé tinh khoang céch giita hai phan tir X;
va Xi, SMOTE-SF sir dung c6ng thuc:

d(Xi’Xi’) = (ZjESSelected |Xi,j - Xi',jlq)llq (1)
Vi q € {1, 2, oo}, 1an luot twong ing khoang cach Manhattan, Euclid va Chebyshev.

Tap con cac dic trung Sselected ndy duge xac dinh dua vao 4 phwong phap xép hang dic
trung 1a Hé sb Fisher (Fisher Score), Thong tin twong hd (Mutual Information), Piém
tuong quan (Correlation Score) va D§ trung tdm theo vector riéng (Eigenvector
Centrality) [5].

Tuy nhién, néu bo dir liéu c6 s6 lwong phan tir 16n, viéc sinh thém phan tir s& khién kich
thudc dir liéu tang 1én, 1am tang chi phi thoi gian va b nhd cho giai doan phén 16p.

Trong khi d6, cac phuong phap lam giam sé phan tir [6p da s6 nhu Nearmiss-2[6] ¢6 thé
lam giam kich thudc va thoi gian huan luyén bo dit lieu. Nearmiss-2 giai quyét van dé
mat can bang dir liéu bang cach chon gir lai cac phan tir 16p da s6 gan voi tat ca phan tu
16p thiéu sd. Cu thé véi mdi phan tu 16p da s6, 3 phan tir thudc 16p thiéu s6 co khoang
cach xa nhat dén n6 duoc xac dinh, sir dung do do Euclid. Thuét toan tinh gié trj trung
binh khoang cach dén 3 phan ta thiéu s6 xa nhat. Cudi cung cac phan ta thuoc 16p da sd
co gia tri khoang cach trung binh nhé nhat dugc chon giir lai. Tuy nhién, phuong phap
nay c6 nhugc diém 13 dé 1am mat thdng tin quan trong cua lép da sd.

Trong bai bao nay, ching t61 dé xuat mot phuong phap lam giam sé phan tir 16p da sd
khac phuc cac van d¢ duoc de cap o trén.

2. PO PO PANH GIA HIEU SUAT PHAN LGP

Déi vi dit ligu can bang, do chinh xéc duoc sir dung dé danh gia hiéu qua phan lop.
Nhung doi vei dix ligu mat can bang, viée danh gia hiéu qua phan 16p dua vao d6 chinh
xéac khong con dang tin cdy bai vi so lugng phan tir 16p da so duoc dy doan dung I6n, dan
dén do chinh xac cua md hinh phan 16p rat cao, trong khi rat it hoac hau nhu khong co
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phan tir 16p thiéu So nao duoc dy doan ding. Vi vay, cac d do sau thuong duoc st dung
dé danh gia hiéu suit phan 16p trén céc tap di liéu mat can bang [7].

G-mean 1a do do phan &nh sy can bang gitra hiéu qua du doan cac phan ti & ca hai 16p,
dua trén dd do TPrate Va TNrate:

G-mean = /TP,q¢e * TNygre (2), VO

TP TN

TPrate = TNrate =

TP+FN ' TN+FP
O day, TP 1a s6 phan tir 16p thiéu so dugc du doan ding; FP 1a s6 phan tir I6p da s6 dugc
du doan sai; TN 1a so phan tu 16p da s6 duoc dy doan dung; FN 1a so phan tu l6p thiéu
s0 bi du doan sai so vai nhan 16p thuc caa chang.
Ngoai ra, AUC (Area Under the ROC Curve): do thi thé hién hiéu suat cua 1 md hinh
phan 16p dya trén 2 tham sO FPrate Va TPrate, cling 1a 1 d6 do dugc sir dung pho bien trong
nhiéu bai bép khoa hoc. Pai lugng r]ay chinh la dién tich nam dudi ROC curve. G[é tri
nay la mot s6 duwong nhé hon hoac bang 1. Gia tri AUC cang Ién thi mé hinh cang tot.
3. PHUONG PHAP GIAM PHAN TU LGP DA SO CHO TAP DU LIEU MAT CAN
BANG VA CO SO CHIEU LON NEARMISS-SF
Thuat toan NEARMISS-SF dudi ddy dugc dé xuat dé cai thién hiéu suat bai toan phan
I6p cho tap dir liéu mat can bang va c6 so chieu Ion dya trén cai tien thuat toan SMOTE-
SF va NEARMISS-2. Thuat toAn NEARMISS-SF dugc mo ta nhu sau:
Algorithm NEARMISS-SF

Input: Tap day du céc déc trung S; Tap cac phan tir l6p thiéu s6 T; Tap céac phan tir 16p
da s6 N; Ti 18 mau can giit lai P(%); S6 lwong 1an can gan nhét k; S6 lugng dic trung can
chon r, gié tri g dé tinh khoang cach.

Output: Tap cac dic trung dugc chon Sselected; TAP CAC phan tir 16p da sé duoc giit lai
Nselected

1. Nselected <— {}

2.forjes

3 FR(j) < Gia tri Fisher Score cta dac trung j.

4. end for ,

5. Sselected «— I ddc trung c6 gia tri Fisher Score 16n nhat
6. for Xie N

7 for Xi, €T

8 d(Xi X)) = (X jessprocren 1K1, = Xir jI DY
9 end for

10.  TK « Chon k phan tir thiéu s6 xa Xi nhat va luu vao mang TK
11. davgi < Trung binh cong khoang céach giira Xi dén k phan tir trong TK
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12. csi< i (* Luu chi sé cua phan tir da sé dang xét*)

12. end for

13. P «— P/100 * |N| (* Tinh sé lwong phan tir da s6 can gid lai*)
14. Sap xép davg ting dan, cap nhat mang cs tuong tng

15. (*Két ngp vao Nselected P phdn tit I6p da sé ¢ davg nho nhat)
16.fori—/toP

17. Nselected «— {Nselected, Xcs, }

18. end for

19. end

4. DPANH GIA HIEU SUAT PHAN LOP

Chung téi thuc hién thuc nghiém trén cac bo dix liéu UCl la Ecoli, Abalone, Yeast va
Letter [8] dé danh gia hiéu suat cua thuat toan. Thong tin vé cac bo dir liéu nay dugc cho
o trong Bang 1.

Bang 1. C4c tdp dir lieu UCI

Tap dir liéu Ty 1é mat can bang | So lrong dic trung | SO lwong mau dir liéu
Ecoli 8.6 7 336
Abalone 16.5 7 731
Yeast 28.1 8 1484
Letter 25.3 16 20000

Déi véi thuat toan NEARMISS-2, NEARMISS-SF, gia tri k = 3 dugc chon. Dé giam bét
su mat can bang di liéu giira cac 16p da sb va va thiéu s, ching tdi thyc hién thir nghiém
Vi cac gia tri tham sb P lan luot bang 4%, 5%, 10%, 20%, 30%, 40%. Déi véi thuat toan
SMOTE-SF, chiing tdi sir dung gia tri N = 400, k = 5 nhu duoc dé xuit trong bai béo cua
S. Maldonado va cong sy [5]. Cac thuét toan SMOTE-SF, NEARMISS-SF sur dung Hé
s6 Fisher lam phuong phap xép hang dic trung, cac tham sb q = {1, 2, oo} var nhan gia
tri 1a mot nira sé dic trung cua tap dit liéu. Thuat toan NEARMISS-2 van sir dung do do
Euclid dé tinh khoang céch.

Sau khi tién hanh diéu chinh di liéu voi cac tham sé nhu trén, chung t6i st dung bo phan
I6p SMO cho SVM trong Weka [9] d tién hanh phan I6p va so sanh két qua phan lép
trong trudng hop khéng cd sy can thiép caa thuat toan 1am thay doi sé phan tir dé xir ly
mat can bang dir liéu (ORIGINAL), két qua phan 16p c6 st dung thuat toan NEARMISS-
2, két qua phan 16p c6 sir dung thuat toan SMOTE-SF, két qua phan 16p c6 sir dung thuat
toan NEARMISS-SF nham danh gia hiéu qua cua thuat toan nay.

Qua trinh phan 16p dugc thuc hién nhu sau:

- V6i mdi tap dit liéu, ching t6i thuc hién mudi 1an 10-fold cross-validation, nghia 14 voi
moi lan thuc hién 10-fold cross-validation:
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+ Tap dit liéu duoc chia ngau nhién thanh 10 phan bang nhau.

+ Lan luot mdi phan trong mudi phan d6 dugc chon lam tap kiém tra, chin phan con
lai tao nén tap huan luyén dé xay dung moé hinh phan 16p.

+ Két qua ciia thu duoc tir muoi bo tp kiém tra va huén luyén chinh la két qua cia
mot lan thuc hién 10-fold cross-validation.

Cubi cting, cAc gié tri do do danh gia hiéu suat AUC va G-Mean duoc tinh bang cach lay
gia tri trung binh cong cua muoi lan thuc hién doc lap nay.

Toan bd qua trinh phan 16p danh gia hiéu suat thuat toan cé &p dung thuat toan Nearmiss-
SF dé xtr ly van dé mat can bang dix liéu dwoc mo ta nhu & Hinh 1 bén dudi. Truong hop
s dung thuat toan Nearmiss-2, qua trinh thyc hi¢én tuong ty nhu véi truong hop
Nearmiss-SF. Ddi véi truong hop su dung thuét toan SMOTE-SF, thay vi lam giam so
luong phan tir 16p da s6, 16p thiéu s6 duoc tac dong dé 1am ting kich thudc, cac budc con
lai trong ty nhu trong Hinh 1.

Tap dit liéu mét can bang

(Pi chuén hoa)

Tap huén luyén Tap kiém tra

/\

Lép da sd L6p thiéu s6

v ‘¥

Nearmiss-SF Tap huan luyén moi

Du doan
nhan 16p

Hinh 1. Qua trinh thzc hién phan 16p diz liéu c6 ap dung thudt toan Nearmiss-SF

Két qua danh gia qua trinh phan 16p cua cac bo dir liéu bang cac thuat toan khac nhau
trong trudng hop tot nhit dugc thé hién trong Bang 2, Bang 3 va Bang 4 bén duéi. Hai
thuat todn Nearmiss-2 va Nearmiss-SF dat AUC va G-mean tét nhat voi N = 20%, 40%,
5%, 4% tuong ung vai cac tap dir liéu Ecoli, Abalone, Yeast, Letter. Thuat todn Nearmiss-
SF va Smote-SF cho két qua tét nhat khi g = 1 hoic co.

Két qua ndy cho thay, so vai thuat toan Nearmiss-2, thuét todn Nearmiss-SF do ching toi
de xuat da cai thién hiéu qua phan I6p cua toan bo cac bo dir liéu duoc thir nghiém. DBieu
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nay cho thay tac dung cuaa viéc 1am giam s chiéu caa cac bo dir liu ciing nhu vai tro cua
viéc lya chon d6 do khoang céch trong thuat toan Nearmiss-SF.

So vai thuat toan SMOTE-SF, thuat toan Nearmiss-SF cai thién cac do do AUC va G-
mean trén ba tap di liéu Abalone, Yeast va Letter. Mac du AUC va G-mean cua bo dit
ligu Ecoli xap xi véi SMOTE-SF, gié tri TPrate Cta thuat toan do chung toi d& xuét Ion
hon gan 4% so vé6i két qua tir thuat todn SMOTE-SF.

Bang 2. Két qua phan I6p theo do do AUC (%) ciia cac tdp dir liéu UCI

Tap dir liu Original Nearmiss-2 Smote-SF Nearmiss-SF
Ecoli 50 76.39 88.95 88.51
Abalone 50 54.16 68.17 69.32
Yeast 50 70.36 71.36 75.74
Letter 85.36 84.96 91.87 93.62
Bang 3. Két qua phan I6p theo dé do TPrate(%), TNrate (%) Ciia Cac tdp di liu UCI
TPrate (%0) TNRrate (%0)
Tap dir (Original/Nearmiss-|Smote-SF NearmissOriginalNearmiss-|Smote-SF|Nearmiss-
liu 2 -SF 2 SF
Ecoli 0 58.07 88.5 92 1.00 93.75 89.41 85.02

Abalone 0 37.43 36.60 71.65 1.00 73.49 99.47 67.00
Yeast 0 40.00 46.13 58.47 1.00 97.90 96.54 93.26
Letter | 72.20 | 92.299 85.74 95.86 | 99.80 76.93 98.04 91.39

Bang 4. Két qua phan I6p theo dé do G-mean (%) cua cac tap dir liéu UCI

Tap dir liéu Original Nearmiss-2 Smote-SF Nearmiss-SF
Ecoli 0 68.17 88.45 88.02
Abalone 0 45.29 55.60 68.35
Yeast 0 63.93 63.03 73.84
Letter 84.09 84.56 91.66 93.59
5. KET LUAN

Phan Iép dir liéu mét can bang 1a mot bai toan quan trong va duoc tng dung vao nhiéu
linh vyc khac nhau trong thuc té. Mot trong nhitng ky thuét nang cao hiéu suat cua bai
toan nay la s dung phuong phép lam giam phan tu cua lop da s0. Trong bai bao nay,
chung t6i da cai tién thuat toan giam phan tir [6p da s6 NEARMISS-2 bang céach két hop
NEARMISS-2 véi phuong phép lya chon dac trung dé lam giam tac dong cua sy nhiéu
chiéu 1én hiéu suit thuat toan. Ching tdi tién hanh cac thuc nghiém dé so sanh, danh gia
hiéu suat cua thuat toan trén bon tap dir liéu chuan UCI. Két qua thuc nghiém da cho thay
rang thuat toan do chiing toi dé xuat c6 hiéu qua trén bon tap dit liéu nay dwa trén cac gia
tri o do danh gia hiéu suat G-mean va AUC. Trong tuong lai, c6 thé phét trién phuong
phép nay dé ap dung cho loai di liéu hdn hop (dit liéu dang sé va phi s6) bang cach sir
dung mot cong thac khoang cach khac nhu Gower [10].
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Title: NEARMISS-SF ALGORITHM FOR DEALING WITH HIGH — DIMENSIONAL
IMBALANCED DATA SETS

Abstract: Classifying the imbalanced data sets, especially the high-dimensional datasets is one
of the important issues. In this paper, we present an undersampling algorithm with a subset of the
available features to enhance the result of the high-dimensional imbalanced data sets
classification.

Keywords: high-dimensional imbalanced data sets; undersampling methods; feature selection
methods.
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