PHAN LOP DU LIEU MAT CAN BANG VOI THUAT TOAN HBU
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Tém tat: Dir liéu mat can bang 1a mot trong nhitg nguyén nhan lam giam
hiéu suat cua bai toan phan 16p. Nhiéu phuong phap da dugc nghién ctu dé
giai quyét Van dé nay. Trong bai bao ndy ching toi dé xuat mot thuat toan
lam giam s6 luong phan tir 16p da s, dac biét 1a cac phan tir ¢ duong bién,
dira trén Hypothesis margin cua cac ddi tuong thudc 16p thiéu sé dé cai thien
hiéu suat phan 16p tap dir liéu mat can bang.

Tir khoa: Dir liéu mat can bang, phuong phap 1am giam sé lugng phan ti,
Hypothesis margin

1. GIOI THIEU

Khi mét tap di liéu c6 sb lugng phan tir thudc mot hodc moét sé nhén 16p 16n hon sé
lugng phan tir thude cac nhan 16p con lai, tap di liéu d6 duoc goi 1a mat can bang. Doi
vé6i bai toan phan 16p hai 16p tap dit liéu bi mat can bang, 16p c6 sb luong phan tir nhiéu
hon goi 1a 16p da sd, 16p c6 s6 phan tir it hon goi 1a 16p thiéu sé. Pay ciing 1a loai bai
toan chiing toi dé cap dén trong bai bao nay.

Nghién ciru vé dir liéu mat can bang, trong nhitng nam gan day, 1a mét trong nhiing van
dé quan tdm cua nhiéu nha khoa hoc trong nudc ciing nhu trén thé gisi boi tinh thyc té
va phd bién cia né. Bai toan phan 16p dir liéu mat can bang nham muc dich phat hién
cac d6i twong hiém nhung quan trong, va dwoc (ng dung trong nhiéu linh vuc khéc
nhau nhu phat hién gian 1an tai chinh, du doan cau trc protein, du doan tuong tac giita
protein-protein, phan 16p microRNA..., hay chan doan bénh trong y hoc. Dit liéu mét
can bang lam giam hiéu qua caa cac thuat toan phéan 16p truyén théng vi cac bo phan 16p
nay c6 khuynh huéng du doan 16p da sé va bo qua I6p thiéu s [1]. Hay néi cach khac,
hau hét cac phan tir thuoc 16p da s6 s& dugce phan 16p ding va cac phan tir thuoc 16p
thiéu sb cling s& duoc gan nhan 16p 12 nhan 16p cua 16p da s, két qua 1a do chinh xac
(Accuracy) cua viéc phan 16p rat cao trong khi dé nhay (Sensitivity) lai rat thap.

Nhiéu phuong phép néng cao hi¢u qua bai toan phan lop dix ligu mat can bang da dugc de
Xuét, bao gom céc phuong phap tiép can & mirc do thuat toan nhu diéu chinh xac suét ude
luong, su dung cac hang sb phat khac nhau cho cac nhan 16p khac nhau [2]; cac phuong
phap tlep can ¢ mac dir |Ieu nhu sinh thém céac phan ti cho Iop thiéu sb [3] [4], giam bot
cac phan tir thudc 16p da s6 [5]; va nhom céc phuong phap két hop. Mot sb tac gia da chi
ra rang cac phuong phép tiép can & muc dit liéu hiéu qua hon cac phuong phap con lai
trong viéc cai thién do chinh xac su phan 16p cac tap dit liéu mat can bang [2].

Phuong phép sinh phan tir don gian nhat 1a sinh ph‘én tr ngau nhién (Random
Oversampling). Phuong phap nay lam tang so lugng phan tir I6p thiéu so bang cach
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chon ngau nhién mét s6 phan tir thudc 16p ndy va nhan ban ching dé lam giam ty 1& mat
can bang. Nhugc diém cua ky thuat nay 1a d& din dén tinh trang qua khop véi dix lidu
huan luyén (overfitting). Hon nita, néu tap dit liéu c6 kich thudc 16n thi chi phi thoi gian
va bd nhd cho giai doan phén 16p s& gia ting dang ké.

Phuong phap giam sb phan tir ngau nhién (Random Undersampling) 1a phuong phap
lam giam phan tir 16p da so don gian nhat bang cach ngau nhién chon va loai bo mot s6
phan tu thudc 16p da sb. Phuong phap nay tuy ton it chi phi vé thoi gian cling nhu bo
nhé cho qua trinh phan 16p nhung lai dé lam mat cac thong tin quan trong cua l6p da s0.
Dé khic phuc nhugc diém ndy, thay vi chon ngau nhién, HMU [5] chon cac phan tur ¢
gia tri 1& gia thuyét bé nhat dé loai bo. Phuong phap nay da lam ting dang ké hiéu qua
cua viéc phan 16p. Tuy nhién, trong mot sé trudng hop, khi cac phan tir thuoc hai l6p da
s6 va thiéu s6 nam gan nhau, dac biét 1a khi cac phan ti [6p da s6 phan tan xen gitra cac
phan tir 16p thiéu s6, cac phan tir nay s& d& bi phan 16p nham va thuét toan HMU s&
khong hoat dong tot.

Trong bai bao ndy, mot phuong phap lam giam sé phan tir thudc 16p da s6 méi duge dé
xuat nham xtr 1y cac doi tugng kho phan 16p va khac phuc nhugce diém da de cap.
2. LE GIA THUYET
Lé (Margin), déng vai trd quan trong trong linh vuc hoc may, t}}é hién kha nang phan
I6p cua bo phan 1op (classifier). Co thé xac dinh 1e cho mot phan tir dua trén quy tac
phan 16p bang cach do khoang cach tir phan tir dang xét toi bién quyet dinh dugc xac
dinh boi bo phan 16p; hoac tinh khoang cach ma b phan 16p c6 thé di chuyén sao cho
khong lam thay doi nhan 16p cua cac phan tu da dugc xac dinh [6]. L¢é duoc de cap den
& cach thtr nhat goi 1a 1€ doi tuong (Sample margin) va theo cach con lai goi la le gia
thuyét (Hypothesis margin).
Khi str dung bo phén 16p lang giéng gan nhat, cac két qua sau day duoc thira nhan 1a dang [7]:
1. Lé gia thuyét 1a gidi han dudi cua 1é dbi tuong.
2. L& gia thuyét cua phan tir x trong tap dir liéu A duoc tinh boi cong thirc:

0) = %(”X — nearestmiss, (x)|| — ||x — nearesthit, (x)]|) (1)
trong d6: nearesthita(x) 1 phan tir gan nhét c6 ciing nhan 16p véi X trong A.

nearestmissa(x) 1 phan tr gan nhat khac nhan 16p vai x trong A.

Tir d6 co thé suy ra, néu mot tap cac phan tir co 18 gia thuyét Ion thi gia trj 18 ddi tugng
tuong tng cua no6 cling 1on.
Ngoai ra, ching t61 da chimg minh dugc rang néu loai bd mot phan tir thugc I6p da s6 s&
lam tang gia tri 1€ cua cac phan tr 16p thiéu so va giam gia tri I€ cua phan tir thuge 16p da
S0, nghia 1a viéc chon cac phan tir ¢6 gia tri 1€ gia thuyét bé nhat thay vi chon mot cach
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ngau nhién dé loai bo s& lam ting hiéu suat caa viéc phan 16p. Do do, thuét toan HMU da
dugc deé xuat dé lam tang hi¢u suat cua viéc phan 16p dir li¢u mat can bang [5].

Tuy nhién, trong mot s6 treong hop, khi cac phan tr 16p da s6 nam phan tan gilra cac
phan tir 16p thiéu so, tic 12 ndm & gan bién quyét dinh, sir dung HMU kho c6 thé chon
cac phan tir nay dé loai bo duoc. Trong khi d6, cac phan tir nim cang xa bién lai cang d&
dugc phan 16p dung [8].

3. PHUONG PHAP LAM GIAM PHAN TU HBU

Dua vao nhirng phan tich ¢ phan trén, chung t6i d& xuat mot phuong phap méi dé xu 1y

bai toan phan 16p di ligu mat can bang 1a phuong phap lam giam phan tir dya vao gia tri

1& gia thuyét va wu tién loai bo cac phan tir nam ¢ bién, dat tén 1a HBU (Hypothesis

margin based Borderline Under-sampling). Vi mdi phan tir 16p thiéu sb x, mot sb

lugng n cac phan tir 16p da sé nam gan x nhat s& duoc chon dé loai bo. Gia tri n thay doi

phu thudc vao gia tri 1& caa mdi x khac nhau.

Thuat toan dugc mo ta nhu sau:

HBU Algorthim

Input: tdp cdc phan tir 16p thiéu sé P; tdp cdc phan tir 16p da so N; so lwong phan tir
can logi bé N’ ; tham sé k

output: tdp cdc phan tir 16p da s6 méi N*;

1.  Begin
2. Tinh gid tri 1é mar(x) cua tat ca cdc phan ti 16p thiéu sé x trén tap di liéu
da cho
3. max = max mar(x)
XEP
4. min = min mar(x)
XEP
5. = |P|
6. Foreach x in P
7. nos= int((N /p)*(k +(max-mar(x))/(max-min)));
8. Logi bé nos phan tir 16p da sé ma gan véi x nhat
9. N’=N’-nos
10. p=p-1
11. End-for

12. End

L& cua cac phan tir 16p da sb dugc tinh dwa vao cong thic (1). _Trong pham vi bai bao
nay, chung toi sir dung khoang cach Euclide dé xac dinh gia tri I& cho cac d6i tugng.

Kich thugc cua Iop da s sau khi lam giam bét s6 phan tar N* duogc xac dinh qdua vao sb
luong phan tu can loai bé N, gia tri nay phu thudc vao ting tap dir liu cu thé.

4. THUC NGHIEM DANH GIA HIEU SUAT THUAT TOAN

Chung t61 tién hanh thuc nghiém trén 4 tap dit liéu UCI [9] 1a Balance, Cmc, Haberman
va Pima dé danh gi4 hi¢u suat cuia qué trinh phan 16p. Bang 1 mo ta thong tin vé s
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lwong thude tinh, s phan tir, ty 16 mat can bang (s6 phan tir tap thiéu s6:s6 phan tor tap
da sb) cua cac tap di liéu nay. Ham normalize ctia gbi 1énh SOM trong R dugc dung dé
normalize tat ca cac tap dit liéu truéc khi tién hanh diéu chinh ty 1& mit can bang ciing
nhu thyc hién phan 16p.

Bang 1. Cdc tdp dir liéu UCI

Tap dir liéu S6 thudc tinh S6 phan tir Ty 1é mit cin bing
Balance 4 625 1:11.75
Cmc 9 1473 1:3.42
Haberman 3 306 1:2.78
Pima 8 768 1:1.87

Trong bai bao nay, chung t6i sir dung goi 1énh kernlab [10] trong R cho viéc phan 16p
dé so sanh két qua phan 16p bo dir lieu gbc khong c6 can thiép cia thuat toan lam thay
d6i sb phan tir dé xir 1y sw mat can bang dir liéu (ORIginal), két qua phan I6p c6 st dung
thuat toan giam sb phan tir ngiu nhién (RUS), két qua c6 sir dung thuat toan HMU Vi
két qua khi str dung thuat toan HBU nham danh gia tinh hiéu qua caa thuat toan nay.

Qua trinh phan 16p dugc thuc hién nhu sau:
- May vector hd tro (Support Vector Machine - SVM) dugc st dung 1am bd phan 16p chinh.

- Chung t6i thyc hién mudi 1an kiém chimg chéo 10-fold (10-fold cross-validation) cho
moi bo dir liéu. Sau d6, cac gia tri do do danh gia hiéu suat dugc tinh bang cach lay gia
tri trung binh cong cta muoi lan thuc hién doc 1ap nay.

- Sau khi 4p dung céc thuét toan diéu chinh ty I& mat can bang, cac tap dir liéu méi co ty
I¢ s6 phan tur 16p thiéu so:16p da so 1a xap xi 1:1.

Hinh 1 bén dudi mé ta qua trinh phan 16p danh gia hiéu suét thuat toan trén cac tap dix liéu.

—>  Lop thiéu sé Tap huén
luyén mai

Tap huin luyén |

Thuat toan under-

sampling

> Lép da sb

Tap dit liéu mét
cén bang
(da normalize)

| Tap kiém tra Gf— doan

nhan 16p

Hinh 1. Qua trinh thuc nghiém phdn lop dir ligu
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Trong truong hop tap dit liéu 14 can bang, do chinh xac thuong dugc sir dung dé danh
gia hiéu qua cua qua trinh phan 16p. Tuy nhién, khi phan 16p tap di liéu khong can bang,
d6 chinh xac toan thé nay khong con thich hop dé xac dinh tinh hiéu qua cia mé hinh
phan 16p nira. Khi ty 1& mét can bang trong tap dir liéu 16n, cic bd phan 16p thong
thuong sé cho ra do chinh x4c rat cao vi hau nhu tat ca cac phan tir déu duoc gan nhan
16p 14 16p da sb va rat hiém phan tir dugc gan nhin 16p cua 16p thiéu sb. Do do, mot sb
do do khac nhu do nhay, tinh déc trung (Specificity), G-trung binh (G-mean), F-
measure, MCC... duoc sir dung 1am d6 do hiéu suit phan 16p dir liéu mat can bang.

Trong pham vi bal bao nay, ching toi str dung cac do do sau:

Sensitivity = TPZPFN (2)
Specificity = T;FFP (3)
G — mean (Balanced accuracy) = \/ Sensitivity X Specificity 4)

O day, TP va FN lan luot 13 s6 phan tir 16p thiéu s6 duoc du doan dung va bi dy doan
sai S0 V6i nhan 16p thyc su cua chung; TN va FP 1an luot 1a s6 phan tir 16p da s duoc
dy doan ding va sai so vdi nhan 16p thuc sy cta chung. Cac gia tri TP, TN, FP, FN
duoc xac dinh dwa vao ma trdn nham l3n (confusion matrix) nhu & bang 2 bén duéi.

Bang 2. Ma trgn nham ldn

Thuc té thudc 16p thiéu sé Thuc té thudc 16p da s6
o TP FP
Dll'gd(;?]?éth;légc (Thudc 16p thiéu sb dugc dy doan | (Thudc 16p da 56 dugc dyu doan
P 1a thugc 16p thiéu sb) 1a thugc 1op thiéu sb)
[ A FN TN
Dul (jloa(;latzléugc (Thudc 16p thiéu sb dugc du doan | (Thudc I6p da sb duoc gju doan
op 1a thuoc I6p da sd) 1a thugc 16p da s6)

5. KET QUA THUC NGHIEM

Bang 3 va Bang 4 trinh bay két qua danh gia hiéu suat cia cac phuwong phap khac nhau
trén bon tap di liéu UCI 1a Balance, Cmc, Haberman va Pima theo cac d do Sensitivity,
Specificity va G-mean.

So sanh két qua khi 4p dung cac phuong phap lam giam phan tir véi két qua cua phuong
phap ORI cho thay hiéu qua cua cac phuong phéap nay trong xu 1y su mat can bang dir
lieu. Trong khi ty 1€ s6 phan tir 16p thiéu sé duoc di doan dung bang ORI thap, ty 18 nay
tang 1én dang ké, trén 50%, khi ap dung cac phuong phap lam giam phan ta. Vi du nhu
dbi vai tap dir liéu Balance c6 ty 1é mat can bang gitra 16p thiéu s6 va da so kha 16n
(1:11.75), ORI hoan toan khong phan 16p ding dugc mot phan tir 16p thiéu sé nao khi
Sensitivity = 0%, thi gia tri nay da ting 1én 77.76% chi bang cach st dung phuong phap
lam giam phan tir ngiu nhién RUS. Hay d6i voi cac tap dit lieu Cmc, Pima va
Haberman, Sensitivity cua ORI ting lan lugt 1a 60.24%, 19.23%, 28.76% khi 4p dung
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RUS. So véi ORI, G-mean cua phuong phap HMU trén ca bén tap dir liéu Balance,
Cmc, Haberman, Pima déu tang lan luot 1a 58.47%, 41.27%, 16.3%, 3.4%.

Két qua thé hién ¢ bang 3 va bang 4 ciing cho thay cai tién cua phuong phap lam giam
phan tir méi HBU hoat dong c6 hiéu qua so véi phuong phap HMU va RUS. Déi voi
cac tap dir liéu Balance, Cmc va Pima, gia tri G-mean cua HBU ciing da tiang so vai G-
mean caa HMU (0.86%, 0.28% va 0.96%).

Bang 3. Két qua phdn I6p theo dj do Sensitivity (%) va Specificity (%)cua cdc tdp dit ligu UCI

Tap dir liu Balance Haberman Cmc Pima
= ORIginal 0.00 23.46 6.04 56.16
=8 RUS 77.76 52.22 66.28 75.34
S > HMU 99.80 63.33 75.35 78.06
o HBU 87.56 67.53 67.03 70.82
> ORIginal 100.00 93.02 98.62 87.74
8 < RUS 43.98 76.04 65.07 71.90
2 S HMU 3571 7173 57.81 69.06
Z HBU 41.89 62.89 65.54 78.12

Bang 4. Két qud phdn I6p theo dé do G-mean (%) Ciia cdc tap dir liéu UCI

Tap dir ligu Balance Haberman Cmc Pima
ORlginal 0.00 46.71 24.40 70.19
RUS 58.47 63.01 65.67 73.59
HMU 59.70 67.39 66.00 73.42
HBU 60.56 65.17 66.28 74.38
6. KET LUAN

Trong bai bao nay, chung t6i di trinh bay mot thuat toan 1am giam phan tir 16p da s6
mé&i HBU va thuc hién danh gia hiéu suat cua thuat toan ndy va so sanh Véi cac thuét
toan khac trén bdn tap dir liéu chuan UCI. Két qua thyc nghiém da cho thay thuat toan
duoc dé xuat c6 hiéu qua trén bon tap dir liéu UCI dya trén céc gia tri do do danh gia
hiéu suat Sensitivity, Specificity va G-mean. Phuong phap nay c6 thé két hop véi cac
phuong phap lam tang phan tir khac hodc cac phuong phap lya chon dic trung dé cho
két qua tot hon, dac biét 1a dbi vai cac tap dit lidu co kich thudc 16n.
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Title: HYPOTHESIS MARGIN BASED BORDERLINE UNDERSAMPLING METHOD FOR
CLASSIFYING IMBALANCED DATA SETS

Abstract: Classifying imbalanced data is one of the challenges in machine learning. Therefore,
many techniques have been developed to handle this problem. In this paper, we propose an
under-sampling method that is based on the hypothesis margin of minority class samples to
remove the majority samples nearby the borderline. The experimental results show that our
approach is comparable to some other methods in terms of G-mean.

Keywords: Imbalanced data, Under-sampling, Hypothesis margin.



