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Tom tat: Phan I16p dir liéu mat can bang 1a mot bai toan quan trong trong
thuc té. Nhiéu phuong phap da dugc nghién ciu nham nang cao hiéu suat
cua bai toan phan 16p nay. Trong bai béo nay chung t6i dé xuat mot thuat
toan 1am giam s6 lugng phan tir (Undersampling) dua trén gia tri 1& gia
thuyét (hypothesis margin) cua cac dbi tuong thudc 16p da s6 dé cai thién
hiéu suat phan 16p tap dit liéu mat can bang.

Tir khéa: Dir ligu mat can bang, phuong phap lam giam s6 lugng phan ti, &
gia thuyét, Hypothesis margin

1. GIOI THIEU

Trong nhitng nam tro lai day, van dé dir lisu mat can bang 1a mot trong nhitng van dé
quan trong va da nhan dwoc nhiéu sy quan tdm caa cac nha nghién ciu trén thé gioi.
Mot tap dir lidu dugc goi 1a mat can bang khi s luong phan tir thuoc vé mot nhan 1op
bé hon nhiéu so véi cac nhan 16p khéc. Trong pham vi bai bao nay chung toi chi dé cap
dén bai toan phan loai hai 16p. Trong truong hop do, 16p co s6 luong phan tir it hon
duoc goi 1a 16p thiéu sb va 16p con lai duoc goi 12 16p da sd.

Bai toan phan 16p dir liéu mat can bang 1a mot bai toan phd bién trong thuc té, nham
phét hién cac ddi tugng hiém nhung quan trong, chang han nhu bai toan phat hién gian
lan, phat hién vi tri tran dau trén bién dua vao anh chup vé tinh, cac bai toan trong linh
vuc tin sinh hoc nhu bai toan dy doan cau trdc protein, du doan tuong tac giita protein-
protein, phan 16p microRNA..., ciing nhu céc bai toan chan doan bénh trong y hoc.
Trong mot so truong hop, ty Ie glufa céc phan tir thuc 16p thiéu s6 so voi cac phan tu
thugc 16p da s6 cd thé 1en dén 1:100 hozc 1:100,000 [1].

Khi ap dung céc thuat toan phan 16p truyén thong 1én cac tap dir liéu mat can bang, da
s6 cac phan tir thudc 16p da s6 s& duoc phan 16p dung va cac phan tir thuoc 16p thiéu sb
cling s& duoc gan nhan 16p 1a nhan 16p cua lép da sb. Piéu ndy dan dén két qua la
accuracy (do chinh xac) cua viéc phan 16p rat cao trong khi gia tri sensitivity (46 nhay)
lai rat thap.

Nhiéu phuong phap da dugc dé xuat dé giai quyét van dé nay va dugc phan thanh hai
nhom co ban: tiép can & mac giai thuat va tiép can & muc dit liéu. Cac phuong phap tiép
can ¢ muc giai thuat huong tai viée dleu chinh cac thuat toan phan I6p co ban dé van co
hiéu qua cao trén céc tap dir liéu mat can bang nhu phwong phéap diéu chinh xac suét
wdce lugng [2], hay st dung cac hang sé phat khac nhau cho céc nhan 16p khac nhau [3],
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[4]... Cac phuong phap tiép can & mac dir liéu nham toi thay ddi su phan bd cac dbi
tuong bang cach sinh thém céc phan tir cho 16p thiéu sé6 nhu SMOTE [5], OSD [6]...
hay giam bét cac phan tir thudc 16p da sé dé 1am giam sy mat can bang gitra cac 16p dbi
tuong. Nhiéu nghién ciru da chi ra rang cac phuong phép tiép can & muc dit liéu hiéu
qua hon cac phuong phap con lai trong viéc cai thién dé chinh xac sy phan l6p cac tap
dir liéu mat can bang [1].

Sinh phan tir ngau nhién (Random Oversampling) 1a phuong phdp sinh thém phan tu
don gian nhét bang cach tang s6 lwong mot sé phan tir dugc chon ngau nhién thudc 16p
thiéu sé dé can bang ty 1&. Tuy nhién, ky thuat nay c6 nhuoc diém la d& din dén tinh
trang qua khop véi dir lieu huan luyén (overfitting). Ngoai ra, néu tap di liéu cé kich
thudc 16n thi chi phi thoi gian va bo nhé cho giai doan phan 16p s& gia ting dang ké.

Trai lai, phuong phap Giam sb phan tar ngau nhién (Random Undersampling) s& chon
ngau nhién va loai bo mot sé phan tur thuge 16p da s6 dé lam giam ty 1&é mat can bang
cuia cac tap dir liéu. Phuong phap nay tuy ton it chi phi vé thoi gian cling nhu bd nhé
cho qua trinh phan 16p nhung lai d& lam mat cac thong tin quan trong cia Iop da sd.

Trong bai bao nay, chung t6i dé xuat mot phuong phap lam giam s6 phér] tu thuge I6p da
s6 mai nham tai Xt 1y cac doi tugng kho phén 16p va khac phuc nhugce dieém da de cap.

2. bO PO DANH GIA HIEU SUAT PHAN LGP

Do céc tap dir liéu 1a khdng can bang, viéc sir dung do do accuracy 1am co s& dé danh
gia hiéu suat phan 16p s& khong thé hién duoc hét yéu cau dit ra 1a du doan ca hai nhan
I6p can dat duoc do chinh xé&c cao. Vi vay, cac do do khac thich hop hon thuong duoc
sir dung 1am do do hiéu suat cua viéc phan 16p, nhu:

TP

Sensitivity = Recall = TPIFN Q)
e TN

Specificity = TNTFP 2

Precision = —— 3)
TP+FP

(1+B?).Precision.Recall
B2.Precision+Recall

F — measure = 4)
Trong d6, B 1a hé sé diéu chinh mdi quan hé gitra Precision véi Recall va théng thuong
B =1. F-measure thé hién su tuong quan hai hoa gitra Precision va Recall. Gia tri cua F-
measure cao khi ca Precision va Recall déu cao.

G-mean la sy két hop cua Sensitivity va Specificity, duoc tinh bai cong thic:

G — mean = ,/SensitivityxSpecificity (5)
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O day, TP va TN lan luot 1a s6 phan tir thuge 16p thiéu s6 va 16p da sb dugc du doan
ding vé&i nhan 16p thyc sy cta ching; FN va FP lan luot 1a s6 phan tir thuge 16p thiéu so
va l6p da so bi du doan sai nhéan 16p so véi nhén 16p thuc su caa ching.

Trong pham vi bai bao nay, chung toi s dung F-measure va G-mean lam d¢ do chinh
dé danh gia hiéu suat caa su phan lop.
3. PHAN LOAI LE

L& (margin), déng vai trd quan trong trong linh vuc hoc may, thé hién tinh hiéu qua khi
phan 16p cua bo phan lop (classifier).

C6 hai cach xac dinh gié tri 1& cho mét phan tir dua trén quy tac phan 16p [7]. Cach thu
nhét 1a do khoang cach tur phan tir dang xét t6i bién quyét dinh duoc xac dinh boi bo
phan 16p va 18 trong trudng hop nay goi la 1€ phan tir (sample margin). B4i véi cach tha
hai, 18 1a khoang cach ma bo phan I16p cé thé di chuyén sao cho khdng lam thay doi
nhan I6p caa cac phan tir da duoc xac dinh, va duoc goi 1 18 gia thuyét (hypothesis
margin).

Trong truong hop st dung bd phan 16p lang giéng gan nhat, cac két qua sau ddy da duoc
chimg minh la dang [8]:

1. L& gia thuyét I1a gidi han dudi caa 1& phan tu.
2. Lé gia thuyét ctia phan tir x trong tap dir liéu A duoc tinh bai cong thirc:

0) = %(”X — nearestmiss, (x)|| — ||x — nearesthit, (x)]|) (6)

trong d6: nearesthita(x) 1a phan tir gan nhét c6 cting nhan 16p véi x trong A.
nearestmissa(x) 1a phan tir gan nhat khac nhan 16p vai x trong A.

Tir d6 c6 thé suy ra, néu mot tap cac phan tir co gié tri 18 gia thuyét Ion thi gia trj 1& phan
tir twrong (g cua no cling 16n.

Do d6, ching ta ¢6 thé 4p dung két luan nay vao bai toan xir Iy dit liéu mat can bang
bang phuong phap lam giam bét phan tu.

Gia str phan tir x thudc 1op da s& N duoc chon dé loai bo, lic do, 18 gia thuyét cua cac
phan tir y trong tap dir liéu A sé la:
1 . .
Oavy(Y) = 3 (||y — nearestmissyy i3 (y) || — ||y — nearesthit\ o (y)||), Vy # X

o day, nearestmiss, (y), nearesthit, (y) lan Iuot 1a phan tir gan nhat khac nhén l6p va
phan tir gan nhat cung nhén 16p cua y trén tap A.

Néu y, thudc vao 16p thiéu sb P, thi:

||yp - nearesthitA\{X}(yp)” = ||yp - nearesthitA(yp)”
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Va ||yp — nearestmissA\{X}(yp)” = ||yp — nearestmissA(yp)”

Do do: O (7p) = 0alyp)-

Tuong tu, VAi Yn & phan tir thudc 16p da sé N, yn # x, ta co:

||yn — nearesthitA\{X}(yn)” > |ly, — nearesthit, (y,)I|

va |lyn — nearestmissa\pg(yn)|| = Ilyn — nearestmissa (y,) |

Nén: eA\{X}(Yn) < eA(Yn)-

Diéu nay c6 nghia rang viéc loai bo di mot phan tir thuoc 16p da sb 1am ting gia tri 18
ctia cac phan tir 16p thiéu sé va giam gia tri I& cua phan tir thuoc l16p da sé. Do d6, néu
cac phan tir duoc chon dé loai bo c6 1€ 16n hon cac phan ta con lai s& 1am ting kha ning
phan 16p sai cua bo phan 16p. Hay ndi cach khac, viéc chon cac phan ti cd gié tri 1€ gia
thuyét bé nhat thay vi chon mét cach ngau nhién dé loai bo s& lam ting hiéu suat cua
viéc phan lop.

4. PHUONG PHAP LAM GIAM PHAN TU DUA VAO GIA TRI LE GIA THUYET
Duya vao ¥ tuong & phan trén, ching toi dé& xuit mot phuong phap méi dé xir Iy bai toan
phan 16p dit liéu mat can bang 1a phuong phap lam giam phan ti dwa vao gia tri I gia
thuyét, dat tén 1a Hypothesis Margin based Undersampling (HMU). Phuong phap nay
wu tién chon cé&c phan tir c6 gia tri 1& bé nhat dé loai bo trudc tién nham tao ra mot tap
dit liéu dé phan 16p hon. Thuat toan duoc md ta nhu sau:

HMU Algorithm
Input: 16p da sé6 N; sé hegng phan tir can logi bé d;
Output: 16p da sé sau khi da lam giam sé phan tir N*;
Begin
nos=[N[-d
N*=N
while (|N*| > nos)
tinh gid tri 1€ mar(x) cua tét cG cdc phén ti x thuéc N* trén toan bé tép

AW NR

dit liéu va lwu vao médng @margin

sdp xép mdng @margin

logi b6 phén tir ¢é gid tri Ié twong trng bé nhét trong méng @margin
cdp nhdt lgi N*

O NSO W

end while

End
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L& cua céc phan tir 16p da sé duoc tinh dua vao cong thic (6).

Kich thuéc cua I6p da s6 sau khi lam giam bét s6 phan tir N* duoc xéc dinh dya vao s
luong phan tir can loai bo d. Chi so6 d nay phu thudc vao tirng tap di liéu cu thé.

Khoang cach duoc sir dung dé xac dinh I& trong thuat toan nay la khoang céch
Euclidean.

5. DANH GIA HIEU SUAT THUAT TOAN

Dé danh gia hiéu suat caa qua trinh phan 16p, chang téi tién hanh thuc nghiém trén 4 tap
dir lieu UCI [9] 1a Balance, Cmc, Haberman va Pima. Thong tin vé sb lugng thugc tinh,
s6 phan tir, ty 16 mat can bang (s6 phan tir tap thiéu s:s6 phan tir tap da s6) cia mdi tap
dir liéu duoc mo ta & Bang 1. Tat ca cac tap dir liéu déu duoc chuan hoéa bang ham
normalize cua goi 1énh SOM trong R trudc khi tién hanh diéu chinh ty 1& mat can bang
cling nhu phan 16p.

Bang 1. Cac tdap dir ligu UCI

Tap dir liéu S6 thudgc tinh S6 phan tir Ty 1é mat can bang
Balance 4 625 1:11.75
Cmc 9 1473 1:3.42
Haberman 3 306 1:2.78
Pima 8 768 1:1.87

Str dung goi lénh kernlab [10] trong R, ching tdi tién hanh phan 16p dé so sanh két qua
phan 16p bo dit liéu gbc khong cé can thiép cua thuat toan 1am thay d6i sé phan tir dé xu
ly su mat can bang dir lieu (KSVM), két qua phan 16p cd sir dung thuat toan giam sé
phan tir ngau nhién (RUS) véi két qua c6 st dung thuat toan HMU nham danh gia tinh
hiéu qua caa thuat toan nay.

Qua trinh phan 16p duogc thuc hién nhu sau:

- May vector hd tro (Support Vector Machine - SVM) voi ham nhan Gaussian RBF
dugc su dung lam b phén 16p chinh.

- Vé6i mdi tap dir liéu, ching toi thuc hién muoi lan 10-fold cross-validation (kiém
ching chéo), nghia la:

Véi mdi lan thuc hién 10-fold cross-validation:

+ Tap dit liéu duoc chia ngau nhién thanh 10 phan bing nhau.

+ Lan luot mdi phan trong muoi phan d6 dwoc chon 1am tap kiém tra, chin phan con lai
tao nén tap huan luyén dé xay dung mo hinh phan 16p. Vi moi bo tap kiém tra va tap

huan Iuyen nhu thé, chung t61 thu duoc cac gia tri d6 do danh gia hiéu suat twong Gng
dia trén s6 luong cac phan tir dwoc phan I6p dung va phan 16p sai cua tap kiém tra.
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+ Két qua cua thu duoc tir mudi bo tap kiém tra va huan luyén chinh 1a két qua cua mot
lan thuc hién 10-fold cross-validation.

Cubi cling, cac gi tri do do danh gia hiéu suat Sensitivity, Specificity, F-measure va G-
mean dugc tinh bang cach lay gia tri trung binh cong cta mudi lan thyc hién doc 1ap nay.

- Sau khi &p dung céc thuat toan diéu chinh ty 1& mat can bang, cé4c tap dix liéu mai cd ty
I¢ s6 phan ta 16p thiéu so:16p da so 1a xap xi 1:1.

Toan bo qué trinh phan 16p danh gia hiéu suét thuét toan duoc mo ta nhu ¢ Hinh 1 bén dudi.

Tap dit liéu mit can bang

(da chuan hoa) Tap kiem tra

Tap huan luyén
|

Lép thiéu sb Lép da sb

RUS/HMU

Tap huan luyén mgi F——>

Du doan
nhan I6p

Hinh 1. Qua trinh thxc nghiém phéan I6p diz liéu

Két qua danh gia qua trinh phan 10p cac tap dir lléu bang cac phuwong phap duoc trinh
bay trong bang 2 va bang 3. Két qua nay cho thay khi st dung thuat toan 1am giam phan
tar dé xir ly sy mat can bang trong dir liéu, hiéu suit caa qua trinh phan Iop ting 1én
dang ké. Bdng thoi két qua ciing cho thay thuat toan HMU da hoat dong hiéu qua, cai
thién cac gia tri F-measure va G-mean trong hau hét cac trudng hop.

Vi du, ddi véi Balance, tap dit liéu c6 ty I¢ mat cdn bang kha I6n (1:11.75), KSVM hoan
toan khéng phan l6p dung mot ddi twong thude 16p thleu s6 nao (Sensitivity = 0% va
Specificity = 100%). Khi ap dung phuong phap giam sb phan ttr ngau nhién RUS, céc
gia tri Sensitivity, F-measure va G-mean deu tang dang ké (lan luot ting 77.76%,
18.60%, 58.47%). Tuy nhién, cac gia tri nay van thap hon so véi khi &p dung thuat toan
HMU, cu thé Sensitivity ting 22.04%, F-measure ting 2.29%, G-mean ting 1.23% so
véi RUS.
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Tuong tu d6i vé6i hai tap dir liéu Haberman va Cme, phuong phép st dung thuat toan
HMU cho céc gid tri Sensitivity, F-measure va G-mean lén hon so véi hai phuong phap
con lai. Con d6i vai tap dir liéu Pima, gia tri G-mean va F-measure cia HMU 1 xap xi
so vai RUS (F-measure nho hon 0.17%, G-mean 16n hon 0.06% ).

Bang 2. Két qua phan Idp theo dé do Sensitivity (%) va Specificity (%)cua cac tdp di# lieu UCI

. Sensitivity (%) Specificity (%0)

Tap dir liu

KSVM RUS HMU KSVM RUS HMU
Balance 0.00 77.76 99.80 100.00 43.98 35.71
Haberman 23.46 52.22 63.33 93.02 76.04 71.73
Cmc 6.04 66.28 75.35 98.62 65.07 57.81
Pima 56.16 75.34 78.06 87.74 71.90 69.06
Bang 3. Két qua phan Iép theo dé do F-measure (%) va G-mean (%) cua cac tap dir liéu UCI

F-measure (%) G-mean (%)

Tap dir liéu

KSVM RUS HMU KSVM RUS HMU
Balance - 18.60 20.89 0.00 58.47 59.70
Haberman 32.85 47.75 52.38 46.71 63.01 67.39
Cmc 10.90 46.37 47.12 24.40 65.67 66.00
Pima 62.73 66.15 66.21 70.19 73.59 73.42

6. KET LUAN

Phan 16p dir liéu mat can bang 1a mot bai toan quan trong va dugc tng dung vao nhiéu
linh vuc khac nhau trong thuc té. Mot trong nhitng k¥ thuat nang cao hiéu suét cua bai
toan nay la sir dung phuong phap lam giam phan tir coa I6p da s6. Trong bai béo nay,
chung t6i di trinh bay mot thuat toan 1am giam phan tir 16p da s6 mai sir dung gia tri 1&
gia thuyét va tién hanh céc thuc nghiém dé so sanh, danh gia hiéu suat cua thuat toan
trén bdn tap dir lieu chuan UCI. Két qua thuc nghiém da cho thay rang thuat toan do
chung t6i dé xuét c6 hiéu qua trén bon tap dit liéu nay duya trén cac gia tri o do danh gia
hiéu suat Sensitivity, Specificity, F-measure vd G-mean. Phuong phéap nay c6 thé két
hop v&i mot s6 cac ki thuat khac nhu lya chon dic trung hodc cac phwong phéap lam
tang phan tir dé cho két qua tét hon, dac biét 1a d6i vai céc tap dit lidu co kich thudc 1on.
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Title: HYPOTHESIS MARGIN BASED UNDERSAMPLING METHOD FOR DEALING
WITH IMBALANCED DATA SETS

Abstract: Classifying the imbalanced data sets is one of the important issues. Many approaches
were developed to handle this problem. In this paper, we present a novel Undersampling
algorithm basing on the Hypothesis margin of samples to enhance the result of the imbalanced
data sets classification.
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