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Tém tir: Phan 16p dit liéu mét can bang 1 bai toan quan
trong xuat hién trong hau hét cac linh vue, dac biét 1a trong y
sinh hoc chuin doan ngudi bénh. Hién nay, da c6 nhiéu
nghién ciru giai quyét bai toan nay, trong d6, phuong phép tién
xt ly dit liéu nhu Random Over-Sampling (ROS) la mot
phuong phap phd bién va cho két qua tét. Tuy nhién, mot sb
truong hop ROS lai khong dat duoc két qua nhu mong doi
hodc giam hiéu qua phan lop. Chinh vi vay, bai bao nay tap
trung nghién ciru cai tién thuat toan ROS, tir d6, d& xuit thuat
toan m&i Random Border-Over-Sampling (RBOS) bang viéc
chon céc phan tir thiéu sb ¢6 ¥ nghia quan trong trén duong
bién. Két qua thyc nghiém trén séu tap dit liéu mét can bang tur
ngudn dit liéu chuan qudc t& UCI (breast-p, blood, pima,
haberman, glass, va coil2000) da chi ra thuat toan méi dé xuit
ctia ching t6i dat hiéu qua tot hon hin so véi phuong phap
trudc.

Tir khéa: Border-line, Random-Sampling, Over-Sampling,
dir liéu mat can bang, phan 16p.

. MODPAU

Ngay nay, trong thuc té xuat hién rat nhiéu bo dir ligu mat
can bang, dién hinh nhu: viéc phat hién tran dau trén bé mat dai
duong dya vao cac hinh anh thu duoc tir rada vé tinh, nhiing
hinh anh cé su ¢6 tran dau la rat nho trong téng s6 hinh anh thu
duoc, nén viéc phat hién chiing 1a rat kho, khién cho cong tac
han ché 6 nhlem mdi truong gap nhiéu khé khan. Trong y hoc
[1]- [3] s6 nguorl mac bénh ung thu chiém ti 1¢ rat nho trén
téng s6 nguoi dan, nhung viéc chuin doan nham ngudi bi bénh
thanh nguoi khong bi bénh ¢ anh huong nghiém trong dén
tinh mang con ngudi. Trong giao dich tin dung hoac cudc di
dong, sé giao dich gian lan Ia rat nho trén tong so giao dich,
dac biét viéc khdng phét hién duoc hay phéat hién nham nhirng
giao dich gian lan co thé gay thiét hai I6n vé tai chinh ddi véi
cac doanh nghi¢p [4]. Tai Hoa Ky, viéc gian lan cudc di dong
tiéu ton hang tram triéu d6 la mdi nam.
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Bai toan phan I6p di liéu da dwoc nghién ciru vai rat nhiéu
thuat toan phan Iép chuan nhu may véc to ho trg (SVM), k
lang giéng gan nhat (K- NN) cay quyet dinh.. Tuy nhién, khi
Xuat hién céac dir liéu mat can bang, cac thuat toan chun trén
khong cho_hi¢u qua phan I6p cao nhu mong mudn. Chinh vi
vay, yeu cau dit ra can c6 phuong phép phan 16p phu hop dol
V6i cac tap dir ligu mat can bang nham dap ung cac yéu cau
thyc té ngay cang ting.

Nhiéu .cong trinh nghién ctru trong va ngoal nudéc [5]-[9]
da giai quyét bai toan phan I6p dir liéu mat can bang theo nhiéu
hudéng khic nhau, theo cac hudng tiép can ¢ Cap do6 dir liéu
[10]-[13] va tlep can & cp do thuat toan [14]-[ 17]. Trong do,
¢ nghién ctu nay, chlng t0i tap trung vao huong tlep can & cap
do dir liéu, tién xir ly dir liéu dé lam giam sy mit can bang dir
li¢u trude khi ap dung cac phuong phéap phan 16p chuan nham
muc dich cho hi¢u qua tich cuc. Diéu chinh dit ligu ciing co
nhleu cach: giam kich thuéc mau dir liéu hoic tang kich thudc
mau dir liéu. Thuat toan dai dién cho k¥ thuat nay 1a Random
Over- Samplmg (ROS) va Random Under-Sampling (RUS)
Ngoai ra, c6 thé két hop ca hai phuong phéap trén dé nang cao
hi¢u qua phan lép. Ramdom Over-Sampling 1a mot phuong
phap d1eu chinh tang kich thuéc mau, thuat toan nay s€ lua
chon ngau nhién cac phan tir trong 16p thleu sb va nhan ban
chung, lam cho b¢ dix ligu giam bot su mat can bang. Ngoai ra,
cling c6 mot s6 cach sinh phan tir ¢ chii dich nhu: tang phan tu
thiéu s6 & viing an toan (Safe level), tang phan tir & duong bién
(Borderline) [18]... Phuong phap diéu chinh gidm kich thusc
mau Random Under Sampling s& loai bo cac phan ta o lop da
30 mot c&ch ngau nhién den khi ty s giira cAc phan tu Iop thiéu
sb va cac phan tir 16p da s6 pho ho‘p Do d6, so lugng cac phan
tir 16p da s6 cua tap hudn luyén s& giam dang ké.

Hai phuong phap trén dwoc thyc nghiém chung minh la
hi¢u qua, cai tao tinh mat can bang di liéu nhanh chong. Tinh
ngau nhién ddm bao tinh khach quan nhung van ton tai mot vai
nhuoc dlem trong mot s6 trudng hop van chua dat két qua
mong mudn. Phan tiép theo ciia bai bao ching toi dé xut
nghién cau cai thién thuéat toan Random Over-Sampling thanh
thuat toan mai cd tén Random Border-Over-Sampling nham
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sinh c4c phan tir tap trung trén duong bién dé nang cao hiéu
qua phan Iép, va dugc chirng minh bang thuc nghi¢m trén cac
b6 dit liéu chuan khac nhau.

Il. GIAIQUYET VAN BE
A. Muyc tiéu nghién ciu

Qua tim hiéu va nghién cau, ching toi nhan théy y nghia,
tam quan trong cua bai toan phan I6p dir ligu mat can bang va
nhung han ché ma thuat toan Random Over-Sampling (ROS)
con gap phai 1a: Tha nhat, viéc nhan ban ngau nhién lam ting
kha nang qua khit cia m6 hinh phén Iép voi b dir ligu huan
luyén va lam tang thoi gian hoc néu bo dir ligu huan luyén ban
dau da c6 kich thude I6n. Thi hai, trong nhiéu truong hop co
thé xay ra tinh trang cé nhirng phan tir dwoc chon nhiéu lan dé
tao ban sao, cling c¢6 nhitng phan tir khong dwoc nhan ban lan
nao. Néu nhing phan tir khong duoc lya chon dé nhan ban lai
1a nhitng phan tir c6 ich cho viéc xay dung md hinh phan lsp
thi hi¢u qua thuat toan ciing c6 thé bi giam di. Dac bi¢t, trong
mot s6 nghién ciru chi ra rang céc phan tir nam trén dudng bién
gitta hai nhan 16p di liéu dong vai trd quan trong trong qué
trinh phan 16p dir liéu.

Chinh vi vay, chung t6i d& xuat thuat toan maoi Random
Border-Over-Sampling (RBOS) véi muc tiéu sinh thém céc
phan tr nhan tao trén duong bién nham khéc phuc nhitng han
ché cua thuat toan ROS hd tro nang cao hiéu qua phan 16p di
liéu mat can bang.

B. Thudt toan mdgi Random Border-Over-Sampling

Trong bai todn phan Iop di ligu mat can béng, nhiéu nghién
clru da chi ra rang cac thuat toan phan I6p va cac thuat toan ticn
Xt Iy di liéu co gang dé xac dinh duoc duong phan chia ranh
giGi gitra hai 1op cang chinh xac cang tét. Puong phan chia
ranh gioi d6 duoc goi 1a duong bién cua hai I6p. Phan tu bién
(nam trén hozc gan duong bién) s& nam gan V6i cac phan tir
I6p khac nhiéu hon so véi nhung phan tir nam xa bién. Vi thé,
nhitng phan tir nay thuong c6 kha ndng bi gan nhan hay bi
phéan Io‘p sai cao hon so véi nhitng phan ttr xa bién. Do do,
ching c6 vai trd quan trong trong viéc quyét dinh hiéu qua
phén 16p.

Trong bai bao khoa hoc [18], [19], nhém tac gia Hui Han,
Wen-Yuan Wang, and Bing-Huan Mao ciing da khang dinh vai
tro quan trong cta cac phan tir bién thugc 16p thleu s6 trong
viéc phan I16p. Bé xac dinh mét phan tir 16p thiéu s c6 phai la
phan tir ndm trén bién hay khong, thuat toan xéac dinh dya vao
so lang gleng thugc l1op da s6 m trong tong s6 k lang gleng gan
nhat. Néu k/2<m<k thi phan tir 16p thiéu sé d6 1a phan tir bién
va nguoc lai [18], [19]. Bén canh d6, phuong phiap ROS
nguyen ban tac dong binh dang trén tat ca phan tir 16p thiéu so,
ma khong quan tam nhiéu dén nhiing phan tir trén duong bién
nén khién cho viéc xac dinh nhitng phan tir nay gap kho khan.
Chinh vi vay, ching t6i dé xuat thuat toan méi RBOS, duoc
mo ta nhu sau:

Thuat toan:

Input: Bo dir ligu huan luyén T, trong do, tap cac phan tir
I6p thiéu so D; n%: ti I¢ phan traim sb phan tir trén bién sinh
thém; k: sd Iang giéng gan nhat d6i véi mot phan tir 16p thiéu
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sb6; m: sb phan tir 16p da sé trong k lang giéng gan nhét bén
trén.

_Output: Bo dit liéu huan luyén T va tap cac phan tir sinh
ngau nhién trén duong bién D’

D'=0

vp € D: tinh k lang giéng gan nhat cua p trong T

Tinh sé lang giéng thudc 16p da s6 trong sb k lang giéng
bén trén goi la m

Néu (k/2 <m < k) thi p la phan tir bién cua 16p thiéu so.

Thuc hién sinh thém céc phan tir trén duong bién theo ti 16
n% € [100,200,..500].

return D'

Thuat toan RBOS khac so véi ROS c’yrviéc nhan ban c¢é muc
tiéu la nhung phan tir bién 16p thiéu s6. Cach xac dinh mot
phan tir ¢6 la phan tir bién cua I6p thiéu s6 hay khong duoc
minh hoa bang hinh v& tryc quan sau:
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o © ©
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Hinh 1. Céch xéc dinh mét phén ti bién I6p thiéu sé

Trong hinh 1, xét hai phan twr 16p thiéu sé duogc danh s6 1
va 2, chon ra sau lang gleng gan nhat cta chung. Ta thay, abi
Vi phan tr s6 1, trong sau Iang gleng gan nhét cua né co t6i
bén phan tir thuoc I6p da s6 va hai phan tir thudc 16p thiéu s6,
khi do, théa mén dlqu klg:n (k2 <m < k), vay Qhan tol Ia‘phan
tr bién cua lop thiéu so va duoc lua chon dé tao ra phan ti
nhan tao. Tuy nhién, d6i véi phan te sb 2, trong sau lang gieng
cta no chi c6 mot phan tir 16p da s, con lai nam phan tu lop
thiéu sb. Vi vay, phan tir 2 khéng 1a phan tir bién va khong
duoc lya chon dé tao ra phan tir nhan tao.

lIl. THY'C NGHIEM
A. Dirliéu

Dé danh gia hiéu qua thuat toan cua thuat toan dé xuat,
Random Border-Over-Sampling, ching toi tién hanh thuc
nghi¢m trén sau tap dir lidu chuan quéc té UCI [20]. Bang | 1a
thong tin vé mot s6 bo dir liéu ma bai béo nghlen cau khoa hoc

su dung trong qua trinh thuc nghi¢m, day déu la cac b¢ dir li¢u
c6 su mat can bang gitra cac 16p.

Bang I. D liéu chudn qudc té tir UCI
Dit liéu So So e
¢ phan tir thudc tinh mat cin bang
breast-p 198 32 1:4
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blood 748 4 1:3
pima 768 8 1:2
haberman 306 3 1:3
glass 214 9 1:6
c0il2000 5822 86 1:16

Dir liéu duoc gan nhan nhi phan gom hai 16p, Iop 16p da s6
duoc gén nhan la Negative va thiéu sé duoc gan nhan la
Positive. Trong d6, b dit ligu coil2000 co ti I¢ mat can bang
I6n nhét 14 1:16; bo dir ligu glass co ti I¢ mat can bang 1a 1:6;
bo dir liéu breast- P co ti 1¢ mat can bang la 1:4; bo dix liéu
blood, haberman cting c6 ti 16 mat can bang la 1:3; va bo di
liéu pima ¢ ti 1& mat can bang la 1:2.

B. Cadc tiéu chi danh gia

De danh gia mot thuat toan phan 16p c6 hi¢u qua hay khong

déu can c6 nhimg tiéu chi danh gia can thiét. Cac tiéu chi danh

gi4 phan 16p duoc xay dung trén co so ma tran nham lan nhu
minh hoa & bang Il nhu sau [21], [22].

Bang Il. Ma tréan nhdm lan

Nhé&n du doan
Nhan thuc té Positive Negative
Positive True Positive False Positive
(TP) (FP)
Negative False(l;ﬁ?atlve True Negative (TN)

Bang 11 mé ta sy phan bb nham Ian gita hai l6p: Positive 1a
nhan 16p cua cac phan tir 16p thiéu s6, Negative la nhan I6p cua
cac phan tir I16p da s6. TP 14 s6 phan tir ¢6 nhan 16p thuc té la
Positive va ciing duoc du doan 1a Positive; FP la s6 phan tir co
nhan 16p thyc te 1a Negative nhung duoc du doan la Positive;
TN 1 s6 phan tir ¢6 nhan I16p thuc té 1a Negatlve va cling dugc
du doan 1a Negative; FN 1a s6 phan tir ¢c6 nhan Iép thuc té 1a
Positive nhung dugc du doan 1a Negative.

Dua vao bang Il, ching ta xac dinh dwoc mot sb tiéu chi
danh gia sau [21].

| ~ TP + TN
CoUracy = rp Y FP+ TN + FN
TP
TPrate = 7p 7N
TN
TNrate = 75 Fp

G —mean = \/TPrgte * TNygte

Déi Vi dir ligu can bang, tuc s6 lugng phan tir Positive va
Negative 1a gin nhu twong dwong nhau, ngum ta thuong can cu
vao Accuracy (d¢ do chinh xac) dé danh gia hiéu qua phéan lop.
Tuy nhién, trong dir liéu mit can bang, viéc danh gia hiéu qua
phan I6p dua vao do chinh xac khong con dang tin cdy béi vi
s6 luong Negative 16n, sb phan tu Negatlve dugc du doan dung
cao tirc TN cao, Positive rat nho nén nhiéu phan tir bi dy doan
sai tirc TP nho. Khi d6, mac di TP rt nho nhung d6 chinh xac
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(Accuracy) cua mo_hinh phan lop van rét cao. Trong khi do,
thuc té van c6 nhiéu Positive bi du doan sai. Vi vay, do do
Accuracy khdng con tin cay trong viéc danh gia hiéu qua phéan
I6p cua céc tap dit liéu mat can bang.

Trong nhiéu bai béo khoa hoc cung linh vuc [9], [18],
[23]-[25], cing nhu trong bai bao nay, chung t6i danh gia hi¢u
qua thuat toan cin cir Vo gia tri G-mean. Trong d6, G-mean la
d6 do phan &nh sy can bang giita hiéu qua du doan cac phan tir
& ca hai 16p, dua trén d6 do TPrate va TNrate.

C. Két qua thuc nghiém va danh gia

Thuat todn ROS va thuat toan dé xuat RBOS déu 13 hai
thuat toan tién xtr ly dir li¢u duoc xay dung trén ngdn ngir R va
Perl [26]. Trong R, ching t6i st dung package kernlab — dé
danh gia hiéu qua phan I6p cua hai phuong phap vai thuat todn
phan 16p chuan SVM.

Pau tién, ching t6i chia ngau nhién bo dit ligu ban dau
bang phuong phap klem tra chéo (cross- valldatlon) ra lam 10-
fold c6 kich thuéc Xap xi nhau. Viéc danh gia thyc hién 10 lan,
mdi lan Iay mot fold 1am tap kiém tra, 9 folds con lai st dung
lam tap huin luyén. Vi mai 1an lap, tir bo dit liéu huan luyén
ban dau, ta thuc hién ap dung mot trong hai thuat toan ROS, va
RBOS duoc b dit liu huan luyén méi. Ap dung thuat toan
phan 16p SVM bo dit liéu huan luyén moi nay dé thu duoc md
hinh phén 16p. Sau d6, mé hinh dwgc dua vao danh gia véi tap
dir liéu kiém tra. Tir do, qua 10 lan lap, hiéu qua phan I6p
duoc xac dinh 1a trung binh céng cua 10 gié tri d6 do tinh dugc
& mdi lan.

~ Ca hai thuat toan c¢6 tham s6 n% la sé 1an céc phan tir lop
thicu s6 & vung bién duoc chon d€ nhan ban. D¢ tim dugc ket
qua tot nhat ching t6i cho chay n% tir 100% dén 500%. Tuong
ty, véi thuat toan méi RBOS, chiing toi xét s6 lang giéng gan
nhat k tir 3 dén 8 va lua chon két qua tot nhat.

Dé két qua duoc chinh xéc va khach quan, ching toi thyc
hién 20 lan 10-fold, ket qua G-mean la gia tri trung binh cta 20
1an thyc hién. Dé kiém tra xem G-mean cia phuong phép nao
that sy cao hon va c6 y nghla thong ke, chung toi tién hanh
kiém dinh t-test. Klem dinh nay str dung 20 lan chay cua G-
mean cao nhat trong mdi phuong phép. Ket qua cua t-test la tri
sb xac suit p-value (probability value). Néu p-value caa kiém
dinh nay nho hon hoac bang 0.05 thi hai gi4 tri trung binh khac
biét c6 y nghia th6ng ké. Truong hop nguoc lai, p-value 16n
hon 0.05 thi hai gia tri trung binh khac biét khong co y nghia
thong ké [27]. Kiém dinh nay sir dung ham t.test trong goi stats
ctia R dé tinh gié tri p-value.

Sau day la két qua G-mean thu dwoc cua sau bo dit liéu
khi thuc hi¢n ba phuong phdp phén 16p: phan Iop bang thuat
toan phan lsp chuan SVM trén b¢ dir ligu goc (Original), phan
l6p SVM ket hop diéu chinh mau bang thuat toan ROS, va
phan 16p SVM két hop diéu chinh miu bang thuat toan RBOS.

C6 thé thiy, cac két qua thyc nghlem trén sau bo dir liéu da
chi ra thuat toan dé xuit, RBOS, nang cao hiéu qua phan 16p
G-mean cao hon so v6i phuong phap ROS va SVM trén dir
ligu nguyen gdc. Cu thé, trong d6 bo dir liéu breast-p dat hiéu
qua noi bat khi G-mean dat 66.71%, tang 32.98% so vai thuat
toan SVM, va tang 2.09% so vai thuat toan ROS. Bo dir liéu
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blood, khi &p dung thuat todn méi RBOS thi gia tri G-mean thu
dugc 1a 68.04% cao hon so voi phuong phép str dung thuat
toan ROS c0 gia tri G-mean la 67.03%, va phuong phéap chi
chay b dir liéu gc c6 gia tri G-mean 13 53.55%. Va dic biét &
b6 dir liéu coil2000, phuong phap ROS da nang cao hiéu qua
phéan I6p so véi phwong phap chi chay dir liéu goc c6 gla tri G-
mean ting tir 0% lén 4.12%, thi phuong phip méi dé xuat
RBOS néng cao hiéu qua vuot bac khi dat 12.66%.
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breast-p blood pima harberman glass coil2000

m Original 3373 53.55 69.16 41.81 85.09 o
ROS 54.62 67.03 74.02 61.38 85.11 412
B RBOS B86.71 68.04 74.85 B3.28 85.31 12.66

Hinh 2. Biéu db so sénh két qué G-mean

Két qua kiém dinh t.test kiém tra gia trj trung binh G-mean thu
dugc khi ap dung thuat todn RBOS so véi thuét toan chuan va
ROS cua bo dir ligu breast-p, blood, pima, haberman va
¢0il2000 cho gié tri p-value nho hon 0.05. Diéu nay ciing chi ra
hi¢u qud cua thuat todn RBOS co y nghla thong ké so vai cac
thuat toan chi chay bo dir ligu gdc va phuong phap ROS (chi
tiét Bang 111).

i DPé lam 13 hon vi sao chi ¢6 bo dir ligu Glass khong dat
kiém dinh t.test, ching tdi tién hanh thong k& s6 luong phan tu
bién cuia 16p thiéu sb (chi tiét bang 1V). Dya trén két qua bang
IV, chiing ta c6 thé d& dang nhan thay trong sau bo dir liéu, cac
bo dir licu breastp blood, haberman, va coil2000 co ti I¢
positive bién trén tong s6 positive lan luot 12 91.30%, 77.40%,
76.25%, va 97.70%. Rleng bo glass c6 ti 1€ positive bién trén
tong So positive tuong doi nho, chi Chlem 17.9%, tac trong
t6ng 50, positive trén toan tap dir liéu, sb positive bién 1a rat
nho. Doi chieu voi cac ket qua danh gid hi¢u nang (G-mean)
clia cac phuong phap & hinh 2, ching ta c6 the nhan thay thuat
toan dé xuat RBOS cho hi¢u qua phan I6p t6t dbi v6i cac bo dir
lisu c6 sb positive bién Ién, cu thé nhu breast-p, blood,
haberman, va coil2000.

Bang Ill. Théng ké kiém dinh t-test

Dir lieu | Thuét toan ROS | RBOS
breast-p Original <2.2e-16 | <2.2e-16
ROS 0.00222
blood Original <2.2e-16 | <2.2e-16
ROS 0.001453
. Original <2.2e-16 | <2.2e-16

pima

ROS 0.0005313
haberman Original <2.2e-16 | <2.2e-16
ROS 0.04733
glass Original 0.4572 0.08127
ROS 0.1806
. Original 1.18e-12 6.21e-15
coil2000 ROS 3.42¢-05
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Béng IV. Théng ké sé luong phén t bién cia 16p da sé
va I6p thiéu s6
S6 negative | Sé positive s6 Tile
Dir liéu positive o
(@) (b) bién (c) c/b (%)
breast-p 151 47 42 91.30
blood 570 178 137 77.40
pima 500 268 158 59.17
haberman 225 81 61 76.25
glass 185 29 5 17.85
coil2000 5474 348 340 97.70
IV. KET LUAN

Trong bai bao nay, chiing toi da trinh bay tong quan vé bai
toan phan 16p dir liu mat can bang 1a bai toan kho va nhiéu
thach thirc nhung c6 ¥ nghia 16n trong nghién ciru va thuc té,
tir 6, chiing t6i ciing dé xudt thudt toan méi dua trén duong
bién nhdm nang cao hiéu qua phéan 16p dir liéu. Cac két qua
thuc nghiém danh gia trén sau bo dir liéu mit can bang chuin
UCI (breast-p, blood, pima, haberman, glass, va coil2000) da
chi ra rang thuat toan dé xuat Random Border-Over-Sampling
cho hiéu qua phén 16p tét hon thuat toan phéan 16p chudn va
thuat toan Random Over-Sampling. Diéu nay khang dinh tam
quan trong cia cic phan tr bién trong tap dit liéu co anh
hudng t&i qua trinh phan 16p.

Tuy nhién, dic thu trong mdi bo dir liéu s& c6 phan bo dir
liéu khac nhau, c6 dit liéu thi sb luong phan tir trén dudng
bién nhidu va nguoc lai. Qua thdng ké so lwong phan tir bién
va thuc nghiém danh gia ciing chi ra rang thudt toan cai t1en
Random Border-Over-Sampling cho hiéu qua phan 16p tét &
16p dit liéu c6 sb luong phan tir 16p thiéu sb trén bién 16n.

Hién nay, chua c6 mot phuong phap nao tdi uu hon han cho
tat ca cac bo dir lidu thuc té va trong nganh khai pha dir liéu
thi déu chap nhan diéu nay. Trén co sé nghién ctru va cac két
qua dat dugc, ching t6i nhan théy ¢6 nhiéu van d& can duge
tiép tuc nghién ctru. Trong twong lai, ching toi s& tiép tuc
nghién ciu cai thién thuat toan Random Border-Over-
Samphng bang cach két hop voi cac phuong phap khac nhu
giam so lugng phan tu bién thude 16p thleu s0 hay loai bo cac
phan tt nhidu dé thuat toan dat hiéu qua tdt hon.
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RANDOM BORDER-OVERSAMPLING: A
NOVEL METHOD IN IMBALANCED DATA SETS
LEARNING

Abstract: Classification of imbalance data is an important
problem that arises in most areas, especially in biomedical
diagnoses. Currently, there are many researches try to solve
this problem, in which, preprocessing method such as Random
Over-Sampling (ROS) is a popular method and gives high
performance. However, in some cases, ROS does not achieve
the expected results or reduces the efficiency of the
classification. Thus, this paper focuses on the improvement of
the ROS algorithm, and thereby proposing a new Random
Border-Over-Sampling (RBOS) algorithm by selecting
significant minority samples on the borderline. Experimental
results on six imbalanced data sets from UCI international data
source (breast-p, blood, pima, haberman, glass, and c0il2000)
have shown that our proposed algorithm is effective and better
than the previous method.
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