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Tém tat: Nghién ctru bai toan phan 16p trong thuc té nhu chuan doan y hoc,
phat hién sy ¢d tran dau, phat hién gian 1an kinh té tai chinh. .. ngay cang dugc
nhiéu nha khoa hoc quan tdm vi tim anh huong I6n cua nhing linh vuc nay t6i
con nguoi. Tuy nhién, nhiéu nghién ciru da chi ra hi¢u qua phan 16p cua cac
bai toan nay chua cao do c6 su chénh 1éch vé sb lugng phan tu gitra cac 16p dix
liéu. Mot yéu cau dit ra 14 cAn c6 nhimg hudng tiép can moi ddi véi truong
hop dir liéu mat cén bang dé ting tinh hiéu qua phén 16p chinh x4c cua thuat
toan phan 16p. Bai bao cua chung t6i d& xuét ba thuat todn méi dua trén mirc
an toan nhim nang cao hiéu qua phan 16p di lidu. Hai thuat toan, Random
Safe Oversampling (RSO) va Random Safe Undersampling (RSU) cai tién
tryc tiép tir Random Oversamling va Random Undersampling. Thuat toan thir
ba, Random Safe Over-Undersampling (RSOU) 1a sy két hop cua RSO va
RSU nham ddng thoi vira ting thém cac phan tir & 16p thiéu sé vira loai bo cac
phan tir & 16p da s6 ¢ cac viing an toan.

Tir khéa: Dt liéu mat can bang; Phan 16p dir liéu; Safe level; Random
Oversampling; Random Undersampling; Random Safe Oversampling;
Random Safe Undersampling

1.MO bAU

Ngay nay, mot s6 luong 16n caa dir liéu dugc thu thap va luu trir trong cac co so dit liu
& khap moi noi trén thé giéi. Khong kho dé tim duge cac co so dir liu 1én toi Terabytes
trong cac doanh nghiép va cac trung tim nghién ctiu [1], [2]. R4t nhiéu thong tin va kién
thirc vo gia tiém an trong cac co so dir liéu nhu vay, ma chua cé phuong phép tu dong
hiéu qua dé phan tach thong tin [3]. Trong sudt nhiéu nam, nhiéu thuat todn duoc tao ra
dé phan tach nhing gi duoC goi 1a “quéng vang” cua tri thirc tir cac tap dir lieu lon. bac
biét, trong d6 van dé phan 16p mat can bang ngay cang phd bién trong mot sé luong Ién
cac linh vuce c6 tam quan trong d6i véi cong dong khai pha dir ligu. Day 1a mot trong 10
van dé khé dang dugc cong dong hoc mdy va khai pha dit liéu quan tam. Mot s6 phuong
phap khac nhau dé tiép can van dé nay nhu phan 16p dir liéu; két hop quy tic; phan cum
dir liéu... [4], [5] Trong do giai thuat Random Oversampling la mét trong nhiing
phuong phap noi tleng va tong quat dé giai quyét vin dé mat can bang. Bai bao nay s&
phéan tich chi tiét vé phuong phap nghién ctu moi — thuat toan sinh thém phan tir dya
vao cap dd an toan trong dir li¢u mat can bang. Thuit toan méi sinh ra dua trén sy phat
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trién tir thuat toan Random Oversampling. Giai thuat moi duoc dwa ra nham lam ting
hi¢u qua phan 16p so véi thuat toan Random Oversampling.

Phén 16p 1a mot nhiém vu quan trong ciia md hinh kiéu mau. Mot loat cac thuat toan
hoc may chang han nhu Cay quyet dinh (Decision tree); Mang ludi than kinh lan truyén
nguoc; Mang Bayes; k-lang giéng gan nhit; May vector hd trg (Support Vector
Machine)... da duoc phat trién tét va ap dung thanh cong trén nhiéu linh vuc [6]. Tuy
nhién, sy mét can bang cua mot tap dir liéu da giap phai khé khin twong ddi nghiém
trong cho hau hét cac thuat toan hoc phan 16p. Kho khin quan trong cia van dé phan
|6p mét can bang va sy Xuat hién thuong xuyén cta no trong cac ung dung thuc té cua
hoc méy va khai thac dir liéu da thu hit duoc sy quan tAm nghién ctru. Mot s6 vi du
minh hoa cho van d& khai pha dit liéu mat can bang nhu phat hién gian 1an thé tin dung;
chuan doan y hoc, phat hién sy xam nhap mang, phat hién su cd tran dau tir cac hinh
anh radar trén bé mit trai dat cong nghiép vien thong. .. [6]. Nhiéu nghién ctru da chi ra
rang, véi cac tap di liéu mat can bang nhu vay sé lam cho mé hinh hoc phan 16p gap
nhiéu kho khin trong dy bao dir lidu caa 16p thiéu s6. Chinh vi vay, can phai co nhiing
hudng tiép can méi ddi véi viée khai pha dir liéu dang nay.

MGt tap dir liéu dugc coi 1a mat can bang néu mot trong cac 16p c¢6 sb lugng cac phan tir
qua nho dé so sanh véi cac 16p khac. Trong bai bao ndy, ching toi chi dé cap t6i truong
hop phan 16p nhi phén, nghia 1a dit liéu chi c6 hai nhan 16p, mot 16p ¢6 sé lwong phan tir
nhé hon duoc goi 1a 16p thiéu so, va 16p c6 sé phan tir 1on hon duoc goi 13 10p da sb. Vi
dy, tap dir licu Mammography chua 10.923 mau duoc gan nhan “negative” (Khong ung
thu) va 260 mau duoc gan nhan “positive” (Ung thu). Nhiéu nghién ctiu da chi ra rang,
vei dir ligu Mammography, cac phan tir 16p da sb duge phan 16p voi d6 chinh xac gan
100% nhung lop thiéu s6 c6 d6 chinh xdc chi 0-10%. Gia s, mot phén 16p dat d6 chinh
xéc 12 10% ddi voi 16p thiéu sb, nghia 13 s& c6 234 mau I6p thiéu sé bi phan loai sai thanh
16p da s6. Dicu d6 s& dan dén 234 mau bi ung thu nhung duoc chuan doan nham 1a khong
bi ung thu [7]. Nhu vay, viéc phan 16p nham s& giy hau qua nghiém trong. Tir d6 cho
thdy vai tro cua Viéc giai quyét bai toan mat can dit liéu va day ciing 1 van dé quan trong
duoc nhiéu nha nghién ctru trong linh vuc hoc may, khai pha dit liéu quan tam.

2. NOI DUNG NGHIEN CUU

Cac phuong phap dé giai quyét van dé mat can bang 1op co the dugc chia thanh 2 loai:

Phuong phap tlep can trén mirc d6 du liéu va phuong phap tlep can dua trén muc do
thuat todn. O cép do dir lieu, muc dich 1a dé can bang su phan bo cac 16p, boi viéc diéu
chinh mau ving dit liéu. O cap do thuat toan, cac giai phap ¢o gang thich tng su ton tai
cac thuat toan phan 16p dé ting cudng viéc hoc ¢ 16p thiéu sb. Cac thuét toan hoc dua
trén chi phi (Cost-sensitive learning) két hop tiép can chat ché ca cap do thuat toan va
dix ligu. Mot vai thuat toan boosting cling dugc bao cao nhu nhirng ky thuat meta cé thé
g dung t6i hau hét cac thuat toan hoc phan 16p. Y tuéng chung ciia mot phuong phap
boosting 1a gidi thiéu cac loai chi phi tdi dataframe cuaa viéc hoc to1 AdaBoost.
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Phuong phép tiép can trén mae d¢ dir ligu v6i muc dich can bang sw phan bd cac 16p,
bang viéc diéu chinh mau ving dir liéu. Thuat toan tiéu biéu cua phuong phap nay la
Random Oversampling - tang ngau nhién phan tr o lop thiéu s va Random
Undersampling - giam ngau nhién phan tir & 16p da sb. Ngoai ra, co thé két hop ca hai
phuong phap trén dé dat dugc hiéu qua phan 16p mong muén. Random Oversampling
(RO) la mot phuong phép diéu chinh tang kich thuac mau. Thuat toan nay s& lya chon
ngau nhién céc phan tir trong 16p thiéu s6 va nhan ban ching, 1am cho bd dit liéu giam
bot su mat can bang. Nguoc lai, phuong phap Random Undersampling (RU) s& loai bo
cac phan tir & 16p da s6 mot cach ngdu nhién dén khi ty Ié gitra cac phan tir thiéu sé va
da s6 dat mot mire d6 nhat dinh. Do d6 s6 luong cac phén tur cua tap huin luyén s€ giam
dang ké. Hai phuwong phép trén di duoc thuc nghiém ching minh 13 twong ddi tét,
nhung trong mot s6 truong hop lai dat két qua chua mong mudn. Vi vdy ching toi da
nghién ctru cach thire tang (giam) phan tur cua lop mat can bﬁng dua trén mot mae do

“an toan”. Tu do, dé xuat mot phuong phap mai vira tang s6 lugng cac phan tir an toan
& 16p thiéu sd, vira giam céc phan tir an toan & muc da sb.

2.1. Random Safe Oversampling (RSO)
2.1.1. Y twong

Phat trién tir thuat toan RO cung v6i khai niém ving an toan [8], ching toi dé xuat thuat
toan RSO 1a phuong phap sinh thém phan tr an toan ¢ 16p thiéu s6 mot cach ngiu
nhién. Néu thuat toan RO luya chon ngau nhién cac phan tir trong phan 16p thiéu sé dé
nhan ban, thi thuat toan méi s€ tap trung lya chon nhing phan tir “an toan” trong phan
l6p thleu sb de nhan ban. Thuit toan tinh toan cap d6 an toan cua mdi d6i tuong dua
trén sb lang giéng gan nhit cua cac dbi tuong thiéu s trugc khi sinh thém cac phan tor
méi. Bang cach sinh thém nhiéu hon cac phan tir nhan tao 16p thiéu s xung quanh cap
d6 an toan 16n hon, cac két qua thyc nghiém da chi ra phuong phép méi RSO dat hiéu
suit chinh x4c hon so vdi trudc va so véi thuat toan RO géc.

Trong gidi thuat RSO, Cap d¢ an toan safe level positive (slp) dugc dinh nghia nhu trong
cong thurc s6 (1) [8]. Néu cép do an toan safe level positive cua mot dbi tuong gan toi 0,
d6i tugng d6 gan vai phan tar nhidu, nguoc lai néu né gan t6i k, ddi tugng d6 nam trong
vung an toan. Mitc d6 an toan cia mot phan tir positive duoc dinh nghia trong cong thirc
s6 (2). N6 thudng dugc chon Vi tri an toan t&i cac phan tir sinh nhan tao.

safe level positive (slp) = sé ldng giéng la 1d6p thiéu sb trong
k ldng giéng gdn nhat (1)

safe level area (slp area) = slp cua déi tuong thudc 1dp thiéu
sé / k ldng giéng gdn nhdt ctia phdn t dang xét (2)
Gia sir p 1a mot phan tir di liéu 16p thiéu sb dang xét, thi slp_area 1a mirc d6 an toan ctia
phan tir d6. D6i tuong 16p thiéu sé c6 duoc nhan ban hay khong s& phu thudc vao ti 18
slp_area. Néu slp_area>0.5, nghia la xung quanh phan tir thiéu s6 dang xét co nhiéu
phan tir cung nhin véi nd, thi phan tur thiéu so dang xét duoc coi la an toan. Nguoc lai,
néu slp_area<0.5, nghia 12 xung quanh phan tir thiéu s6 dang xét khong cé nhiéu phan
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ttr ciing nhan véi né, hodc c6 nhiéu phan tir nhiéu, lic nay ta s& loai phan tir dang xét d6
ma khong nhan ban ching 1én.

2.1.2. Thudt toan RSO
Input: Bo dix liéu huan luyén T trong do6 c6 tip cac phan tir 16p thiéu sé D.
N%: S % positive duoc nhan ban bai thuat toan RSO.
k: SO lang giéng gan nhat caa phan tir positive.
Output: Bo dit liéu huan luyén méi T’ gdm tap cac phan tir nhan ban méi sinh thém D",
Cac budc thuc hién cua thuat toan nhu sau:
D'=90
Vp€D: Tinh k ldng giéng gdn nhédt cua p trong T

slp = sb luong cdc positive trong k ldng giéng gdn nhit cua p
trong D

slp area = slp/k
if (0.5 < slp area < 1)

Nhdn ban N$% phdn tu p an toan dang xét;
return D'

2.2. Random Safe Undersampling (RSU)
2.2.1. Y twéng

Két hop y tuong tir thuat toan RU va khdi niém ving an toan, thuat toan RSU s& ngau
nhién loai bo cac phan tir an toan ¢ 16p da sd. Tuong ty thuat toan RSO, voi thuat toan
RSU chiing t6i ciing dinh nghia cap do an toan safe level negative (sln) & cong thirc (3) va
mtic d6 an toan cua mot phan tir negative duge dinh nghia trong cong thic (4) nhu sau:

safe level negative (sln) = sé ldng giéng la 16p da sé trong k
ldng giéng gdn nh4t (3)

safe level area (sln _area) sln cua dbi tuong thubdc 16p da sé /
k ldng giéng gdn nhdt ctia phdn tir dang xét (4)

Néu ty 1& sIn_area cua mot ddi twong n dang xét nam trong khoang tir 0.5 = 7,
tirc 1a nam trong vung an toan, thi ta s€ loai bo phan tir negative nay ra khoi bo dir liéu.

2.2.2. Thudt toan RSU

Input: Bo dir liéu huan luyén T trong d6 co tap cac phan tir [op da sé C.
M%: Sb % negative bj loai bo boi thuat toan RSU.
k: SO lang giéng gan nhat cua phan tir negative.
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Output: Bo dit liéu huan luyén T’ da loai bo tap cac phan tir negative an toan C’.
Cac budc thuc hién thuat toan:

C'=0

Vn€C: Tinh k ldng giéng gadn nhdt cuta n

sln = sb luong negative trong k ldng giéng gdn nhdt ctia n trong
C

slp area = sln/k
if (0.5 < sln area < 1)

Loai bd M$% phdn tir n an toan dang xét;
return C’

2.3. Random Safe Over and Undersampling (RSOU)

Két hop hai thuat toan RSO va RSU ¢ trén, ching toi dé xuat thuat toan mdi
RSOU s¢ dya trén cap do an toan va muirc do an toan cua cac doi tugng dé vira sinh thém
cac phan tur an toan cua lop thiéu so, vira loai bo cac phan tir an toan cua lop da so.

Thuéat toan cu thé nhu sau:
Input: Bo dir liéu huan luyén T trong d6
Tap cac phan tir 16p thiéu sé D, va tap cac phan ti lop da sé C.
N%: Sb % positive dugc nhan ban boi thuat toan RSO.
M%: S6 % negative bi loai bo boi thuat toan RSU
k: SO lang giéng gan nhat caa phan tir positive.
Output: B6 dit liéu huan luyén méi T° gdm tap cac phan tir nhan ban méi sinh thém D,
D'=@¢;C'=0
If (class = “Positive”)
Thuc hién thudt todn RSO
If (class = “Negative”)
Thuc hién thudt todn RSU
Return D'UC’
2.4. Thuc nghiém
2.4.1. Cac tiéu chi danh gia

Phan 16p duoc dénh gia boi ma tran nham Ian nhu minh hoa trong Bang 1. Cac dong
cua bang la nhan 16p thuc té cua mot dbi tugng, va cac cot cia bang 1a nhan 16p dy doan
ctia mot ddi twong. Nhu vay, nhin 16p cia phan 16p thiéu sé goi 1a postive va nhén 16p
ctia phan 16p da s6 goi 1a negative. TP 1a s6 phan tir c¢o nhin 16p thuc té 1a positive va
cling duge mé hinh phan 16p du doan 1 positive. FP 1a s6 phan tir ¢6 nhan 16p thuc té 1a
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negative nhung duoc mod hinh phan 16p du doan 1a positive. FN 1a sé phan tir c6 nhén
16p thyc te la positive nhung duge mo hinh phan 16p du doan la negative. TN 1a s6 phan
tur c6 nhan 16p thuc té 1a negative va ciing duwgc mod hinh phan 16p du doan 1a negative.

Bang 1. Ma trgn nham ldn

Positive du doan

Negative du doan

Positive thuc té

TP

FN

Negative thuc té

FP

TN

Mot s6 d6 do dugc dinh nghia dva trén ma tran nham 1an Error! Reference source not
found.:

TP+TN

Accuracy = TP TFPTTNIEN (5)
TPrate = —— (6)
TNrare = s Y
G —mean = \/TPrqre * TNygre (8)

Trong d6, G-mean 1a 6 do biéu dién hiéu qua phan 16p cua ca hai 16p thiéu sé va 16p da
s6 [9]. G-mean duoc xac dinh dya vao hai gia tri TPrate v TNrate. Trong phan thuc
nghiém, ching toi s& sir dung d6 do G-mean dé danh gia hiéu qua phan 10p gitra cac
thuat toan.

2.4.2. Dit ligu

Chung t6i tién hanh thuc nghiém trén cac bo dir liéu mat can bang cua tir kho dir ligu
chuan quoc te UCI [10]. Bang 2 la thong tin vé mot s6 bo dir liéu ma bai bao sir dung
trong qua trinh thyc nghiém.

Bang 2. Dir liéu chudn qudc té nguon UCI

Dir liéu Séphintir | S thupc tinh e
mat cin bang
Pima 768 8 1:2
Glass 193 9 1:6
Haberman 306 3 1:3
Blood 748 4 1:4
Breast-w 198 32 1:3

Céc bo dir liéu trong bang trén déu 1a cac bo dit liéu c6 su mat can bang 16p. Dir lidu
duoc gan nhan hai 16p, 16p da sé dugc gan nhan 13 negative va thiéu sé dugc gan nhan
la positive. Trong do, bo dir li¢u Haberman va Breast-w co ti I¢ mat can bﬁng la 1:3; bo
dir liéu Pima va bo dit liéu Blood c6 ti 1& mat can bang lan luot 1a 1:2 va 1:4; bo dit liéu
Glass c6 ti 1&é mét can bang 1 1:6.
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2.4.3. Két qud thuc nghiém va ddnh gid

Chung t6i tién hanh thuc nghiém xay dung trén ngon ngit R va Perl. Trong R sir dung
g6i kernlab — package c6 chic ning phan 16p theo thuat toan SVM. Dé danh gia duoc
hiéu qua phan 16p cua hai thuat toan, ching t6i két hop chung véi thuat toan phan 16p
chuan SVM.

Pau tién chung t6i chia ngdu nhién bo dit liu ban dau bing phwong phap cross-
validation ra lam 10-fold con c6 kich thuéc xap xi nhau. Viéc danh gia thuc hién 10 lan,
mdi lan ldy mot fold 1am tap kiém the, 9 folds con lai sir dung lam tap huan luyén. Véi
mdi 1an lap, tir tap dit liéu huan luyén, chung toi thuc hién ap dung mét trong cac thuat
toan RO, RU, RSO, RSU, va RSOU dé thu dugc tap dit liéu huan luyén mai. Ty 18 sinh
phan tir nhan tao va giam phan tir dwoc tinh lan luot dya theo tham sé N% va M%.
Trong thuc nghiém, ching toi thuc hién vai tham sé N% lan luot 1a 100%, 200%,
300%:; tham s6 M% lan luot 1a 5%, 10%, 15%, 20% va cudi cing lua chon tham sb tot
nhét cho tirng dix liéu.

Sau d6, ap dung thuat toan phan 16p SVM vao bo dir liéu huan luyén méi nay thu duoc
mo hinh phan 16p dé dua vao danh gia tap dir liéu kiém tha. Sau 10 lan lap, hiéu qua
phan 16p duoc xac dinh 1 trung binh cong cua 10 gid tri d6 do tinh dwoc & mdi lan.

Sau khi cai dat, thong ké két qua, chang toi thuc hién dénh gia hiéu qua cia cac thuat
toan trén tirng bo dir liéu nhu Hinh 1.

G-mean

Pima ﬁ : : :

Glass

Haberman *—’—
Blood |_|_|_|_|__

Breast-p ...
20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00

Breast-p Blood Haberman Glass Pima

Original 35.50 30.59 41.33 85.03 69.22
RO 64.98 65.97 60.65 85.04 74.09
ERU 58.26 65.64 58.74 86.18 74.62
RSO 36.27 61.70 51.94 86.80 73.66
H RSU 57.21 63.92 53.05 86.00 73.47
H RSOU 66.08 67.87 62.63 87.10 75.45

Hinh 1. Biéu do so sanh G-mean cua cdc bé dir ligu UCI
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Bo dit liéu Pima véi sé phan tir 1a 768, khi ap dung thuat toan méi RSOU (voi tham s
N% = 100%; M% = 5%) thi gia tri G-mean thu duoc 1a 75.45% cao hon so v&i phuong
phap st dung thuat toan RU co gia tri G-mean la 74.62%; phuong phap st dung thuat
toan RSO ¢6 gia tri G-mean la 73.66%; phuong phap st dung thuat toan RSU c¢6 gia tri
G-mean 1a 73.47% va phuong phap chi thuc hién phan 16p bo dit lidu goc c6 gia tri G-
mean 1a 69.22%.

B6 dir lieu Haberman vai sé phan tir 13 306, khi 4p dung thuat toan méi RSOU (Vi
tham s6 N% = 300%; M% = 10%) thi gi4 tri G-mean thu dugc 1a 62.63% cao hon han
S0 V&1 phuong phap str dung thuat toan RU c6 gia tri G-mean 1a 58.74%; phuong phap
str dung thuat toan RSO c6 gia tri G-mean la 51.94%; phuong phap st dung thuat toan
RSU c6 gi4 tri G-mean 1a 53.05% va phuong phép chi thuc hién phan 16p bé dir liéu goc
c6 gia tri G-mean 1a 41.33%.

Bo dir lidu Breast-p vai s6 phan tir 1a 198, khi ap dung thuat todan méi RSOU (véi tham
s6 N% = 100%; M% = 5%) thi gia trj G-mean thu duoc 1a 66.08% cao hon han so véi
phuong phap str dung thuat toan RU c6 gia tri G-mean 1a 58.26%; phuong phap st dung
thuat toan RSO c¢o gia tri G-mean la 36.27%; phuong phap st dung thuat toan RSU ¢o
gia tri G-mean 13 57.21% va phuong phéap chi thuc hién phan 16p bo dir lidu gdc co gia
tri G-mean 1a 35.50%.

Biéu dd trén so sanh hiéu qua phan 16p cua cac bo dir lieu bang thuat toan Support
Vector Machine (SVM) trudc va sau khi didu chinh dir liéu bai RO, RU, RSO, RSU, va
RSOU. Két qua cho thdy, sau khi diéu chinh bang thuat toan RSOU, hiéu qua phan 16p
co tang lén, dién hinh 1a bo dir liéu Breast-p, Blood, va Haberman tang lén mot cach
dang ké. Thuat toan RSOU sinh thém phan tr moi dua trén k lang giéng gan nhat cuaa
phan tir postive an toan dong thoi xoa phan tir negative an toan trong 16p da sd. Lam
nhu vay, RSOU khong nhitng 1am giam sé phan tir 16p negative, ma con lam ting s6
phan tir positive mot cach khoa hoc, tao nén su can bang dir liéu, va nang cao hiéu qua
phan 16p dir ligu.

3. KET LUAN

Vén dé mit can bang di liéu hién nay dang rét duge quan tam vi ngay cang xuat hién
trong nhiéu ng dung quan trong trong thuc té nhu: y hoc, truyén thong, tai chinh... C6
nhiéu huéng tiép can glal quyet van dé, trong bai bao nay, ching toi da trinh bay tong
quan vé thuat toan méi dé xuat dua trén ving an toan nham nang cao hiéu qua phan 16p
dir liéu. Thong qua viéc nhan ban phan tir trong 16p thiéu sé va giam bt phan tir trong
16p da s6 dwa vao cap do an toan cua dir liéu da tao ra kha nang khai pha nhitng co s¢
dixr lidu c6 kich thudc 16n bang viéc giam mirc do mat can bang dir liéu, dong thoi 1am
tang d6 chinh x4c, nang cao hiéu qua tinh toan cia cac két qua phan 16p di liéu.

Trén co s nghién ctru va cac két qua thuc nghiém dat duoc, ching t6i nhan thay co
nhiéu van dé can duoc tiep tuc nghién ctru. Bong thoi, chiung t6i s€ nghién ctu két hop
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viéc sinh thém phan tu V6i cac phuong phéap khac nhu Boderline-SMOTE; Add-Boder-
SMOTE déng thg‘yi phét t’rién tiép thuat toan RSOU d¢ dat dugc hiéu qua cao hon trong
Viéc giai quyét van dé mat can bang 16p.
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Title: RANDOM-SAFE-OVER-UNDERSAMPLING - THE NOVEL METHOD BASED ON
SAFE REGION TO IMPROVE PERFORMANCE OF IMBALANCED DATA
CLASSIFICATION

Abstract: Researching on classification problem such as medical diagnosis, oil-overflowing
incident discovery, economical and financial trick detection etc, is increasingly concerned by many
scientists nowadays. However, many researchers have shown that the classification performance of
these problems is not very high due to the difference among the number of elements between the
data classes. One requirement is to have new approaches to deal with imbalanced data in order to
increase the accuracy of the classification problems. Our paper proposes three novel methods based
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on the safe level to enhance the effect of classification. Two methods, Random Safe Oversampling
(RSO) and Random Safe Undersampling (RSU) are improved directly from Random Oversamling
and Random Undersampling. The third method, Random Safe Over-Undersampling (RSOU), is a
combination of RSO and RSU that simultaneously adds to the minority elements and removes the
majority of elements in the safe regions.

Keywords: Imbalanced data; Classification; Safe level; Random Oversampling; Random
Undersampling; Random Safe Oversampling; Random Safe Undersampling.



