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TOM TAT: D dodn 15i phan mém gilp dy dodn truot kha ndng co 161 ciia mA nguon, lam giam thoi gian kiém thr, tang
chdt lrong cua san pham Cac ddc trung ma nguon 1a nhiing thong tin quan trong gidp viéc du dodn I6i phan mém chinh xac. Tuy
nhién, nhiéu bg di liéu vé dir béo 15i bi mdt can bang, tic 1& sé lwong diF lidu gisa cac 1op c6 sw chénh léch lon. Trong bai bao nay,
chiing t6i nghién cizu vé mdt can bang dir liéu va sir cdn thiét cia viéc ldy mdu diF liéu dé xi ly diz ligu khong can bang. Ching toi
tién hanh thiz nghiém véi ba ky thugt ldy mau diz lieu d@é xit 1y dii liéu khong can bang, gom: Random Undersampling, Random
Oversampling va SMOTE. Céc ki thudt duwoc ap dung vao ba tdp diF lidu vé du bao 16i ciia NASA trong kho luu triv ciia Promise.
Céc két qua thu dwoc cho thdy tinh hiéu qua cua viéc ap dung cac md hinh hoc may két hop vdi cac ki thudt ldy mdu d@é nang cao
tinh chinh xac ciza md hinh duw dodn [6i phdn mém.

Tar khoa: Fault prediction, Undersampling, Oversampling, SMOTE.

|. PAT VAN PE
Linh vyc phan mém hién dang dugc &p dung ngay cang rong rai va pho bién trong hau nhu tat ca cac linh vuc
cua cugc sdng, ching duoc sir dung dé tu dong hoa va van hanh hau hét cac quy trinh nghiép vu ma chidng ta c6 hién
nay. Thach thac véi cong nghé phan mém hién dai la cac hé théng phan mém ngay cang trg nén phuc tap va tinh vi
hon. Vi vay, viéc dam bao chat lwong phin mém cang khé khian hon. Trong do, xac dinh 13i ciing nhu dy bao I18i phan
mém dong vai trd quan trong.

Dy doan chinh xac 15i trong cac du 4n phan mém nham giam thiéu cac rui ro vé& chat lwong va nang cao kha
nang phat hién cac thanh phan chwong trinh co ton tai I6i hay khong. Do do, cac phuong phéap phan loai 151 dé du doan
kha nang co 16i dya trén cac dic trung tinh vé ma ngudn da tré thanh mot chu dé nhan dugc nhiéu sy quan tdm cua
cong ddng nghién ciru trong nhitng ndm gan day.

Cac md hinh dy doan 16i phan mém dugc xem Ia mot trong nhing giai phap hixu ich va tiét ki¢m chi phi nhét dé
xéc dinh 18i ¢6 thé xay ra. Trong s6 cac md hinh vé du doan 151, phuong phap st dung cac d6 do vé kich thudc va do
phuc tap cua ma ngudn 1a kha phé bién. Cac md hinh nay thuc hién trén cac thanh phan ma ngudn chuong trinh lam co
s& dé xac dinh céc thanh phan nao c6 nguy co xay ra I8i hodc du doan dugc s6 13i trong ting doan ma ngudn.

Tinh chéat khong can bang vé s6 mau dir ligu trong mdi lop da tro thanh sy can tro lon dén higu qua cua cac
phuong phap hoc két hop nhiéu thuat toan. Dé giai quyet van dé nay, nhiéu phuong phap da duge dé xuat dé giai quyét
van dé nay va duoc phéan thanh hai nhom co ban: tiép can & muc giai thuat va tlep can ¢ mac dir ligu. Cac phuong phap
tiép can & muc giai thuat hudng toi viée diéu chinh cac thuat todn phan 16p dé cd hiéu qua cao trén céc tap dit liéu mat
can bang. Nghién ctru nay chi tap trung vao phuong phép tiép can & muc dit liéu nhim nhim téi thay doi sy phan bd
cac d6i tuong bang cach sinh thém céc phan tir cho 16p thiéu sd, hay giam b6t cac phan tir thudc 16p da sé dé 1am giam
su mat can bang gitra cac 16p déi twong.

Trong céc phan tiép theo, ching toi s& trinh bay chi tiét qua trinh thiét 1ap thuc nghiém va danh gi4 hiéu qua cia
viéc cd hay khong nén sir dung ky thuat 1ay mau doi voi mot tap dir liéu trong bai toan du doan 16i phan mém. Phan 2
s& trinh bay tong quan vé dit liéu khdng can bang trong bai toan du doan 15i phan mém; Phan 3 trinh bay chi tiét vé cac
k¥ thuat ldy mau dir liéu duoc thuc hién trong nghién ciru nay; Phan 4 1a mé hinh xir ly dit liéu khéng can bang; Phan 5
trinh bay cu thé viéc thiét 1ap thuc nghiém va két qua thuc nghiém, tir d6 chi ra tinh hiéu qua cua viéc &p dung céac ky
thuat dé nang cao tinh chinh xac cta két qua dyu doan 15i phan mém.

Il. DUPOAN LOI PHAN MEM
2.1. D dodn 161 phan mém
~ Dy doén 16i trong phan mém (SDP — Software Defect Prediction) [1] 1a qu4 trinh x4c dinh céc thanh phan cia
hé thong phan mém c6 thé chira 161 hay khéng. Cac mo6 hinh SDP dugc xay dung béi ba cach tiép can:
- Sir dung céc thudc tinh c6 thé do dwoc cua hé théng phan mém duoc goi la do do ma ngudn;
- Str dung dix liéu loi tir mot du é‘n phan mém twong tu;
- Dua vao céc phién ban phan mém da phat hanh trude do.
~ Sau khi dugc xay dung, md hinh SDP c6 thé duoc &p dung cho cac dy &n phan mém trong tuong lai va do d6 c6
thé xac dinh cac thanh phan dé bi 16i cua hé thong phan meém.
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Viéc phét trién cac mo hinh du doan 15i phan mém dugc xem 14 mot trong nhiing giai phap dwoc uu tién hang
dau. Céc md hinh thuong st dung cac do do vé kich thudc va do phirc tap duoc phan tich tir cac dong méa Iénh trong
chwong trinh dé xir ly. Cac méd hinh du doan nay gia dinh rang 16i dwoc Xay ra do kich thudc va do phic tap cua
chuong trinh gay ra.

Tir cac cong trinh trude day [2], cac nha nghién ciru da chi ra rang ky thuat hoc méy la cach tiép can tét nhat dé
du doan mirc d6 16i. Cac mo hinh dy doan 15i phan mém thudng st dung bo dir liéu 15i cia NASA c6 san tir kho luu
trir ciia Promise va 4p dung phwong phap xac thuc chéo. Theo cach tiép can chéo k, tap dir liéu ban dau dwoc chia ngiu
nhién thanh k tap: D1, D2,..., Dk; cac tap c6 kich thudc xap xi bang nhau. K§ thuat duoc huan luyén va thir nghiém véi
k 1an. Trong mdi lan, mot tap dwoc s dung dé kiém tra va céc tap con lai dugc sir dung dé huan luyén mé hinh. Qua
trinh duoc 13p lai cho dén khi mdi lan k duoc sir dung lam tap kiém tra. D6 chinh xéc tong thé dugc wdc tinh bang cach
lay trung binh céac két qua caa mdi vong lap. M hinh dyu doan phu thudc vao chét lwong cua cac bo dir lidu duogc sir
dung, do d6 viéc chon bo dix liéu dong vai trd quan trong.

2.2. Bg do ma nguon

Do do phan mém dugc xem 1a do do dinh lwong gan cac ky hiéu hoic sé cho cac dic diém cua cac thanh phan
dugc dy doan. Chlng mo ta nhiéu thudc tinh nhu d6 tin cay, o phiic tap va chat lwong ciia cac san pham phan mém.
Nhirng d6 do nay dong mot vai tro quan trong trong viéc xay dung mot bo du bao 16i phan mém hiéu qua.

Do do ma ngudn dugc thu thap truc tiép tir m& nguon cua phan mém. Nhimng do do nay danh gia do phuc tap cua
ma nguon dua trén gia dinh rang céc thanh phan phan mém phuc tap c6 nhiéu kha ning chtra 1i hon. C6 nhiu do do ma
ngudn khac nhau da duogc sir dung dé du doan 16i phan mém. Bé du doan sb 15i, Akiyama sir dung sb dong ma Iénh lam
d6 do duy nhat [3]. Tuy nhién, chi sir dung d6 do ndy quéa don gian dé do d6 phirc tap cta san phim phan mém.

Vi vay, cac o do khac [4] thuong dugc sir dung trong cac md hinh du doan 16i. Cac do do nay duoc goi la cac
thudc tinh ma tinh dugc gidi thiéu bai McCabe [5] va Halstead [6]. Cac thudc tinh Halstead dugc chon lya trén d6
phtc tap caa ma ngudn. Trong khi, cac thugc tinh cia McCabe 1a cac @6 do chu trinh thé thién sy phuc tap caa mot san
pham phan mém. Khéc véi cac thudc tinh Halstead, céc thudc tinh caa McCabe do do phirc tap cua ciu tric ma ngudn.
Chung thu duoc bang cach tinh sé lwong cac thanh phan, céc cung va nat duoc két ndi trong cac biéu db ludng diéu
khién cia ma nguon. Mdi ndt cua biéu do ludng biéu dién mot cau lénh tuan ty chuong trinh, trong khi mot cung biéu
dién lénh r& nhanh.

Céc d6 do ctia McCabe, Halstead va cua Akiyama la nhitng d6 do tiéu biéu cua cac do do huéng phuong thirc.

2.3. Tdp di# ligu khong can bang

Trong bai toan du doan 13i, dir liéu thu dwoc trong cac bo dir liéu phan tich tir cdc ma ngudn chwong trinh
thuong 1a cac tap dir liéu mat can bang. S6 luong mau cé 16i chi chiém thiéu s6 so véi s mau khong 13, diéu nay dan
dén viéc cac md hinh du doan 13i c6 thé tinh toan va phan tich hé théng phan mém sai léch, cd thé gay ra nhing 13i
ngoai y mudn.

Céc thuat toan hoc phan loai tiéu chuan thuong nghiéng vé 16p da sé va do do6 c6 ty I phan loai sai cao hon cho
cac trudng hop cua I6p thiéu sé. Do do, cac thuat todn hoc méy va céc ky thuat ldy mau dir liéu duoc cai tién hodc dugc
nghién ctru mai nham giai quyét van dé nay.

Mic di mot s6 mo hinh da cho thdy c6 hiéu qua trong cac nghién ciu thuc nghiém, cic mo hinh nhu vay dap
{rng tét trong viéc du doan 16p da sé nhung lai kém hon trong du doan 16p thiéu s6 (cac modun bi 13i). Véan dé nay lam
nay sinh yéu cau can phai xay dyng mot tap dit liéu hun luyén c6 tinh can bang gitra cac loai mau.

Tuy nhién, Menzies et al. da chi ra raing cac bo dir liéu khac nhau dan dén d6 chinh xéc du doan khac nhau [8]
va thuong do chinh xac phu thudc vao do do hodc tinh ning khac nhau thay ddi tir b dit liéu ndy sang bo dit liéu khac.
Ngoai ra, trong trudng hop xay ra su ¢b du doan 15i, b dit liéu thudng c6 van dé mit can bang 16p, tic 13, sb lwong cac
truong hop dai dién cho 16p “bi 131 it hon nhiéu so véi s lwong cac truong hop dai dién cho 16p “khéng bi 16i”.

Do d6, cac ky thuat ldy mau khac nhau thuong duoc sir dung dé giai quyét van dé nay. Lay mau dit liéu duoc str
dung dé chon, xir ly va phan tich mét tap hop con dai dién cua cac diém dir liéu dé xac dinh cac mau va xu hudng trong
tap dir liéu 16n hon dang dugc kiém tra. N6 cho phép viéc 1ap mé hinh dy doan va phén tich dir liéu 1am viéc véi mot
luong dir liéu nho, c6 thé quan 1y duoc, dé xay dung va thyuc hién cac mo hinh phan tich nhanh hon, trong khi van tao
ra két qua co d¢ chinh xéc cao.

I11. XU LY DU LIEU KHONG CAN BANG VA CAC KY THUAT LAY MAU DU LIEU

Trong pham vi bai bao nay, ching toi s€ tap trung nghién ctru viéc xu ly dir liéu khong can bing boi phuong
phép sir dung cac ky thuat lay mau dix liéu.
3.1. Xa ly di# ligu khong can bang

Trong bai toan dy doén 18i thi s6 lwgng méu c6 I8i chi chiém thiéu s6 so véi sé mau khong 18i, diéu nay dan dén
viéc cac md hinh du doan 16i ¢6 thé tinh toan va phan tich hé thong phan mém sai léch, c6 thé gay ra nhirng 16i ngoai y
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mudn. Viéc du doan ding nhan cua mau thugc lop nho la can thiét va quan trong. Néu mau thuoc 16p nho co nhén sai
thi phan mém s& phét sinh 10i bat ky Iic nao va nha phat trién phan mém phai tra chi phi va nhan lyc cho viéc phan
tich, chi phi stra 16i cao hon nhiéu so véi viéc gan dung nhan.

Lay mau dit ligu dic biét hiu ich voi cac tap dir ligu qua I6n dé phan tich day di mot cach higu qua. Viée xir Iy
dix liéu khong can bang dugc mé hinh hoa béi Hinh 1.

Undersampling

Phan tich dtr liéu
va xac dinh % cin bing

Dir liéu khong

can bing Dit liéu cén bang

Oversampling

Hinh 1: M@ hinh xi Iy dit liéu khéng can bang
Vi mdi tap dir liéu, md hinh xir ly sé& tinh toan s lugng mau 13i/khong 15i va ty 1¢ mat can bang giira 2 16p.
Duya vao s6 lugng mau cua mdi I6p da tinh toan do, tuy theo mdi ki thuat, tinh toén s6 lwong mau ting (ddi vai ky
thuat Oversampling) hoac giam (d6i véi ky thuat Undersampling) hoic lai tao (d6i voi ky thuat SMOTE) sé mau dé tap
dir liéu duoc can bang. Tién hanh &p dung chién lwoc ldy mau caa mdi ky thuat I&n ting tap dit ligu.

Viéc mét can bang dir liéu anh huong xéu dén nhitng md hinh hoc may trong véan dé giai quyét bai toan du doan
15i phan mém. Nhitng mé hinh nay khi dwoc hoc nhiing tap dir liéu mat can bang, sé cho két qua du doan khong nhur
mong mudn. Nhitng phan mém, ung dung dugc md hinh dy doan s& cho ra két qua khong tot va nha phéat trién phan
mém s& tiéu tén thém thoi gian va chi phi dé giai quyét van dé do chinh md hinh gay ra.

Nhin chung, cac ky thuat lay mau dir liéu dugc sir dung dé giai quyét bai toan phan b mau giira cac 16p khong
can bang c6 thé duoc chia thanh hai nhém ting mau va giam mau. Cac phuong phap ting mau (Oversampling) bé sung
thém cac mau cho cac 16p c6 sé dir liéu it, trong khi cac ki thuat giam mau (Undersampling) loai bé bét cac mau cua
cac 16p c6 sb lwong mau nhiéu véi muc dich thu dwoc tap dit liéu can bang hon.

3.2. Ky thudt Undersampling

Undersampling 12 mot nhom céc ky thuat dugc thiét ké dé can bang 1op cho mot tap dir liéu c¢6 phan phdi 16p bi
léch. Cac ky thuat 1iy mau loai bo cac mau dir liéu khoi tap dir lidu o 16p da sé dé can bang tét hon véi 16p thiéu sd,
chang han nhu giam do léch tir 1:100 xudng 1:10, 1:2 hozc tham chi 12 1:1. Bang 1 trinh bay mot s6 céc ky thuat thuoc
nhém Undersampling.

Bang 1. Cac ky thuat Undersampling
K¥ thuat lay mau don gian nhat bao gom chon ngau nhién cac mau dir liéu tir
I6p da sb va x6a ching khoi tap dit liéu huin luyén. Ky thuat nay loai bo mau
dir liéu mot cach ngau nhién.
Cluster 1a mot phuong phép lam cho hau hét cac nhdm hodc cum trong mau dai
Cluster dién cho tong sb cac mau lién quan den ddc tinh ma ching ta mudn do luong.
Chuing ta cd thé chon chi mét vai trong s6 cac cum nay dé tién hanh nghién ciu.
Tomek links loai bo sy chong chéo khéng mong mudn gitra cac 16p, cac lién ket
I6p da sé duoc loai bo cho dén khi tit ca céc cap lan can gan nhit dugc phan
tach tdi thiéu 1a ciing mot 16p. Y twong 1a 1am rd ranh giéi giita cac nhom thiéu
s6 va da so, 1am cho (c4c) khu vuc thiéu sb tré nén khéc biét hon.

Random
Undersampling

Tomek links

Trong pham vi nghién ctu nay, dbi véi cac ky thuat Undersampling, chung t6i chon ky thuat Random
Undersampling dé xur ly dit li¢u khong can bang trong bai toan du doan 16i phan mem. Random Undersampling la mot
cach tiép can lay mau rat don gian, loai bo ngau nhién mot s6 mau & 16p da so dé can bang tap dix liéu [9].

Chién lugc ciia Random Undersampling:

1. Phan tich dit liéu va xac dinh 16p thiéu sb va da sé;

2. Tinh toan s6 lugng phién ban can loai bo duya trén ty I¢ phan trim cia mau;

3. Xac dinh mot mau ngau nhién tir 16p da s6 va loai bo nd khoi 16p da sb;

4. Lap lai budce 3 cho dén khi s6 lwong phién ban dugc loai bo theo ty 1& phan tram nhat dinh.

Dua vao dé, cach tiép can ndy la can bang tap dir liéu bang cach loai bé ngdu nhién cac mau khoi cac tap dir
liéu. Trong truong hop ndy, s6 lugng mau duoc loai bo s& duoc tuy dong tinh toan dé dam bao rang tong s6 mau 16i va
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khong 13i dugc can bang. Thujt toan ciing cho phép dic ta ty 1¢ phan cua ky thuat thong qua tham s6 u. Ty ¢ phan
trdm u <1 xac dinh s6 lugng mau duoc lay trong moi tap.
Ky thuat Random Undersampling thuc hién git tat ca cac mau trong l6p thi‘éu s6 va chon ngau nhién mot sé
lwgng mau bang vai 16p thiéu so6 trong 16p da so dé tao ra tap dir liéu méi duoc can bang.
~ Mac du phuong phap don gian, ton it chi phi vé thoi gian ciing nhu bo nhé cho qué trinh phan 16p, nhung han
ché cua ky thuat nay la cac mau duoc loai bé ma khong can quan tam dén muc do hitu ich hoac quan trong cia ching.
Diéu nay c6 nghia la thong tin hitru ich d6 s& bj x0a.

Lop dasd

Dt liéu ban dau Sau khi lay mau

Hinh 2. M4 ta thuat toan Undersampling

3.3. Ky thugt Oversampling

Nguoc lai véi Undersampling, cac ky thuat Oversamplmg b sung thém mau ¢ 16p thiéu 50 dé dua tap dir lieu
dat mirc can bang. Oversampling lam tang so luong MAu cia I6p thiéu s6 bang cach sao chép cac mau cua lop thiéu sé.
Mic du n6 khong lam ting thong tin mau. Nhung véi mot s6 ki thuat khac nhau, né 1am ting thém cac truong hop
khéc nhau & tap mau méi (Bang 2 trinh bay mot sb ky thuat ting mau), diéu nay khién cho tap dit liéu qua cu thé. N6
lam ting do chinh xac cho md hinh hoc méy, nhung hiéu suit cho céc b dir liéu mai thuc sy kém hon vi tap dir liéu
méi ¢6 thé xuat hién cac truong hop khdng c6 thuc.

Bang 2. Cac ky thuat Oversampling

Random Random Oversampling b6 sung dit ligu véi nhiéu ban sao cua mot s6 mau dwoc chon
Oversampling ngau nhién & 16p thieu so. Thay vi sao chép moi mau trong 16p thiéu so, mét so trong s6
ching c6 thé dugc chon ngau nhién véi su thay thé.

SMOTE SMOTE sir dung cac mau dit ligu duoc tong hop. Dir liéu méi nay duoc tao bing céch
noi suy gitra mot so truong hop ¢ 16p thiéu s6 nam trong vung 1an can dugce xac dinh
ADASYN ADASYN duogc phat trién trén phuong phap SMOTE, bang cach chuyén tam quan trong

sang céc lop thidu sé khé hoc. Dir liéu tdng hop duoc tao ra nhiéu hon cho cic mau lop
thiéu sb khd hoc. ADASYN khong chi cé thé lam giam xu huéng hoc dugc dua ra ban
d4u bai phan 16p dir liéu mét can bang, ma con cé thé thay ddi thich ung ranh gisi quyét
dinh dé tap trung vao nhiing mau khé hoc.

Trong cac phan tiép theo, chiing tdi s& trinh bay chi tiét ky thuat la Random Oversampling va ky thuat SMOTE.

A. Ky thuat Random Oversampling
Ky thuat Random Oversampling [9] 1a phwong phép sinh thém mu ngdu nhién ¢ I6p thiéu s6 (mau 15i) dé can
bang ty I€. Chién thuét cia Random Oversampling dugc thuc hién bang céch:

- Gitr nguyén sé lugng mau khong 16i ¢ 16p da sé;
- Tang s6 luong mau duoc chon ngau nhién ¢ I6p thiéu so;

Trong chién lwoc ndy, muc tiéu 1a can bing sé luong cac mau 15i va khong 18i vai viéc chon ngau nhién mot
mau tir 16p thiéu sd, sau do6 tao cac ban sao ciia mau bang cach nhan mau d6 véi mot hé sé dé gia tang sé lwong mau,
tiép tuc thuc hién viéc tao ban sao cua mau 18i khac dén khi tap dir liéu dugc can bang. Tham sb ty chon o cho phép
chon mét ty Ié phan tram cy thé dé ap dung trong tap dit liu véi cac gia tri lién quan.

K§ thuat nay c6 nhuoc diém 12 s lwong mau 18i duoc ting 1én gap nhiéu lan nhung ndi dung va chét luong cua
mau khong c6 su thay dbi. Trong truong hop tap di liéu co kich thudc I6n thi chi phi thoi gian va by nhé cho giai doan
phan 16p s& gia ting dang ké.
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Lap thiéu sé

17
Lop thitusd /;
4
4

Dit liéu ban diu Sau khi ldy miu

Hinh 3. M6 ta dit liéu vai thuat toan Oversampling
B. SMOTE

Chawla va cac cong su [10] da dé xut ki thuat SMOTE (Synthetic Minority Over-sampling Technique) nham
cai tién k¥ thuat Random Oversampling. Y tuwong la khic phuc nhung nhuoc diém cua cac ki thuat Oversampling hay
tham chi 1a ky thuat Undersampling bang céch sao chép thugc tinh mau dir liéu va hd tro trinh phan loai dé cai thién
tinh khai quat cua n6 trén dir liéu thyc nghi¢ém. Co s¢ cua ky thuat SMOTE la tao ra céc truong hop thiéu 30 mai.
SMOTE tién hanh kiém tra tit ca cac thugc tinh cua tung mau dir liéu trong 16p thiéu sé va tang s lwong mau cua
nhém thiéu s6 bang cach dua ra cac mau vé nhém dit liu ¢ 16p thiéu s6 mai.

SMOTE thyc hién cach tiép can nhu Oversampling dé can bang lai tap huan luyén ban dau. Thay vi ap dung
nhu Random Oversampling, ¥ tuéng cua SMOTE la gidi thiéu cac mau dit liéu duoc tong hop [10]. Di liéu méi nay
duoc tao bang cach noi suy gitra mot s truong hop & 16p thiéu sb nam trong vang 1an can dugc xac dinh. Vi ly do nay,
ky thuat SMOTE tap trung vao tinh nang cua di liéu, ndi cach khac, thuat toan dua trén cac gia tri cua céc tinh ndng va
moi quan hé cua chung, thay Vi coi c&c mau dir liéu 1a wu tién. Piéu nay cling da dan dén viéc nghién cau mdi quan hé
gifra cdc truong hop ban dau va tong hop phai dugc phan tich sau, bao gom ca chiéu sau dit liéu. Mot mau dir liéu cua
l6p thleu sb Xi dugc chon lam co s¢ dé tao cac diém dir liéu tong hop méi. Dya trén mot thude do khoang cach, mot So
diém gan nhat cua cing mot 16p (diém xi; dén xis) duoc chon tir tap huan luyén. Cudi ciing, mot phép noi suy ngau
nhién duogc thuc hién dé thu dugc cac mau méi ry dén r, [10].

~ Céch SMOTE hoat dong nhu sau: DAu tién, tong s lugng boi s6 N (mot gia tri s6 nguyén) duoc thiét 1ap, co
theé duoc thiet lap d¢ co6 dugc su phan phoi 16p la 1:1 gan dung. Sau d6, mét qua trinh 13p di 1ap lai dugc thuc hién,
bao gom mot s6 budc. Mot mau cua 16p thiéu s6 duoc chon ngau nhién tur tap huan luyén. Tiép theo, K 1&n can cua
n6 duoc lay.

Hinh 4. M ta thuat toan cua ky thuat SMOTE
Cudi cung, N ciia cdc mau K nay duoc chon ngiu nhién dé tinh toan dé trg thanh mau méi bang phép noi suy.
Dé 1am nhu vay, su khéc biét giita vecto dic trung (miu) dang duoc xem xét va tirng ndt 1an can duoc chon s& dugc
ldy. Sy khéc biét nay dwoc nhan véi mot tham sb sé ngau nhién trong khoang tir 0 dén 1 va sau d6 n6 dugc thém vao
vecto tinh nang trudc do.

IV. THIET LAP THU'C NGHIEM VA PANH GIA KET QUA
4.1. Cdac dp do danh gia thuc nghiém

Trong pham vi nghién ciu nay, ching t6i sé sir dung d¢ do F1-score va duong cong ROC (Receiver Operating
Characteristic) tinh dugc tir c4c thuat toan huan luyén trén cac tap dir liéu khdng can bang trudc va sau khi dugc lay
mau. Dya vao d6 c6 thé tinh toan dé danh gia tinh hiéu qua caa mdi ky thuat ldy mau dir liéu. Céc két qua thu dwoc cho
thdy tinh hiéu qua cua viéc 4p dung cac md hinh hoc két hop vai cac ky thuat ldy miu dé nang cao tinh chinh xac cua
két qua du doan 15i phan mém.

Dé danh gia hidu qua cua cac thuat toan phan I6p, nguoi ta thuong sir dung dé do Accuracy [11], dugc tinh

bang ti 1¢ giita s6 két qua du doan dung va sé két qua du doan dwgc. MJi bai toan phan 16p nhi phan c6 mot ma tran
nham 1an:
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Bang 3. Ma tran nham lan

Thuc té c6 16i Thuyc té khong 16i
Dy doan T'? A FP, -,
<6 13i Duong tinh 'that Duong t|n|_1 gia
(True Positive) (False Positive)
Dy doan A F,N - A TN A
khiéng 13i Am tinh gia Am tinh th_at
(False Negative) (True Negative)

Dbi voi bai toan du doan 16i phan mém s& c6 4 kha niang dy doan co thé xay ra, néu mot mau dugc phan 16p 1a
c6 18i va thuc sy n6 1a 15i thi d6 1a dwong tinh that, néu mot mau khong 15i bi phan loai nham thanh c6 16i thi n6 1a
duong tinh gia. Tuwong ty nhu vay, am tinh that chi ra truong hop mau dugc du doan 1a khong 16i va thuc su né ciing
khong c6 15i, trong khi &m tinh gia chi ra mot truong hop du dodn mot mau ¢ 16i thanh khdng 16i. Duong tinh gia dan
dén 1ang phi ngudn luc danh cho viéc giam sat mot thanh phan chuong trinh da c6 chét lugng tbt, nguoc lai am tinh gia
gay ra 16i nghiém trong hon vi n6 dan dén viéc bo 15 co hoi tim thay mot thanh phan bi 15i thuc su.

Do chinh xé&c Accuracy caa mot thuat todn phan 16p trén mot tap dir liéu da cho duoc dinh nghia nhu cong thic.
TP + FP
TP +TN + FP + FN (1)

Ngoai ra, cac phép do danh gid khac thuong dugc st dung trong cong ddng nghién ctru dé tao ra cac danh gia
toan dién hon cho bai toan hoc tir dit liéu khéng cén bang.

Accuracy =

Precision: S6 doan ma c6 18i duoc phan loai ding trén tong s6 doan ma dugc phan loai c6 16i. Tiéu chi nay
tuong trung cho do chinh xac phén loai 16i cia md hinh. Precision cang I6n thi mod hinh du doan 16i cang chinh xac
[12]:

Precision = TP / (TP + FP) 2)

Recall: S6 doan ma c6 15i duoc phan loai dung trén téng sé doan ma c6 16i. Tiéu chi nay twong trung cho d6
nhay véi 16i ctia thuat toén [12].

Recall = TP / (TP + FN) (3)
F1-score la trung binh gitra Precision va Recall [12]:

Precision * Recall
Fl-score = 2 * Precision + Recall (4)

Ngoai 3 d6 do trén, & cac bai toan phan I6p nhi phan, duong cong ROC con dugc sir dung dé danh gia hiéu qua
ctia cac md hinh dyu doan. Puong cong cang di doc vé phia bién trai va bién trén, dién tich duéi dudong cong AUC
(Area under the Curve) cang I6n thi mé hinh du doan cang hiéu qua, nguoc lai, dwdng cong cang tién dén duong chéo
45° AUC cang bé thi md hinh cang kém hiéu qua.

4.2. Cac bg dir ligu thuc nghiém

Dé dénh gia higu qua cua cac ky thuat lay mAu trong bai toan du doan 15i phan mém, chling t6i da tién hanh cac
thuc nghiém trén 03 tap dit liéu hudng phuong thic (CLASS MC1, PC1) tir cac du 4n cia NASA c6 sé mau va sb
thudc tinh khac nhau cling nhu ti 1€ khong can biang vé So mau trong cac 16p cling khac nhau. Bang 4 tom tit cac thuoc
tinh ciia mdi tap dir liéu khdng can bang dugc sir dung gém tong sb thugc tinh, sé mau, s mau dwoc gan nhan 16i, s6
mau duoc gan nhan khong 13i, ti 16 s6 mau 15i trén tong s6 mau.

Ba tap dit liéu nay st dung cac phép do muc thiét ké va cac phép do murc ma ngudn. Phép do muc thiét ké bao
gdém sb nat, sb nhanh, do phirc tap thiét ké va phép do d6 phirc tap chu trinh McCabe. Cac phép do ma ngudn tinh 1a
cac dic trung duoc trich xut ra tir md ngudn. Mot s6 phép do méa ngudn tinh gdm c6 sb toan tir, sb todn hang, phép do
Halstead dugc tinh toan tir cac cAu lénh. CAc tinh chét cua mdi tap dir liéu bao gém 20 phép do ma ngudn do do phuc
tap, tinh phu thudc, tinh gin két, kich thudc va cac tinh chit d& gay ra 18i trong mot I6p cua hé théng phan mém.

‘Nhu da trinh bay ¢ Muc 111, cac tap dit lieu thuc nghiém s& dugc Xu 1y qua cac bude nhu md hinh xu ly da thiét
1ap. Tong so tap dau vao mo hinh xu ly la 03 tap dit lieu lay tir cac du an cua NASA, vay tong so tép dau ra la 09 tap
dir li¢u da can bang tuong (rng voi 3 k¥ thuat lay mau.

Thyc nghiém tiép tuc sir dung 12 tap dit ligu trén lam dau vao caa mo hinh dy doan 16i dé tinh d¢ do F1-score
va duong cong ROC. Duya vao do do Fl1-score va ROC, co the dung danh gia tinh hiéu qua mdi k¥ thuat lay mau trong
bai toan du doan 16i phan mém.

Dé dat dwoc muc tiéu céc két qua dang tin cay va 6n dinh, trong cac thuc nghiém, chién luoc xac thuc chéo
mudi doan dugc sir dung. Tuy nhién, Fisher va cong su [13] cho ring mét sé luong 16n cac thuat toan hoc boc 16 cac
két qua khac nhau néu thtr ty lra chon cac mau 1a khac nhau. Do vay, xac thuc chéo 10 doan duoc lap lai 30 1an, mdi
1an thi tu cia c&c mau duoc x4o tron ngau nhién. Vi vay, mdi két qua duoc trinh bay trong phan nay 1a trung binh cua
30 Ian chay trén mdi tap dir lidu.
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Bay loai thuat toan phan 16p khac nhau duoc sir dung trong thuc nghiém gdm Logistic Regression, K-nearest
Neighbors, Naive Bayes, Random Forest, Decision Tree, Support Vector Machine va Multilayer Perceptron.

Bang 4. Tém tit 03 tap dit liéu khdng can bing cao duogc sir dung trong thuc nghiém

Tap dit Thudc < Mau Mau khéng % s6 mau
- . Mau x- x. .
liu tinh loi 16i 16i
CLASS 21 11330 4227 7103 37,31 %
MC1 39 1988 46 1942 2,31 %
PC1 22 1109 77 1032 6,94 %

4.4, Két qud thuc nghigm

Thyc nghiém nay nhidm danh gid viéc sir dung céc ky thuat lay mau dir li¢u anh huong dén do chinh xac cia md
hinh dyu doan 16i. Véi cac tap dit lieu khac nhau ket hop voi ky thuat lay mau khac nhau dan dén cac gia tri F1-score
trung binh tot hon va duong cong ROC cén bién trén va bién trai hon.

Hinh 5 thé hién cac biéu db phan 16p cua tap dit liéu CLASS trudc va sau khi st dung cac ki thuat lay mau. Céc
tap dir liéu duoc phén 16p nhi phan:

o : Class 1: mau do - thé hién 16p khong 13i *: Class 2 : mau xanh — thé hién 1op 15i

Céc biéu do dwoc thé hién lan luot trudc khi ldy miu (phia trén bén tréi), dugc ldy mau bang ky thuat
Undersampling (phia trén bén phai), duoc lay mau bang ky thuat Oversampling (phia dudi bén trai), dugc lay mau
bang ky thuat SMOTE (phia dudi bén phai).

befare HOE RS AMET NG

4000 000 00 o L SO 2000 200

Hinh 5. Biéu dd phan I6p tap dit lisu CLASS trudc va sau khi lay mau

Dua vao Bang 4, ty I phan trim mau I3i chiém trén tong s6 mau ¢ tap dir lisu CLASS la cao nhat. Biéu nay cho
thdy mirc d can bang cua tap dir ligu nay kém hon so véi cac tap dit lieu khac nén khi thuc hién ldy mau bang ky thuat
Undersampling & tap nay cho biéu d6 phan 16p gan giéng voi trudc khi lay mau nhat.

Déi véi ky thuat Oversampling va SMOTE, ky thuat 1am tang tong s6 lugng mau & 16p thiéu s6 nén nhitng mau
c6 ky hiéu * mau xanh dwoc thé hién nhiéu hon so v6i ban dau va Undersampling. Lam twong tu Véi 2 tap con lai MC1
va PC1, Bang 5 thé hién céc gia tri F1-score trung binh cua 03 tap dit liéu thuc nghiém khéng can bang truéc va sau
khi dugc 1ay mau.

Bang 5. Gié tri F1-score trung binh cua cac tap dit liéu khong can bing st dung cac k§ thuat 1dy miu va khong Iy mau

Thuat toan Class MC1 PC1
LR 0,3392 0,0733 0,1349

KNN 0,4287 0,3376 0,356

Dir liéu khéong can Tree 0,4195 0,1345 0,346
bing ban diu Forest 0,4248 0,0594 0,2891
NB 0,3161 0,1039 0,2709
SVM 0,4775 0,2127 0,2114
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Thuét todn Class MC1 PC1
MLP 0,4469 0,1466 0,2096
LR 0,5883 0,6641 0,6402
KNN 0,5777 0,7507 0,7693
Tree 0,5477 0,5883 0,778
Under Forest 0,5807 0,6713 0,766
NB 0,3549 0,5286 0,5359
SVM 0,6206 0,6867 0,6985
MLP 0,6076 0,6785 0,701
LR 0,6643 0,8081 0,7091
KNN 0,8145 0,8192 0,8752
Tree 0,7682 0,7735 0,8133
Over Forest 0,8121 0,8021 0,8514
NB 0,4193 0,6847 0,5859
SVM 0,7136 0,7729 0,7658
MLP 0,7343 0,8238 0,7792
LR 0,5959 0,7909 0,6456
KNN 0,6675 0,9691 0,8299
Tree 0,6316 0,9546 0,7191
SMOTE Forest 0,6604 0,9811 0,727
NB 0,3497 0,7677 0,6013
SVM 0,6725 0,9466 0,8064
MLP 0,6584 0,9748 0,7777

Tur két qua nay, ching ta c6 thé quan sat rang khi két hop cua cac k§ thuat lay mau vao mo hinh dy doan thuc
hién tét hon nhiéu cac md hinh khéng sir dung lay mau trén tat ca céc tap dit liéu thuc nghiém. Cac gié tri trung binh
F1-score khi két hop voi cac ky thuat ldy mau két qua cao hon so véi dir liéu mat can bang. Ciing tir Bang 5, ching ta
dé dang nhan thay ky thuat SMOTE cho két qua tét hon Oversampling & da sb cac trudng hop thuc nghiém (trir truong

hop khi st dung tap CLASS) va k§ thuat Oversampling cho két qua tét hon khi sir dung ki thuat Undersampling.

Budc tiép theo cua thuc nghiém sau khi lay mau la si dung md hinh dy doén 18i dé tinh d do F1-score va
duong cong ROC. Hinh 6 thé hién cac duong cong ROC.

True Positive Rale

True Positive Rate

#7 e LogisticRegression
P — KNN
- = DecisionTree
v —— RandomForest
— NaiveBayes
VM
— MultilayerPerceptron

04 06 08 10
False Positive Rate

- = LogisticRegression
iy — KNN
-~ = DecisionTres
—— RandomForest
—— NalveBayes
STel
— MultilayerPerceplion

04 06 08 10
False Positive Rate

True Positve Rate

True Positive Rate

=" === LogisticRegressicn
" — NN
—— DecisionTree
—— RangdomForest
—— MaiveBayes
ST
— MultilayerPerceplran

04 06 08 10
False Positive Rate

- = LogisticRegression
. — KNN
— DecisionTree
—— RandomFaorest
—— MaveBayes
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Hinh 6. Budng cong ROC sir dung tap dir lieu CLASS ciia cac thuat toan trong viéc du doan 16i huéng phuong thirc. Md hinh dy
doan str dung dit lidu theo thir tu truge khi 1dy mau dit liéu, Undersampling, Oversampling va SMOTE

Quan st Hinh 6 két hop voi Bang 5, d& dang nhan thay rang, doi véi mi tap dit ligu, duong cong ROC dénh
gia hiéu qua cua cac mo hinh du doan gan tiém can véi bién doc trai va trén tuan tu khi si dung tap dir liéu dit liéu mat
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can bang, dir liéu dugc Iy mau véi ki thuat Undersampling, Oversampling va SMOTE. buong cong ROC gan tiém
can vai bién thi dién tich dudi duong cong AUC ciing theo thir tu nhu trén. Diéu nay thé hién tinh hiéu qua cua viéc ap
dung céc k¥ thuat lay mau trong bai toan du doan 16i phan mém.

Thyc nghiém duoc thuc hign trén tap CLASS va cho két qua do do F1-score cua md hinh khi két hop véi ky
thuat Oversampling cho ket qua tot hon so véi ky thuat Undersampling va SMOTE. Duong cong ROC thu dugc tir md
hinh ciing cho két qua can bién trén va bién trai, dién tich phia dudi dudng cong AUC ciing 16n hon.
~ Dua vao két qua nghién ctru duoc, ching i dé xuat xép hang cac ky thuat lay mau dit ligu cho mdi tap dir ligu
dé danh gia mirc d6 hiéu qua caa moi k¥ thuat khi két hop véi mo hinh dy doan 16i phan mem.

Bang 6. Bang danh gia mirc d6 hiéu qua cua cc k¥ thuat ldy mau

Tap dix ligu Undersampling Oversampling SMOTE
CLASS 1 3 2
MC1 1 2 3
PC1 1 3 2
Trung binh 1 2.67 2.33

Tom lai, viéc ap dung cac ky thuat ldy mau dir lidu Undersampling, Oversampling va SMOTE déng gop dén
viéc cai thién dang ké hiéu qua cua cac bo phg“an I6p co s& va md hinh két hop cudi cung. Cac két qua thu dugc da chi ra
vai tro quan trong cua tap di liéu can bang d6i véi hiéu qua dy doan cua tirng thuat todn hoc may.

V. KET LUAN
Phan I6p dir liéu mat can bang 1a mot bai toan quan trong va duoc (ng dung vao nhiéu linh vic khac nhau trong
thuc té, anh huong cua van dé phan I6p mat can bang thudng bi bo qua. Nhiéu nghién ctru [14] tap trung vao viéc cai
thién d¢ chinh xé4c ciia phan loai nhung khong xem xét van dé phan phdi I6p mat can bang. Do do, cac bo phan loai
dugc xay dung boi cac nghién ciru ndy mat kha nang du doan chinh xac cho cac mau 16p thiéu sé trong cac bo dir ligu
c6 s6 luong mau 16p da s6 1én hon nhiéu so véi s6 lugng mau 16p thiéu s. Nhitng bai toan du doan 18i phan mém ludn
lién quan dén van d¢ phan phdi 16p mat can bang.

Nhirng k¥ thuat ldy mau dir liéu gop phan nang cao hiéu suat dé giai quyét bai toan nay. Trong nghién ctu nay,
ching t6i da trinh bay nhiing k¥ thuat ldy mau: Random Undersampling, Random Oversampling; va SMOTE; tién
hanh céc thuc nghiém dé so sanh, danh gia hiéu suit cua cac ky thuat trén 03 tap dit liéu tir du &n cia NASA. Nhin
chung céc ky thuat ting mau di liéu khi két hop véi md hinh dy doan 151 déu cho két qua tét hon k¥ thuat giam mau.

Chién lugc cua ky thuat Undersampling 13 1am giam mau & 16p da sé dé can bang vai I6p thiéu sb, didu nay dé
lam mét cac mau quan trong cua lép da sé nén néu &p dung ky thuat nay vao véi mé hinh du doan s& cho do chinh xéc
du doan kém hon. Nguoc lai véi Oversampling 13 1am ting mau & 16p thiéu sb, sé lwong va chit lwong mau duoc gii
nguyén nén cho két qua tét hon Undersampling. Con lai, chién luoc cia SMOTE 14 tao thém mét s6 lugng mau 13i dua
trén cac dic tinh cua cac mau dugc chon, nd gitp mo hinh s& ¢ nhiéu hon co hoi hoc tir cac mau dir lidu khac nhau.
Nhung, loi ich SMOTE ciing chinh 1a nhuge diém cua ky thuat. SMOTE s& tao ngau nhién sé lugng mau tir cac thudc
tinh ciia nhitng mau c6 san, nén nod sé tao ra nhiing truong hop mau khong co thuc.

VI. LOI CAM ON
Nghién ctru nay dugc thyc hién tir ngudn kinh phi hd trg cua Bo Gido duc va Pao tao trong dé tai ¢ ma sé B
2019-DNA-03.
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DEALING WITH UNBALANCED DATA IN SOFTWARE DEFECT PREDICTION PROBLEM
Le Song Toan, Nguyen Thanh Binh, Le Thi My Hanh, Nguyen Thanh Binh

ABSTRACT: Predicting software defects helps to forecast potential faults of source code, reduces testing
time, and increases product quality. Source code features are important information in prediction of software fault. However, many
datasets for defect prediction are unbalanced, that means a big difference of data amount between classes. In this paper, we focus
on data imbalanceproblems and the need for data sampling to process unbalanced data. We conduct the experiments with three data
sampling techniques including: Random Undersampling, Random Oversampling and SMOTE. The techniques are applied to three
NASA defect prediction datasets in the Promise respository. The results obtained show the efficiency of applying machine learning
models in combination with sampling techniques to improve the accuracy of software defect prediction model.



