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TOM TAT: Trong hai thdp ky gan ddy, du dodn code-smell dia trén hoc mdy la mét linh viee dang doe cong dong nghién
cteu quan tam. Tuy nhién, hdu hét cac nghién cieu déu sir dung tdp dir liéu d¢ do md ngudn don nhin trong cdc mé hinh thir nghiém,
mdc du trong thuc té mét méu do do ma ngu(;n €6 thé ton tai nhiéu code-smell khac nhau. Bai bao nay cong bé mot tdp dir liéu da
nhan phi hop cho cdc nghién citu lién quan dén phan loai da nhén va dong thoi dé xudt mét md hinh hoc mdy phat hién code-smell
diea trén cdc phwong phdp phdn logi da nhan. Céc mo hinh hoc mdy, dira trén phicong phép phdn logi da nhén, nham phat hién
code-smell trén tdp dit liéu dirge cong bé di cho thdy nhiéu két quad hira hen ciia hwdng nghién ciru nay.

Tir khéa: Phan logi da nhan, Dy dodn code-smell, Hoc may.

I. GIOI THIEU

Trong qua trinh bao tri va phat trién, cac hé théng phﬁn mém duoc cac nha phat trién cap nhat mot cach lién tuc
nham cac muyc dich chinh nhu: (i) thém cac cai dat dé dap tmg cac yéu cau méi, (ii) cai thién cac chirc ning hién co,
hodc (iii) stra cac 161 phan mém nghiém trong [1]. Do cac yéu té lién quan nhu: ap luc vé thoi gian, thiéu k§ niang hodc
kinh nghiém, cac nha phat trién khong phai lic nao ciing c6 dii thoi gian va niang luc dé sin sang kiém soat hoan toan
d6 phuc tap ciia hé thong phan mém nham tim ra giai phap toi vu trude khi ap dung cac sira doi [2]. Két qua 14, cac
hoat dong bdo tri, phat trién thuong dugc thyc hién bang cac giai phap chuwa tdi wu va c6 kha ning tac dong lam sai
l&ch thlet ké ban dau cua hé thong phan mém; mic du cac giai phap nay co thé duoc coi 1a phu hop trong ngin han,
nhung vé lau dai, chung s& lam tang d6 phirc tap va chi phi bao tri, phat trién ddi voi hé thong; cac van dé nay dugc goi
la no k¥ thuat [3].

Code-smell 1a triéu chimg cua viée thiét ké hodc trién khai ma ngudn duéi mirc t6i vu ma cac nha phat trién ap
dung cho hé théng phén mém, va day ciing 1a mot trong nhitng dang ng ky thuat nghiém trong nhit. Code-smell khdng
phai 1a mot 16i phan mém, vi vy su hién dién cua code-smell trong mi ngudn khong nhét thiét gdy ra 16i hodc hanh vi
khong mong muon trong qué trinh phan mém dugc thyc thi, nhung chung c6 thé khién mi ngudn kho hiéu hodc kho
stra d6i hon hogc tang nguy co gdy ra 16i phan mém hodc cac van dé khac trong tuong lai. That vy, cac nghién ciru
trude day cho thay rang code-smell khong chi 1am giam manh kha néng hiéu ma nguodn cua cac nha phat trién, ma con
tac dong dang ké dén chét luong va kha ning bao tri, mo rong ciia ma ngudn [4-6]. Do do, code-smell dang 1a mot
trong nhitng thach thirc quan trong d6i v6i cac nha phat trién vé nd luc va chi phi bao tri hé thong [7, 8].

Bén canh cac nghién cuu vé viéc nhan dién va phén loai [9], cOng df”)ng nghién ctru cling rat tich cuc trong viéc
dé xuit cac ky thudt hd tro phat hién code-smell. Két qua théng ké va phan loai cac ky thuét phat hién code-smell trong
hai thap ky gan day cua Pereira va cac cong su [10] da cho thay rang nhiéu k¥ thuat phat hién code-smell da duoc deé
xuit, mdi k¥ thuét déu dya trén mot hodc nhidu phuong phap tiép can khac nhau va hau hét déu dem lai cac két qua
htra hen. Xét vé khia canh giai thuat dugc ap dung cho phuong phap phat hién code-smell, cic nghién ciru thr nghiém
nham phat hién code- smell trong mi ngudn bang cach st dung cac k¥ thuat hoc mdy (Machine learning - ML) dya trén
tap dit liéu d6 do ma ngudn (Source code metric dataset - SMD) dé cho thdy nhidu két qua t6t [11-19]; cac thir nghiém
nay di cho thdy SMD 1a mot yéu té co vai trd quan trong trong mé hinh phat hién code-smell dya trén ML. Tuy nhién,
qua két qua thong ké cho thay [20], hiu hét cac nghién ctru déu xay dung SMD don nhan dé huan luyén cho cac mo
hinh hoc may phan loai don nhén dé du doan code-smell. Trong d6, chi c6 nghién ciru [21] sir dung mé hinh hoc may
phan loai da nhin, nhung SMD da nhén ndy chi dugc xay dung bang cach két hogp dit lidu tir nhiéu SMD don nhén tir
mot nghién ctru trude d6. Ciing boi vi 1y do nay, viéc dp dung cic md hinh hoc may phan loai da nhin dé du doan
code-smell chua dugc nhiéu nghién ctru quan tam, cho di cAc nghién ctru thude nhiéu linh vuc khac di cong bd nhiing
két qua tich cyc tir nhing mé hinh phan loai thugc nhom nay [22-25].

Bai bdo nay gidi thiéu tap dir liéu Class-smell da nhan, bao gdm hon 90.000 miu dé do mi ngudn (source code
metric) & cip do 16p (class-level), dugc trich xut tir tap dir liu ml-Codesmell [26]; mdi mau trong Class-smell bao
gdm 41 dic trung va 1 tap hop nhin chira mot hodc nhiéu nhan code-smell tir tip hop 6 nhan code-smell da duoc xac
dinh. Dya trén Class-smell, cAc giai thuat phan loai da nhin duoc ap dung cho cac ki thuat ML dé du doan code-smell;
hiéu sudt du doan cua cac ky thuat ML s& dugc can nhic dé xac dinh giai thuat phu hop trong viée xdy dung cac mod
hinh hoc may phén loai da nhin dé du doan code-smell.

Phan tiép theo clia bai bao nay 1a tong quan vé cac nghién ctru lién quan dén van dé phat hién code-smell dua
trén céc k¥ thuat ML. Muyc III cua bai bao s& dé cép dén cac khai niém lién quan dén phén loai trong hoc may. Y tudéng
thict k& va cac can nhac dé lya chon giai thuat phan loai da nhan, d§ do hi¢u suat cho cac mo hinh thir nghiém dy doan
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code-smell dya trén hoc méay dugc trinh bay trong Muc IV. Muc V ctia bai bdo sé la cic két luan chung lién quan dén
cac két qua thir nghiém va hudng nghién ctru can phat trién dua trén két qua bai bao nay.

I1. CAC NGHIEN CU'U LIEN QUAN

Trong hai thap ky gan dy, nhiéu nghién ctru da 4p dung ML trong viéc phat hién code-smell va cong b két qua
thong qua cac bai bao nghién ctru, C&c bai thuyét trinh trén cac tap chi va hoi nghi hoc thuat. Tuy nhién, theo két qua
tong hop cua Zakeri va cac cong su [20] cho thay chi c6 25 trong sb 45 nghién ciru (chiém ty 1& khoang 56%) cung cap
cong khai tap dir lidu dé cong dong nghién ctru sir dung. Trong d6, ¢ mot s6 nghién ctru tidu biéu dudi day.

Nim 2009, Khomh va cong su [27] dd dé xuat mot phuong phap phat hién code-smell God-Class duya trén thuét
toan Bayesian Belief Network. Tap dit liéu cua nghién ciru ndy dugc xay dung bang hai du 4n ma ngudn mo Java va co
gin 800 mau dit liéu, ddng thoi cac code-smell di duoc xac thuc biang thu cong. Vao nam 2011, tap dir liéu nay da
dugc tai sir dung, cai thién va thém céc tinh ning méi dé phat hién ba code-smell God-Class, Functional-
Decomposition va Spaghetti-Code [28].

Niam 2016, Arcelli Fontana F. va cong su [12] da tao mot mo hinh ML dé phat hién code-smell. Tap dit lidu ciia
nghién ctru ndy c¢6 hon 1.600 mau dir lidu duoc trich xuét tir 74 dy 4n ma ngudén mé Java. Ngoai ra, code-smell trong
tap dir liéu da duoc xac thuc thi cong. Tuy nhién, tap dit liéu nay chi c6 526 miu dwong tinh vai cac code-smell & cap
d6 16p (Class-level) va cip d6 phuong thic (Method-level), bao gom God-Class, Data-Class, Long-Method va
Feature-Envy.

Nam 2017, Ian Shoenberger va cong su [29] da dé xuat ty dong hoa cac quy tac phat sinh dé phat hién code-
smell trong ma ngudn JavaScript. Tap dit lidu cua nghién ciru ndy chtra cac mau cia 100 dy 4n JavaScript dugc trich
xuit bang cach sir dung cac cong cu InCode va PMD. Ho dua vao tép dir li¢u nay dé huén luyén cac quy tac phat hién
bang cach sir dung 14p trinh di truyén va tim ra ngudng t6t nhit cia cac d6 do dé tao nén céc quy tic.

~ Nam 2019, Pecorelli va cong su [30] da tao tap dir liéu bao g6m 8.534 mau duge trich xuét tir 13 hé théng ma
nguon mé. Dya vao tp dit liéu nay, ho da so sanh viéc phat hién bon code-smell giira hai phwong phap ML va
Heuristic.

Niam 2020, nhém nghién ciru cta L. Madeyski [31] da xay dung tap dir liéu gdom 14.739 mau dugc kiém tra va
xéc thyc thu cong dé xac dinh bon loai code-smell Blod, Data-Class, Long-Method va Feature-Envy véi nhidu muc do
nghiém trong khac nhau véi ky vong tap dit liéu nay sé hd tro cong dong nghién ciru trong viéc phat hién code-smell
trong cac du an ma ngudn mo Java.

Nam 2020, Guggulothu va cong sy [21] dé c6 nhitng budc diu tién trong viée tién hanh x4y dyung tap dit liéu da
nhin va xdy dung cic mé hinh hoc may 4p dung cac ky thuat ML dé du doan code-smell dua trén tap dit lidu nay. Tap
dir liéu dugc xay dung mot cach thu cong dua trén tp dir liéu Fontana [12] va cé $6 lugng mau han ché. Mic du vay
nghién ctru ciing da cong bd mot sé két qua dang khich 1.

Panh gia mot cach téng thé qua két qua cua cac cong trinh nghién ctru, céc Mo hinh ML da ching t6 chiing c6
the dugc huin luyén dya trén cac tap dir liéu don nhan dé tu dong xac dinh code-smell tiém an trong cac hé thong phan
mém. Tuy nhién, dén thoi diém hién tai, m&i mau trong céc tap dir liéu cua hau hét cac nghién ciru chi duge gan mot
nhan tuong tmg véi mot code-smell duy nhét, vi vy rd rang viéc gin nhan cho c4c miu c6 nhidu kha ning s& bo sot
cac code-smell dang ton tai trong cac mau nay. Pay chinh 1a mot nguyén nhan ma cac code-smell s& bi bo qua trong
qua trinh phat hién.

Trong tap dir liéu Class-smell dugc gigi thiéu trong bai bao nay, mdi mau co the dugc gin véi nhleu nhén code-
smell khac nhau; véi dic diém khéc biét nay cua Class-smell, nghién ctru nay dé xudt viéc xem xét mdi twong quan
giita cac code-smell ddi véi viée xudt hién cua chung bang cach sir dung cac k§ thuat phan loai da nhan trong cac md
hinh ML. M6 hinh thir nghiém s& duoc tién hanh v&i mot sb thudt toan thong dung, két qua cua thir nghiém duoc ky
vong s& hitu ich cho cac nghién ciru lién quan trong qué trinh phat trién phin mém, dic biét 1a cac nghién ctru vé phat
hién code-smell dya trén hoc may.

111. MQT SO KHAI NIEM VE PHAN LOAI TRONG HQOC MAY CO GIAM SAT
A. M0 hinh hgoc mdy cé giam sdt

Trong cac m6 hinh hoc may c6 giam sat (Supervised machine learning model - SML_model) dugc minh hoa
nhu Hinh 1, ¢6 hai giai doan khac nhau: Giai doan huan luyén va giai doan kiém tra. Trong giai doan huan luyén,
SML_model dugc huén luyén bfmg tap di li€u huén luyén dé tao ra mot mo hinh dy doan (Prediction model - PreM)
nhim 4nh xa mot tip cac dic trung cua tap dit liéu hudn luyén (X_train) t6i tap cac nhan muc tiéu (y_train) trong Gng.
Trong giai doan kiém tra, PreM dugc tao ra tir giai doan hudn luyén s& duoc st dung dé gén nhén (y_pred) cho tip cac
dac trung (X_test) trong tap dir liéu kiém tra. Hiéu sut du doén ctia PreM dugc danh gia bﬁng d6 chinh xac khi so sanh
giita y_pred va c4c nhan thuc té cua tap dir liéu kiém tra (y_test).
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Hinh 1. M6 hinh hoc may c6 giam sat

B. Phan logi don nhdn

Ydi nhiém vu phz?ln~ loai~ don nhan (Single lat{el classification - SLC), PreM s& thuc hién viéc gan mét y_pred
duy nhat twong mg v6i mOi mau trong tap dir licu kiém tra. Trong truong hop gid tri cua y_pred chi nhén 1 trong 2 gia
trj khac nhau (Hinh 2), nghia 1a PreM s€ tich tip tdp di liéu kiém tra thanh 2 nhom phéan biét dua trén X_test cta
chiing, thi nhiém vu phan loai dugc goi la phan loai nhi phan (Binary classification - BC).

X4 X, m > 0
X4 X5 X = 1
X4 X, X -> 1
X4 X, X -> 0

Hinh 2. Phan loai nhi phan

Ngoai ra, néuy pred c6 thé nhian dugc mot trong nhiéu gia tri khac nhau (Hinh 3) thi dugc goi 1a phan loai da
16p (Multi-class classification - MCC).

| xtest | Prem| ypred
X4 X, > A

m
X4 X, X > B
X4 X, X > A
X4 Xy X > C

Hinh 3. Phan loai da 16p

C. Phdn logi da nhan

thén logi da nhan (Multi-label classification - MLC) 1a nhiém vu cta PreM nhim gan cho mot mau cua tap dir
liéu kiém tra dong thoi nhiéu y_pred dwa vao X_test ciia chang (Hinh 4).

X, X Xm > o 1 1 0
X, X X > 1 1 0 O
X X Xm > 1 0 0 0
X; X Xm > 0 0 1 1

Hinh 4. Phan loai da nhan

Khéc voi truong hop MCC, céc gié tri clia y_pred trong MLC khong con loai trir 1an nhau ma méi mau dit ligu
6 thé dugc gin v6i mot tap hop gia tri c6 lién quan (y_| preds); bén canh do, ciing khac véi SLC, MLC bi anh huéng
b6i cac mbi twong quan tiém 4n ndi tai gilta cac y_| pred, co nghia la mét hodc nhiéu gia trj ciia y_preds c6 kha nang
doéng vai tro nhu 13 cac dac trung hitu ich dé cung véi X_test nhim du doan céc gia tri y_pred con lai. Vi dy, mét mau
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dir lidu c6 code-smell Long-Method va Long-Parameter-List thi co nhidu kha ning |a dang 4n chira code-smell Large-
Class.

D. CAac phwong phdp gidi quyét vin dé phan logi da nhan

Nhiéu phuong phap da dugc dé xuat trong cac nghién ctru dé giai quyét cac van dé trong MLC. Dua vao két qua
clia cac nghién ctru [22, 23], cac thuat toan phan loai da nhin hién tai c6 thé duoc phan thanh ba nhém chinh nhu sau:
Chuyén dbi van d¢ (Problem-transformation), Thich mg thuat toan (Algorithm-adaption) va Phuong phap tap hop
(Ensemble-methods); mdi nhém phwong phap déu c6 nhitng mit tich cuc va han ché tity thuoc vao dic tinh ciia timg
bai toan can giai quyét. Trong bai b4o ndy, véi muc tidu tng dung cac ki thuat MLC co ban trong bai toan du doan
code-smell dua trén ML, c4c phuong phap thuéc nhoém Chuyén dbi van dé& duoc can nhic dé 4p dung trong cic md
hinh thir nghiém.

Céac phuong phap thugc nhém Chuyén ddi van dé c6 thé duge sir dung véi bat ky mé hinh MLC nao. Trong
cach tiép can nay, mot bai toan MLC dugc chuyén doi thanh mot hodc nhiéu bai toan SLC; sau d6, cac giai phap cua
nhiing bai todn SLC nay duoc két hop dé giai quyét muc tiéu ciia bai toan MLC. Nhém Chuyén d6i van dé bao gdm ba
phuong phép co ban 12 Binary-relevance, Classifier-chain va Label-powerset duoc mo ta ngan gon dudi dy.

1. Binary-relevance

Binary-relevance (BR) [22] chia bai toan MLC (gia str voi k nhdn) thanh k bai toan SLC (Hinh 5). Mdi bai toan
SLC nay dugc huan luyén trén X_train va nham muc dich xac dinh muc d6 lién quan cta nhan cu thé cia nd ddi véi
mot mau nhit dinh. Két qua MLC sau d6 dugc xac dinh boi sy két hop tir cac Kkét qua cua cac bai toan SLC da duoc
giai quyét. Cach tiép can BR rat don gian dé thuc hién va do phirc tap ctia nd 1a tuyén tinh v6i s6 luong nhan ¢ thé.
Tuy nhién, BR bo qua mdi trong quan giita cic nhan bang cach xur 1y ting nhan mot cach doc lap, day 1a han ché 1on
nhat cua hudng tiép can nay.
[ x [ Prev |y, [y, || v, |

> 11 0

X

2%, > 1 0 0

x,%, > 0 0 1
[ x [ Prem [ v, [ x | Prev | v, [ x | Prem | v, |
X, > 1 X, > 1 x, > 0
x > 1 %, > 0 ----x, > 0
x > 0 2% > 0 x> 1

Hinh 5. Phuong phap Binary-relevance
2. Classifier-chain

Dé khic phuc han ché cua BR vé tinh ddc 13p cua cac nhan, phuong phép Classifier-chain (CC) [32] tao k bd
SLC nhung dugc lién két theo cach sao cho mdi bo SLC ciing bao gdm cac két qua dy dodn cua cac bo phan loai trude
d6 duéi dang cac tinh ning dau vao bd sung (Hinh 6). Theo cach nay va khong gidng nhu BR, CC c¢6 thé mé hinh héa
cac mbi quan hé gitra cic nhan ma khong gy ra nhiéu phire tap hon. Tuy nhién, mic dit CC xtr Iy mbi quan hé gitra cac
nhan, nhung tht tu cia cac nhan chi dugc chon ngau nhién ma khéng dugc xem xét liéu thir ty cua viéc lya chon ¢6
anh huong quyét dinh dén hiéu suit chung caa mé hinh.

nmnn

X4 =

X, = 1 0 0

X, > 0 0 1
nmm ﬂm —mn
X, > Xyl > Xulul... Uy

X, > 1 » Xl > 0 ---=-- > XUIU0.. Uy > 0

X, = 0 X0 = 0 X100, Uy > 1

Hinh 6. Phuong phap Classifier-chain
3. Label-powerset

Label-powerset (LP) [22, 32] chuyén doi bai toan MLC thanh bai ton MCC, tao ra mot tap dit liu don nhan
trong d6 mdi tap nhan riéng biét duoc coi la mét 16p khac nhau, nhu trong Hinh 7. Sau d6, LP sir dyng bat ky phuong
phdp MCC nao dé huan luyén mét mé hinh véi dir liéu méi va dy doan cudi cung thu dugc bang cach chuyén doi 16p
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du doan thanh tap nhan twong tng cua nd. LP xem xét tat ca cac mdi tuong quan nhan nhung d6 phirc tap cia né la cAp
s6 nhan véi s6 lwong nhan. Bén canh d6, n6 khong thé du doan mot tap nhin khong xuét hién trong tap dit liéu huin
luyén va vi nhiéu 16p thuong chi duoc lién két véi mot sé mau, diéu nay co thé dan dén tap dir liéu mat can bang cao,
khién qué trinh huan luyén tré nén kho khan va kém chinh xac hon.

Xy =5 1 1 0 X, > 11..0
X; 2> 1 0 0 X = 10..0
X, > 0 0 1 X, > 00...1

Hinh 7. Phuong phap Label-powerset

IV. XAY DUNG MO HINH HQC MAY DU POAN CODE SMELL DUA TREN PHAN LOAI PA NHAN

M& hinh hoc may dy doan code-smell ap dung k¥ thuét phan loai da nhdn dugce xay dung dya trén tip di liéu
Class-smell va cac phuong phap MLC thudc nhom Problem-transformation. M6 hinh dugc minh hoa nhu Hinh 8.

I
Tap dir liéu Classifier-chain
huan luyén

Label-powerset

Tap di liéu
kiém tra

Péanh gia hiéu suat

Budc 1: Tién xir ly dir liéu Budc 2: Huan luyén md hinh Budrc 3: Kiém tra mé hinh Budrc 4: Danh gia md hinh

Hinh 8. M6 hinh hoc may dy doan code-smell dya trén phan loai da nhan
A. Tdp di ligu Class-smell

Tap dir liéu Class-smell 1a tap hop cac mau do do ma ngudn & cap do 16p duoc trich xuat tir tap dir liéu ml-
Codesmell [26], dugc sir dung cho cac thir nghiém MLC trong nghién ciru nay.

Trong Class-smell, mot mau dwoc duoc goi 1a Dwong tinh néu duge gan véi tdi thiéu mot nhan, ngugc lai n6
dugc goi 1a Am tinh néu khong duge gan véi bat ky mot nhan nao. VGi khai niém trén, sau khi thyuc hién cac tac vu tién
xt 1y, Class-smell san sang phuc vu cho viéc thir nghiém véi cac thong s6 nhu sau:

= Tong s6 dic trung: 41.

= Tdng s nhén code-smell: 6.

= S6 mau Am tinh: 45.895.

= S6 miu Duong tinh: 45.895, trong d6 sb luong nhan dugc gin ddng thai cho c4c miu nhu sau:
- 1 nhén: 43.606.

- 2 nhén: 2.263.
- 3 nhén: 26.
Bang 1. S6 lwong miu dwoc gin nhén trong Class-smell

Code-smell 80 lugng mau Am tinh Duwong tinh
Brain Class 90.947 843
Data Class 69.620 22.170
Futile Abstract Pipeline 91.452 338
Futile Hierarchy 91.426 364
God Class 88.238 3.552
Schizofrenic Class 70.847 20.943

banh gia chung vé Class-smell: So lwong mau dép tmg du cho cac md hinh ML; Cac miu co thé dugc gan dong
thoi voi nhiéu nhan, phu hop véi yéu cdu cua cac phuong phap phan loai da nhan; Class-smell dugc can bang vé so
lwong mau Duong tinh va Am tinh.
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Tap dit liéu Class-smell duoc cong bb trén figshare?.
B. Cdc dé do hiéu sudt mé hinh

Trong cac mé hinh SLC, hiéu suét tong thé ciia md hinh ML duoc danh gia bang cac o do thong thuong nhu
precision, recall, F1-score hoic AUC,... Tuy nhién, viéc danh gia hiéu suat trong MLC phuc tap hon nhiéu so véi
SLC, vi mdi méu dir lidu c6 thé dugc lién két voi nhiéu nhan cting mot luc. Trong bai bao nay, hai d6 do hi¢u suét dugc
sir dung d¢é so sanh hi¢u suét giita cac md hinh MLC duoc d¢ xuat, d6 1a Hamming-Loss [33] va F1-score [32].

e Hamming-Loss: Ham nay tra vé gia tri 1a phan nhan bj du doan sai. Khi danh gia hiéu suat trong phan loai nhiéu
16p, Hamming-Loss khong phat cic mau du doan c6 bo nhin khong khép hoan toan ma phat ting nhin riéng 1é
ctia ching; do d6, gi4 tri cia Hamming-Loss roi vao trong khoang tir 0 dén 1. Hamming-Loss cang bé thi higu suat
mb hinh cang tét. Vi du:

y_pred =[1, 2, 3, 4],
y_test=1[2, 2,3, 4],
hamming_loss(y_test,y pred) — 0,25.

e Fl-score: Pay la mot &6 do hiéu suat phd bién va duoc xem 1a hai hoa giira precision va recall. Trong md hinh
MLC, trude tién, gia tri ciia F1-score s& duoc xac dinh dya trén tirmg nhan doc 1ap; F1-score tong thé ciia mo hinh
dugc két hop tir két qua Fl-score cua tung nhdn doc lap. Tham sb average duogc sit dung cho
d6 do nay dé xac dinh cach két hop céac Kkét qua tir cac nhén doc lap, average c6 thé nhan mot trong cac gia tri sau:

- micro: Hiéu suét tong thé duoc xac dinh bang cach dém téng sd két qua dwong tinh that, am tinh gia va
duong tinh gia.

- macro: Tinh toan hiéu suit cho timg nhan, hiéu suit tong thé 1a gia tri trung binh khong tinh trong sb cua
chung. Diéu nay khong tinh dén su mét can bang nhan.

- Welghted Tlnh toan hiéu suat cho ting nhén, hiéu sudt tong thé 1a trong sd trung binh cua chung dya trén
s6 lwong mau dit lidu cua m01 nhan. Dleu ndy giai thich cho sy mét can bang nhan.

- samples: Tinh toan hi¢u suat cho tirmg mau, hiéu suat tong thé 1a gia tri trung binh ciia chung.

C. Két qua thir nghi¢m

Céc md hinh hoc méy str dung ba phuong phap BR, CC va LP dé chuyén doi tap di liéu huan luyén nhiéu nhin
thanh tap hop cac tap dit liéu nhi phan hodc da 16p; sau d6, dua vao mirc d6 phd bién, hiéu qua va don gian, bdn giai
thuat phan loai 12 Gaussian Naive Bayes, Logistic Regression, Decision Tree va K-Nearest Neighbors duoc sir dung dé
du doan cac code-smell trén cac tap dir liéu da chuyén d6i. Hiéu suit tong thé ciia mo hinh duoc thé hién trong Bang 2,
v6i két qua du doan t6t nhat gitra cac phuong phap chuyén doi trén cing mot giai thuat phan loai dwoc in dam.

Bang 2. Két qua du doan code-smell dya trén md hinh hoc méay 4p dung phuong phap MLC

Két qua F1 score .

Phén loai . . Hamming
& chuyén dbi micro | macro | weighted | samples loss
Gaussian Naive Bayes

BR 0,83 0,50 0,90 0,45 0,03

CC 0,84 0,45 0,87 0,45 0,03

LP 0,87 0,57 0,90 0,47 0,03
Logistic Regression

BR 0,97 0,59 0,97 0,48 0,01

CC 0,98 0,59 0,97 0,49 0,00

LP 0,97 0,58 0,97 0,49 0,01
Decision Tree

BR 1,00 0,89 0,99 0,50 0,00

CC 0,99 0,89 0,99 0,50 0,00

LP 0,99 0,85 0,99 0,50 0,00
K-Nearest Neighbors

BR 0,85 0,52 0,85 0,42 0,03

CC 0,85 0,52 0,85 0,42 0,03

LP 0,85 0,51 0,84 0,43 0,03

D. Thdo ludn két qua

Két qua thr nghiém cho thiy hiéu sudt du doan thip cua cac giai thuat Gaussian Naive Bayes, K-Nearest
Neighbors; hiéu suat du doan cua cdc mé hinh ap dung hai thuat toan nay phu thudc nhi€u vao su twong quan gitra cac
dac trung vai cac nhan (Gaussian Naive Bayes) hodc su tuong quan gilra cac dac trung ctia mau ké nhau (K-Nearest

L https://figshare.com/s/61¢1c31121f4d2a02546
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Neighbors). Bén canh d6, c4c giai thuat phan loai Logistic Regression va Decision Tree hoat dong tt véi hau hét cac
phuong phap MLC dugc xem xét; cac do do Hamming-L0ss va F1-scoremicro ctia cAc md hinh khi ap dung hai giai thuit
nay déu cho két qua kha quan. Mt khac, hi¢u suat du dodn code-smell gitra ba phuong phap BR, CC va LP khdng
chénh léch nhiéu, tham chi BR con c6 thé dat hi¢u suét cao nhat trong mot vai do do.

Két qua thir nghiém da cho thay muc d tuong quan rat thap giita cac code-smell va cac dic trung trong tap dir
liéu Class-smell. Day la cac yéu t& quan trong gitip hiéu suat cua ciia hai thuat toan Logistic Regression va Decision
Tree vuot trdi hon phan con lai.

V.KET LUAN

Bai bao giéi thiéu tap dir liéu Class-smell da nhdn dé st dung cho cac nghién ctru vé linh vuc du doan code-
smell dya trén hoc may dp dung cac phuong phdp phén loai da nhén. Dén hién nay, Class-smell c6 thé dugc xem la
mot trong nhitng tap dit liu da nhén veé code-smell dugc cong b 6 dung luong déng ké, v6i hon 90.000 mau do do
ma nguon & cap do 16p, 41 dac trung va 6 nhan code-smell. Xét vé mit tong the tap dir liu duge can bang giita sb
lwong mau Duwong tinh va Am tinh. Tuy nhién, Class-smell vin con ton tai sy mat can bang giita s6 lugng mau Dwong
tinh va Am tinh trong mdi code-smell.

Cac phuong phap phan loai da nhan don gian, nhu Binary-relevance, Classifier-chain va Label-powerset cling
V6i bdn giai thuat phan loai phd bién hién nay, dugc ap dung dé xdy dung cac md hinh hoc may nham phat hién cac
code-smell co thé dong thoi ton tai trong mot mau do do ma ngudn; hidu sudt du doan tong thé ctia cac md hinh thir
nghiém cho thay tiém ning hira hen ctia hoc méay d6i v6i van dé nay.

Céc van d& v& mét can bang dit liéu trén mdi code-smell va su khac biét vé két qua du doan code-smell gitra cac
giai thuét phéan loai trong bai b4o nay s€ duoc giai quyét bang cac phuong phap phan loai da nhan nang cao thudc cac
nhom khéc, nhu Thich tng thuat toan va Phuong phap tap hop trong cac nghién ciru tuong lai.
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CODE-SMELL PREDICTION BASED ON MULTI-LABEL
CLASSIFICATION

Nguyen Thanh Binh, Nguyen Huu Nhat Minh, Le Thi My Hanh, Nguyen Thanh Binh

ABSTRACT: In the last two decades, code-smell prediction based on machine learning has been a field of interest to the
research community. However, most studies use single-label datasets in experimental models, even though a source code sample
can hide many code smells in practice. This paper provides a multi-label dataset for studies related to multi-label classification, and
the paper also introduces a method to build machine learning models to detect code-smell based on the simplest multi-label
classification methods. Experimental models have shown promising results in this field of research.

Keywords: Multi-label classification, code-smell prediction, machine learning.



