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Tém tat: Céc nghién ctiu thii nghiém nham phat hién code-smell trong ma ngudn bing cich st dung cac ky thut hoc
may dua trén tip dif liéu do do ma ngudn da cho thdy nhiéu két qua hifa hen. Cic thi nghiém di budc dau dua cic ky
thuat lua chon dic trung clia cc tip dif liéu vao cdc md hinh hoc mdy, két qua thit nghiém cho thiy céc ky thuat lya chon
dic trung da c6 nhiing tic dong tich cuc dén hiéu suit du dodn clia cdc md hinh. Tuy nhién, chua c6 nghién cifu nao so
sanh hiéu suit du dodn giita cdc ky thuat lya chon dic trung trén cing mot mo hinh trong du dodn code-smell. Bai bdo
nay sé cung cip cac két qua thi nghiém nhiam danh gia toan dién cac ky thuat Iua chon dic trung bang cich so sanh hiéu
suit du dodn code-smell gifta cdc ky thuat nay khi dudc 4p dung v6i ciing mot md hinh hoc mdy; dong thdi, bai bao nay
ciing cho biét ky thuat lua chon dic trung phi hop nhat dbi v6i mot mo hinh phat hién code-smell dua trén hoc mady.

Tir kKhéa: Lisa chon ddc trung, code smell va hoc mdy

Feature selection techniques in code smell prediction based on machine learning

Recent studies that detect code smells in source code using machine learning techniques based on source code metrics
datasets have shown promising results. In this work, we validate feature selection techniques of datasets with machine
learning models. As a result, experiments demonstrate that using feature selection techniques could improve predictive
performance of the models. To the best of our knowledge, no studies have compared the predictive performance
between feature selection techniques on the same model in code smell prediction. In this paper, we would provide the
experimental results to comprehensively evaluate feature selection techniques by comparing the code smell predictive
performance between these techniques when being applied with the different machine learning models. Throughout
extensive evaluation, it shows the best feature selection technique for machine learning-based code smell detection
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I. GIOI THIEU

Trong qué trinh bao tri va phat trién, cac hé théng phan
mém dudc cdc 1ap trinh vién cip nhat va phat trién mot
cach lién tuc nham muc dich (i) thém cdc cai dit d€ dap
ing cdc yéu cau méi, (ii) cdi thién cic chic ning hién co,
hoic (iii) stia cac 16i nghiém trong [1]. Do dp luc vé thoi
gian, thiéu ky ning hodc kinh nghiém, cdc nha phat trién
khong phéi lic nao ciing sin sang kiém sodt hoan toan do
phiic tap ctia hé théng d€ tim ra giai phép tdi vu trudc khi
ap dung cac siia ddi [2]. Do do, ho thudng dp dung céc
trién khai dudi mic tdi vu va c6 kha ning lam sai léch
thiét k& ban dau ctia hé thong.

Code-smell 1a tridu chiing cta viéc thiét ké hoic trién
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khai dudi mic t6i tu ma cic nha phat trién 4p dung cho
hé théng phian mém. Do d6, code-smell hién dién trong
ma nguodn c6 thé din dén phat sinh hoic c6 nguy co phat
sinh 16i phin mém trong tuong lai. Nhidu nghién citu trudc
day da chi ra ring code-smell khong chi anh huéng dén
viéc hiéu biét vé hé thdng clia cdc nha phat trién trong cic
nhiém vu bdo tri ma con anh hudng dén viéc thiét ké cia
hé théng bi thay d6i va dé bi 16i [3-5]. Do d6, viéc phat
hién code-smell 12 mdt thach thiic quan trong dbi véi cac
nha phat trién d€ gidm thi€u cdc nd Iuc va chi phi bo tri
hé théng [6].

Trong nhiing nim gan diy, cic nghién ctiu thii nghiém
nham phét hién code-smell trong ma ngudn bang cach si
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dung cac ky thuat hoc may (Machine learning techniques -
MLTs) dua trén tap dit liéu d6 do ma ngudn (Source code
metric dataset - SMD) di cho thiy nhiéu két qua hia hen
[7-13]. Céc thi nghiém nay cho thly SMD la mot yéu tb
¢ vai tro quan trong trong md hinh phat hién code-smell
dua trén MLTs; tuy nhién, hau hét cic nghién citu déu st
dung tét ca cic dic trung hién hitu cia tip dif liéu (Dataset
features - DFs) dé huin luyén cho cic md hinh hoc may.
Pay khong phai 1a mot vin dé& quan trong khi SMD chua
di 16n, nhung cung véi su phat trién nhanh chéng clia cac
cong cu phan tich ma ngudn hién nay, dung lugng SMD
va sb lugng DFs c6 thé thu dudc rat 16n, thi né sé 1a mot
thach thiic d6i véi chi phi vé thoi gian va tai nguyén dé dap
ung cho cac mo6 hinh phat hién code-smell dua trén MLTs.

Bai bdo nay sé thir nghiém cac mo hinh phat hién code-
smell hién dién trong ma ngudn dua trén cic MLTs két
hgp v6i cac ky thuat Iya chon dic trung (Feature selection
techniques - FSTs) cia SMD. FSTs la tap hgp cac ky thuét
nhim lua chon tif SMD cic dic trung cé lién quan véi
code-smell; véi sy hd trg ctia FSTs, nhiéu tap dit liéu con
(SubDataset - SD) s€ dudc tao ra dua trén cic dic trung
dudc lua chon tit SMD. Céc thii nghiém sé dudc tién hanh
bing cach 1an ludt 4p dung cac SD cho cic MLTs dé phat
hién code-smell va trich xuét hiéu suit du doan (F1-score)
ctia ching. Céc két qua thit nghiém nay sé dugc can nhac
d€ xdc dinh FST tbt nhit dbi véi mbi MLT va code-smell.

Phan tiép theo clia bai bdo nay 1 tng quan vé cac nghién
ctu lién quan dén vin dé phat hién code-smell dua trén céc
MLTs. Phan 3 ctia bai bdo sé dé cap dén cac can nhic khi
lua chon SMD, cdc k¥ thuat tién x{ 1y dif liéu, cac code-
smell va FSTs sé dudc ap dung cho cac MLTs ctua cac mo
hinh thit nghiém. Y tudng thiét k& mo hinh thit nghiém du
doan code-smell dua trén hoc mdy két hop véi cac ky thuat
FSTs dudc trinh bay trong phan 4. Phan 5 sé thao luan lién
quan dén két qua thir nghiém ctia cdc mo hinh. Cubi cuing
ctia bai bdo sé 1a cic két luan chung lién quan dén cac két
qua thir nghiém va huéng nghién ciu can phat trién dua
trén két qua bai bdo nay.

II. CAC NGHIEN CUU LIEN QUAN

Néam 2016, Fontana va cac cdng su [7] da st dung 16
MLTs dé du doan code-smell trén SMD do nhém phat trién;
Mac du cac ky thuat FSTs khong dugc ap dung nhung do
chinh x4c du doan dat dén 99,10% trong cac thi nghiém
ctia ho. Tiép tuc vé6i tip dif liéu nay, nim 2017 [8], nhém
nghién ctu tiép tuc cong bd két qua phan loai mic do
nghiém trong ctia code-smell dua trén cac MLTs két hop
v6i cac ky thuit FSTs co ban; do chinh xac phan loai cda
thtt nghiém nay dat dén 93%. Mansoor va cic cong su [9]
da thi nghiém dy dodn code-smell trong 5 SMD ma khong
st dung dén cac FSTs; do chinh xdc ctia thir nghiém dat
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trung binh 87,00% ddi véi do do precision va 92,00% d6i
v6i do do recall.

Mot thit nghiém du doan mic dd nghiém trong cua cac
16i ctia ma ngudn c6 st dung cac ky thuat FSTs Information
Gain va Chi-square d€ chon cic dic trung phu hop tr bo
di liéu da dugc Pushpalatha va cong sy thyc hién [10];
do chinh xdc du dodn ctia mo hinh tht nghiém dat dén
89,80%. Mohammad Y. Mhawish va cdc cong su da tién
hanh céc thé nghiém du doan code-smell dua trén cac mo
hinh hoc mdy c6 stt dung cac ky thuat FSTs [11, 12] trén
tap di liéu cua Fontana [7]; d§ chinh xac dy doan cta cac
thit nghiém dugc cai thién dan tir 98,38% dén 99,70% tuy
thudc vio cic ky thuat tién xd ly dif liéu.

Gan day, nhém nghién ctu clia Dewangan da tién hanh
xday dung mo hinh du doan code-smell dya trén 6 MLTs
[13] d€ du dodn code-smell Long-method trén tap dit liéu
cta Fontana [7]; ho da 4p dung cac ky thuat FSTs Chi-
square va Wrapper based d& lua chon cic dic trung phi
hop v6i md hinh thi nghiém, dong thdi phuong phap xdc
thuc 10-Fold- Cross-Validation dudc dp dung dé€ xdc thuc
do tin cdy cla viéc du doan code-smell cia md hinh thi
nghiém. Két qua thit nghiém cho thiy du doan code-smell
Feature-envy dat do chinh xac dén 99,12%.

Céc nghién cifu trén da budc dau dua cac ky thuat FSTs
ctia tap dif liéu vao cidc md hinh d€ ting hiéu suét du dodn.
Két qué thi nghiém cho thiy céc k¥ thuat FSTs di c6 nhiing
tac dong tich cuc dén hiéu suit du dodn ctia cic mo hinh.
Tuy nhién, chua c6 nghién citu nao so sanh kha nang ting
hiéu suit gitta cdc k¥ thuat FSTs dbi v6i cing mot mo hinh
du dodn code-smell. Vi vy, bai bdo nay sé bd sung cho
céc cac nghién ctiu trén trong hai vin dé chinh:

(i) Cung cip mot nghién ciiu nham danh gia toan dién
cac FSTs bang cach so sanh hiéu suit du doan code-smell
gitta cac FSTs khi dugc ap dung véi cing mot mo hinh thi
nghiém.

(ii) Pong thdi, bai bdo nay ciing cho biét ky thuat FST
tot nhét ddi v6i mot mo hinh phat hién code-smell dua trén
MLTs.

III. LUA CHON CAC FSTS

Viéc trich xuit do do tif ma ngudn thudng tao ra cic
SMD c6 sb lugng céc dic trung khd 16n tuy thudc vao
cong cu dudc su dung; Mdc du vdy, khong phai lic nao
céc cdc dic trung hién dién trong SMD déu lién quan truc
tiép dén cac code-smell can dugc phat hién, cho nén céc
MLTs c6 thé tao ra két qua kém chinh xdc va khé hiéu hon
hoic c6 thé khong phat hién ra bét ky diéu gi hitu ich.

FSTs la cdc phuong phap cb ging xdc dinh va loai bd
cang nhiéu cic dic trung khong lién quan va du thita cing
tot trude khi 4p dung vao cac MLTs. FSTs c6 thé niang cao



hiéu suit, tiét kiém thdi gian nhd viéc gidm khong gian
tim kiém trén cdc bién doc 1ap va trong mot sd trudng hop,
gidm yéu cau luu trit. Hién nay, cac phuong phap Iva chon
dédc trung dugc chia lam ba nhém sau: phuong phép Filter,
phuong phap Wrapper va phuong phap Embedded.

1. Phuong phap Filter (Filter methods)

a) Pearson correlation (F-Corr):

Pearson correlation 1a mot hé s6 c6 gid tri tif -1 dén 1;
gia tri nay cho biét mic do ma hai dic trung c6 lién quan
tuyén tinh véi nhau. Néu Pearson correlation = 0, nghia 1a
ching khong c6 lién quan v6i nhau. Muc dich cua ky thuat
nay la xdc dinh cdc dic trung c6 hé sb Pearson correlation
cao va loai bo ching khoi tap dic trung cia SMD.

b) Analysis of Variance (F-Aov):

1a mot ky thuat thong ké kiém tra xem cic dic trung diu
vao khic nhau c6 gid tri khac nhau dang k& cho bién dau
ra hay khong. Ky thuit cho phép phan tich nhiéu nhém dit
liéu d€ xdc dinh su khéc biét gifta cdc mAiu va trong cic
mau, dé c6 dugc thong tin vé mdi quan hé gilta cic bién
phu thudc va bién doc 1ap gitip chiing ta lya chon cic dic
trung t6t nhét.
¢) Mutual information (F-MI):

MI 1a lugng thong tin c¢6 thé thu dudc tif mot bién ngau
nhién cho mot bién khéc. Gia tri ndy thé hién mic do phu
thudc 1an nhau gita cic bién doc 1ap va bién phu thuoc.
MI ludn 16n hon hodc bing 0, trong d6 gia tri cang 16n thi
mbi quan hé gifta hai bién cang 16n. Néu M= 0, thi céc
bién 1a doc 1ap.

2. Phuong phap Wrapper (Wrapper methods)

a) Forward selection (W-Fws):

Mot dic trung tot nhit dudc chon d€ bat dau va thém
nhiéu 14n 13p lai. O méi 1an ldp lai tiép theo, cc dic trung
tot nhit con lai dugc thém vao dua trén tiéu chi hiéu suit
cta ching.

b) Backward elimination (W-Bwe):

Ky thuit nay bat diu véi tit ca cc dic trung va lap di
lap lai loai bo tung dédc trung mot. Mot trong nhiing thuét
toan phd bién nhét 1a Recursive Feature Elimination (RFE)
gitip loai bod céc dic trung it quan trong hon dua trén xép
hang miic d6 quan trong cta ching.

3. Phuong phap Embedded (Embedded methods)

Céc phuong phap thudc nhém Embedded két hop cic
vu diém cda c4 hai phuong phap Filter va phuong phap
Wrapper. Cac phuong phap nay hiéu qua hon cic phuong
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phép Wrapper va chinh xdc hon ciac phuong phap Filter;
trong cac phuong phap Embedded, viéc lya chon déc trung
dugc thuc hién trong qud trinh huin luyén. Hai phuong
phédp lua chon dac trung thudéc nhém Embedded la Héi
quy Ridge (E-Ridge) va Hoi quy Lasso (E-Lasso) dudc
lua chon d€ dua vao cidc mo hinh thi nghiém.

IV. THIET KE VA THU NGHIEM MO HINH DU
POAN CODE-SMELL KET HOP FSTS
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lva chon déc trung

1. Lwa chon SCM va k¥ thuét tién xi Iy dir liéu

Bai bao st dung tap dit liéu ml-Codesmell ciia nhém tac
gia va da dudc cong bd [14]. Tap dit liéu nay da dugc dé
xuit cho cac md hinh du doan code-smell dya trén phuong
phap hoc mdy véi mot lugng 16n quan sat ciing v6i nhiéu
dic trung dudc tao bang cich thu thap cic do do ma ngudn
dugc trich xuét tir 525 du 4n ngudn md.

Tap di liéu ml-Code-smell dugc phan tach thanh 2 tip
dit liéu con: tap dit liéu huén luyén (training) d€ huin luyén
cac MLTs va tap dif liéu ki€m tra (testing) dé kiém tra hiéu
suit du dodn ctia cdc MLTs ddi vdi su hién dién cia céc
code-smell c6 trong tip nay. Dua trén két qua da thu dugc
qua thd nghiém cdc ty 1€ phén tach training:testing khac
nhau trén cung 1 tdp di liéu va ky thuit hoc may [14], ty
1¢ phan tich dif liéu training:testing 1a 80:20 dudc chon dé&
ap dung cho céc thit nghiém ctia bai bao nay.

K§ thuit can bing dit lieu SMOTE dugc ap dung dé xi ly
mit can bang di liéu trong tap di liéu huén luyén. SMOTE
12 mot trong céc k¥ thuat 1dy miu qua miic (Oversampling);
trong d6 cdc miu tdng hop dugc tao ra cho 16p thiéu sb.
Thuat todn nay gitip khic phuc van dé over-fitting do qua
trinh 14y mau ngiu nhién (Random Oversampling) gay ra.
N6 tap trung vao khong gian cic dic trung dé tao ra cic
mau quan sat mdi véi sy trg gitip cta phép noi suy giita
16p thiéu s6 nim clng nhau.
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2. Lua chon cac code-smell cho mé hinh thir nghiém

Tap dit liéu ml-Codesmell !, bao gém 8 code-smell &
clp do 16p (Class-level) va 6 code-smell & cip do phuong
thiic (Method-level), dugc thé hién trong Béang L.

Bang I
TOM LUOC THONG TIN VE TAP DU LIEU ML-CODESMELL
Cap do Dung SO lugng | SO luodng SO lugng
code-smell lugng mau | dic trung | code-smell
Class-level 76 MB 373,400 41 8
Method-level | 491 MB | 2,486,282 33 6

Trong pham vi bai bdo, dé tap trung vao muc tiéu danh
gia hiéu sult ctia cac FSTs va tiét kiém thdi gian, nim code-
smell G cﬁp dd 16p (Brain-Class, Data-Class, God-Class,
Model-Class, va Schizophrenic-Class) dudc lua chon dé dua
vao mod hinh th nghiém.

3. Cac m6 hinh hoc may (MTLs)

Céac m6 hinh hoc mdy dudc tao ra véi nhiéu thuat toin
khac nhau. Nim thuit todn dudc chon dua trén miic d6 pho
bién, tinh don gian va hiéu suit cao ctia chiing. Cac thuat
toan nay dudc mo ta ngan gon nhu sau:

« Random Forest Classifier (RFC): RFC phu hop véi
mot s& bd phan loai cdy quyét dinh dua vao céc tap con
khac nhau ctda SMD va tap hop cic cidy dau ra theo
gia tri trung binh cla ting cdy. P9 chinh xic dau ra
cia RFC phu thudc vao stic manh cua ting cdy trong
riing va moi tuong quan giita ching. Do dé, RFC c6
thé cai thién d6 chinh xdc du doan va tranh van dé
khép qua muc (over-fitting) [15].

« Light Gradient Boosting (LGB): LGB xay dung mdt
mo hinh dua trén cdc cdy quyét dinh don gidn khong
dudc t6i uu héa tét va sau d6 khai quat hoa ching bing
céch t6i vu héa mot ham méit mat (loss-function) dugc
x4c dinh tlly y d€ dua ra cdc du dodn manh mé hon.
Céc uvu diém cta LGB nhu sau: (i) c6 téc dd huin
luyén nhanh hon va hiéu qui cao hon nhiéu thuét toan
khéac nhung tiéu tén bd nhd thap hon, (ii) c6 do chinh
x4c cao hon bét ky thuit todn ting toc nao khic va
(iii) c6 kha ning tuong thich t6t hon véi cic bo dit
liéu 16n [16].

» K-nearest Neighbors Classifier (KNN): Cac quan sat
dugc phan loai dua trén 16p ctia miu 1an cin gan nhit
cta chung. KNN c6 hai giai doan: (i) Xac dinh céac
mAu gan nhét va (ii) xdc dinh 16p st dung cac lan cin
d6. Mot s6 uu diém ctia KNN nhu sau: (i) nhanh chéng
trién khai va g 16i, (ii) rit hiéu qua néu céc 1an cin
dudc st dung phan tich d€ lam gidi thich va (iii) c6

Uhttps://doi.org/10.6084/m9.figshare.21343299.v2
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nhiéu k¥ thuat c6 thé nhanh chéng ting do chinh xéc
va cai thién ding k& thdi gian qud trinh thi nghiém
trén cac tap di li€u 16n [17].

o Linear Logistic Regression (LLR): Thuit todin manh
mé nay cho phép nhiéu bién doc lap dugc phan tich
ddng thai va gidm cdc tic dong giy nhiéu bing cich
phan tich mdi lién hé clia tit ci cac bién. LLR phan
loai cdc miu dua trén xdc suit cia mot su kién, vi
viy cdc bién phu thudc va doc lap ctia hdi quy logistic
khong can méi tuong quan [18, 19].

» Linear Support Vector Classification (SVM): SVM
la mot moé hinh hoc mdy c6 giam sat (supervised
learning model) véi su két hop cac thuat toan hoc may
nham phén tich dif liéu d€ phan loai va phan tich hdi
quy. SVM hoat dong tuong dbi t6t khi c6 bién do phan
cach ro rang gilta cac 16p. SVM hiéu qua hon trong
khong gian nhiéu chiéu va tuong dbi hiéu qua vé bo
nhé [20].

4. Lua chon cic dd do hiéu suit d€ danh gia mé
hinh

Sau khi dudc huin luyén véi training, cic MLTs c6 thé
du doan mot mAu trong testing 1a duong tinh(1a code-smell)
hay 12 dm tinh (khong phéi code-smell). Két qua du dodn
clia md hinh c6 thé roi vao mot trong 4 trudng hop sau:

« TP (True-Positive): Du doéan ding 1 miu duwong tinh.
o TN (True-Negative): Du doan ding 1 mau dm tinh.

o FP (False-Positive): Du doan sai 1 miu duong tinh.
o FN (False-Negative): Dy doén sai 1 mau dm tinh.

Sau khi xac dinh dugc cac gia tri trén, do chinh xac du
dodn ctia mo hinh thit nghiém dugc danh gid bang cac do
do co ban sau:

« Accuracy Accuracy 1a mot do do ding d€ danh gid
hiéu suit dy doan ctia mot MLTs. Gid tri Accuracy
cang cao thi do chinh x4c du doan cang 16n. Accuracy
dugc tinh todn dua trén cong thic sau:

TP+TN
TP+TN+FP+FN

Accuracy = 1)
Tuy nhién, khi tap dif liéu bi mit can bang nghiém
trong, viéc st dung Accuracy lam do do danh gia hiéu
suit ctia md hinh thuong khong hiéu qui vi hau hét
chiing déu c6 dd chinh xdc rét cao; bit ky mo hinh
nao c6 thé du doan tit ci cac mau thudce vé 16p da sb
ciing sé cho két qua gan 100%. Do d6, cic dd do nhu
Precision, Recall va FI-score thudng dugc can nhic
d€ thay thé cho Accuracy. Cic dd do nay dé cao tinh
chinh xac ctia 16p thiéu s6 hon 1a 16p da sb.
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« Precision Do do nay nhim cb ging tra 15i cau hoi ) ) ) Béing I1I
sau: TS’ lé nhé.n dang dling cic mﬁu deUI’lg tinh 1a bao KET QUA HIEU SUAT DU POAN CODE-SMELL DATA-CLASS
nhiéu? Precision dugc dinh nghia nhu sau: MLTs
FSTs KNN | LGB | LRR | RFC | SVM
Precision = —LE__ ) None-FST 085 T 095 1 T
TP+ FP E-Lasso 0,86 1 0,9 1 1
. 2 14 . P x E-Ridge 0,96 0,99 0,92 | 0,97 0,95
o Recall Recall (;Ilnh lu?dng ty le dU.' doan dung mau F_ong 0,98 1 0,95 0,99 0,96
duong tinh tu tat ca cac du doan duong tinh da dugc F-Corr 0,89 1| 096 | 09 | 099
" R 4 . 22 x F-MI X 1 ) ) S
thuc hién. Khong giong nhu Precision ch1, tr? Ve cac W-Bwe g’gg h 8’32 8’32 8,23
du dodn chinh xdc mau duwong tinh trong so tat ca cac W-Fws 0,98 1] 095 ] 099 1
du doén duong tinh, Recall con cung cip du hiéu ctia
cac du doan duong tinh bi bd 16. Cong thic tinh Recall
nhu sau: P ¢) God-Class:
Recall = TPIEN 3) Két qué hiéu suét thit nghiém véi code-smell God-Class,
+

o o o . dugc trinh bay trong Bang IV, cho thiy chi c6 2 MLTs 1a
. Fl-score\Day la mdt do do hai hoa gitta Precision va LGB va RFC 1a phit hdp v6i code-smell nay khi cho thiy
Recall, dong thi cting 1 do do ly idng d€ danh gid  pigy sudt dy dodn dat tit 99%; tuy nhién, céc ky thuit FSTs
cac mo hinh c6 bd di 1i€u mat can bang nghiém trong. khong phat huy hiéu qua khi hiéu sut ciia cdc md hinh
2(Precision * Recall) @) khong td ra vugt trdi so véi SMD nguyén ban.
Precision + Recall

Trong bai bao nay, Fi-score dugc st dung lam thudc do i o . Bang IV
hiéu suit cia cic mé hinh du dodn dya trén MLTs. KET QUA HIEU SUAT DU DOAN CODE-SMELL GOD-CLASS

Fl-score =

R L ) R ESTs MLTS |l kNN | LGB | LRR | REC | SVM

V. KET QUA VA THAO LUAN None-FST 0,62 11036 | 097 | 053
% ” , Ze s E-Lasso 0,64 0,96 0,24 0,95 0,48

1. Két qua du doan doi voi cac code-smell E-Ridge 0.6 | 096 05 | 095 | 047
. F-Aov 0,62 0,96 0,54 0,95 0,3

a) Brain-Class: F-Corr 0,56 | 0,97 | 0,24 | 087 | 0,59
£ , , . o a E-MI 0,71 1] 044 | 099 | 0,58

Két qua du dodn code-smell Brain-Class dugc thé hién W-Bwe 0’65 087 | 052 0’66 0.64
trong Bang II. Hau hét cac FSTs déu cho hiéu suit tot hon W-Fws 065 | 0.87 | 052 | 0.66 | 064

so v6i SMD nguyén ban, ngoai trit d6i v6i mo hinh MLTs
ap dung gidi thuat LGB; Nhin chung, hiéu suit dy dodn cia 4 ) Model-Class:
cdc MLTs dbi v6i code-smell nay khong cao; tuy nhién, khi
LGB st dung FSTs 1a F-Corr thi hiéu suit dat dén 95%,
tuong duong v6i SMD nguyén ban.

Hau hét cac MLTs dugc dua vio md hinh t ra phit hop
v6i code-smell Model-Class bdi vi ching déu tra vé hiéu
suat rit cao (tif 98% trd 1én) khi thit nghiém, ngoai trir k§
thuat SVM; tuy nhién, bén canh doé, cic phuong phap FSTs
lai khong c6 hiéu qua nhu ky vong khi hiéu suét ctia ching
chénh 1éch khong dang ké so véi SMD nguyén ban mic du

Bang II
KET QUA HIEU SUAT DU POAN CODE-SMELL BRAIN-CLASS

FSTs MLTs KNN | LGB LRR | RFC SVM tiéu t6n kha nhiéu thoi gian cho qllé. trinh 10211 bd bét cac
None-EST 0,30 0,95 0,15 0,47 0,43 DFs khﬁng lién quan va du thﬁa (két quﬁ thfl’ nghlém co
E-Lasso 0,31 0,66 0,12 | 0,48 0,46 trong Béng V).
E-Ridge 0,26 0,64 0,32 0,5 0,42
F-Aov 0,33 0,58 0,30 | 0,50 0,48
F-Corr 0,33 0,95 0,17 0,5 0,45 ) ) Bang V
F-MI 0,28 | 0,63 | 024 | 048 0,51 KET QUA HIEU SUAT DU POAN CODE-SMELL MODEL-CLASS
‘W-Bwe 0,5 0,68 0,24 0,39 0,5
W-Fws 042 | 0,55 | 021 | 040 | 020 MILTs
KNN | LGB | LRR | RFC | SVM
FSTs
None-FST 1 1 0,98 1 0,77
b) Data-Class: E-Lasso 1 1] 098 1| 064
P . o ) E-Ridge 1 1| 098 1 1
S0 liéu cua ket qua duy doan dugc thé hién trong Bang F-Aov 098 | 098 | 096 | 097 | 092
III. Hiéu suit duy doan ctia ciac MLTs dbi véi code-smell F-Corr 1 1] 098 1] 024
e w2 . . . X F-MI 1 1 0,98 1 0,31
Data-Class vugt trdi va on dinh so vdi Brain-Class; Hau W-Bwe 097 | 098 | 094 | 098 | 0091
hét cac FSTs déu c6 hiéu suit du dodn dat tit 99% trd 1én W-Fws 097 | 098 | 094 | 098 | 091

tuy theo MLTs dugc chon.
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e) Schizophrenic-Class

Khi tht nghiém du doan code-smell Schizophrenic-Class
bing cidc md hinh dp dung cic MLTs LGB va RFC, céc
FSTs khong cho thiy su chénh léch hiéu suit du dodn so
véi SMD nguyén ban bdi vi tit ci ching déu tra vé hiéu
sudt 100% (Bang VI); tuy nhién, khi ding cic mo6 hinh
dudc 4p dung cidc MLTs con lai, cac FSTs da thé hién dugc
tinh hiéu qua clia ching: ting hiéu suit tit 58% lén 86%
dbi v6i MLTs KNN, ting tit 84% lén 99% dbi véi MLTs
LRR va ting tit 40% 1én 53% d6i v6i MLTs SVM.

) Bang VI
KET QUA HIEU SUAT DU POAN CODE-
SMELL SCHIZOPHRENIC-CLASS

MLTs NN | LGB | LRR | REC | SVM
FSTs
None-EST 0,58 T [ 084 I 0.4
E-Lasso 0,64 1 0,69 1 0,53
E-Ridge 0,73 1] 088 1] 034
F-Aov 0,66 1] 098 1 0.4
F-Corr 0,63 1] 084 1| 035
E-MI 0,75 1] 099 1 0.4
W-Bwe 0,86 1] 099 1] 034
W-Fws 0,79 1] 099 1 0.4

2. Thao luén chung vé cic két qua thi nghiém

Két qua tht nghiém cho thiy sau khi tap di liéu dugc
ap dung cic ky thuat FSTs, hiéu suét du doan clia cic md
hinh MLTs da c6 nhiing céi thién tich cuc tuy theo ting
FSTs va MLTs. Dua vao cac két qua thii nghiém trén, céc
FSTs da thé hién mot s6 dic diém tich cyc sau:

- Cai thién do chinh x4c ctia mo hinh: Bing cich chon
ky thuat FSTs phu hgp v6i MLTs, viéc lua chon dac trung
da thé hién kha ning cai thién do chinh x4c ctia m6 hinh
thit nghiém. Tit ca céc thir nghiém déu cho thdy véi mdi
MLTs déu c6 it nhat mot ky thuat FSTs cho hiéu suét bing
hodc cao hon véi tdp di liéu nguyén ban SMD.

- Cai thién kha ning dién giai: Bing cach chi chon cdc
dic trung phu hop nhét, cic ky thuat FSTs c6 thé cai thién
kh4 niing dién gidi cla mo hinh, gitp dé hiéu va gidi thich
cédc dic trung gép phan vao du dodn ctia mo hinh.

- Giam dung lugng tap dit liéu: Cac FSTs gitp giam kich
thudc ctia tap dif liéu, diéu nay c6 thé gidp truc quan héa
va phan tich di liéu dé dang hon.

- Giam thoi gian huin luyén ciac mé hinh: Bing cich
giam sb luong dic trung, FSTs c6 thé gidm do phic tap
tinh toan ctia mo hinh, vi vay thdi gian huin luyén ciac mo
hinh dugc gidm di dang ké.

Nhin chung, két qua thii nghiém da cho thiy cic FSTs
gitip giam thiéu thoi gian huin luyén, cdi thién do chinh
xdc, hiéu qui va kha ning dién gidi cia cic md hinh hoc
mdy, gitip ching trd nén hiéu qua va hitu ich hon cho nhiéu
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ting dung. Tuy nhién, qua trinh thif nghiém cling cho thiy
mot s6 vin dé can can nhac khi 4p dung cic FSTs:

- Ton thoi gian: FSTs c6 thé 1a mot qua trinh tn nhiéu
thoi gian, dac biét khi lam viéc véi cac bo dir liéu 16n hodc
st dung céac ky thudt thuéc nhém phuong phap Wrapper.

- Mt thong tin: Viéc x6a cic dic trung khoi tap di liéu
c6 thé dan dén mét thong tin c6 gia tri tiém 4n, diéu nay
c6 thé anh hudéng dén do chinh xic ctia md hinh. Két qua
thtt nghiém cho thiy nhiéu FSTs da cho hiéu suit du dodn
thip hon so véi tap dit liéu nguyén ban (None-FSTs).

Vi vay, khi 4p dung céc FSTs, didu quan trong 1a phai
danh gid can than cic vu di€ém va nhugc diém tiém 4n cla
titng ky thuat FSTs va chon ky thuat tot nhat dua trén céc
muc tiéu va yéu cau cu thé ctia md hinh hoc mady.

VI. KET LUAN

DPén phan cudi bai bdo ndy, qua két qua thi nghiém,
c6 thé két luan rang FSTs la cac ky thuat vé viéc giit cac
déac trung hitu ich va cé lién quan mot cach ty dong thong
qua cdc quy trinh da dudc dp dung trong cac mo hinh thi
nghiém. Bai bdo da thd nghiém cac ky thuit FSTs dugc
xdy dung tif cic quan diém khéc nhau: tir s6 liéu théng ké
dén phuong phéap hoc mdy. Nhin chung, khi 4p dung FSTs
cho cic MLTs, cé thé dan dén cic mo hinh t6t hon, dat
dugc hiéu suét cao hon va dé& hiéu hon. Cubi ciing nhung
khong kém phan quan trong, d6 1a viéc c6 mét tap hop con
céc dic trung cho phép mo hinh hoc mdy dudc huin luyén
nhanh hon ma van cai thién dugc hiéu suit duy dodn. V&
huéng nghién ctiu sau hon déi véi cac ky thuat FSTs, viéc
két hop nhiéu ky thuat FSTs d€ lua chon céc dic trung can
dugc tiép can; mot tip hop cac ky thuat FSTs phu hop c6
thé cai thién dugc hiéu suit va giam thiéu thdi gian huén
luyén cho cac mo6 hinh hoc may trén tap dir liéu siéu 16n.
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