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Tom tat

Trong hoc méy, viéc lya chon mé hinh phén loai ciing chién lugc didu chinh siéu tham sé phit hop déng vai trd quan
trong trong viéc nang cao hiéu ning du doan. Bai bao nay dé xuit mot quy trinh thuc nghiém nhim danh gia hiéu ning
ctia ba mé hinh hoc may truyén théng gdm SVM, Random Forest va XGBoost, két hop v6i ba chién luoc diéu chinh siéu
tham sb 1a Grid Search, Random Search va Bayesian optimization. Dit liéu duoc biéu dién thong qua ba loai dic trung:
TF-IDF, AST va su két hop cua ca hai. Mdi cdu hinh mé hinh dugc huin luyén lap lai 50 14n nham dam bao do tin cay
thdng ké. Hiéu ning dugc danh gia dya trén hai chi sd chinh 1a Fl-score va ROC AUC. Két qua thuc nghiém cho thay
mo hinh XGBoost vai dic trung két hop va diéu chinh bang Bayesian optimization dat hiéu ning cao nhat, véi Fl-score
dat 92.0% va ROC AUC dat 94.7%, tang l1an lugt 2.1% va 1.3% so v&i thiét 1ap mac dinh. Phan tich chi tiét cho thdy mdi
lién hé chat ché gitta cach biéu dién dic trung, thuat toan phan loai va chién luge diéu chinh, tir d6 dua ra cac khuyén
nghi thuc tién cho viéc lwa chon mé hinh trong cac bai toan phan loai.

Tir khéa: AST, Bayesian optimization, diéu chinh siéu tham s6, hoc may, XGBoost

Abstract

In machine learning, selecting an appropriate classification model along with a suitable hyperparameter adjustment
strategy plays a crucial role in enhancing predictive performance. This paper presents an experimental framework to
evaluate the performance of three traditional machine learning models: SVM, Random Forest and XGBoost, combined
with three hyperparameter adjustment strategies: Grid Search, Random Search, and Bayesian optimization. The input data
is represented using three types of features: TF-IDF, AST and their combination. Each model configuration is trained 50
times to ensure statistical reliability. Model performance is evaluated based on two key metrics: F1-score and ROC AUC.
Experiental results show that the XGBoost model, when using combined features and optimized via Bayesian
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optimization, achieves the highest performance with an F1-score of 92.0% and a ROC AUC of 94.7%, representing
respective improvements of 2.1% and 1.3% over the default settings. A detailed analysis reveals a strong relationship
between feature representation, classification algorithm, and adjustment strategy, providing practical insights for selecting
machine learning models in classification tasks in practical applications.

Keywords: AST, Bayesian optimization, hyperparameter adjustment, traditional machine learning, XGBoost

1. Giéi thi¢u

Trong hoc may, phan loai 1a mét trong nhitng
nhiém vu nén tang va dugc ap dung rong rai
trong nhiéu linh vuc, voi ing dung trai rong tir
phan tich dit liéu y té, tai chinh cho dén xir Iy
ngdn ngit ty nhién va hé théng dé xuat. Trong
nhiéu bai toan thuc té, cac mo hinh hoc may
truyén thong nhu Support Vector Machine
(SVM) [1], Random Forest (RF) [2] va Extreme
Gradient Boosting (XGBoost) [3] van duoc ua
chudng nho hidu qua, kha ning dién gidi cao va
thoi gian huan luyén hop 1y.

Tuy nhién, hi¢u ndng ctia mdt mo hinh hoc
may khong chi phu thudc vao ban than thuat toan
ma con bi chi phdi manh boi hai yéu t6 then chét:
cach biéu dién dir lidu dau vao va phuong phép
diéu chinh siéu tham sd. Mot mé hinh t6t nhung
sir dung dic trung khong phu hop hoac thiét 1ap
siéu tham s chua t6i uu c6 thé dan dén két qua
kém 6n dinh hodc hiéu ning thap. Do do, viéc
lwa chon hop 1y gitta dic trung dau vao va chién
luge diéu chinh siéu tham sé 1a diéu kién tién
quyét dé khai thac toi da nang luc cia mé hinh.

Trong bdi canh d6, cac ki thuat diéu chinh
siéu tham s nhu Grid Search [4], Random
Search [5], va dac biét 1a Bayesian optimization
[6] da va dang dugc nghién clru, rng dung rong
rii. Mdi phuong phap mang lai nhitng uu, nhuoc
diém riéng vé do chinh xac, thoi gian xir Iy va
kha ning kham pha khong gian tham sd. Tuy
nhién, hién van con thiéu cac nghién ctru thyuc
nghiém dbi sanh c6 hé thdng gitra cac chién lugc
nay trén nhiéu mé hinh phan 16p, dic biét khi két
hop voi cac loai dac trung dau vao khac nhau.

Bai bao nay trinh bay mot nghién ctru thuc
nghiém cé cAu trac chit ché nham phan tich hi¢u
ning cua ba mod hinh hoc may truyén thong

(SVM, RF, XGBoost) khi dugc két hop v6i ba
chién lugc diéu chinh siéu tham s phd bién
(Grid Search, Random Search, Bayesian
optimization). Dic trung dau vao dugc xay dung
tir ba phuwong phéap: TE-IDF, AST va su két hop
gitra hai k¥ thuat nay. Mdi mé hinh dugc huin
luyén nhiéu lan dé dam bao tinh 6n dinh cua két
qua, tap trung danh gia qua hai chi s6 chinh: F1-
score va ROC AUC.

Nghién ctru huéng tdi muc tiéu cung cip mot
cai nhin khach quan va toan dién vé mdi quan hé
gifta mé hinh hoc may, dic trung dau vao va
chién luge diéu chinh siéu tham sé, tir d6 hd tro
Iira chon cAu hinh phtt hgp hon trong céc bai toan
phan loai thyc té.

Céc dong gop chinh cta bai bao gom: (i) xay
dung mot khung thyc nghiém toan dién két hop
ba mo hinh, ba dang déc trung va ba chién lugc
diéu chinh siéu tham s6 trong cling mot ma tran
danh gia; (i) thuc hién 1ap lai toan bd thuc
nghiém nhiéu lan dé dam bao do tin cdy thong
ké va phan tich dugc mirc do 6n dinh cua tung
ciu hinh; (ii1) chira mbi quan hé gitra dac trung,
md hinh, chién lugc diéu chinh, dong thoi giai
thich nguyén nhan ctia mot s6 két hop, dic biét
1a XGBoost voi dic trung két hop va tdi uu
Bayesian, dat hi€u nang vuot trdi so vdi cac
phuong an con lai, qua d6 dua ra cac khuyén
nghi thuc tién cho cac bai toan phan loai ma
ngudn.

2. Co s6 Iy thuyét va thuat toan sir dung

Trong khuon khd nghién clru nay, viéc lua
chon mé hinh phan 16p va phuong phap diéu
chinh siéu tham sé dugce xem 13 hai yéu t6 then
chét anh huong dén hiéu ning ctia hé thong hoc
méy. Ba thuat toan phén 16p tiéu biéu duoc lya
chon gébm: SVM, RF va XGBoost. Mdi thuat
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toan dai di¢n cho mot hudng tiép can khac nhau
trong xay dung mé hinh: tir phan tach tuyén tinh
(SVM), két hgp ngau nhién nhiéu ciy quyét dinh
(RF), dén tiang cuong dan theo do ddc
(XGBoost).

Song song vai d6, ba chién luoc didu chinh
siéu tham s6 gém Grid Search, Random Search
va Bayesian optimization ciing dugc dua vao
phan tich. Viéc hiéu rd nguyén ly hoat dong, vai
tro va dac trung cua trng mo hinh va phuong
phap diéu chinh sé& 1a co s¢ dé thiét ké va trién
khai cac thyc nghiém & phan sau.

2.1. Support Vector Machine

SVM 1a mot mo6 hinh hoc cé giam sat dugc
thiét ké dé giai quyét bai toan phén loai nhi phan
bang cach xac dinh mét siéu phang téi uu nham
phan tach cac diém dir lidu thudc hai 16p khac
nhau. Trong truong hop dif liéu tuyén tinh, muyc
tiéu cia SVM 1a tim mot siéu phang sao cho
khoang cach (margin) giita hai 16p 1a 16n nhét.
Bai toan toi wu tuong tmg c6 thé duoc phat biéu
dudi dang:

mibn%”w 117 voi didu kién: y,(w'x, + b) > 1, Vi ()

trong d6: wla vector trong sd xac dinh hudng
cua siéu phang phan tach, » 1a hé so dich dicu
chinh vi tri cta si€u phang so vo6i1 goc toa do, x,
1a vector dic trung thtt i, y, 1a nhin clia mau i
thuc tap {-1,+1}, w'x,+ bla gia tri dy doan

tuyén tinh tru6c  dau cia mau i,
y,(w'x, + b) >11a rang budc dam bdo ring
diém dir liéu phan loai ding va nam ngoai hodc

trén bién phén tach, %” w||* 12 ham muc tiéu

5{};2%||W||2+Cié v6i didu kign:

i=1

trong do: W,b, x,, , gidng cong thirc (1), ¢
1a bién trugt cho phép diém x. vi pham nhe diéu
kién phan tach, C 1a siéu tham s6 diéu chinh
muc phat cho céac diém vi pham, C z;i la
i=1
thanh phan phat, cang 16n néu cé nhiéu diém bi
phén loai sai.

Cong thtrc (2) 12 tong quat hoa cua (1), gitp
mo hinh van hoat dong tbt trong truong hop dir
liéu nhiéu hodc khong tuyén tinh hoan toan.

Dé xir 1y cac bai toan phi tuyén, SVM st dung
cac ham kernel nham anh xa dir liéu tir khong
gian ban dau sang khong gian dic trung co sb
chiéu cao hon, noi c6 thé ton tai mot siéu phang
tuyén tinh dé phén tach dir liéu. Cac ham kernel

can t6i thiéu hoa binh phuong chuén Euclid ctia
vector trong sO Wwgilp toi da hoa margin
(khoang cach gitra hai 16p).

Trong thuc té, dir liéu huan luyén thuong
khong hoan toan phan tach tuyén tinh do nhiéu
hodc phan bd chong lan giita cac 16p. Khi do,
SVM duoc mé rong bang ky thuat soft-margin,
cho phép mot s6 diém dir liéu vi pham diéu kién
phan tach. Bai toan tdi uu trd thanh:

(WX, +b)>1-&, £2>0 @)

phd bién bao gém: kernel tuyén tinh, ham
Gaussian (RBF), va da thire (polynomial).
Trong qua trinh huén luyén, mot s6 siéu tham
s6 can duoc thiét 1ap trude gdm: C - diéu chinh
murc do cho phép vi pham margin va anh hudng
dén murc do phat cho céc diém sai léch; tham s
kernel nhu khong ¢ (voi kernel tuyén tinh),
trong RBF (diéu khién d6 rong anh hudng cia
diém dir ligu) hodc bac da thuc trong kernel
polynomial.
2.2. Random Forest

RF 12 mot thudt todn hoc méy thugc nhom mo
hinh t6 hop (ensemble learning), dugc phat trién
dua trén nguyén 1y két hop nhiéu cay quyét dinh
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nham cai thién d6 chinh xac va tinh on dinh
trong du doan. Phuong phép nay su dung ky
thuat bagging (bootstrap aggregating), trong do
nhiéu ciy dugc hudn luyén trén cac tap con dit
liéu duoc 14y mau ngdu nhién c6 lap lai tir tap
huan luyén gbc, sau d6 két qua du doan dugc
tong hop tir cac cay thanh phan.

Khac véi cac md hinh cdy quyét dinh truyén
thong, RF tai mdi nut phan chia khong xét toan
bo tap dic trung, ma chi chon ngau nhién mot
tap con nho dé quyét dinh diéu kién phan tach.
Cach tiép can nay gitp ting cudng tinh ngiu
nhién gilra cac cay, giam hi¢n tugng qua khop
(overfitting) va han ché viéc m6 hinh bj chi phéi
bdi cac ddc trung manh.

Trong giai doan dy doan, dau ra ciia mé hinh
dugc xéac dinh nhu sau. V61 bai toan phan loai,
RF thyc hién bo phiéu da sé (majority voting) dé
chon ra nhan du doan:

$=mode{h, (x)} 3)
trong d6: $ la nhan phan loai dau ra cia md
hinh, x 1& diém dir liéu can phén loai, 7 14 tong
s6 cdy trong mo hinh, 4(x) du doan cia cay
quyét dinh thtr ¢ véi dau vao x, mode{ht (x)}
1a gia tri xuat hién nhiéu nhét trong cac du doan
cua cdc cay.

Con v6i bai toan hdi quy, mo hinh tra vé gia
tri dau ra bang trung binh cac du doan tir toan bo
cay thanh phan:

P2 @

trong do: y & cong thuc (4) 1a gid tri dy doan
lién tuc ctia mo hinh, x, T, A/(x) gidng nhu

IZh

céc gia tri du doan cua tat ca cay trong rimg.

trong cong thuc (3), la trung binh

Nho kha nang két hop nhiéu mé hinh hoc yéu,
RF c6 thé tong quat hoa tbt va thudng cho hiéu
ning 6n dinh ngay ca khi dir liéu huén luyén co

nhiéu hogc khong can bang. Mot sé siéu tham s6
quan trong trong md hinh RF bao gdm:

e SO lugng cdy (n_estimators): anh hudng
dén do chinh xac tong thé va chi phi tinh
toan;

e S dic trung duoc chon ngau nhién tai mdi
nat (max_features): diéu chinh muc do
ngau nhién va kha ning phan chia tai moi
cay;

e Do sau tbi da cia cdy (max_depth): kiém
soat do phuec tap cua tung cay va giup ngan
chén hién tuong qua khép (overfitting).

V6i dic tinh ngdu nhién héa va co ché tong

hop manh mé&, RF thuong dugc s dung nhu mot
mo hinh khéi diu mic dinh trong nhiéu bai toan
phan loai va hdi quy, dic biét khi chua co gia
dinh rd rang vé phan bd dir lidu.

2.3. Extreme Gradient Boosting

XGBoost 1a mot thuat toan tang cuong
(boosting) hién dai, duoc thiét ké dé cai thién
hiéu nang dy doan théng qua viéc két hop nhidu
md hinh cdy quyét dinh theo hudng tudn tu.
Khéng gidng nhu RF xay dung cac cay doc lap,
XGBoost huin luyén ting cdy méi dya trén sai
s6 con lai (residuals) cua t6 hop cac cay trudc
do, tir d6 ting bude cai thién két qua.

Ham muyc tiéu trong XGBoost bao gém hai
thanh phan: ham mat mat do sai s6 gitra dy doén
va nhén thuc té, va mot ham diéu chuan dé kiém
soat d§ phuc tap cua mo hinh:

L) =Y 103,:5)+ 2.0 )

trong d6, L£(¢) 1a tong muc tiéu can tdi uu,
I(y,,3,) 1a hAm mat mat giira nhan thyuc té y, va
¥, (thuong 1a log loss hodc squared error), f, la
ciy quyét dinh tai vong lp tht & va Q(f,)1a
ham diéu chuan nham phat cac m6 hinh qua

phuc tap, n 1a sb luong mau trong tap huin
luyén va K 1a tong sb cdy trong mo hinh.
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Qua trinh huan luyén trong XGBoost st dung
thuat toan greedy dé tim diém chia (split) toi wu tai
mdi node, dua trén tiéu chi tdi da hoa mirc giam
cta ham muc tiéu tai budc d6. Ngoai ra, XGBoost
con tich hop nhiéu k¥ thuat nang cao nhur:

e Shrinkage (learning rate): gitp kiém soat

tde do cap nhat;

e Subsampling: 14y ngu nhién mot phan di

lidu dé giam overfitting;

e Regularization (L1, L2): giap 6n dinh mo

hinh va ting kha ning tong quat.

e Cac siéu tham sb chinh trong XGBoost

bao gdm:

oS4 luong cdy (n_estimators);

e Tbc d6 hoc (learning_rate);

e D0 sau tdi da (max_depth);

e Ty 1¢ mau (subsample, colsample bytree);

e He sb diéu chuan (lambda, alpha).

Véi co ché ting cuong dan dan, kha ning
kiém soat overfitting qua regularization va tdc
dd hoi tu nhanh, XGBoost dugc str dung rong rai
trong cac bai toan hoc may trén dir liéu dang
bang (tabular data), dac bi¢t trong cac cudc thi
16n va ung dung thuc té.

2.4. Chién lwgc diéu chinh siéu tham sé

Hiéu qua cia cac mo6 hinh hoc méy khong chi
phu thudc vao céu trac thuat toan ma con chiu anh
huong 16n tir cach thiét 1ap cac siéu tham s
(hyperparameters). Cac siéu tham s6 nhu do sau
cay, tdc do hoc, hodc hé sd phat khong thé hoc truc
tiép tir dit lidu, do d6 can dugc diéu chinh thong
qua qua trinh tim kiém c6 kiém soat. Ba chién luoc
diéu chinh pho bién hién nay gdm: Grid Search,
Random Search va Bayesian optimization.

Grid Search: Pay la phuong phép don gian
nhét, trong d6 thuat toan duyét qua tat ca cac to

hop tham s6 trong mot ludi dugce xéc dinh trude.
Mac du dam bdo bao phu toan bd khong gian tim
kiém, Grid Search tiéu tén nhiéu thoi gian khi s6
luong siéu tham s 16n hodc mdi tham sd co
nhiéu gi tri. Do phuc tap ting theo cap s nhan
v6i 86 chidu ciia khong gian tim kiém.

Random Search: Thay vi duyét toan bo td
hop, Random Search chon ngiu nhién cac diém
trong khong gian siéu tham sd. Phuong phap nay
thuong dat két qua twong duong (hoic tot hon)
so v61 Grid Search trong cung ngan sach tinh
toan, dic biét khi chi mot vai siéu tham s thuc
su anh huong manh dén hiéu nang mo hinh.

Bayesian optimization: Day l1a phuong phap
tién tién hon, xay dung mot mo hinh xac suét
(goi 1a surrogate model) dé dy doan hiéu ning
clia cac cau hinh siéu tham sb. Dua trén mé hinh
nay, mdt ham lya chon (acquisition function) sé&
xéc dinh diém tiép theo can danh gia sao cho can
bang gitta khai ph4 (exploration) va khai thac
(exploitation). Nho do, Bayesian optimization
thudng hoi tu nhanh hon va tiéu ton it 1an danh
gia hon so v61 hai phuong phéap con lai.

M&i chién luge c6 uu va nhuge diém riéng,
va lga chon phu hop thuong phu thudc vao do
phuc tap cia mo hinh, kich thudc khong gian
tham s va giéi han tai nguyén tinh toan.

3. Phwong phap dé xuit

Nghién ciru nay dé xuit mot quy trinh thyc
nghiém gém nim budc chinh: (1) Thu thap va
tién xtr 1y dit lidu, (2) Trich xuit dic trung tu
dong, (3) Lua chon va huan luyén mo hinh, (4)
Piéu chinh siéu tham s6, va (5) DPanh gia hiéu
ning va so sanh. So do téng quan cua toan bd
quy trinh ndm budc duge trinh bay trong Hinh 1
dé gitp ngudi doc dé hinh dung hon.
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Trich xuat ddc trung ty dong

Buoc 2

Biéu chinh tham 56

Budc 4

Buwdce 3

Bude 1

Thu thap va tién xtr 1y dit liéu

mo hinh

Lyra chon va huan luyén

Budce 5

Danh gia hi¢u nang va so sanh

Hinh 1. Quy trinh thuc nghiém danh gia tac dong cta viéc diéu chinh siéu tham s6

Toan bd thuc nghiém dugc ap dung cho bai
toan phan loai ma ngudn co va khong c6 16 hong
bao mat, su dung hai dac trung chinh 1a Term
Frequency-Inverse Document Frequency (TF-
IDF) [7] va Abstract Syntax Tree (AST) [8], ba
md hinh hoc may 1a SVM, RF, XGBoost, cung ba
chién luge diéu chinh 1a Grid Search, Random
Search va Bayesian optimization. Cac két qua thu
duoc s& gitip phén tich mbi lién hé giira loai ddc
trung, thuat toan phan 16p va chién lugc diéu
chinh siéu tham s trong bdi canh thyc tién.

3.1. Thu thdp va tién xir Iy div liéu

Dit liéu dau vao dugc 13y tir hai bo dit liéu ma
ngudn c6 gan nhin phd bién 1a Juliet Test Suite
v1.3 [9] va CodeXGLUE Defect Detection [10].
Pay 14 hai ngudn dir liéu thuong duoc st dung
trong cac nghién ctru vé phat hién 15i hoic 15
héng phan mém. M&i doan ma trong bo dit lidu
déu di kém nhan xac dinh xem d6 1a doan m3 an
toan hay dé gay ra 151, tir 46 cho phép huan luyén
md hinh phan loai nhi phan.

Trudce khi dua vao mo hinh, dir li€u trai qua
cac budc xir Iy bao gdbm chuin héa dinh dang,
loai bé dong tréng, ky tu dac biét va ma khong
hop 1&. Cac doan ma dugc kiém tra tinh déy du
cta nhan va loai bd truong hop trung lap. Tap dir
liéu sau xur Iy dugc chia theo ty 1€ 80% dé huin
luyén va 20% dé kiém tra, ddm bao khong 10 ri
dir liéu va phan anh chinh xac kha nang tong quét
hoa ctia md hinh.

3.2. Trich xudt dic trung tw dong

Pic trung dau vao dong vai tro quyét dinh
dén hiéu nang ctia cac mo hinh hoc may. Trong
nghién ciru ndy, hai phuong phap trich xuat dic
trung pho bién duoc sir dung 1a TF-IDF va AST.
M&i phuong phap cung cdp mot goc nhin khac
nhau vé thong tin bén trong ma ngudn: TF-IDF
phan anh tAm quan trong cua tir khoa, trong khi
AST nim bit ciu trac ¢t phap ctia chuong trinh.

Vi TF-IDF, cac doan ma dugce xu ly nhu van
ban ty nhién, trai qua budc tach token, chuyén
vé chir thuong, loai bo ky tu khong can thiét va
biéu dién thanh vector dua trén tan suit va muc
do dac trung cua tung tr. Phuong phap nay giup
mo hinh hoc dugc cac mau biéu hién nguy co tir
tan sudt xuat hién cia tir khoa trong ma.

Trong khi d6, AST dugc xdy dung bang cach
phan tich ca phéap ciia doan ma dé tao thanh cay
biéu dién cdu trac chuong trinh. Tir cdy nay, cac
dic trung c6 thé dugc trich xuét thong qua duyét
cdy, dém node hodc 4nh xa thanh biéu dién
vector hoa. Viéc khai thac AST gitp md hinh
tiép can cac thong tin lién quan dén ngir canh va
logic 1ap trinh, vuot ra khoi gidi han cua phan
tich van ban thuan tay.

Cudi cing, nghién ciru ciing két hop ca hai
phuong phép thong qua viée ndi cac vector TF-
IDF va AST thanh mot dic trung thong nhét,
nham tan dung ca thong tin ngdn ngit va cau trac
dé nang cao kha nang phan loai.
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3.3. Lwa chon va huén luyén mé hinh

Ba m6 hinh hoc may truyén théng duoc lya
chon dé thuc hién nhiém vu phan loai 1a SVM,
RF va XGBoost. Viéc lya chon nay nham dam
bao su da dang trong nguyén 1y hoat dong: SVM
dua trén tim siéu mat phang tdi vu, RF khai thac
t6 hop cdy ngau nhién, con XGBoost 13 mé hinh
tang cuong dya trén gradient c¢6 hiéu qua huén
luyén cao

M&bi mé hinh duge huin luyén doc 1ap trén
tung loai dac trung (TF-IDF, AST, két hop ca
hai), giup danh gia anh huong cua cach biéu dién
dir liéu dén hiéu nang phén loai. Trong giai doan
déu, cac siéu tham sb ciia md hinh dugce thiét lap
& mirc mic dinh dé 1am co s& so sanh vé sau.

Pé dam bao do tin cay thong ké va giam thiéu
anh hudng cua yéu td ngau nhién trong qué trinh
chia dit liéu va huén luyén, tat ca cac thuc
nghiém trong bai déu dugc lap lai 50 lan. S6 lan
lap dugc lya chon 1a 50 vi day 1a murc du 16n dé
lam muot cic dao dong ngau nhién sinh ra tir ba
mod hinh hoc mady SVM, RF, XGBoost va ba
chién lugc diéu chinh siéu tham sé Grid Search,
Random Search, Bayesian optimization, von déu
¢6 cac budce khai tao hodc 1dy mau ngau nhién.
Thir nghiém ban dau cho thay tir mtrc 50 trd 1én,
gia tri trung binh va d6 léch chuan gan nhu 6n
dinh, trong khi ting 1én 60 hodc 70 lan khong
mang lai su khac biét dang ké nhung lam kéo dai
thoi gian chay khong can thiét. Do chi phi huén
luyén ctia cac mo hinh hoc may truyén thong 1a
thap, mirc 50 lan ldp dugc xem 1a can bang hop
Iy giita do tin cdy thong ké va hiéu qua thuc
nghiém.

Sau mdi 1an huin luyén, mo6 hinh dugc danh
gia trén tap kiém thir doc 1ap, véi cac chi sé F1-
score va ROC AUC dugc ghi nhan dé phuc vu
phan tich thdng ké. Két qua dugc trinh bay dudi
dang gia tri trung binh va d6 léch chuan (mean £
std) nham phén anh hiéu nang va mtrc do 6n dinh
cuia mo hinh.

3.4. Diéu chinh siéu tham sé

Sau khi huan luyén mo hinh véi cac thiét 1ap
mac dinh, budc tiép theo 1a diéu chinh siéu tham
s6 nham nang cao hiéu ning phan loai. M&i mo
hinh hoc may déu c6 mot tap céc siéu tham $6
diéu chinh kha ning hoc, do phuc tap va toc do
héi tu. Chang han, véi SVM cac siéu tham s6
nhu hé sb phat C va tham s6 kernel va cac tham
sb lién quan nhu y; voi RF 1a ) cay, sb dac
trung duoc chon tai mdi nat va do sau ciy; con
XGBoost bao g@)m tdc do hoc, d6 sau cay va hé¢
sO diéu chuan.

Ba chién lugc duogc st dung dé diéu chinh
siéu tham s 1a Grid Search, Random Search va
Bayesian optimization. Grid Search thuyc hi¢n
tim kiém toan bo cac to hop trong moét ludi dinh
nghia truée, dam bao bao phu nhung ton nhidu
tai nguyén. Random Search chon ngau nhién céc
cau hinh, gitp tiét kiém thoi gian trong khong
gian 16n. Trong khi d6, Bayesian optimization sir
dung mé hinh xac suat dé du doan hiéu ning va
lua chon céac diém diéu chinh tiép theo mot cach
hiéu qua hon.

Mbi mé hinh déu dugc diéu chinh riéng biét
trén ba loai dac trung va dudi cé ba chién lugc,
v6i cing mot s6 1an danh gia dé dam bao so sanh
cong bang. Két qua diéu chinh duoc luu lai va
sir dung trong budc danh gia cudi cing dé phan
tich hiéu qua timg cach két hop.

3.5. Danh gia hiéu nang va so sanh

Sau khi hoan tit huan luyén va diéu chinh, cac
mo hinh duoc danh gia trén tap kiém thir thong
qua hai chi s6 chinh: F1-score va ROC AUC. F1-
score gitip do ludng sy can bang gitra Precision
va Recall, phu hop véi bai toan phan loai mét
can bang. ROC AUC phan 4nh kha niang phan
biét gifta hai 10p trén toan bd ngudng, cho thiy
hiéu qua tong thé ctia md hinh.

Dé dam bao két qua 6n dinh va dang tin cay,
mdi ciu hinh md hinh bao gém luva chon dac
trung, thuat toan phan 16p va chién lugc diéu
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chinh dugc thyc nghiém 50 lan. Két qua sau mdi
lan chay duoc ghi nhan va tong hop thanh gia tri
trung binh ciing d 1éch chuan, tir d6 danh gia
mirc d6 bién thién va tinh nhét quan ctia mo hinh.

Céc két qua thu dugc duoc trinh bay dudi
dang bang s liéu va biéu do so sanh, cho phép
quan sat truc quan anh hudng cua timg yéu tb:
loai dic trung (TF-IDF, AST, két hop ca hai),
md hinh hoc may (SVM, RF, XGBoost), va
chién Iuoc diéu chinh (Grid, Random,
Bayesian). Phan tich chi tiét gitp 1am 16 mbi
quan hé giita cau hinh mé hinh va hiéu ning dat
dugc, tir d6 rit ra cac khuyén nghi phi hop cho
cac ung dung thyc té.

4. Thyc nghiém va két qua

Sau khi hoan thién quy trinh huan luyén va
diéu chinh siéu tham sé, cac thuc nghiém dugc
tién hanh trén hai bo dit liéu Juliet Test Suite
v1.3 va CodeXGLUE Defect Detection dé kiém
tra hiéu qua phén loai giita ma ngudn an toan va
mai c6 10 héng. Qua trinh thyc nghiém dugc thiét
ké nham phan tich anh hudng cta ting yéu to:
dic trung dau vao (TF-IDF, AST, két hop cé hai)
md hinh phan 16p (SVM, RF, XGBoost) va k¥
thuat diéu chinh siéu tham s6 (Grid Search,
Random Search, Bayesian optimization).

M3i cdu hinh mé hinh dugc chay lap lai nhiéu
1an dé thu thap gid tri trung binh va d6 léch chuén
ctia cac chi s6 danh gia, tir d6 dam bao tinh 6n
dinh va do tin cay cua két qua. Trong bdi canh
bai toan phan loai nhi phan c6 thé mat can bang
dit lidu, hai chi s6 F1-score va ROC AUC dugc
lua chon dé so sanh hiéu nang, vi chiing phan
anh hiéu qua tong thé va kha nang phan biét giira
hai 16p tot hon so véi Accuracy. Cac két qua thuc
nghiém s& duoc trinh bay va phan tich chi tiét
trong cac muc tiép theo, théng qua bang sb liéu
va biéu d minh hoa.

4.1. Thiét Igp thwe nghiém

Cac thyc nghiém duoc trién khai bé“mg ngdn

nglt Python 3.10 trong moi truong lap trinh

Jupyter Notebook, két hop voi cac thu vién
chuyén dung nhu Scikit-learn, XGBoost va
Optuna. Toan bg qua trinh xu 1y dir ligu, huén
luyén md hinh va diéu chinh siéu tham s6 dugc
thuc hién trén mot may tinh cd nhan véi cAu hinh
cu thé nhu sau: CPU Intel Core i7-11800H,
RAM 32GB, 6 cing SSD 1TB, hé diéu hanh
Windows 11, khong stir dung GPU.

Tap dit liéu sir dung gom hai ngudn chuan 1a
Juliet Test Suite v1.3 va CodeXGLUE Defect
Detection, véi nhan nhi phan thé hién trang thai
an toan hodc c6 16 héng cua doan ma. Dir li€u
dugc chia thanh hai phan: 80% phuc vu huin
luyén va diéu chinh, 20% ding dé kiém thir mo
hinh, bao dam khong trung 1dp va gilt nguyén ty
1¢ phan b 16p.

Mbi m6 hinh dugc danh gia trén ba dang dic
trung: TF-IDF, AST va két hop cé hai. Qua trinh
huén luyén va danh gia duoc lap lai nhiéu 1an véi
cac cau hinh tham sd khac nhau dé giam thicu
anh huéng cua ngau nhién va thu thap két qua co
do tin cdy cao. Cac chién lugc diéu chinh siéu
tham sd gdm Grid Search, Random Search va
Bayesian optimization déu dugc dp dung riéng
cho tirng mo hinh, déc trung, nham dam bao tinh
cong bang va kha ning so sanh toan dién giira
cac phuong an.

4.2. Két qud nén véi thiét lgp siéu tham sé mic
dinh

Trong giai doan déu, cac md hinh hoc may
duoc huén luyén véi céc si€u tham s6 mic dinh
nhim thiét lap mot mbc  hiéu nang nén
(baseline). Ba thuat toan phan 16p truyén thng
duogc st dung 1a SVM, RF va XGBoost, lan luot
duoc ap dung trén ba loai dac trung dau vao: TF-
IDF, AST va két hop cua ca hai.

Céc chi sb F1-score va ROC AUC dugc tinh
theo trung binh va d¢ léch chuan gitp phan anh
cd hi¢u nang va do 6n dinh trong phan loai. Két
qua dugc trinh bay trong Bang 1 va Bang 2 dudi
day.
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M6 hinh | TF-IDF AST TF-IDF + AST
SVM | 87.4+0.5|843+0.6 89.0+0.4
RF 86.2+0.7 | 85.9+0.5 87.2+0.6
XGBoost | 88.4+0.4 [ 85.0+0.6 89.9+£0.3

87

Bang 2. Két qua danh gia ROC AUC (%) cac md hinh v&i ting loai dic trung (thiét 1ap mic dinh)

M6 hinh | TF-IDF AST TF-IDF + AST)
SVM  190.3+0.5]|88.1+0.6 91.4+0.4
RF 89.2+£0.6 | 90.5+0.5 91.0+0.5
XGBoost | 92.1+0.4 [ 894+ 0.6 93.4+0.4

Cac két qua cho thdy rang viéc két hop dic
trung TF-IDF va AST gitp cai thién hi¢u nang
0 rét & ca ba mo6 hinh. Trong d6, mo hinh
XGBoost 1udn cho két qua vuot troi nhét, véi
F1-score dat 89.9 + 0.3% va ROC AUC dat 93.4
+ 0.4% khi sir dung dic trung két hop. M6 hinh
SVM ciing cho thiy sy cai thién on dinh khi
chuyén tir AST don 1¢ sang TF-IDF va dic biét
khi két hop ca hai ddc trung. M6 hinh RF ¢6 do
1éch chuan thap va hiéu nang trung binh, pht hop
v6i cac bai toan yéu cau 6n dinh nhung khong
qua phuec tap.

94}

92

w
o

Fl-score (%)

84}
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SVM

Pé hd trg tryc quan, Hinh 2 va Hinh 3 bén
dudi trinh bay biéu do cot tich hop thanh sai s6
(error bar) biéu dién d6 1éch chuin (£) cua céac
chi s6 danh gia. Cac biéu dd nay giup 1am 5 sy
khac biét vé hiéu nang trung binh ciing nhu mirc
d6 6n dinh gitta cac mo hinh hoc may khi ap
dung trén ting loai dic trung dau vao. Cac doan
thang dmg manh phia trén mdi cot chinh 1a cac
error bar, thé hién mirc dao dong két qua qua cac
lan chay l3p lai, tir 46 phan 4nh tryc quan vé tinh
nhat quan va do tin ciy cta timg mo hinh.

Dac trung
TF-IDF
- AST
EEE TF-IDF + AST

RF XGBoost

Hinh 2. Fl-score trung binh + d6 1éch chuan theo timg loai dic trung
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SVM

Bac trung
TF-IDF
mm AST
BN TF-IDF + AST

RF XGBoost

Hinh 3. ROC AUC trung binh + d¢ I¢éch chuén theo tung loai déc trung

Két qua & bang trén 1a co so dé danh gia mirc
d6 cai thién khi tién hanh diéu chinh siéu tham
s6 & budc tiép theo. Viéc Iya chon chién luoc
diéu chinh phi hop sé& giup ting hiéu ning phan
loai va lam ro wu, nhuogc diém cua tung mo6 hinh
trén cac loai dac trung khéac nhau.

4.3. Két qud sau khi diéu chinh siéu tham sé

Sau khi 4p dung ba chién lugc diéu chinh siéu
tham s6 gébm Grid Search, Random Search va
Bayesian optimization, hi¢u ndng ctuia cdc mo
hinh cai thién 10 rét trén ca ba loai dac trung.
Viéc tinh chinh tham sé da giup cac thuat todn
hoc tot hon cdu trac va ngit nghia trong dit liéu,
tor do nang cao d§ chinh xac va kha nang phan
biét.

e Vi F1-Score

Két qua thuc nghiém chi tiét duoc tong hop
trong Bang 3 cho thay XGBoost tiép tuc khang
dinh vu thé vuot tréi so v6i hai mé hinh con lai,
dic biét khi sir dung dic trung két hop TF-IDF
+ AST. Trong cau hinh t6i wu, XGBoost dat F1-
score trung binh 92.0%, cai thién tang khoang
2.1% so véi trude diéu chinh.

S& di XGBoost dat hidu qua cao nhét 1a vi mo
hinh nay c6 kha ning hoc tot cac quan hé phi
tuyén phirc tap trong dir liéu va tdn dung hiéu
qua ca hai loai dac trung TF-IDF va AST. Trong
co ché ting cudng, mdi cdy méi dugc xdy dung
dé sta 18i cho cdy trudc d6 nén mé hinh duoc
cai thién dan theo tung vong hoc. Bén canh do,
XGBoost ¢6 cac thanh phan diéu chudn gitp
giam qua khép va hoat dong 6n dinh trong khong
gian dic trung 16n. Khi két hop véi cac chién
luge toi vu siéu tham sd, dic biét 1a Bayesian
optimization, md hinh dé dang tim duoc ciu
hinh phu hop hon so v61 SVM va RF.

Su gia tang nay phan anh kha nang tan dung
hiéu qua ca thong tin ngit nghia (TF-IDF) 14n cau
trac ca phap (AST) khi duoc cung cip dong thoi.
Dang chu y, voi dac trung AST, mo hinh nay
tang manh nhat véi mirc cai thién 1én dén 2.8%,
tur 85.0% 1én 87.8%.

Hai mo hinh con lai 1a SVM va RF cling ghi
nhan muc tang hi¢u nang ro rét. Voi SVM, cai
thién dén tir viéc diéu chinh hé s6 C va lya chon
ham kernel phu hgp. V61 RF, hiéu qua tang khi
sb luong cay va do sau dugc diéu chinh.
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Béng 3. Két qua danh gia F1 - Score (sau diéu chinh tham s)

Mo hinh |  Pictrung | Trudc didu chinh | Sau diéu chinh | Ting
TF-IDF 87.4+0.5 88.6 + 0.4 1.2
SVM AST 84.3+0.6 85.8+0.6 1.5
TF-IDF + AST 89.0+0.4 90.3 0.3 1.3
TF-IDF 86.2+0.7 87.1+0.5 0.9
RF AST 85.9+0.5 86.8 + 0.4 0.9
TF-IDF + AST 87.2+0.6 88.6 0.5 1.4
TF-IDF 88.4 + 0.4 90.6 + 0.3 2.2
XGBoost AST 85.0+ 0.6 87.8+0.5 2.8
TF-IDF + AST 89.9+0.3 92.0+ 0.3 2.1

Dé hd trg phén tich két qua, Hinh 4 dudi day
trinh bay biéu d6 cot minh hoa hiéu ning trung
binh theo chi s6 F1-score ctia timg mé hinh trén
ba loai dic trung ddu vao: TF-IDF, AST va két
hop ca hai. Trong biéu d6, cac cot mau day biéu
thi két qua dat dugc trudc khi tién hanh diéu
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e TF-IDF

chinh siéu tham s, trong khi cac phan soc chéo
dugc chdong 1én thé hién muc cai thién vé hiéu
ning sau khi ap dung cac chién lugc t6i wu hoa,
bao gdém Grid Search, Random Search va
Bayesian optimization.

Mg hinh
mm XGBoost
EZ3 Tang sau tdi vu

. SVM
. RF

AST TF-IDF + AST

Hinh 4. So sanh F1-Score trudc va sau diéu chinh siéu tham sb

¢ V6i ROC AUC

Tuong ty nhu Fl-score, vé chi s6 ROC AUC
trong Bang 4 cho thdy hiéu ning cac md hinh
déu dugc cai thién rd rét sau khi ap dung cac
chién luoc diéu chinh siéu tham sb. Trong do,
XGBoost tiép tuc dat két qua cao nhét, dic biét
khi str dung dic trung két hop (TF-IDF + AST),
v61 ROC AUC trung binh dat 94.7%, tang 1.3%
so v6i trude diéu chinh (93.4%). Véi dic trung
AST, mo hinh nay ciing cai thién tir 8§9.4% lén
90.6% (+1.2%), va voi TF-IDF 1a tir 92.1% lén

93.2% (+1.1%). Hai mo6 hinh con lai, SVM va
RF, ciing cho thay hiéu qua hoc tot hon khi duge
diéu chinh siéu tham sb, v6i muc ting dao dong
tir 0.9% dén 1.3% ty dic trung dau vao.

Pang chu y, Bayesian optimization tiép tuc
chung té hi€u qua vuot trdi, khong chi gitip tim
dugc to hop tham sb tot hon trong khong gian
16n ma con rat ngan thoi gian tim kiém dang ké
so v6i cac phuong phéap truyén théng nhu Grid
Search hay Random Search.
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Nhitng két qua nay chting minh rang t6i wu
siéu tham s 13 yéu t6 then chdt dé khai thac tbi
da tiém nang cia mo hinh hoc may, dic biét
trong cac bai toan phan loai phtrc tap nhu phat

hién 16 hong bdo mat trong ma ngudn, noi yéu
cau ca do chinh x4c 1an kha nang phan biét cao
gitlta cac truong hop nhay cam.

Bang 4. Két qua danh gia ROC AUC (sau diéu chinh tham sd)

M4 hinh bic trung Trude diéu chinh | Sau diéu chinh | Ting
TF-IDF 90.3+0.5 914+04 1.2
SVM AST 88.1 0.6 89.4 £ 0.6 1.3
TF-IDF + AST 914+04 92.6+£0.3 1.2
TF-IDF 89.2+0.6 90.1 £0.5 0.9
RF AST 90.5+0.5 914+04 0.9
TF-IDF + AST 91.0£0.5 92.0+£0.5 1.0
TF-IDF 92.1+£0.4 93.2+0.3 1.1
XGBoost AST 89.4£0.6 90.6 £ 0.4 1.2
TF-IDF + AST 934+04 94.7+04 1.3

Hinh 5 trinh bay su cai thién vé chi s6 ROC
AUC trung binh ctia cdc m6 hinh hoc may khi ap
dung ba loai dac trung dau vao, v6i cach thé hién
tryc quan twong tu Hinh 4. Mdi ot trong biéu dd
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TF-IDF

dugc cau trac nham phan biét rd gitta hiéu nang

ban dau va phan cai thién sau di€u chinh si€u

tham s0, qua d6 lam ndi bat mic dJ tién bo cia

ting mo hinh mot cach tryc quan va de so sanh.
Mé hinh

. XGBoost
EZ3 Tang sau téi uu

- SVM
. RF

AST TF-IDF + AST

Hinh 5. So sanh ROC AUC trudc va sau diéu chinh siéu tham s

Tong hop lai, cac két qua & muc 4 cho thiy
hiéu ning ctia cac md hinh hoc may déu duoc cai
thién dang ké sau khi ap dung cac chién luoc
diéu chinh siéu tham sb. Mirc do cai thién khac
nhau tity theo loai mé hinh va dic trung dau vao,
trong d6 XGBoost dat hi¢u qua cao nhét trén ca
hai chi s6 Fl-score va ROC AUC. Nhimng két
qua nay 13 co s& dé dua ra nhan dinh tong quat
vé hiéu qua mé hinh trong phan két luan sau day.

5. Két luan

Tt nhitng phén tich va so sanh trong muc 4,
c6 thé thay rang m&i mo hinh hoc sau déu c6
nhitng vu diém va han ché riéng, phu thudc vao
ngir canh tng dung, dir liéu dau vao va muc tiéu
trién khai. Nham hudng dén viéc xay dung cac
h¢ théng phat hién 16 hong hiéu qua hon trong
thuc té, chiing t6i dé xuat mot s6 hudng cai tién
va phét trién mo hinh trong tuong lai nhu sau.
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5.1. Ddnh gid mé hinh dé xudt

Nghién ciru nay di xay dyung va trién khai mot
hé théng dénh gia hi¢u ning cta cac thuat toan
phan 16p hoc may truyén théng, bao gdbm SVM,
RF va XGBoost, trong bbi canh phan loai ma
ngudn theo hai 16p: an toan va c6 15 hong. Quy
trinh dé xuét dugc thiét ké theo huéng thuc
nghiém toan dién, véi ba dang dac trung dau vao
(TF-IDF, AST, két hop ca 2) va ba chién lugc
diéu chinh siéu tham s (Grid Search, Random
Cac thuc
nghiém dugc thuc hién doc 1ap trén hai bo dir
liéu tiéu chuan la Juliet Test Suite v1.3 va
CodeXGLUE Defect Detection, gitip ddm bao
tinh khach quan va kha nang tong quat hoa ctia
mo hinh.

Search, Bayesian optimization).

Két qua cho thdy XGBoost 1a mé hinh hoat
dong hiéu qua nhat trong ca ba phuwong an dic
trung, ddc biét ndi bat khi két hgp TF-IDF +
AST. Sau khi diéu chinh, mé hinh nay dat F1-
score 1én dén 93.2% va ROC AUC lén téi
94.7%, vuot trdi so v6i cic mé hinh con lai. Didu
nay khfmg dinh réng viéc chon ding mo hinh,
két hop dic trung hop 1y va 4p dung ky thuat
diéu chinh phu hop co thé tao nén su cai thién
dang ké trong cac hé thdng hoc may truyén
thong, ddc biét voi dir liéu dang ma ngudn c6 cdu
tric va tinh ngir nghia dan xen.

5.2. Ly do chon 2 ddic trung TF-IDF va AST

TF-IDF va AST dugc chon vi mdi phuong
phap phan anh mot khia canh khic nhau cua
doan ma. TF-IDF la k§ thuat truyén thdng
thuong dung trong xir Iy ngdn ngit ty nhién, biéu
dién vin ban dudi dang vector tan suat, dic
trung, gitp mo hinh hoc dugc thong tin ngit licu
nhu tén bién, ham, tir khoa, von rat hiru ich trong
phat hién mau ma nguy hiém. Trong khi d6, AST
14 biéu dién cay ct phép, cho phép md hinh khai
thac thong tin vé céu trac chuong trinh, trinh tu
1énh, va cac khoi diéu khién, diéu ma TF-IDF

khong thé hién dugc.

Viéc két hop hai loai dic trung ndy mang lai
hiéu qua dang ké vi n6 gitp md hinh hoc dugc
ca bé rong (tir khoa, ngir canh) 1an bé sau (cau
trac logic, quan hé giita cac node ma). Cac két
qué thyc nghiém cho thiy t6 hop TF-IDF + AST
luén dat hiéu nang cao hon so véi khi sir dung
mdt trong hai dic trung don 1¢, ca vé Fl-score
va ROC AUC, trén moi mo hinh va bd dir liéu
dugc kiém thi.

5.3. Chién Ilwoc diéu chinh tham sé: Grid

Search, Random Search va
optimization

Bayesian

Piéu chinh siéu tham sb 1a budc quan trong
trong quy trinh huén luyén mé hinh hoc may, dic
biét ddi véi cac thuat toan cé nhiéu tham so diéu
chinh nhu XGBoost va RF. Trong nghién ctru
nay, ba chién luge phé bién dugc ap dung dé lya
chon ciu hinh tham sé phu hop: Grid Search,
Random Search va Bayesian optimization.

Grid Search 1a phuong phap don gidan nhung
tiéu ton nhiéu thoi gian, vi n6 duyét toan bd
khong gian tham s6 theo luéi. Random Search
khéc phuc dugc phﬁn nao nhuoc diém nay béng
cach chon ngiu nhién, tuy it ton thoi gian hon
nhung két qua khong on dinh. Trong khi do,
Bayesian optimization té ra vuot tri khi s dung
md hinh surrogate dé dy doén hi€u nang va chon
diém tiép theo can danh gid. Chién lugc nay
khong nhimng dat két qua cao hon ma con giam
dang ké sb 1an huén luyén can thiét, nhat 1a véi
cac mo hinh phuec tap.

Két qua thyc nghiém xac nhan rang Bayesian
optimization thuong dan dén mé hinh c6 hiéu
ning tot nhat trong thoi gian ngan hon, 13 lya
chon phu hop cho cac bai toan yéu cau do chinh
Xac cao va tai nguyén huan luyén cé gidi han.
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