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thiéu nguy co v& no va téi wu hoa quyét dinh cho vay. Trong bdi canh su phat trién Y -
Congbo  28/12/2024

nhanh chéng cua cac ky thuat hoc may, nhidu phwong phéap phén loai da dwoc phat trién
dé cai thién kha nang du doan rui ro tin dung. Nghién ctru ndy 4p dung mé hinh stacking
dé danh gia rui ro tin dung, két hop dy doan tir nhiéu mé hinh hoc may khéc nhau, bao
gém XGBoost, Random Forest, va CatBoost. Mot mé hinh meta, hoi quy logistic, dugc
st dung dé t6i wu hoa du doén tir cdc md hinh co s& dé dua ra du doan. Dit liéu duge i
xtr 1y bang k¥ thuat SMOTE dé can bang va cac siéu tham sb cta cac md hinh co so Turkhoa
dugc t6i wu hoa thong qua phuong phap téi wu hoa Bayesian. Két qua cho thdy mo hinh 10 May,

stacking dat duge do chinh xac 95,50 % va chi s6 ROC-AUC dat 98,15 %, chimg to do  10¢ MAY t0 hop, t0i uu
hoa Bayesian, SMOTE,

du doan rui ro tin dung

tin cdy cao cua cac du doan. Két qua nay cung cép vé kha ning tmg dung cta cac mod
hinh hoc may trong viéc danh gia rii ro tin dung, hd tro cac td chirc tai chinh trong viéc
ra quyét dinh cép tin dung cho cé nhan.
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1 Gidi thiéu thé dwa ra cac quyét dinh hop ly vé viéc chip nhan hay
tir chdi cac don xin vay. Thir hai, du doan RRTD hiéu
qua gop phan vao su 6n dinh caa hé thdng tai chinh.
Khi céc ngan hang va t6 chirc cho vay cé thé dy doan
chinh xac kha ning v& no, cac ngan hang va té chuc
cho vay c6 thé quan ly du trir von tot hon va giam thiéu
nguy co pha san. Thi ba, danh gia RRTD chinh xac
gilp cung cép tin dung cho nhiing nguoi vay xang
dang, thuc day tang truong kinh té va ting cuong tai
chinh [2].

Tir thap nién 1960, hé thong diém tin dung da dugc ap
dung dé danh gia xem mot ngudi vay co du diéu kién
va ¢6 kha ning tra ng ding han hay khong. Diém tin
dung hd tro cac quyét dinh tin dung bang cach sir dung

1.1 it van dé

Du doan rui ro tin dung (RRTD) la mét khia canh quan
trong trong quan Iy rai ro tai chinh, dong vai tro then
chét trong cac quyét dinh cua céc t6 chic tai chinh. Dy
doan RRTD lién quan dén viéc danh gia kha ning tra
ng cua nguoi vay, tir d6 xac dinh kha nang vo ng. Viéc
du doan RRTD hiéu qua gilp cac to chuc tai chinh
giam thiéu ton thit, tdi wu hoa quyét dinh cho vay va
quan ly danh muc dau tw mot cach hiéu qua hon [1].
Du doan RRTD c6 vai tro thiét yéu vi nhiéu ly do. Thir
nhét, du doan RRTD gitip cac td chirc tai chinh giam
thiéu tn thit do v no. Bang cach danh gia chinh xac
muc d6 tin cdy cua ngudi vay, cac to chirc cho vay co
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cac mo hinh toan hoc dé chuyén doi dir liéu thu thap tur
khéach hang, hé théng noi bd va cac co quan tin dung
thanh mot diém sb. Trong linh vuc tin dung béan ¢,
phuong phap nay khong chi giam bét tinh cha quan
trong viéc danh gia cta cac cha ng ma con t6i wu hoa
gia tri cua thong tin hién cé va tiét kiém dang ké chi phi
nhan lec [3].

Trai qua nhiéu nam phat trién, ngoai héi quy logistic, cac
phuong phap hoc co giam sat nhu ring ngau nhién,
XGBoost va CatBoost dd phat trién nhanh chéng. Hoi
quy logistic xuat hién tir nhitng nam 1950 va 1a mot trong
nhiig phuong phap co ban trong phéan tich dir liéu. Cac
thuat toan tién tién nhu ring ngau nhién, XGBoost va
CatBoost sau d6 dd duoc phat trién va tng dung rong rai
trong nhiéu linh vuc. Su hd tro caa cdng nghé gilp céc
nha nghién ciru, ngan hang va té chie tai chinh sir dung
céc thuat toan nay dé dao tao md hinh dy doan kha ning
du diéu kién vay dua trén lich st tin dung va dit liéu
khac, gitp dé dang chon loc nhimg ngudi du diéu kién
trudc khi phé duyét khoan vay [4, 5].

Mot trong nhitng ki thuat tién tién va hiéu qua duoc sir
dung rong rai trong linh vyc hoc may la phuong phap
hoc may to hop (Ensemble Learning). Pay 1a mot ky
thuat manh m& nham két hop nhiéu mé hinh hoc may
dé tao ra mot mo hinh dy doan c6 d6 chinh xéac cao hon
s0 v6i bat ky md hinh don 16 ndo. Cac phwong phéap hoc
may to hop phd bién bao gom Bagging (Bootstrap
Aggregating), Boosting, va Stacking. Gan day,
stacking di duoc sir dung dé cai thién d6 chinh xéac
trong viéc du doan RRTD [6, 7].

1.2 Muc tiéu nghién ctru

Mic du cac phuong phap truyén théng nhu hdi quy
logistic va cac thuat toan hoc may tién tién nhu rimg
ngau nhién, XGBoost va CatBoost di duoc ap dung
rong rii trong du doan RRTD, van ton tai mot sd han
ché va thach thirc can giai quyét.

Thir nhit, hau hét cac nghién ctru hién tai chu yéu tap
trung vao viéc cai thién do chinh xac cta cac md hinh
don 1¢, nhung it cha ¥ dén kha ning tong hop va két
hop cac mo hinh dé tao ra mot mo hinh du doan manh
m& hon. Cac phuong phap hoc méy t6 hgp nhu Bagging
va Boosting da dugc nghién ciru va ung dung trong
nhiéu linh vyre, nhung viéc ap dung xép chong, mot ki
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thuat két hop manh mé hon, trong linh vuc du doan
RRTD van con han ché. Didu ndy mo ra co hdi nghién
ctru vé viéc tan dung cac mo hinh co s&@ manh mé va
xay dung mo hinh meta hiéu qua dé cai thién hiéu suat
du doan.

Thir hai, mic du nhiéu nghién ctru da 4p dung cac ky
thuat t6i wu hoa moé hinh, phuong phap téi uu hoa
Bayes (Bayesian Optimization — BO) chua dugc khai
thac triét dé trong viéc tim kiém va lwa chon cac base
learner tdi wu. BO c6 tiém ning 16n trong viée tdi uu
hoa qua trinh huén luyén mé hinh, dic biét khi két hop
v6i cac phuong phap hoc may t6 hop nhu xép chong.
Tuy nhién, ung dung cua BO trong viéc cai thi¢n hiéu
suat cta cac mo hinh xép chong trong du doan RRTD
van chua dugce kham pha day du.

Cudi cing, cac nghién ciru hién tai thudng tap trung
vao mot sd chi s6 danh gia nhit dinh nhu d6 chinh xac,
d6 nhay va chi s6 F1. Tuy nhién, chwa c6 nhiéu nghién
ctru danh gia toan dién céc chi sé quan trong khac nhur
ROC AUC hay kha ning tong quat héa ciia mo hinh
trén cac tap dir liu thyc té. Do d6, can c6 thém nghién
ctru dé danh gia toan dién hiéu qua ciia cac mo hinh va
dé xudt cac phuong phap cai tién c6 kha nang tmg dung
trong thuc tién.

Vi vay, muc tiéu ciia nghién ctru nay la ap dung ky thuat
xép chong két hop v6i phuong phap ti uu hoa Bayes
dé xay dung mot hé théng du doan RRTD vuot trdi,
ddng thoi danh gia toan dién cac chi s6 hiéu suit cua
md hinh nhdm mang lai gia tri thyc tién cao cho cac to
chuc tai chinh.

2 Co so ly thuyét

2.1 Ky thuat xay dyng dac trung

Tao dac trung 1a mdt budc quan trong trong quy trinh hoc
may, bao gdom Viéc tao ra cac dic trung mdi hoic chuyén
dbi cac dic trung hién c6 dé cai thién hiéu suat caa mo
hinh. Pau tién, kiém tra va loai bo cac gié tri bi thiéu trong
tap dir liéu dé dam bao tinh dy du cua théng tin.

Sau d0, tién hanh xu ly cac bién phan loai bang céc ky
thuat ma hoa phu hop. Déi vai cac bién cé s luong gia
tri khac nhau nhé hon hoic bang 10, 4p dung phuong
phap ma hoa nhan dé chuyén doi cac gia tri phan loai
thanh céc s6 nguyén, giup don gian héa dit liéu. Ddi véi
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c4c bién phan loai ¢6 sé lugng gié tri I6n hon 10, st
dung phuong phap ma héa mét ndng [8]. K¥ thuat nay
tao ra cac c6t méi dai dién cho tieng gia tri riéng biét va
loai bo cot bién gbc, gidp tranh hién twong da cong
tuyén va cai thién d6 chinh xac ciia mé hinh. Pa cong
tuyén c6 thé gy ra van dé nghiém trong trong qué trinh
huan luyén mo hinh, 1am giam kha ning du doan va
tang sai s6 cia md hinh. Sau d6 ding bd chuan héa
chuan (Stadard scaler) dé chuan héa céc dix ligu [9].
X—u @
o
X 14 gié tri cua ddc trung can chudn hoéa.
p 1a trung binh (mean) cua dac trung.
o la do Iéch chuan (standard deviation) cua dic

7 =

trung.

2.2 SMOT

SMOTE  (Synthetic ~ Minority  Over-sampling
Technique) 1a mot phuong phap dugc sir dung trong
hoc may dé giai quyét van dé mat can bang 1p trong
cac tap dir liéu. N6 hoat dong bang céch tao ra cac mau
t6ng hop cho 16p thiéu sé dé can bang phan phéi cac
I6p. K§ thuat nay cai thién hiéu suat caa mé hinh bang
cach giam thiéu su thién léch ddi véi 16p da sd, diéu
nay c6 thé xay ra khi huan luyén trén cac tap di liéu
mat can bang. SMOTE tao ra cAc mau méi bang céch
noi suy gitra cac vi du 16p thiéu sé hién cé [12].

2.3 T6i uu hoa Bayesian — Bayesian Optimization (BO)
Qué trinh tbi wu tham s6 1a mot bude quan trong khong
thé thiéu trong viéc huan luyén md hinh hoc may voi
hiéu suat danh gia cao. Viéc xac dinh cac tham sé tbi
uu cho mé hinh khong chi cai thién do chinh xac ma
con giup ting cuong kha ning tong quat hda cua mo
hinh trén céc tap di liéu khéc nhau.

Tbi wu hoéa Bayesian 1a mot phuong phéap hiéu qua dé
t6i uu héa cac ham hop den (black-box functions) c6
chi phi danh gia cao. BO dac biét htru ich trong viéc
tinh chinh siéu tham sé cho cac mod hinh hoc méy.
Khoéng gidng nhu cac k¥ thuat tdi wu hoa truyén thong,
Tbi wu hoa Bayesian sir dung mot md hinh xéc suat dé
dir doan hiéu suét cua cac to hop tham sé khac nhau va
chon nhiing t6 hop hira hen nhéat dé danh gia. Cach tiép
can nay giam sb luong cac lan danh gia ham can thiét
dé tim cac tham s6 t6i wu [13].

2.4 M6 hinh hoc may

Trong nghién ctu nay, ba mé hinh hoc may duoc lya
chon dé tién hanh nghién ctru bao gdm XGBoost, ring
ngau nhién, va CatBoost.

a) XGBoost (XGB)

XGBoost la mat trién khai higu qua va c6 kha ning mo
rong ciia cac may ting cuong do déc. XGBoost noi tiéng
vé toe d6 va hiéu suat, kha nang xur ly dit lidu thua, va
céc ky thuat diéu chinh giup ngin ngira hién twong qua
khop (overfitting). Ham muc tiéu trong XGBoost két
hop mot ham mat mat 16i va mot thuat ngir diéu chinh,
cai thi¢n ca do chinh xac du doan va kha nang giai thich
[15].

b) Ring ngdu nhién

Rung ngau nhién 1a mot phuong phap hoc tap tap hop
xay dung nhiéu cay quyét dinh trong qua trinh huan
luyén. Rirng ngau nhién str dung phwong phap bagging,
trong d6 mdi cay dugc huan luyén trén mot tap con
ngau nhién cua dir liéu, va cac dic trung duoc chon
ngau nhién tai mdi diém chia. Dy doan cubi cing duoc
thuc hién biang cach tong hop céc dy doan cua tat ca
cac cay, giam hién tuong qua khép ciia md hinh va cai
thién kha nang tong quat [16].

c) CatBoost

CatBoost 1a mot thuat toan ting cudng do doc xir ly
hiéu qua cac dic trung phan loai ma khong can tién xu
ly nhiéu. CatBoost sir dung ting cuong c6 thir ty dé
giam ro ri muyc tiéu va cung cap hiéu suit manh mé trén
nhiéu loai dit liéu. CatBoost dic biét hitu ich trong viéc
xtr ly cac bién phan loai phé bién trong céc tap di liéu
thuc té [17].

2.5 M6 hinh xép chong

M hinh xép chdng la mét ky thuat trong hoc may, véi
nhiéu mo hinh duoc két hop dé cai thién hiéu suat dy
doan so vai viéc sir dung mot mo hinh don 1€. Cac moé
hinh don 1¢ dugc goi 1a mé hinh co s@, sir dung mot mé
hinh dé két hgp chdng thanh mé hinh meta bang mot
ky thuat hoc may khac, trong nghién ctiru nay st dung
hoi quy phi tuyén — logistic regression.

M0 hinh stacking két hop du doan ctia nhiéu mé hinh
hoc may bang cach sir dung mot mo hinh meta dé hoc
cach tdi uu tir cac du doan do da dugc trién khai ¢ nhiéu
nghién ctru trude day va cho thiy két qua rat kha quan
[7, 14]. Ly do chon ca ba md hinh nay 1am mé hinh co
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so 14 vi ching mang lai sy da dang trong phuong phap
hoc. M&i md hinh ¢ nhiing wu diém khéc nhau, gitp
hé théng stacking khai thac tét hon cac khia canh khac
nhau cua dir ligu:

« Ring ngau nhién tot trong viéc giam qua khép bang
cach hoc tir cac cay doc lap.

« XGBoost va CatBoost c6 kha ning tdi wu héa hiéu
suat va tranh qua khop théng qua boosting, mot ky
thuat hoc tuan tu cai thién mé hinh.

e Bing céch két hop cac mo hinh c6 kha ning tong
quat hoa cao va giam quéa khop, md hinh xép chong sé
tao ra két qua manh m& va 6n dinh hon.

Hdi quy logistic duoc sir dung 1am md hinh meta trong
md hinh xép chdng & nghién ciu nay. Pay 1a mot md
hinh phi tuyén duoc sir dung cho phan loai nhi phan, wéc
lwong Xac suat rang mot diém dau vao thudc vé mot 16p
nhét dinh. Bang cach liy cac du doan tir cic mé hinh co
so lam dic trung dau vao, hdi quy logistic c6 thé hoc
cach gan trong s6 ti uu cho tirng du doan ctia md hinh
co 0, tir d6 cai thién hiéu suat du doan tong thé [18, 19].
2.6 Cac d¢ do danh gia

Danh gia hiéu suat 1a mét viéc quan trong va viéc lya
chon cac d9 do nao cling quan trong khdong kém.

Ma tran nham 1an (confusion matrix) 12 mét céng cu
manh mé& va quan trong trong viéc danh gia hiéu suét
cua cac mé hinh hoc may, dac biét la trong cac bai toan
phan loai. Ma tran nham 1an cho phép thay duoc sd
luong du doan dung va sai cia mo hinh cho mdi 16p. O
Béng 1, n6 cho biét s6 lugng:

- True Positives (TP): sb lugng du doan dung cho 16p
duong.

- True Negatives (TN): s luong du doan dung cho 16p
am.

- False Positives (FP): sé lwong du doan sai, md hinh
du doan 1a dwong nhung thyc té 13 am.

- False Negatives (FN): s6 lugng du doan sai, mé hinh
du doan 1a 4m nhung thyc té 1a duong.

Bang 1 Ma tran nham lan

Chén trij + -
Du doan + TP FP
Dy doan — FN TN

ROC AUC la mét trong nhiing chi s6 quan trong dé
danh gia hiéu suét cua cac md hinh phan loai nhi phan.

@ Dai hoc Nguyén T4t Thanh
~,

'NGUYENTAT THANE

Tap chi Khoa hoc & Céng nghé Vol 7, No 5

ROC AUC do luong kha nang phan biét gitra cac 16p
ctiia md hinh, gidp hiéu rd hon vé hiéu suit tong thé cua
mo hinh trong viéc xac dinh cac truong hgp duong tinh
va am tinh.

AUC = f 1TPR d(FPR) @

Trong do:

TPR (True Positive Rate) hay con goi la Do nhay
(Recall).

FPR (False Positive Rate) duoc tinh bang céng thuc:
FP 3)

FPR= ep 3TN

3 Phuong phap nghién ctru
3.1 Mb ta dir lieu
Dé du doan RRTD hiéu qua bang hoc may, can c6 dir
liéu chat luong cao va ki thuat tao dic trung manh mé.
Dit liéu dung dé huan luyén cac md hinh du doan trong
nghién ciru nay duoc ldy tir tap "Tap di liéu RRTD"
(Credit Risk Dataset) trén Kaggle. Tap dir liéu bao gom
11 cot va 32 581 dong dir ligu. Trong do, cot
Loan_status la cot muc tiéu can du doan, con 10 cot con
lai 14 cac dic trung dé du doan cot muyc tiéu.
Bang 2 M0 ta cac bién c6 trong tap dit lisu RRTD
Bién dau vao Pinh nghia bién
person_age Tudi cia ca nhan

. Thu nhap hang nam cua

person_income N
ngudi vay

Loai hinh s& hixu nha - thué,

thé chip, thué mua, s hitu

hoac khac

Thaoi gian lam viéc cua céa

nhan (tinh theo nam)

person_home_ownershi
p

person_emp_length

loan_intent Muc dich cua khoan vay
loan_amnt S4 tién duoc vay
loan_int_rate L4i suat cua khoan vay
Trang thai thanh toan khoan
loan_status vay (0: khéng vi pham, 1: vi

pham)

Ty 1& (%) sb tien vay so V6i
téng thu nhap
ch_person_default_on_f | Lich st cac khoan no (néu c6)
ile Cua nguoi vay

loan_percent_income
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cb_person_cred_hist_le | D¢ dai lich su tin dung cua

Viéc xem théng ké md ta cua dit liéu cho biét chi tiét

ngth nguoi vay va dic diém théng ké cua dit liéu. Pugc mo ta qua
Bang 3.
Bing 3 Thdong ké mo ta
. loan_ cb_person_
A . person_ person_ loan_int_ .
Thong ké | person_age . loan_amnt loan_ status| percent_ | cred_hist_
income |emp_length rate .
income length
S6 lwong 32581,0 32581,0 31686,0 32581,0 29465,0 32581,0 32581,0 32581,0
Trung binh 27,7346 66745,26 | 4,793856 | 9593,371 | 11,01169 | 0,211364 | 0,170283 | 5,894211
bo léch
czuzi 6,340878 62358,45 | 4,14263 6322,085 3,24205 0,408396 | 0,106702 | 4,055001
Nho nhat 20,0 4000,0 0,0 500,0 5,42 0,0 0,0 2,0
25% 23,0 40000,0 2,0 4000,0 79 0,0 0,09 3,0
50% 26,0 65000,0 4,0 8000,0 10,9 0,0 0,15 4,0
75% 30,0 90500,0 7,0 12000,0 13,47 0,0 0,23 7,0
Lén nhat 1440 600000,0 123,0 35000,0 23,22 1,0 0,83 30,0

Nghién ciru nay tap trung trén mot bo dit liéu duoc cong
bd cong khai trén Kaggle nhiam danh gia va so sanh
nang luc cua cac md hinh hoc may trén ciing mot nén
tang di li¢u, gitip dam bao tinh khach quan va cong
bang khi nghién ciru. Ngoai ra, cac nha nghién ctiu khac
c6 thé d& dang truy cap, tai hién va xac minh két qua
ctia nghién ctru nay, nhu rat nhiéu cac céng bd khac da
str dung bo dit liéu nay dé tién hanh tha nghiém cac md
hinh hoc may khéc; tir d6 gitp chimg minh phuong
phap d& xuat caa nghién ctru dat dugc két qua kha quan
va c0 gia tri.

3.2 Phuong phap dé xuit

Quy trinh du doan RRTD bit dau véi viéc thu thap va
tién xu ly dix liéu, bao gébm lam sach di liéu, xu Iy gia
tri thiéu va ma hoa cac bién phan loai. Tiép theo, k§
thuat SMOTE duoc sir dung dé can bang dit liéu, giai
quyét van dé mit can bang I6p. Sau d6, ba mé hinh co
s¢ la CatBoost, ring ngau nhién va XGBoost dugc
huan luyén va téi wu hoa bang téi uu hoa Bayesian. Két
qua tir cac mé hinh co sé dugc két hop lai bang hdi quy
logistic dé tao ra md hinh tdng hop cudi cling. Cudi
cuing, hiéu suat caa md hinh tong hop duoc danh gia.

. Chia di liéu huan -
DiF liéu Tien xwrly vatao |y o va this nghiém|—»| SU dung SMOTE
dac trwng dir liéu theo ty I& 80/20 can bang di¥ ligu

| catBoost |

[ RUFNg ngau nhién ] [

XGBoost |

v

Dung toi wu héa bayesian

v

Lay mé hinh tot nhat tir cac mé hinhcoso |

v

[ Hoi quy logistic ]

-

Panh gia mé hinh cudi

Hinh 1 So db phwong phéap dugc sir dung trong nghién ciru
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Céc budc cu thé trién khai trong nghién ctu nay:

- Budc 1: tién xur 1y va tao dit liéu dic trung.

- Buéc 2: sir dung SMOTE trén tap dix liéu huan luyén
nham can bang sé lugng nhan.

- Budc 3: 4p dung Bayesian Optimization trén 3 mo
hinh hoc may khac nhau gém CatBoost, Ring ngau
nhién va XGBoost.

- Budc 4: xay dung md hinh xép chong tir 3 mé hinh co
SG ¢ buac 3.

- Budc 5: danh gid mo hinh.

Céc budc trién khai nay duoc gioi thiéu ngay sau trong
phan 3.3. Budc danh gia mé hinh dwoc thé hién & phan
4 khi tién hanh do dac va so sanh két qua vai cac nghién
ctru khéc.

3.3 Céac budc tién hanh

3.3.1 Tao dix liéu dac trung

Tinh toan ty 1& khoan vay trén thu nhap va ty 1¢ 13i suat
khoan vay trén thu nhap tir khoan vay.

Ty l¢é khoan vay trén thu nhap: do luong sb tién vay so
v6i thu nhap hang nim ciia ngudi vay. Chi sé nay gidp
C4C t6 chirc tai chinh danh gia kha ning tra no ctia ngudi
vay, tir d6 quyét dinh c6 nén phé duyét khoan vay hay
khéng. Ty 1¢ thap cho thiy nguoi vay c¢6 kha ning tai
chinh tét hon dé tra no [10].

Loan_amnt

Loan_to_income_ratio = -
Person_income

Ty 1 14i suat trén thu nhap: két hop 13 suat ciia khoan
vay Vai ty 1& phan trim khoan vay so véi thu nhap. Chi
s6 nay cung cap thdng tin vé chi phi 14i suit ma nguoi
vay phai tra twong (rng vai thu nhap cua ho, gitup phéan
tich kha nang tai chinh va quan ly RRTD hiéu qua hon.
Viéc theo ddi ca hai ty 18 nay gilp cac to chuc tai chinh
duy tri mot danh muc cho vay lanh manh va giam thiéu
rai ro [11].
Interest_income_ratio

= Loan_int_rate

X Loan_person_income
3.3.2 St dung SMOTE dé can bang s6 lugng nhan
Trong Hinh 2, hién tuong mit can bang di liéu xuat
hién khi s6 lwong mau caa nhan 0 vuot troi So véi nhan
1. S6 lugng nhan 0 gap xap xi 4 1an so véi nhan 1, diéu
nay lam cho qué trinh hoc cua cac mé hinh hoc may c6
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thién hudng chi hoc tap trung nhéan 0. Vi vay sau khi
SMOTE duoc &p dung, s6 lugng nhan 1 duoc 1am giau
bang véi s lugng nhan 0 nham can bang nhan.

20000 4

15000 4

10000

5000 1

o
0 1
Hinh 2 Phan phéi caa hai nhan trong bién muc tiéu
Loan_status.

3.3.3 Bayesian Optimization

Viéc lya chon khong gian siéu tham sé dé tién hanh tim
kiém rat quan trong, vi vay nghién ciu nay tap trung
vao cac tham sb chinh dugc sir dung & hau hét cac
nghién ctru trude day 1a s6 cdy (estimators hoic
iteratons) va chiéu sau tbi da cua cay (max_depth hoic
depth), tat nhién khong bo qua ti 16 hoc (learning_rate)
mot chi s6 quan trong trong siéu tham s huan luyén
md hinh. Bang 4 mé ta khong gian siéu tham sé tim
kiém da ap dung trén cac mé hinh lya chon 1a co so.
Bang 4 Khong gian tim kiém dwoc chon dé tim siéu tham s6
trong cac md hinh XGBoost, rirng ngau nhién, va CatBoost
déu nham myc dich t6i wu héa higu suat ciia mé hinh.

Mb hinh Tén tham s6 | Khoang Tim Kiém
XGBoost n_estimators | 50-300
max_depth 3-10
learning_rate | 0,01-0,30
Rirng ngau | n_estimators | 50-300
nhién max_depth 3-20
CatBoost iterations 50-300
depth 3-10
learning_rate | 0,01-0,30

3.3.4 M6 hinh xép chong

Sau khi ap dung ky thuat BO dé tim ra md hinh tét nhat
1am mé hinh co s, tién hanh xép chong bang phuong
phap hdi quy phi tuyén dé tao mo hinh meta hoan tét ki
thuat tao mo hinh xép chéng, theo mé ta ¢ Hinh 3.



Tap chi Khoa hoc & Céng nghé Vol 7, No 5

MG hinh 1:
| leg ngéu nhién ‘

M6 hinh 2:

Co so dix liéu XGBoost

M0 hinh 3:
CatBoost

MO6 hinh meta:
Ho1 quy phi tuyén

4

Dénh gia

T

Hinh 3 So d6 cau tric cua mo hinh xép chong

Bang céach két hop cac mé hinh c6 kha niang tong quat
héa cao va giam qué khop, mé hinh xép chong sé tao
ra két qua manh mé va 6n dinh hon. Khi lam mé hinh
meta, hdi quy phi tuyén s& gitp téng hop két qua tur
cic md md hinh co sé mot cach tuyén tinh, mang lai
su chinh xac va don gian trong viéc phan loai, dac
biét phu hop khi két qua tir cac moé hinh co sé di ¢o
dd chinh xéc cao. Két qua hiéu suat hoc cua cac mo
hinh co s& va md hinh xép chdng duoc danh gia cu
thé ¢ Bang 5.

Bang 5 Két qua sau khi huan luyén mé hinh

4 Két qua

Maéi truong thuc nghiém duoc thuc hién trén nén tang
Kaggle, mét trong nhitng nén tang phd bién nhat cho
cong dong hoc may va khoa hoc dir liéu. Trong nghién
cau nay, sir dung Kaggle Notebooks (trudc day goi la
Kaggle Kernels) dé phat trién va chay cac md hinh hoc
may.

M6 hinh xép chong dat dwoc két qua vuot troi so véi
cac md hinh co s¢ binh thudng két qua nay con thé hién
khéng chi théng qua cac chi s6 nhu do chinh xac con
thé hién qua chi s6 ROC AUC.

M6 hinh P chinh xac | Do chuan xac Do nhay F1 ROC AUC
Rung ngau nhién 0,9338 0,9633 0,7288 0,8316 0,9459
XGBOOST 0,9347 0,9624 0,7377 0,8352 0,9500
CatBOOST 0,9355 0,9816 0,7268 0,8351 0,9474
Stacking model 0,9503 0,9796 0,9198 0,9487 0,9815

Tur Bang 5, cac mo hinh co s¢ dat do chinh xac nho nhat
1a rirng ngau nhién 12 0,9338 va I6n nhét 12 0,9355, véi
d6 chuan xac trén 0,96 va do nhay & khoang 0,72 dén
0,74. Tuy nhién, m6é hinh stacking vuot troi véi do
chinh x4c 0,9503 va d6 nhay 0,9198, cao hon so vdi bat
ky mo hinh co s& ndo. Piéu nay cho thdy mo hinh
stacking cai thién ro rét kha nang phat hién cac truong
hop duong tinh.

Sy cai thién ¢ ca do chuan xac va do nhay dan dén chi
s6 F1 cua mo hinh stacking ciing cao hon, phan &nh sy
can bang tot hon trong du doan. Pac biét, chi s ROC
AUC cia mé hinh stacking dat 0,9815, cho thay kha
nang phan biét rat tot gitra cac 16p va it nham 13n. Trong
bdi canh danh gia RRTD, chi s6 ROC AUC cao gilp

C4C t6 churc tai chinh dwa ra quyét dinh tin dung chinh
Xéc, giam thiéu rai ro va téi uvu hoa quy trinh quan ly.

5 Két luan

Nghién ciru nay di tong hop va phan tich higu suit ciia
cac mo hinh hoc may trong danh gia RRTD, dong thoi
dua ra nhitng két luan quan trong.

* M6 hinh stacking dat hi¢u sudt cao nhat v6i do chinh
xac 95,503 % va chi s6 F1 14 0,9487. B nhay cia mo
hinh stacking ciling tang 1én dang ké, dat 91,98 %, cao
hon cac mé hinh co sé, cho thiy su cai thién toan dién
vé cac chi s6 danh gia.

« Chi s6 ROC AUC ctia md hinh stacking dat 98,15 %,
ching minh kha ning phan loai t6t va it bj nhdm 14n
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gitta cac nhan. Tuy nhién, viéc ap dung md hinh
stacking can cin nhic vé do phuc tap va thoi gian tinh
toan. M6 hinh rimg ngau nhién va CatBoost ciing dat
hiéu suat 4n twong véi do chinh xéac trén 93,55 %,
nhung c6 thé gip hién twong qua khop. Mo hinh
XGBoost 6n dinh vé6i cac chi s6 vé d¢ chuan xac va do
nhay cao, nhung can tinh chinh thém.

« Khong chi 4p dung trong thuc tién, nghién ciru nay
con chi ra ring phuong phép téi wu hoa Bayes
(Bayesian Optimization — BO) dong vai tro quan trong
trong viéc tim ra cic base learner tot nhét, tir d6 xay
dung duoc meta learner c6 kha nang téng hop va tbi uu
hoa hiéu qua hon. BO giup tu dong hoa qua trinh diéu
chinh siéu tham sé ciia cdac mo hinh nén tang (base
learner), cai thién dang ké hiéu sudt cua timg mé hinh
thanh phan, tir d6 t6i wu hoa toan bé mé hinh stacking.
Diédu nay ching to rang, viéc két hop BO vai cac md
hinh hoc may khéng chi gitp nang cao kha nang du
doan ma con t6i wu hoa thoi gian va tai nguyén tinh

Tai liéu tham khao
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toan, gop phan xdy duyng nhitng mé hinh phan loai
RRTD chit luong cao.

* V& mit thuc tién, mo hinh stacking co thé duoc ap
dung hi€u qua tai cac td chuc tin dung nham cai thién
d6 chinh xac trong viéc phan loai va danh gia RRTD.
Céc chi s6 cao vé d6 nhay va ROC AUC ciia md hinh
cho phép cac to chirc dua ra quyét dinh tin dung chinh
xac hon, giam thiéu rui ro ng xau va tdi wu hoa danh
muc cho vay. Tuy nhién, viéc trién khai cic md hinh
phtrc hop nhu stacking doi hoi can ¢6 co so ha tang tinh
toan manh mé& va quy trinh gidm sat chat ché dé dam
bao hiéu qua 1au dai. Cac mo hinh khac nhu ring ngau
nhién va CatBoost, v6i hiéu suat cao nhung c6 nguy co
quéa khép o thé phi hop voi nhiing tap dit liéu nhé hon
hoic cac truong hop c6 cau trac dit lidu it phirc tap hon.
Toém lai, nghién ciru nay cho thiy tiém ning ctia cac mod
hinh hoc may trong viéc nang cao hiéu qua danh gia
RRTD, gitp cac to chire tai chinh dwa ra cac quyét dinh
tin dung chinh x4c va kip thoi hon, tir do céi thién chét
lwong dich vu va giam thiéu ton that tai chinh.
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Application of Stacking Model Combined with SMOTE and Bayesian Optimization
for Credit Risk Assessment

Duong Hon Minh
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Abstract Credit risk prediction is a critical task for financial institutions to minimize the risk of default and
optimize lending decisions. In the context of rapid advancements in machine learning techniques, many
classification methods have been developed to improve credit risk prediction capabilities. This study applies a
stacking model to assess credit risk, combining predictions from various machine learning models, including
XGBoost, Random Forest, and CatBoost. A meta-model, logistic regression, is used to optimize predictions from
base models to generate the final prediction. Data is processed using the SMOTE technique for balancing, and the
hyperparameters of the base models are optimized through Bayesian optimization. The results show that the
stacking model achieves an accuracy of 95.503 % and an ROC-AUC score of 98.15 %, demonstrating the high
reliability of the predictions. These results highlight the applicability of machine learning models in credit risk
assessment, supporting financial institutions in making individual credit decisions.

Keywords Machine learning, ensemble learning, Bayesian optimization, SMOTE, credit risk prediction.
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