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Nghién ctru nay dugc thuc hién nham lwa chon mé hinh dy
doan xac sudt v ng ciia hé théng xép hang tin dung ndi bo ddi vai
khach hang ca nhan. Tir 46, nghién ciru ciing dé xuét tich hop ap dung
mo hinh vao quy trinh tin dung va dé xuat thu thap thong tin chinh Xac
dé tang chat luong du doan ciia mé hinh. Trong nghién ciru nay, nhém
tac gia str dung bo dir liéu c6 thoi gian ldy mau tir 01/01/2022 dén
31/12/2022 va thoi gian quan sat tir 01/01/2023 dén 31/12/2023.
Nhoém nghién ctru da str dung mo hinh Logistic, 09 md hinh hoc may
va mo hinh két hop Ensemble. Nhém ciing sir dung céc bién phap can
bang dir lidu va tién xu 1y dir liéu trude khi dua vao udc lugng md
hinh. Két qua, mo hinh Logistic va mé hinh két hgp Ensemble 13 hai
mo hinh du béo tot nhat. V&i ngudng xac suat pha san toi wu cho du
doan d¢ nhay, mo6 hinh Logistic da cho két qua dy doan trdi hon so
vo1 Ensemble. Ngoai ra, nghién ctru cling phat hién cac thong tin quan
trong dé du doan xéac suét v& no bao gdm: Trinh d¢ hoc véan, Loai hinh
t6 chue, Gidi tinh, Do tudi, Thoi gian 1ién tyc ¢6 thu nhép, Thoi gian
cong tac, Thoi han vay, Nhu ciu vay, Tong thu nhap, Tong chi phi,
No phai tra hang thang, Lich sir tin dung 06 thang gan nhat.

ABSTRACT

This study was conducted to select a predictive model for the
probability of default within an internal credit rating system for
individual unsecured loans. Consequently, the study also suggests
integrating the model into the credit process and proposes the
collection of accurate information to enhance the model’s predictive
quality. In this research, the authors used a dataset sampled from
January 01, 2022, to December 31, 2022, and observed from January
01, 2023, to December 31, 2023. We utilized nine Machine-Learning
models and an Ensemble model. We also implemented data
balancing and preprocessing features before model estimation. The
Logistic and Ensemble models were the two best predictive models.
With an optimal bankruptcy probability threshold for sensitivity
prediction, the Logistic model performed better than the Ensemble.
Additionally, the analysis revealed the importance of predictive
variables, including Educational level, Organization type, Gender,
Age, Continuous income duration, Employment duration, Loan term,
Borrowing needs, Total income, Total expenses, Monthly debt
obligations, and Credit history for the last six months.
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1. Gi6i thiéu

Hé thng xép hang tin dung noi bo cia Ngan hang tai Viét Nam duoc quy dinh sir dung
trong (i) qué trinh thdm dinh va quyét dinh cho vay (Ngan hang Nha nudéc Viét Nam, 2018) va
(ii) phan loai ng va trich lap du phong rui ro ddi véi rai ro tin dung (Ngan hang Nha nudc Viét
Nam, 2021). Hién nay, Chinh Pha va Ngan hang Nha nudc dang xay dung hanh lang phap 1y dbi
vé6i linh vuc xép hang tin nhiém nham nang cao tinh céng khai minh bach théng tin nham hd trg
cho cé&c ngan hang kiém soéat rui ro tin dung. Cac Ngan Hang Thuong Mai (NHTM) ciing ngay
cang nhan thay tim quan trong cua hé thdng nay trong hoat dong tin dung va quan trj rai ro. Két
qua du doan xac suét v& no cua hé thdng xép hang tin dung noi bo sé& gidp ngan hang cé nhiing
ung dung trong céng tac quan tri rai ro nhur: hd tro qué trinh tham dinh va ra quyét dinh cho vay,
xay dyng khung lai suat nham t6i da hoa loi nhuan cia ngan hang, dong thoi dam bao an toan
von cua chi so hitu. Ngoai ra, cac ngan hang cd thé giam sat danh muc tin dung théng qua Viéc
giam sét sy thay do6i phan hang rai ro cua danh muc, tir d6 gitip ngan hang c6 nhimg diéu chinh
kip thoi vé chinh sach, san pham, dinh huéng tin dung.

Trén thé gioi va Viét Nam cac nghién ctu tiép can & nhiéu khia canh khac nhau vé du
doan xéc suat v& no nhung nhin chung déu xoay quanh hai hudng: (i) giai thich/chiig minh cac
yéu té c6 anh huong dén xac suat v& no cua khach hang hay (ii) tim ra md hinh toan hoc tbi uvu
du doan xac sudt v& ng. Cac nghién ciu gan day trén thé gisi cho thay xu hudng su dung
Machine Learning dé tim ra md hinh téi vu thay cho phuong phap hodi quy Logistic da rat phd
bién. Chang va cong su (2022) chiang minh rang Support Vector Machines (SVM), Decision
Tree (DT), Random Forest (RF), Extreme Gradient Boosting (XGBoost), va Light Gradient
Boosting Machine (LightGBM) c6 hiéu suat tét hon hoéi quy Logistic (GLM). Nghién cau cua
Jepkoech (2020) thyc hién cac phuong phap GLM, Linear Discriminant Analysis (LDA),
Gradient Boosting (GB), DT, KNN, RF, SVM va XGBoost dé du doan. XGBoost duoc xem la
thuat todn t6t nhat cho bai toan du doan xéac suét v no.

Cho dén nay, cac nghién ctru dugc cong b & Viét Nam van chu yéu st dung phuong
phap Hbi quy Logistic cho myc tiéu giai thich cac bién c6 anh huong dén xac suit v ng cua
khach hang. Di véi cac nghién ctiu du doan, nhom tac gia nhan thiy chua c6 nghién ctu nao
thuc hién dua trén bo dit liu khach hang ca nhan ma phan biét thoi gian ldy mau va thoi gian
quan sat dé &p dung hiéu qua cac md hinh hoc may. Bén canh d6, cac nghién ctru nay chua quan
tam toi cac hoat dong tién xir ly dit liéu nhu lua chon danh muc bién s du doan, bién doi dir
liéu, va ap dung mot s6 mo hinh du doan dang ndi troi gan day nhu Ensemble. Ngoai ra, theo su
hiéu biét cua nhom tac gia, cac nghién ctru trude day da sir dung ngudng xac suat v& ng mac
dinh 13 50% dé so sanh tinh chinh xac cua ting md hinh dy béo. Tuy nhién, viéc sir dung ngudng
mic dinh 12 50% la rat it c6 y nghia (Alam & ctg., 2020), dic biét la trong bdi canh du doan xéac
suit v& no ciia ngan hang. Cac ngan hang sé rat nhay véi du doan vé v no (tap trung vao chi sb
d6 nhay - Sensitivity) hon 1a tp trung vao tinh chinh xac tong thé (Accuracy). Bang viéc lya
chon ngudng Xx&c suat v& no ma tir d6 dat duoc Sensitivity cao nhat, nghién ciu nay s& gitp cho
ngan hang thiét lap duoc ngudng Xac suat pha san hay con goi 1a ngudng canh béo khi dy doan
cho ting hé so tin dung c& nhan. Két qua 14, néu mot hd so vuot ngudng xac suat v no, tin hiéu
nay s& duoc chuyén toi cip c6 tham quyén dé tiép tuc dua ra nhitng phén tich sdu hon. Sau do,
cap c6 tham quyen cd thé dua ra quyét dinh cap von hodc nging cap von. Bén canh dong gop
vira néu, két qua cua nghién ctiu c6 thé gitp cho ngan hang A Chau ndi riéng va céc ngan hang
thwong mai ¢6 phan noi chung mot khung &p dung md hinh du doan xac sudt vd no déi voi
khéch hang ca nhan trong tién trinh phé duyét.

Tu nhitng |y do trén, nhém téc gia s& thuc hién nghién ctru d&é lya chon mé hinh du doan
xac suat v& ng nham tich hgp vao hé thong cham diém tin dung noi bo. Két qua do sé gop phan
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ning cao nang luc quan tri rui ro tin dung khach hang ca nhan vay tin chap tai Ngan hang TMCP
A Chau. Bang viéc thu thap dir liéu c6 phuong phap, can bang dit liéu, lua chon bién sé va lua
chon cac phuwong phap mé hinh hoc méy khac nhau dé tir d6 tim ra cac mé hinh du doan tbt nhat
va c4c bién sb déng vai trd quan trong nhat trong du doan. Tir d6, nhom tac gia cho rang nghién
ctru ndy la can thiét va cé nhitng dong gop vé khoa hoc va thyc tién cho Ngan hang A Chau. Bén
canh d6, két qua phan tich nay ciing 14 ngudn tham khao cho cac bén lién quan nhu Ngan hang
thuong mai khac va Ngan hang nha nudc.

2. Co s& 1y thuyét va cic nghién ctru truéce
2.1. Tin dung c& nhan, rii ro tin dung, va Xac sudt vé ng'

Theo Piéu 20 Luat cac to chuc tin dung 2010 quy dinh: Cap tin dung la viéc ngan hang
“thoa thuan dé to chic, c& nhan sir dung mot khoan tién hoac cam két cho phép sir dung mot
khoan tién theo nguyén tic cd hoan tra bang nghiép vu cho vay, chiét khiu, cho thué tai chinh,
bao thanh toan, bao I1anh ngan hang va céc nghiép vu cap tin dung khac” (Qudc hdi nudc Cong
hoa X& hoi Chu nghia Viét Nam, 2010, tr. 12). Trén co s¢ dinh nghia “tin dung ngan hang”, tin
dung khach hang c& nhan c6 thé duoc hiéu I hinh thic tin dung ma ¢ d6 ngan hang dong vai tro
1a nguoi chuyén nhwong quyén st dung von cua minh cho KHCN sir dung trong mot thoi gian
nhét dinh va phai hoan tra ca gbc 1an l4i.

Rui ro tin dung s€ phat sinh khi cac ca nhan dugc phé duyét cac khoan vay. Theo BCBS
(2000) rui ro tin dung (credit risk) dugc dinh nghia la nguoi vay ¢d kha nang khong dap (ing cac
nghia vu cia minh theo céc diéu khoan da thoa thuan. Theo khoan 24 Diéu 2 Thong tu 41/2016/TT-
NHNN giai thich chi tiét hon: “Rui ro tin dung la rai ro do khach hang khéng thyc hién hoic khang
6 kha nang thyc hién mot phan hoic toan bo nghia vu tra no theo hop dong hoac thoa thuan véi
ngan hang, chi nhanh ngan hang nudc ngoai” (Ngan hang Nha nude Viét Nam, 2016, tr. 02).

Rui ro tin dung mot khi duoc lugng hda s& hinh thanh nén xéac suit va no (Probability of
Default - PD). Xac suét v no 1a mot thanh phan quan trong duoc ap dung trong nhiéu phan tich
rai ro tin dung va hoat dong quan ly rai ro. Xac suit vd ng co thé dugc woc tinh tir hai nhom
phuong phap chinh: (i) tir hoat dong cham diém tin dung trudc khi vay no thong qua cac mo hinh
cham diém tin dung va (ii) tir cac md hinh xé&c suat va hoc may. Hoat dong cham diém tin dung
& mot phuong phap truyen thong duoc céc ngan hang 4p dung théng qua cac md hinh cham
diém tin dung khac nhau dé hd tro ngan hang ra quyet dinh trudc khi cho vay (Walusala & ctg.,
2017). Tuy nhién, phuong phap nay ton tai mot sé6 nhuoc diém nhu khong danh gia day du kha
nang tra ng hodc khéng cai thién dugc kha nang hoc hoi tir dir liéu thuc té (Teles & ctg., 2020).
Chinh vi vay, viéc tich hop cac md hinh xac suat va hoc may la can thiét dé cai thién qua trinh
luong hda xéc suat v& no (Teles & ctg., 2020).

2.2. Lwoc khdo cdc nghién ciru trudc

Viéc lugc khao cac nghién ctru trudce sé giup ich cho nhom tac gia khi phat hién ra nhirng
md hinh dy doan duoc str dung phd bién va hiéu qua. Bdng thai, cac nghién ctru trude ciing giup
ich trong qua trinh xay dung cac yéu té dau vao cia md hinh dy doan. Khi dan chiéu cac nghién
ctu trude day, nhom tac gia s€ tap trung vao cac nghién cau ap dung ky thuat mai, dugc trich
dan trong nhiéu nghién ctru va c6 ddy du thdng tin trong qua trinh thuc hién xay dung mé hinh.

Mot trong cac nghién ciru dang cht y la cua Chang va cong su (2022). Cac tac gia su
dung dit liéu tir 282,763 khoan vay, chon ra 16 bién quan trong, va so sanh cac mé hinh LR,
SVM, DT, RF, XGBoost, va LightGBM, trong d6 XGBoost c6 hiéu suit tot nhat véi do chinh
xé&c khoang 88%. Giang (2021) st dung bo dir liéu Kaggle dé danh gia xac suat v no qua céc
md hinh KNN, CART, NB, SVM, DSNN, CNN, RNN, va LSTM, trong d6 LSTM va RNN cho
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két qua tét nhat. Jepkoech (2020) &p dung cac phuong phap LDA, GB, DT, KNN, Random
Forest, SVB, va XGB trén dir liéu tin dung cia Rwanda, két qua cho thay XGBoost vuot troi vai
Recall =0.9939, F1 = 0.9892 va do chinh xac 99.56%.

Qua qua trinh lugc khao, ching tdi nhan thdy mé hinh duoc sir dung nhiéu nhét trong cac
nghién ctru dé danh gia xac suit v& ng caa KHCN bao gdm: Decision Tree (DT - C5.0), Support
Vector Machines (SVM), Random Forest (RF), K-Nearest Neighbors (KNN), Logistic Regression
(GLM). Ngoai ra c¢6 cac phuong phap it phd bién hon 13: Naive Bayes (NB), Neural Network
(NN), Linear Discriminant Analysis (LDA), Gradient Boosting (GB) va Deep Learning (DL).

3. Phwong phap nghién ciru
3.1. Xdc dinh bién s6 phu thujc (bién sé dwoc dw dodn - Predicted variable)

Trong phan viét ndy nhom nghién ciu s&¢ mo ta hai ndi dung: xac dinh céch thic do
luong va thoi gian quan sat bién phu thudc.

3.1.1. Xac dinh do luong
Bién s6 phu thuoc c6 thé duoc xac dinh theo mot trong ba céch:

e Céch tiép cdn 1: Tham chiéu BCBS (2006), Basel c6 dua ra huéng dan ring mot
khach hang dugc coi 12 v no néu khéach hang bi qua han trén 90 ngay.

e Céch tiép can 2: Khoan 8 Piéu 3 Thong tu 11/2021/TT-NHNN ban hanh ngay
30/07/2021 “No xau l1a no thuoc cac nhom 3, 4 va 5 theo phan loai no” (Ngan hang Nha nuéc
Viét Nam, 2021, tr. 05).

e Céch tiép can 3: Siddigi (2006) huéng dan phan tich Roll Rate.

Do mau dir liéu khong da 16n dé thuc hién phan tich Roll Rate nén trong nghién ctu nay
nhom tac gia sé xay dung dinh nghia Good/Bad theo cach tiép can 1 va céch tiép can 2 duoc néu
& trén, cu thé nhu sau:

e Dinh nghia quan sat Bad (v& no): (i) Phat sinh tré han tir 90 ngay tro 18n hoic (ii)
Phét sinh no co cau gia han va/hoac doi ky.

¢ Dinh nghia quan sat Good (khong v& ng): 1a nhiing quan sat khong Bad.

3.1.2. Xdc dinh thoi gian quan sat

Thoi gian quan sat 1a khoang thoi gian quan sat hanh vi cia khach hang dé xac dinh V&
no/Khéng v no. C6 mot s6 cach tiép can dé xac dinh thoi gian quan sat nhu:

Céch tiép cdn 1: Tham chiéu BCBS (2006), md hinh xé&c suat v& no c6 ky danh gia 1a 12 thang.

Céch tiép can 2: Theo Siddigi (2006), xac dinh thoi gian quan sat can théng qua phan
tich Vintage.

Trong nghién ctitu ndy do nhitng gisi han vé dit liéu nén tac gia sé st dung céch tiép can 1
Vi thoi gian quan sat bién phu thudc 1a 12 thang.

3.2. Thu thap dir liéu

Nhom téc gia sir dung bo dit liéu c6 thoi gian 1Ay mau tir 01/01/2022 dén 31/12/2022 va
thoi gian quan sat tir 01/01/2023 dén 31/12/2023. B dir liéu cudi cung sur dung xay dung va
kiém dinh mé hinh bao gom 2,917 quan sat, trong do c6 2,766 quan sat tot, chiem ty 1¢ 94.82%
va 151 quan sat xau, chiém ty 18 5.18%.
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Bang 1
B¢ Dir Liéu Xay Dung va Kiém Binh Md Hinh
Pinh nghia S6 lwong quan sat Ty 18 %
Tét 2,766 94.82%
Xau 151 5.18%
Téng 2,917 100%

Nguon: Tong hop caa nhom tac gia

Mau dir liéu tac gia thu thap duoc nhu Bang 1 bi tinh trang khdng can bang (imbalance)
khi chi c6 5.18% s6 quan sat xau trén tong sé di liéu. Dé can bang dit liéu, nhom tac gia s& st
dung phuong phap SMOTE va BOTH dé can bang dir liéu va so sanh két qua mé hinh véi tap dix
licu goc (xem Bang 2).

Bang 2
Sampling Mdu Xay Dung

Phwong phap Ty 1é XAu/T6t Tot Xau
Phuong phap SMOTE 1:1 2,005 1,998
Phuong phap Under Khong thuc hién duoc do quan sat xau qua it
Phuong phap BOTH 1:1 1,031 1,011

Nguon: Téng hop cta nhém tac gia

3.3. Xdc dinh tdp diz liéu hudn luyén va tap dé ligu kiém dinh

Vi muc tiéu kiém dinh mé hinh cho két qua khach quan nhat, nhém tac gia sé tién hanh
chia tap di liéu ra lam tap huan luyén (Train) chiém 70% va tap kiém dinh (Test) chiém 30%
(xem Bang 3). Dit liéu s& duoc chuan héa trudc khi phan tich.

Bang 3
Mdu Dir Liéu Xay Dung va Kiém Binh Md Hinh
B¢ dir liéu Tap dir liéu Good Bad
Tap huan luyén (Train) 1,936 105
Bo dit liéu g Tap kiém dinh (Test) 830 46
Téng 2,766 151
_ Tap huan luyén (Train) 1,403 1,399
g&%ﬁ'&é” Tap kiém dinh (Test) 602 509
Téng 2,005 1,998
Tap huan luyén (Train) 722 708
Bo dir lisu BOTH | Tap kiém dinh (Test) 309 303
Tong 1,031 1,011

Nguon: Tong hop cua nhom tac gia
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3.4. Xdc dinh bién sé dw dodn (Predictor variables)
Téc gia tién hanh xay dyung tap hop bién du doan thong qua ba ngudn théng tin nhu sau:

. Nguﬁ‘)n 1: Nghién ctru dinh tinh dugc thyc hién thong qua cac budc sau: PAu tién,
nhom nghién ciru thyc hién phong van 14 chuyén gia phé duyét tai Hoi sé va 04 chuyén gia phan
tich tin dung c6 nhiéu kinh nghiém trong phan tich ho so tin chap. Tat ca cac théng tin dé danh
gia khach hang theo to trinh tin dung theo chuyén gia s& 1a théng tin bién dau vao cho mé hinh.

e Ngudn 2: Téng hop tir cac nghién ciru c6 lién quan trudc day.

e Ngudn 3: Nhém tac gia tao ra cac bién phai sinh la cac bién ty I& c6 thé chia ty 1¢ duoc
tir nguon 1 va 2.

Két qua, c6 68 bién sb duoc dua vao danh muc. DPé lua chon bién dy doan, nhom tac gia
thuc hién tinh toan bang chang co trong s6 (Weight Of Evidence - WOE) va phan tich théng tin
gia tri cua bién sé (Information Value - IV) theo d& xuit cua Siddigi (2006). Theo Siddiqi
(2006), IV caa mot bién sé can 16n hon 0.02. Sau khi phén tich, c6 28 bién sé thoa mén diéu kién
vira néu va dugc trinh bay tai Bang 4.

Bang 4
Information Value (1V) cua Bién Sé
STT Bién du do4n Y nghia v
1 |gioitinh Giai tinh 0.40
2 |NCTN Nhu cau/Thu nhap 0.32
3 |Nganhnghekinhdoanh |Nganh nghé kinh doanh 0.32
4 |Nghenghiep Nghé nghiép 0.26
5 |Loaihinhtochuc Loai hinh cong ty noi khach hang cong tac 0.24
6 |[NPTTgltctn No phai tra hang thang/Thoi gian lién tuc co thu nhap 0.24
7 |[Chucvu Chuc vu 0.23
8 |[NCthoihan Nhu cau/Thoi han vay 0.22
9 |Tuoi Tudi 0.21
10 |Tongthunhap Téng thu nhap 0.20
11 |Tongchiphi Téng chi phi 0.20
12 |Thoihan Thoi han vay 0.19
13 | Trinhdohocvan Trinh d6 hoc van 0.18
14 |Nhucaucaptindung Sé tién vay 0.18
15 |Nophaitrahangthang |No phai tra hang thang 0.16
16 |cptn Chi phi/Thu nhap 0.16
17 |TNTglientuc Thu nhap/Thoi gian lién tuc ¢6 thu nhap 0.15
18 |Tglientuccothunhap | Thu nhap/Thoi gian lién tuc co6 thu nhap 0.15
19 [NCtuoi Nhu cau/Tudi 0.14
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STT Bién du dosn Y nghia v
20 |Loaihopdong Loai hop dong lao dong 0.13
21 [tglttgct Thaoi gian lién tuc co6 thu nhap/Thoi gian cong tac 0.13
22 |NPTTN No phai tra hang thang/Thu nhap 0.12
23 |Tgct Thaoi gian cong tac 0.09
24 | Tinhtrangsohuu Tinh trang s¢ hiru 0.07
25 [NPTcp No phai tra hang thang/Chi phi 0.06
26 |Lichsutindung6thang |Lich sir tin dung 06 thang 0.03
27 | Tinhtranghonnhan Tinh trang hdn nhéan 0.03
28 [Hinhthucnhanthunhap |Hinh thirc nhan thu nhap 0.02

Nguoén: Tong hop ctia nhdém tac gia
3.5. Cac mo hinh hgc may dwoc ap dung

Dua trén tong hop cac nghién ciru trude day nhu da néu tai Bang 1, tac gia sé tién hanh
thuc hién chay mé hinh phé bién nhét trong xay dung hé théng xép hang la Logistic Regression
(GLM), dong thoi tac gia s& sir dung thém 08 phuong phap Machine Learning thuong dung khéc
dé so sanh kha ning dy b&o cua mé hinh. Sau d6, nghién ctru s& ap dung mé hinh két hop
“Ensemble”. Pay 1a mot ky thuat trong hoc may dung dé cai thién do chinh xéac cua du doan
bang cach két hop nhiéu md hinh hoc méay don 1¢ thanh mét mé hinh tong hop. Cac cac phuong
phap hoc may bao géom: Adaboost, Narve Bayes, K-Nearest Neighbors, Support Vector
Machines, Random Forest, Neural Network, XGBoost, va Decision Tree.

3.6. Phwong phdp dinh gid chdt liwong md hinh dw dodn

Céc tiéu chi dé danh gid mo hinh phan loai thuong bao gédm AUC/GINI, KS, va ma tran
nham 1an (Confusion Matrix).

Chi s6 AUC va dwdng cong ROC

ROC Curve (The Receiver Operating Characteristic Curve) 13 mot duong cong biéu dién
hiéu suat phan loai caa mot mé hinh phan loai tai cac ngudng (threshold). Vé co ban, n6 hién thi
True Positive Rate (TPR) so voi False Positive Rate (FPR) ddi véi céc gia tri ngudng khac nhau.

AUC (Area Under the Curve) la chi sé duoc tinh toan dua trén duong cong ROC nham
danh gia kha nang phan loai cia mo hinh tt nhur thé nao. Phan dién tich nam dudi duong cong
ROC va trén truc hoanh chinh 1a AUC, c6 gi4 tri nam trong khOang [0, 1] Theo Hosmer va cong

su (2013) va Slddlql (2006), mé hinh c6 AUC >= 70% la dat yéu cau. Mdi quan hé cuia AUROC
va AR duoc thé hién qua cong thic GINI = 2*AUC — 1.

Chi s6 KS (Kolmogorov-Smirnov test)

KS do luong muc d chénh léch 16n nhat gitra ty 1¢ % lity ké ciia khach hang tét va khach
hang x4u. Cang nhiéu khach hang xau phan bé & cac dai diém thap va cang nhiéu khach hang tét
phan b ¢ cac dai diém cao thi cang cho thay md hinh c6 kha ning phan biét khach hang tot.

Ma tran nham Ian (Confusion Matrix)

Confusion Matrix dua ra théng ké sé luong quan sat v& no/khdng v no duoc du béo
dung/sai, tir 6 tinh toan d6 chinh xéac cua dy bédo. Mdi ngudng cat (threshold) cua xac suat vo no
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s& duoc xac dinh dé chia khach hang thanh hai nhém v& no/khdng v& no. Theo mac dinh, ma
tran nham 1an s& duoc thuc hién khi ngudng cat (threshold) 1a 0.5. Nghia 14, mot quan sat duoc
du doan 1a Bad (v& ng) néu xac suat va no Ién hon 50% va nguoc lai. Tuy nhién, ngudng 0.5
khong phai 1a ngudng cit tét nhat trong cac truong hop danh gia chat lwong ciia mo hinh du doan
(Alam & ctg., 2020). Mdt trong cac phuong phap wa dung dé tim ra ngudng cit dé 1a ap dung chi
s6 Youden Index (J) do Youden (1950) dé xuét va dwoc ap dung rong réi trong y khoa. Muc tiéu
cua chi sb nay 1a gitp nha nghién ctru tim ra do nhay (Sensitive) va do chuyén (Specificity) cao
nhat. Tuy nhién, vu tién ctia ngan hang la du doan Bad nén ngudng cit nao dem lai ty 1& du doan
Bad tét nhat trong téng sé Bad thuc té (chi s6 Sensitivity). Alam va cong su (2020) dua ra
khuyén nghi chon ngudng cat 1a diém gan nhat véi dinh bén trai cia duong ROC. Tuy vay, Zou
va cong su (2016) di khuyén nghi ring viéc st dung ROC 1a chua da va c6 nhiéu gisi han.
Chuing t6i s& thuc hién theo hudng dan cia Zou va cong su (2016) va Boehmke va Greenwell
(2019) dé tim ra ngudng cat tt nhat trong viéc du doan Bad.

Mot khi ngudng cit duoc thiét 1ap, ma tran s& dugc hinh thanh dé do luong kha ning dy
bao nhu Hinh 1.

Hinh 1
Ma Trgn Nham Lan

Actually Actually
Positive (1) | Negative (0)

Predicted frue False

. Positives Positives
Positive (1) (TPs) (FPs)
Predicted Fals_e Trug

. Negatives Negatives
Negative (0) (FNs) (TNs)

Nguoén: Tong hop ctia nhom tac gia

Trong do:

e True Positive - TP: S6 quan sat du bao 13 v& ng va thuc té v no.

e True Negative - TN: S6 quan sat du béo 1a khéng v& no va thuc té khdng vé no.

e False Negative - FN: Sé quan sat du bao 1a khong v& no va thuc té va no.

e False Positive - FP: S quan sét du bao 1a v& ng va thuc té khong v no.

Céc chi s6 duoc tinh toan tir Confusion Matrix dé danh gia mirc 6 hiéu qua caa mé hinh
nhu sau: Accuracy, Recall hay Sensitivity, Precision, F1, va Specificity.

4. Két qua nghién ciru

4.1. Két qud cac md hinh du dodn

Tac gia s dung ngon ngir R (giao dién Rsudio) véi goi package Caret, do Kuhn va cong
su (2022) phét trién, thuc hién chay cac mé hinh Marchine Learning véi (i) tap dir lieu géc, (ii)
tap dir liéu sampling bang phuong phap SMOTE, (iii) tap dit liéu sampling bang phuong phap
BOTH. Két qua céc chi s6 mé hinh duoc biéu dién tai Hinh 2, 3, va 4.
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Hinh 2
Két Qua Machine Learning Tép Di Liéu Gac

Accuracy ALUC
xgbTree - {:Ij xgbTree - —[I:I—
svmRadial - 4|:|:|— svmRadial - —D:I—

- —— - i T
nnet- 4|:|:|— nnet- —|:I:|—
nb- —H.—— o — I
kan - — I n- — T ——
om- — 7 gim- — -
cso- —L L T— cso- 4

adaboost - 4[['— adaboost- —m
9?.60% QT.SIEI% QB.DIIZI% QB.EIEI% 50.;3% EEI.;ZI% ?U.ID% BU.;ZI% EIEI.;ZI%

Nguon: Tong hop clia nhom tac gia

Hinh 3
Két Qua Machine Learning Tdp Di Liéu SMOTE

Accuracy AUC
¥gbTree - -I xgbTree - l
svmRadial - -I svmRadial - I
- 1 - |
nnet- —D} nnet- —ED—
fb- —a— nb- - —l-
knn - *ﬂ} knn - —D}
gim - - am- = -
C5.0- 1 C5.0- i
adaboost- I adaboost- i
E!EI.IEI% BS.IEI% QEI.IEI% 95.|D% ‘1EIEII.EI% 92.:5% 95.IEI% 9?".:5% ‘1EIEII.EI"}&

Nguon: Téng hop cta nhom tac gia
Hinh 4
Két Qua Machine Learning Tdp Di Liéu BOTH

Accuracy AUC

xgbTree - -|]]- x¥gbTree - f
svmRadial - ﬂ‘ svmRadial - |
- 1 rf- |
nnet- —|[|- nnet- —ﬂ]—

no - —D:I— ni - —[[I—
knn - ‘[[l_ knn - *ﬂ]‘

gim - I+ gim- iin
C5.0- i C5.0- }
adaboost- + adaboost- —|:|:|—

BD.ID% ES.ID% QD.ID% QS.ID% '1DDI.D% ED.ID% QD.ID% ‘1DDI.D'¥

Nguon: Téng hop cua nhom tac gia
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Nhom tac gia tién hanh thuc hién kiém dinh lai md hinh trén tap Test. Véi céc tap dit liéu
xay dung khac nhau két qua AUC, KS cua cac phuong phéap trén tap Test ciing thay d6i khéc
nhau nhu Bang 5, cu thé:

e M0 hinh GLM trén dit liéu goc c6 chi s6 AUC cao nhat. GLM, NB, RF, XGBTree c6
két qua du béo trén tap Test n dinh (AUC >= 70%) trén ca bo dit liéu gbc, SMOTE, va BOTH.

e Dt lidu géc: GLM va NB dy bao tdt. Cac mé hinh ADABOOST, KNN, NN, SVM,
C5.0 (DT) du b&o kém (AUC < 70%).

e SMOTE: cac md hinh tét va dong déu nhit, cic mé hinh déu dat yéu cau trir C5.0
(DT). Diéu nay ciing tvong dong vai cac két qua cua cac nghién ctu trude day.

e BOTH: NB c6 két qua du bao tét nhat, caic md hinh ADABOOST va KNN du bao
kém (AUC < 70%).

Bang 5
Két Qua AUC, KS Machine Learning trén Tap Test
M©b hinh - - AUC - - KS
D ligugoc | SMOTE BOTH | Dirliégugoc | SMOTE BOTH
GLM 85% 80% 7% 61% 55% 48%
e
NB 80% 7% 83% 62% 58% 63%
NNET  [ROSON 2% 72% 39% 37%
RF 76% 82% 79% 41% 61% 50%
SVM 74% 76% 34%
C5.0 (DT)
XGBTREE

Nguoén: Tong hop tinh toan ctia nhom tac gia
4.2. Két qud md hinh két hgp - Ensemble

Tir két qua cac md hinh Machine Learning ¢ trén cho thdy mé hinh xay dyng trén chinh
bo dir liéu gbc cho két qua du bdo mé hinh tét hon cac phuong phap sampling dit liu (SMOTE
va BOTH). Cac md hinh GLM, NB, RF, va XGBTREE 6n dinh trén tap Test véi ca 03 bo dit
liéu. Do d6, nhoém tac gia s& tién hanh phan tich dinh huéng xay dung mé hinh két hop
“Ensemble” tir két qua X&c suat v& ng ciia 04 mo hinh Logistic Regression (GLM), Narve Bayes
(NB), Random Forest (RF), XGBoost (XGBTREE) trén tap dir liéu goc.

Phin tich twong quan va tam quan trong ciia cac mé hinh Machine Learning

Khi két hop két qua dau ra cia cac mo hinh Machine Learning v6i nhau sir dung k¥ thuat
“Ensemble”, can kiém chung muc do tuong quan cua cac md hinh nay va tam quan trong cua
tirng mo hinh. Cac noi dung vira néu dugc mo ta tai Bang 6.

Két qua cho thiy hé s twong quan giita NB-RF, XGBTREE-NB, va XGBTREE-RF

dang rat cao. Hé sb tuong quan cao nghia 1a cac mé hinh cho két qua du bao twong tu nhau, diéu
nay s€ lam gidm hi¢u qua khi két hgp cdc md hinh nay véi nhau.
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Bang 6
Hé S6 Twong Quan va Tam Quan Trong ciia Cac M6 Hinh trong M6 Hinh Két Hop “Ensemble”
GLM RF NB XGBTREE | Tam quan treng
GLM 1 100
RF 0.658 1 35
NB 0.769 0.998 1 16
XGBTREE 0.757 0.993 0.994 1 3

Nguon: Tong hop tinh ton ctia nhom tac gia

Xét & mic dd quan trong, trong ciu phan tao nén mé hinh két hop “Ensemble” thi mé
hinh GLM déng vai tro quan trong nhat, tiép d6 1a mé hinh RF, NB. M6 hinh Xgbtree gan nhu
khong tham gia trong mé hinh két hop.

Tu cac phéan tich tuong quan va mirc d¢ quan trong cua cac mo hinh tac gia s€ su dung
mo hinh GLM va RF dé xay dung md hinh két hop “Ensemble”.
Két qua md hinh két hop “Ensemble”

Trén tap Train cua dit liéu gbc mé hinh két hop “Ensemble” c6 chi s6 AUC 1a 0.6534,
thap hon mé hinh GLM (0.7929), RF (0.7036). Bdi véi chi sé Accuracy, md hinh két hop
“Ensemble” dat 0.9802, thip hon mé hinh RF (0.9804) va cao hon mé hinh GLM (0.9775). Tat
ca céc két qua vira néu duoc mo ta tai Bang 7.

Bang 7
Két Qua AUC va Accuracy cia Mo Hinh GLM, RF, va Ensemble
AUC Accuracy
GLM 0.7929 0.9775
RF 0.7036 0.9804
Ensemble 0.6534 0.9802

Nguon: Tong hop tinh toan ctia nhom tac gia

Lwa chon m6 hinh du doan

Khi phan tich trén tap Test (Bang 8), GLM va Ensemble cho két qua AUC va KS tét
nhat. Vi viy nhém nghién ciru lwa chon GLM va Ensemble dé thuc hién c4c phan tich tiép theo.

Bang 8
Két Qua AUC va KS ciza Md Hinh GLM, RF, Ensemble trén Tdp Test
M6 hinh AUC KS
GLM 85% 61%
ENSEMBLE 84% 63%
RF 76% 41%

Nguon: Téng hop tinh toan ctia nhom tac gia

Tiép theo, nhém tac gia tién hanh so sanh Confusion Matrix cia 02 mé hinh vi muc tiéu
caa Ngan hang la phat hién duoc cac truong hop Bad vai it sai lam nhat. Tuy nhién, nhém
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nghién ctu s& khong st dung ngudng cét (threshold) mic dinh 13 0.5 ma tim ra ngudng t6i vu
cho ting mé hinh theo huéng dan cua Zou va cong su (2016) va Boehmke va Greenwell (2019).
Két qua cho thay, ngudng cét téi wu cia GLM va Ensemble 1an luot 12 0.12 va 0.15.

Vi ngudng cit vira néu, md hinh GLM di c¢6 két qua vuot hon so véi Ensemble & toan
b6 cac chi so nhu: Accuracy, Sensitivity, Precision, va F1 (xem Bang 9).

Bang 9
Confusion Matrix cua GLM va Ensemble trén Tdp Test
GLM Ensemble
(Ngudng cat PD = 12%) (Nguwong cat PD = 15%)
Bad Good Du doan Bad Good | Du doan
Bad 30 19 39 20 67 87
Good 16 811 837 26 763 789
Thuc té 46 830 876 46 830 876
Accuracy 96% 89%
Sensitivity 65% 43%
Precision 77% 23%
F1 70% 30%

Nguoén: Tong hop tinh toan ctiia nhém tac gia

Cu thé hon, véi thuc té 14 c6 46 trudng hop khong c6 kha nang tra ng, GLM du doan tbt
nhat dugc 30 truong hop (Sensitivity = 65%) trong khi d6 Ensemble du doan duoc thap hon voi
20 treong hop dung (Sensitivity = 43%).

4.3. Vai tro cia bién sé dw dodn

Mic du sir dung ciing mot tap dit liéu, hiéu qua du doan cta cac mo hinh khé twong ddng
nhau. Tuy nhién, mtrc d6 quan trong ciia bién 1a khac nhau trong mdi mé hinh. Bé phén tich muc
do6 quan trong, nhdm tac gia sir dung tinh nang Variable Importance trong thu vién Caret. Sau do,
nhom nghién ciru s& xép hang theo thir ty tir 01 dén 28 ddi voi timg mé hinh va dugc tong hop
tai Bang 10.

Bang 10
Vai Tro cuia Bién Sé Du Poan

£ , - M6 hinh | M6 hinh
STT Bien Y nghia GLM | Ensemble
1 | Trinhdohocvan Trinh d6 hoc van 1 19
2 | Loaihinhtochuc Loai hinh t6 chuc 2 2
3 |gioitinh Giai tinh 3 7
4 |tgittget TAhOI gian lién tuc co thu nhap/Thoi gian 4 13
cbng tac
5 |NPTTgltctn N,c_r phai t[a hang thang/Thoi gian lién tuc 5 1
c6 thu nhap




V@ H. Thanh, Hoang T. K. Diém. HCMCOUJS-Kinh t€ va Quan tri Kinh doanh, 20(3), 31-47 43

STT Bién Y nghia Mgfmh é\:'l Sem?e
6 |Thoihan Thoi han vay 6 5
7 [NCTN Nhu cau/Thu nhap 7 4
8 |Tuoi Tudi 8 11
9 |Lichsutindung6thang |Lich sir tin dung 06 thang 9 24
10 |Tglientuccothunhap | Thoi gian lién tuc cé thu nhap 10
11 | NCthoihan Nhu cau/Thoi han vay 11
12 | TNTglientuc Thu nhap/Thoi gian lién tuc c6 thu nhap 12 15
13 |NPTTN No phai tra hang thang/Thu nhap 13 22
14 |Chucvu Churc vu 14 17
15 |Nghenghiep Nghé nghiép 15 12
16 | Tongthunhap Téng thu nhap 16 9
17 | Tinhtranghonnhan Tinh trang hén nhan 17 25
18 |Tgct Thaoi gian cdng tac 18 16
19 |Hinhthucnhanthunhap |Hinh thic nhan thu nhap 19 26
20 |Loaihopdong Loai hop dong lao dong 20 27
21 | Tongchiphi Téng chi phi 21 10
22 | Nhucaucaptindung S6 tién vay 22 18
23 | Tinhtrangsohuu Tinh trang s¢ hiru 23 23
24 |cptn Chi phi/Thu nhap 24 20
25 |NCtuoi Nhu cau/Tudi 25 21
26 |NPTcp No phai tra hang thang/Chi phi 26 28
27 [Nganhnghekinhdoanh |Nganh nghé kinh doanh 27 14
28 |Nophaitrahangthang | Ng phai tra hang thang 28 8

Nguon: Tong hop tinh toan cia nhom tac gia

Tur nhitng két qua tai Bang 10, cac thong tin quan trong can thu thap khi thyc hién thu
thap va phan tich hd so tin dung bao gdm: Trinh dé hoc van, Logi hinh té chic, Gidi tinh, Tudi,
Thei gian lién tuc ¢ thu nhdp, Thei gian cdng tac, Thoi han vay, Nhu cau vay, Téng thu nhdp,
Tong chi phi, No phdi trd hang thang, Lich si tin dung 06 thang gan nhat.

4.4. Théo lugn

Théng qua mot tién trinh lya chon dit liéu, bién d6i va 1am sach dit liéu, va lya chon mo
hinh, c6 thé coi GLM va Ensemble 13 hai mé hinh cé chét luong du doan t6t nhat. Mic du két qua
cua nghién ciu nay c6 khac biét so véi mot sé nghién ctu c6 ap dung md hinh Ensemble nhu
ElMasry va cong su (2019) hay Alam va cong su (2020) khi cac tac gia phat hién ra Ensemble cd
két qua du doan tot hon so v6i GLM. Tuy vay, su khac biét d6 1a binh thuong vi thyc té 1a khdng
c6 md hinh nao vuot troi trong tat ca cac bdi canh. Trong tinh huéng cua ACB, mé hinh troi hon
chinh 1a GLM. Chi tiét hon, khi str dung ngudng cit xac suit v ng dé c6 chi sé Sensitivity tot
nhat thi GLM da cho thay két qua vuot troi hon & chi s6 Sensitivity. Nghia 1a, GLM dy doan dung
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s6 trudng hop V& no cao hon 22% (= 65% - 23%). Theo su hiéu biét cua nhdm téc gia, cac nghién
ctru trude ddy lién quan t6i ciing chu dé nghién ciru da st dung ngudng X&c suat v no mic dinh
1a 50% dé so sanh tinh chinh xac caia tng mé hinh du béo. Tuy nhién, viéc str dung ngudng mac
dinh 1a 50% Ia rat it c6 ¥ nghia, dic biét I1a trong bdi canh du doan xac suat v& ng ciia ngan hang.
Céc ngan hang sé& rat nhay véi dy doan vé Bad (tap trung vao chi s Sensitivity) hon 14 tap trung
vao tinh chinh xac tong thé (Accuracy). Bang viéc lya chon ngudng Xxac suat pha vé no ma tir d6
dat dugc Sensitivity cao nhat, nghién ciu ndy s& gidp cho ngan hang thiét 1ap duoc ngudng Xac
suat pha san khi du doan cho ting ho so tin dung ca nhan. Py chinh 1a ngudng canh béo ma
ngan hang can c6 nhitng phan tich sau hon dé co thé dwa ra cac quyét dinh c6 tiép tuc xt Iy hd so
& giai doan tiép theo hay khdng. Cu thé, khi ngan hang dua cac thong tin cua timg c& nhan vao mo
hinh GLM (d3 duoc thiét 1ap), gi4 tri du doan xac suat pha san s& duoc tinh toan tir két qua cua
md hinh. Néu gia tri ndy thap hon 12%, ngan hang sé& thyc hién céc thu tuc tiép theo. Nguoc lai,
néu gia tri vuot ngudng 12%, ngan hang s& quyét dinh ngirng hd so hozc thu thap thém thdng tin
dé ra cac quyét dinh tiép theo. Ung dung vira néu ciing chinh 1a mot trong cac dong gop thuc tién
cuia dé tai ma cac nghién ciu thuc nghiém trudce chua dé cap téi.

Bén canh viéc tim ra mo hinh dy doan t6t nhat, nghién ciru con danh gia tam quan trong
cua céc bién sé du béo. Céac bién sé quan trong duoc xac dinh bao gom: Trink dé hoc van, Logi
hinh té chitc, Gigi tinh, Tudi, Thoi gian lién tuc c6 thu nhdp, Thoi gian cong tac, Thoi han vay,
Nhu c4u vay, Téng thu nhdp, Téng chi phi, Ng' phdi tra hang thang, Lich si tin dung 06 thang
gan nhat. Pay chinh 1a cac bién s6 ma ngan hang nén cai thién chit luong théng tin duoc thu
thap dé gitp cho chat lugng méd hinh du doan dugc cai thién.

5. Két luan, ham y quan tri, va han ché caa nghién ciru
5.1. Két lugn

Nghién ctru nay dugc thuc hién voi muc dich 1a lya chon mo6 hinh dy doan xac suét vd ng
nham nang cao ning lyc quén tri rai ro tin dung khach hang c4 nhan vay tin chp tai Ngan hang
TMCP A Chau. Nhém tac gia da st dung 09 mé hinh mdy hoc bao gdm Logistic Regression,
Adaboost, Naive Bayes, K-Nearest Neighbors, Support Vector Machines, Random Forest,
Neural Network, XGBoost, Decision Tree va 01 mo hinh két hgp Ensenble bang cach sir dung
xé4c sudt dau ra cta cac mo hinh may hoc hiéu qua. Nhém tac gia da thuc hién téng cong 27 mod
hinh Machine Learning (09 phuong phap Machine Learning véi 03 tap dir liéu khac nhau) va 01
md hinh két hop Ensemble. Tir két qua cac mo hinh Machine Learning & trén cho thiy mé hinh
xdy dung trén chinh bd dir liéu gbc cho két qua du bao mé hinh t6t hon cac phuong phap
sampling dit liéu (SMOTE va BOTH). Cac m6 hinh GLM, NB, RF, va XGBTREE on dinh trén
tap Test v6i ca 03 bo dit liéu. Do d6, nhom téc gia da tién hanh phén tich dinh hudéng xay dung
mo hinh két hop “Ensemble” tir két qua xac suat v no ciia 04 md hinh GLM, NB, RF, va
XGBTREE trén tap dir liéu gdc. Thong qua cac phan tich twong quan va mic do quan trong ctia
cac md hinh, md hinh két hop “Ensemble” da dugc xay dung tor m6 hinh GLM va RF. Nhu vay,
GLM va Ensemble dd duogc lua chon dé thuc hién cac phan tich tiép theo. Tur cac két qua (i)
phan tich AUC va Accuracy trén tap huan luyén va (ii) AUC va KS trén tap kiém tra, hai mo
hinh duoc lira chon cho phan tich du doan xéac suit v& no 1a GLM va Ensemble.

Tiép theo, nhom tac gia tién hanh so sanh Confusion Matrix cia 02 mo hinh v6i ngudng
cit xac suat v& no toi vu cia GLM va Ensemble 1an luot 13 0.12 va 0.15. Vi ngudng cét vira
néu, md hinh GLM da c6 két qua vuot hon so véi Ensemble ¢ toan bd cac chi s6 nhu: Accuracy,
Sensitivity, Precision, va F1. Cu thé, xét vé du doan v no, véi thuc té 1a c6 46 truong hop
khong c6 kha ning tra ng, GLM dy doan tét nhat dugc 30 truong hop (Sensitivity = 65%) trong
khi d6 Ensemble du doan dugc thap hon véi 20 truong hop dung (Sensitivity = 43%).
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5.2. Ham y qudn tri

Can cu vao két qua du bao, nghién ctru dé xuat mot so ndi dung téi ngan hang ACB va
Ngan hang nha nudc nhu sau:

(i) P6i v6i Ngan hang TMCP A Chau
Nghién ciru ndy dé xuét hai giai phap nhu sau ddi v6i ngan hang:
Giai phap 1: Ung dung mé hinh vao quy trinh tin dung KHCN tin chip

Xay dung quy trinh tin dung ¢ tmg dung mé hinh nhu Hinh 5. Cy thé: sau khi hd so tin
dung dd duogc kiém soat thong tin & bude phan tich tin dung, cac thong tin ndy duoc st dung dé
md hinh (M6 hinh Logistic vd md hinh Ensemble) tinh toan xéac suat v& ng. Cac hd so co xac
suit v& no ctia vuot ngudng cua mot trong 02 mé hinh (GLM va Ensemble 1an luot 14 0.12 va
0.15), h¢ théng s& canh bao dén cép phé duyét can xem xét ky lai mdt l4n nita cac ho so nay. Sau
d6, cAp phé duyét s& quyét dinh “tir chbi” hodc “giai ngan”.

Giai phap nay c6 thé dem lai mot s6 loi ich cu thé nhu sau:

o Két qua xac suat v ng cia mé hinh 1a mot cong cu hd tro dé canh bao cho cap phé
duyét tin dung (co ché phé duyét con ngudi) cac ho so rui ro cao theo phuong phap thong ké dé
xem xét ho so k§ hon ma khong lam anh hudng dén quy trinh tin dung hién tai.

e Ung dung nay s& gitp cac md hinh da xay dung dugc van hanh thuc té, ¢ dir liéu dé
danh gia mo hinh, so sanh véi phé duyét cua con nguoi, 1am co s& cho viéc ap dung chinh thirc
MO hinh véi cac ing dung thuc t€ nhu ra quyét dinh phé duyét tu dong (thay co ché con nguoi),
ap dung 1ai suat cho vay, danh gia rui ro tin dung thong qua mé hinh theo phuong phap IRB cua
Basel 2 va Ngan hang Nha nudc.

Hinh 5

Quy Trinh Cdp Tin Dung Tich Hop M6 Hinh Dy Poan Xac Sudt Vo Nor

Lap hé so vay vén

}

Phén tich hd so tin
dung

}

Du doan xéc suat

Vo ng
|
v v
Xac sudt v ng Xac suat v& no
dudi ngudng vuot ngudng
Phé duyét Canh bio

!

w Phin tich lai hd so

Giam sat tin dung

Nguon: D¢ xuat ciia nhom tac gia
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Tuy nhién, dé giai phap trén cd thé 4p dung duoc, ngan hang can chuan bi cac cong viéc
nhu sau:

e Xay dung quy dinh, quy trinh tin dung va chuong trinh tin hoc tng dung mé hinh do
ludng X4c suét v no.

o Xay dung quy dinh, quy trinh va chuong trinh tin hoc xay dung, van hanh, kiém dinh
md hinh dé kiém soét rai ro mé hinh.

e Thu thap dit liéu cac hd so bi tir chdi cap tin dung gitp ting sé lwong quan sat v& no
khi xay dung md hinh va kiém dinh ngoai mau mé hinh vi dir liéu caa ngan hang luén thiéu tinh
can bang gitra s6 quan sat vo no - khdng v no theo tiéu chuan thong ké.

e Xem xét mua c4c san pham cham diém tin dung cua bén thir ba uy tin va c6 o6 bao
quét vé dir liéu nhiéu hon nhu Scoring hay eK'YC cuia Trusting Scocial, CIC, PCB, ... dé so sanh
véi két qua cia md hinh Ngan hang tu xay dung.

e Phai nang cao kha nang bao mat thdng tin khach hang va cac thong tin tin dung noi bo
khi irng dung mé hinh.

Giai phap 2: Cac thong tin cua hd so tin dung can thu thap chinh xac

Ngan hang can xay dung co ché thu thap chinh xac cac thong tin dwoc tong hop tir cac
bién s6 quan trong cia mo hinh nhu tac gia di phan tich tai Muc 4.3, bao gém cac théng tin:
Tuéi, Trinh dé hoc van, Logi hinh té chic, Gidi tinh, Thoi gian lién tuc c6 thu nhdp, Thoi gian
cong tac, Thoi han vay, Nhu cau vay, No phdi trd hang thang, Téng thu nhédp, Téng chi phi, Lich
si tin dung 06 thang gan nhat.

(ii) P6i véi Ngan hang Nha nwéc

Thir nhat, Ngan hang Nha nuéc can xay dung khudn khé phap Iy, quy dinh cu thé vé viéc
xay dung, kiém dinh hé théng xép hang tin dung noi bo, dic biét 1a cac md hinh Machine
Learning. Bong thoi c6 quy dinh cy thé vé viéc tng dung md hinh trong cong tac tham dinh, phé
duyét cap tin dung dé cac ngan hang tng dung dong bo va c6 kiém soét.

Thi hai, khi hé thdng xép hang tin dung duoc ung dung trong hé thong ngan hang doi hoi
Ngan hang Nha nudc phai c¢6 d6i ngli am hiéu, co kién thac vé mo hinh dé thanh tra, kiém tra to
chtrc tin dung.
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