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Ung dung hoc may va hoc siu trong nghién ciru tai chinh:
Mot nghién ciru vé du bao kha ning hoan tra khoin vay ciia khiach hang

Applying in machine learning and deep learning in finance industry:
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Trong béi canh cho vay ngang hang (P2P lending) ngay
cang phat trién, viéc danh gia kha niang tra ng ctua khach hang tro
nén can thiét, khong chi gitp nha dau tu c4 nhan han ché rai ro ma
con phat hién cac co hoi dau tu tiém ning. Nghién ctru nay dé xuat
viéc ap dung hoc may va hoc sau dé phan tich hanh vi, thong tin
nhan khau va lich sur tin dung ctia ngudi vay, qua d6 dy bao kha
ndng hoan tra khoan vay. Cac thudt toan dugc 4p dung trong bai
nghién ctru bao gom: Logistic Regression (LR), K-Nearest Neighbor
(KNN), Extreme Gradient Boosting (XGB), Light Gradient Boosting
Machine (LGBM) va hoc sau: Long Short Term Memory (LSTM),
Artificial Neural Network (ANN). Két qua sau khi xir 1y va toi uu
hoa cho thay cic mo hinh Ensemble Learning nhu XGB, LGBM
dem lai két qua vuot troi so voi cac mo hinh may hoc truyén théng
v6i d§ chinh x4c mo hinh dat hon 85%. Cac dac trung nhu ty 1€ 1ai
suat (int rate), xép hang tin dung (subgrade) va sb tién vay
(loan_amnt) c6 y nghia déc bi¢t quan trong trong viéc du doan nay.
Véi két qua du doan, chiing toi ky vong rang nghién ctru s& cung cip
mot cong cu hd trg déc luc cho nha dau tu c4 nhan trong viéc danh
gia va Iya chon hd so vay, tir d6 gop phan vao viéc thiic ddy mot thi
truong cho vay ngang hang minh bach va hiéu qua hon.

ABSTRACT

In the current era marked by the proliferation of peer-to-
peer lending platforms, the imperative of ascertaining borrowers’
capacity to honor their financial obligations has assumed
paramount significance. This endeavor transcends mere risk
mitigation for individual investors, extending to the identification
of judicious investment prospects. The present inquiry advocates
for the adoption of sophisticated computational methodologies,
including machine learning and deep learning, to analyze
borrowers’ behavioral patterns, demographic profiles, and credit
histories, thus facilitating the prognostication of loan repayment
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likelihood. Employed techniques encompass Logistic Regression
(LR), K-Nearest Neighbor (KNN), Extreme Gradient Boosting
(XGB), Light Gradient Boosting Machine (LGBM), in conjunction
with deep learning architectures such as Long Short-Term Memory
(LSTM) and Artificial Neural Network (ANN). Following
methodological refinement, it becomes apparent that ensemble
learning approaches, exemplified by XGB and LGBM, exhibit
markedly superior predictive performance, surpassing conventional
models with an accuracy rate exceeding 85%. Salient predictors
include interest rates, credit ratings, and loan amounts. It is
anticipated that the findings of this investigation will furnish
investors with a potent analytical toolset for discerning and
selecting loan portfolios, thereby fostering greater transparency and
efficiency within the peer-to-peer lending ecosystem.

1. Giéi thi¢u

Trong bdi canh tai chinh va ngan hang hién nay, viéc cung cdp cac khoan vay c6 kha
nang thu hoi khong chi 1a nén tang cho hoat dong quan 1y rui ro tin dung ma con doéng gop vao
su phat trién bén viing cta nén kinh té. Dic biét sau su kién khung hoang tai chinh toan ciu nim
2008, tim quan trong cua vi¢c danh gia kha ndng trd ng ctia khach hang da duoc nhin manh
manh mé& hon bao gio hét (Singh, 2023). Trong bbi canh d6, nghién ctru nay tap trung vao linh
vuc cho vay ngang hang nham muc tiéu cung cdp cho cac nha dau tu mot cong cu danh gia kha
nang tra no ctia ngudi vay hiéu qua. Piéu nay khéng chi glup cac nha dau tu g1a tang kha nang
danh gia rii ro ma con hd trg ngudi vay nhan ra nhiig yéu to quan trong nhat anh huéng dén
kha nang trd ng cta ho, dac biét nghién ctru s€ cang hiru ich néu Chinh phu Viét Nam cho phép
hoat dong cho vay ngang hang hoat dong trong tuong lai.

Nhan thdy dugc nhugc diém d6, nhiéu nhom nghién ciru di tién hanh tng dung céac thuat
todn may hoc dé hd trg du doan kha ning hoan tra khoan vay cta khach hang. Costa e Silva va
cong sy (2020) danh gia cao kha niang du doén ciia mé hinh hdi quy Logistic hay Chang va cong
su (2018) lua chon XGBoost cho bai toan du dodn ctia minh. Bén canh do, nhiéu nghién cuu
cling img dung hoc sau nham cai thién do chinh xac ciia mo hinh, dién hinh nhu cong bd cua Ko
va cong su (2022), Graves (2012) cho théy hiéu quéa cta thuat toan ANN, CNN va LSTM.

Chinh sy phat trién vurot bac trong cong nghé thong tin va dir liéu 16n da gitp viée xur 1y
va phan tich thong tin khach hang trd nén thuan loi hon bao gio hét. Sy két hop ciia may hoc va
khai thac dit liéu, tao diéu kién cho viéc xay dung cic mo hinh du doan hiéu qua, nham danh gia
kha ning tra ng ciia khach hang dua trén dit lidu san c6. Trong khudn kho nghién ciru nay, ching
t6i ddc biét tap trung vao tmg dung cac thuat toan hoc may va hoc sau dé dy doan kha ning hoan
tra khoan vay ngang hang, dong thoi nhdn manh vao viéc nhan dién cic dic trung quan trong
nhu ty 1¢ 13i sudt (int_rate), xép hang tin dung (subgrade) va s tién vay (loan_amnt), boi chung
¢6 anh huong ddc biét dén kha nang tra ng ciia khach hang. Nhiing phén tich k¥ ludng nay khong
chi ting cuong kha niang dy doan chinh x4c ma con gop phan vao viéc tao ra cac giai phap danh
gia tai chinh hiéu qua. Nghién ctru nay 1a co hoi dé chung t6i dong gop vao linh vic cho vay
ngang hang, tir d6 cung cap gia tri thuc tién va c6 thé thuc ddy sy phat trién trong nganh tin dung
va tai chinh.
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2. Co so 1y thuyét
2.1. Phwong phdap Hoc may
2.1.1. Hoi quy Logistic

Hdi quy Logistic 1a mot trong nhitng phuong phap théng ké phd bién nhit trong linh vuc
tai chinh cho cac mé hinh danh gi4 rui ro tin dung. M6 hinh hdi quy Logistic dugc danh gia cao
nho sy don gian trong viéc hiéu biét, kha nang hi¢u sudt manh mé va do dé dang trong viéc thuc
hién (Phan & Nguyen, 2013; Zhao & Zou, 2021).

Hoi quy Loglstlc giai quyet nhuoc diém cua hdi quy tuyén tinh bang cach sir dung ham
ph1 tuyén dé thay thé ham tuyén tinh trong hdi quy. Ham sigmoid tao ra mot pham vi diém tir 0
dén 1 va giéi han dau ra trong khoang nay, tir 46 biéu thi kha ning xay ra mot su kién nhat dinh.

2.1.2. K-Nearest Neighbors

Thuat toan K-Nearest Neighbors (KNN) 1a mot thudt toan hoc may c6 gidm sat vai tinh
don gian va kha ning dé trién khai, d3 duoc 4p dung rong rii trong cac bai toan phan loai va hdi
quy, nhu da dugc chi ra trong nghién ctru cua Laaksonen va Oja (1996). Theo Kramer (2013),
KNN danh gia cac diém dir liéu dya trén viéc xem xét cac diém lan can trong khong gian dic
trung. Néu cac diém tuong tu gan nhau, ching s& thudc ciing mot 16p. Sau d6, KNN xac dinh cac
hang x6m lan cén dé dua ra dy doan va gan nhan cho mat diém cu thé.

Trong cdng trinh nghién cru ctia Mucherino va cong su (2009), nhém tac gia cho rang
gia tri K trong thuat toan KNN la sb luong diém lan can duoc xem xét dé phan loai mot diém truy
van. Khi gia tri k = 1, md hinh s€ dua vao 16p cua diém lan can gén nhat dé thyc hién phan loai.
Viéc xéc dinh gid trj k t6i uvu 1a mot bude quan trong nham dam bao do chinh xac cia mé hinh.
Tuy nhién, qua trinh nay phu thugc vao cac déc tinh cu thé cua tap dir heu va yéu cau sy thir
nghiém va diéu chinh cin than. Do d6, khi lua chon gia tri k thlch hop, can xem xét ca ty 1é
16n/nho cua dit liéu cling nhu dd phire tap ctuia no, nham dam bao rang mé hinh c6 thé dat dugc
d6 chinh xéc t6i uu.

2.1.3. Extreme Gradient Boosting
Hinh 1
Kién Triic Thudt Toan XGBoost
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Nguon: Dit liéu tir “Prediction of pile bearing capacity using XGBoost algorithm: Modeling and performance evaluation” bai
M. Amjad, I. Ahmad, M. Ahmad, P. Wréblewski, P. Kaminski va U. Amjad, 2022, Applied Sciences, 12(4), Article 2126
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T nhitng phan tich siu sic trong nghién ctru ctia Chen va Guestrin (2016) hay cua Li va
cong su (2021), thuat toan Extreme Gradient Boosting - XGBoost 12 mgt thuat toan tang cuong
dira trén cay quyét dinh, duoc biét dén véi kha ning mé rong va hidu qua cao. Khac véi cac thuat
toan tang cuO’ng truyén thong, XGBoost c6 kha ning thuc hién tinh toan ddng thoi trén nhidu
ludng, d6 1a két hop cac cdy mo hinh hoc tap co ban yéu thanh mot cay mo hinh hoc tdp manh
hon theo kiéu tuan tu, gitp cai thién do chinh xac cua du doan cudi cung. Kién trac cua
XGBoost ¢6 thé dugc thé hién trong Hinh 1.

2.1.4. Light Gradient Boosting Machine

Light Gradient Boosting Machine - LightGBM la mét khung cong cu (framework) tang
cuong gradient dya trén thuat toan cay quyét dinh duoc dé xuét va cong bd bai Microsoft vao
nam 2017. Muyc tiéu cia LightGBM Ila cai thién hi¢u qua tinh todn va giai quyét céc van dé du
doén véi dit li¢u 16n. Trong nghién ctru ciia Taha va Malebary (2020) nguyén tic ctia thuét toan
nghtGBM dugc mo ta 1a st dung phuong phap glam dan d6 doc dé xac dinh gia tri gan dung
ctia phan du bang cach sir dung d6 déc 4m ciia ham mat mat trong mé hinh hién tai, sau d6 khop
voi cay héi quy. Sau nhiéu vong lap, két qua cua tat ca cac cdy hoi quy duoc cong don dé dat
duogc két qua cudi cung.

Nghién clru cia Zhang va Gong (2020) cing Al Daoud (2019) da chi ra rang ca
LightGBM va XGBoost déu hd trg tinh toan song song, tuy nhién, sy khac biét chinh gitta
XGBoost va LightGBM niam & céch xay dung cay quyet dinh (Hinh 2). Trong XGBoost, cay
quyét dinh duoc xdy dung theo chiéu ngang (theo cap do), trong khi cdy quyét dinh cua
LightGBM duoc xay dung theo chiéu doc (theo chiéu 14), chinh diéu nay da tao nén sy khac bi¢t
vé tc d6 huan luyén va d¢ chinh xac cua hai thuat toan.

Hinh 2
Phat Trién Theo Cap D¢ va Phat Trién Theo Chiéu La
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Nguon: Dit liéu tir “Predicting hard rock pillar stability using GBDT, XGBoost, and LightGBM algorithms™ béi W.
Liang, S. Luo, G. Zhao va H. Wu, 2020, Mathematics, 8(5), Article 765

2.2. Phwong phdp Hoc sdu
2.2.1. Mang Noron nhan tao

Mang Noron nhan tao (Artificial Neural Networks - ANN) 1a mét ciu trac duoc md
phong té bao than kinh sinh hoc trong ndo bg cua dong vat hoac con nguodi. N6 dugc hinh thanh
boi cac don vi xtr Iy don gian duoc goi 1a té bao than kinh (Daoud & Mayo, 2019; Walczak,
2019). Bo ndo con ngudi chira hang ty té bao than kinh, ching dong vai trd quan trong trong
truyén tai va xtr 1y thong tin trong co thé. Nhitng t& bao than kinh nay dwoc két ndi véi nhau
thong qua mot cAu trac dic biét duoc goi l1a khép than kinh.



Nguyén Phat Dat va cong su. HCMCOUJS-Kinh t€ va Quan tri kinh doanh, 20(1), 35-53 39

Giai doan huan luyén ctia ANN diéu chinh trong s6 cta cac khép than kinh nay, tir 46 mo
hinh héa mbi quan hé giira dau vao va dau ra cta hé thong. ANN c6 kha nang mé hinh hoa cac
véan dé& phi tuyén tinh va phuc tap, ddng thoi d& trién khai vi ¢6 sin nhiéu thu vién hd trg cho céac
ngon ngilr 14p trinh khac nhau. Pac biét, thuat toan nay con cé kha ning téng quat hoa cao, cho
phép hé thdng chap nhan dit liéu bén ngoai tp huan luyén. Tuy nhién, can kiém chimg va xéac
nhan d6 chinh x4c cua ly thuyét nay thong qua céc tai liéu va nghién ctru thyc té.

Hinh 3
Kién Tric Mang Noron Nhan Tao
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Nguon: Dit liéu tir “Artificial neural networks based optimization techniques: A review” boi M. G. Abdolrasol, S. M.
Hussain, T. S. Ustun, M. R. Sarker, M. A. Hannan, R. Mohamed, ... A. Milad, 2021, Electronics, 10(21), Article 2689

2.2.2. Long short-term memory

Theo Graves (2012), Long Shot-Term Memory - LSTM la mét mé hinh hoc sau duoc tao
ra tr mang hdi quy RNN. N6 1a mdt thudt toan dugc thiét ké dé xur ly dir licu tuan tu nhu van
ban, 16i ndi va chudi thoi gian. Hochreiter va Schmidhuber (1997) di dé xuét thuat toan LSTM
nham giai quyét van dé vé sy phu thudc dai han ctia RNN, trong d6 RNN khong thé du doan
duogc thong tin luu trit trong bd nhd dai han nhung ¢ thé cung cip du doan chinh xac hon tir
thong tin gan day.

Hinh 4
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Nguon: Dit liéu tir “CNN-LSTM vs. LSTM-CNN to predict power flow direction: A case study of the high-voltage
subnet of Northeast Germany” béi F. Aksan, Y. Li, V. Suresh va P. Janik, 2023, Sensors, 23(2), Article 901
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Trong nghién ctru ciia Aksan va cong su (2023), mang LSTM bao gém cac khdi bd nhd
duoc goi la 6. Mbi 6 c6 hai trang thai: trang thai 6 va trang thai 4n. LSTM duoc lya chon dé xu
Iy va dy doan cac su kién quan trong trong chudi thoi gian véi khoéng thoi gian dai va do tré.
Diéu nay ciing 1a mot loi thé 16n so voi RNN, vi RNN b1 han ché trong kha ning luu trit thong
tin dai han va gip van dé bién mat d6 ddc, khién trong sb ciia mang no-ron & cac ting siu hon
khong thé dugc cip nhat trong qué trinh lan truyén nguoc. Kién tric hoat dong ctia LSTM duoc
mo ta trong Hinh 4.

2.3. Phwong phap danh gida hiéu qud mé hinh

Mot bude quan trong sau khi xdy dung mé hinh 13 danh gia hiéu suit va chét luong cua
mo hinh bang cac phuong phap danh gid. Trong nghién clru ndy, nhom tac gia st dung mot so
tiéu chi danh gid quan trong va pho bién trong viéc danh gia d¢ chinh xadc mo hinh phéan loai.

Trong ngilr canh cua dir licu tng dung trong linh vuc cho vay trong nghién ctru nay, nhom
tac gia phan loai khach hang c¢6 kha nang chi tra khoan vay la Positive va Negative néu khong cé
kha nang chi tra khoan vay. Moéi du doan co6 thé thudc vao mdt trong bon két qud, dua trén cach
n6 khop voi gia tri thyc teé:

e True Positive (TP): Khach hang dugc du doan 1a c6 kha nang trd ng va thuc té cling da
tra no.

e True Negative (TN): Khach hang dugc dy doan 1a khong c6 kha nang tra no va thuc té
cling khong tra no.

e False Positive (FP - Sai loai 1): Khach hang dugc dy doan 1a c6 kha nang tra ng nhung
thuc té ho khong tra ng.

e False Negative (FN - Sai loai 2): Khach hang duoc du doan 1a khong c6 kha nang tra
no nhung thuc té ho da tra no.

Do chinh xic (Accuracy) 1a mot phuong phap tidu chuan duge sir dung dé danh gia cac
thuat toan hoc tap, do ludng sé lugng quan sat du bao dung trén tong sd quan sat . Cong thic
dugc thé hién trong nghién ctru cua (Halagundegowda & ctg., 2023):

TP + TN
TP+ TN+ FP + FN

(1)

Precision phan anh mtc d6 dang tin cdy ciia mo hinh trong viéc phan loai cac mau la
Positive. Khi gia tri Precision cang cao, cac mau tin duoc phan loai boi mod hinh s€ c6 ti I¢ chinh
xéac cao. Gid tri Precision cang gan véi 1 thi mé hinh c6 ty 1& du doan dung thudc vao 16p True
Positives so v6i tong sé du doan Positive cang cao. Tuy nhién, Precision cao khong ¢ nghia 1a
mo hinh hoan hao va c6 thé gip phai cac van dé& khac nhu Recall thip hoic qua khop
(overfitting). Cong thirc duoc thé hién trong nghién ctru cia (Halagundegowda & ctg., 2023):

TP

Precision = (@)
TP +FP

Accuracy =

Recall (Sensitivity) xac dinh c6 bao nhiéu mau tin thuc sy & 16p Positive dugc mé hinh
phan 16p dang vao 16p Positive. Khi gia tri Recall cang cao thi m6 hinh c6 kha ning tim ra nhiéu
hon cac mAu tin thudc 16p True Positive, diéu d6 chi ra rang mé hinh c6 do chinh xac cao. Gia tri
Recall cang gan vai 1 cho thdy mo hinh khong bo s6t mau tin qua nhidu méu tin thuc sy thude
16p Positive. Cong thirc duoc thé hién trong nghién ctru ciia (Halagundegowda & ctg., 2023):

©)
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F1-Score 1a mot do ludong két hop giita Recall va Precision. Tuy nhién, c6 su danh d6i
gitra Precision va Recall, do d6 F1-Score c6 thé duoc sir dung dé do luong mirc d§ hi€u qua ma
mo hinh cta chung ta thuc hién sy danh ddi do. Cong thtc duogc thé hién trong nghién clru cua
(Halagundegowda & ctg., 2023):

Precisi Recall
F1 — Score = 2 X recision X Reca (4)

Precision + Recall

Specificity xac dinh c6 bao nhiéu mau tin thuc sy & 16p Negative duge md hinh phén 16p
ding Vao 16p Negative. Khi gia tri Spemﬁmty cang cao thi mé hinh c6 kha ning tim ra nhiéu hon
cac mau tin thude 16p True Negative, diéu d6 chi ra rang mé hinh c¢6 do chinh xéc cao trong viéc
xac dinh nhiing truong hop khong cé kha nang chi tra cho khoan vay. Gia tri Specificity cang
gan voi 1 cho thdy mo hinh khong phan loai sai qua nhiéu mu tin thue su thude 16p Negative.

Cong thirc dugc chi ra trong cong trinh nghién ctru cua (Peterson & ctg., 1999):
TN

TN + FP

(5)

Puong cong ROC hoat dong nhu mot chi sd truc quan, minh hoa cho kha ning hoat
dong cua mo hinh phéan loai nhu da dugc mo ta trong nghién ctru ctia Van der Schouw va cong
su (1992). N6 cung cp cho chung ta cai nhin sdu sic vé cach mo hinh ra quyét dinh dya trén cac
mirc do tin cdy khac nhau. Pudng cong ROC bao gdm hai thanh phan chinh, mot 1a Ty 1¢ Duong
tinh Thyc (True Positive Rate - TPR), thé hién tan sudt mo hinh du dodn chinh xac céc truong
hop duong tinh; va hai la Ty 1€ Duong tinh Gia (False Positive Rate - FPR), thé hién tan suat méo
hinh dy doan sai cac truong hop 4m tinh thanh duong tinh. Qua viéc phan tich biéu do nay,
chung ta c6 thé danh gia dugc muc do hiéu qua ctia mod hinh va xéc dinh ngudng phu hop dé dat
duoc su can dbi tét nhat gitra cac dy doan ding va sai.

Specificity =

TP

TPR = = Recall (6)
TP +FN
FP
FPR = P =1 — Specificity (7

AUC, hay dién tich dudi duong cong ROC, trong nghién curu cta Van der Schouw va
cong su (1992), nhom tac gia nhan dinh AUC 13 mot chi sé tong hop danh gia hiéu sudt ciia mo
hinh phan loai qua cic ngudng phéan loai khac nhau. Khi gia tri AUC tién gan t&i 1, chung ta c6
thé két luan rang mo hinh phén loai hoat dong rat hiéu qua. Trong trudng hop AUC = 0.5, mo
hinh khong thé phan biét dugc giita 16p Positive va Negative. Dic biét, néu AUC < 0.5, diéu nay
c6 nghia 1a m6 hinh dang du doan ngugc, tirc 1a du doan 16p Positive 1a Negative va nguoc lai.

2.4. Khdi niém vé cho vay

Khéi niém vé cho vay dugc dua ra trong Luat s 47/2010/QH12 ciia Qudc hoi: Luat cac
t6 chic tin dung, cho vay 1a mét dang tin dung, trong d6 bén cho vay s& cung cip mot luong tién
nhat dinh cho mot ca nhan hoic t6 chirc nao d6 dé sir dung cho muc dich cu thé trong mot
khoang thoi gian di dugc thoa thuan, véi didu kién phai tra lai ca s tién goc va l3i suat (Chinh
phu Vi¢t Nam, 2010). Cac ngan hang thuong mai thdng qua hoat dong cho vay dong gop quan
trong vao Viéc tao ra loi nhuan kinh té cho chlnh ho, dong thoi dap ang nhu cau vay vén cua
khach hang va diy manh sy tang truong ciia nén kinh té.

Ngoai ra, cing v6i su phat trién ctia cong nghé thong tin, hoat dong cho vay ngang hang
cling dang ngay cang mo rong nhanh chong, day la mgt mo hinh dich vu tai chinh sur dung cong
nghé Fintech dé tao ra mot két ndi truc tiép giita ngudi vay va nha dau tw, ma khong can sy can
thiép cua cac t6 chuc tai chinh trung gian nhu ngan hang (Bachmann & ctg., 2011).
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2.5. Nghién ciweu lién quan

Theo Costa e Silva va cong su (2020), cac nha nghién ciru va chuyén gia tai chinh c6 thé
dua ra du doan vé xac sudt rui ro tin dung dwa trén cac bién dau vao bang cach ap dung mé hinh
héi quy Logistic. M6 hinh nay di dugc ching minh 13 hiru ich trong viéc phéan loai cac khoan
vay thanh cac nhém rui ro khac nhau va dwa ra quyét dinh vé viéc cap vay, quan 1y rai ro va xay
dung cac chién luge tin dung hi¢u qua.

Bén canh d6, thuat toan Extreme Gradient Boosting (XGBoost) d nhanh chéng lan truyén
va dugc sur dung rong rai ké tr khi ra doi va d3 dat duoc két qua dy doan kha quan trong nhiéu
nhiém vu du doan va phan tich dir li€éu khong can bﬁng. bac biét trong linh vuc tai chinh, viéc ap
dung thuat toan XGBoost dé dy doan rui ro tin dung dang tré nén ngay cang phd bién hon. Nhém
tac gid Chang va cong su (2018) trong cong trinh nghién clru cia minh da ing dung thuit toan
XGBoost dé xay dung mé hinh danh gia rui ro tin dung cho céc to chirc tai chinh. Tir két qua cho
théy, thudt todn XGBoost hoat dong tdt va toi wu hon cac thuét toan khac dugce sir dung nhu May
vecto hd tro (Support Vector Machines) va Hoi quy Logistic (Logistic Regression).

Pé t6i uu hoa kha nang dy dodn cia mo hinh, nhiéu nhom tac gia da thuc hién cac nghién
ctru toi wu hoa cac tham s6 ctia mo hinh. Theo nghién ctru ctia Xia va cong su (2017), nhom tac
gia d tién hanh cai thién cac tham s6 trong thuat toan XGBoost bang cach van dung phuong
phap t6i uu hoa siéu tham sé Bayesian dé xay dung mo hinh danh gia rai ro tin dung. Tir két qua,
c6 thé két luan réng sau khi ap dung phuong phap t6i uu hoa siéu tham s6 Bayes dua ra két qua
du doan mo hinh t6t hon so véi cac mé hinh chuan khac. Nhin chung, két qua du doan cta md
hinh d3 dugc cai thién dang ké khi ap dung nhimg phuong phép t6i wu hda tham s ctia mé hinh.

Ko va cong sy (2022) di kiém nghiém sy hiéu qua cta ba mo hinh théng ké: Hoi quy
logistic, Phan loai Bayes va Linear Discriminant Analysis (LDA); cung v6i ndm mo hinh Al:
Cay quyét dinh, Ring ngiu nhién, LightGBM, ANN va CNN thong qua viéc xay dung cdc md
hinh du doan tr dit liéu Lending Club. Muc tiéu la tao diéu kién cho cac nha dau tu c6 thé danh
gia som muc tin dung ctia ngudi vay, dong thoi ting kha ning minh bach thong tin va giam rai
ro v& ng ciing nhu tinh trang khong can xing thong tin. Dé do ludng hiéu suat du doan, cac
thudc do chinh trong nghién ctru nay bao gém do chinh xac, gia tr1 AUC, gia tri KS, thude do F,
Kappa va mot s6 do do khac. Két qua cho thdy LightGBM vuot troi hon so véi cac mé hinh con
lai. Nhom tac gia cling tién hanh phan tich dé ching minh rang viéc ap dung LightGBM c6 thé
tao ra loi ich dang ké cho doanh thu cua Lending Club so véi viéc str dung cac md hinh con lai.

3. Phwong phap nghién ctru va thye nghiém mé hinh
3.1. Quy trinh thac nghiégm

Hinh 5

M6 Hinh CRISP-DM

Nguén.~ Dir liéu tir “CRISP-DM: Towards a standard process model for data mining” bai R. Wirth va J. Hip, 2000,
Proceedings of the 4th international conference on the practical applications of knowledge discovery and data
mining, 1, pp. 29-39, The Practical Application Company
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Trén co s& md hinh CRISP-DM Wirth va Hipp (2000), nghién clru nay dugc xay dung
v6i quy trinh gdm 04 giai doan chinh phu hop véi bai toan di dit ra nhu sau:

e Budc 1: Thu thap dit li¢u: Thu thap dir liéu san co;
e Budc 2: Tién xir Iy dit liéu;
e Budc 3: Lya chon dic trung bang thuat toan Select K-Best;
e Budc 4: Thiét ké mo hinh va tinh chinh;
Mo hinh May hoc: Logistic Regression, KNN, XGB, LGBM
M0 hinh Hoc sau: LSTM, ANN
e Budc 5: Panh gia, két luan.
Hinh 6
Quy Trinh Nghién Cuu

BUGC Thu thap dii Iiéu.
01
.Tién Xit 1y dif ligu ngc
Lva chon d3c trung
BUGC bang Select K-Best.
03
Thiét ké mé hinh va
. tinh chinh aUtic
04
B[[{E'[; Danh gia, két Iuén.

Nguon: Nhom tac gia

Nhom str dung ngon ngi 1ap trinh Python - ngdn ngi 14p trinh duoc yéu thich nhat nam
2023 boi tinh trye quan, dé hiéu va tn dung cac thu vién manh mé, ho tro xay dung cac mod hinh
hoc may.

3.2. Thu thdp diz liéu

Theo tim hiéu va nghién ctru cta tic gia, hoat dong cho vay c6 nhiéu hinh thirc nhu: ngan
hang cho vay, cong ty tai chinh cho vay, hodc cho vay ngang hang. Trong nghién ctru nay, tac
gia str dung tap dit liéu tir Lending Club - mot trang website hd trg nguoi vay két ndi véi nha dau
tu qua Internet dé tién hanh du bao kha niang hoan tra khoan vay ciia khach hang. Tap di liéu véi
28 thudc tinh gdm 113,997 mau dugc thu thap tir Kaggle trong nam 2016. Dudi day la thong tin
mo ta tap dir licu.
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Bang 1

Thong Tin Mo Ta Tap Dir Liéu

cung cap muc dich vay cta
khéch hang

S6 thir tw | Tén thudc tinh | Kiéu dir lidu M0 ta thugc tinh Gia trj dai dién
1 loan_amount float4 | S tién di vay cua khach hang 1,000, 8,000,
24,375
5 term obiect Thoi gian cho khoan vay 36 months, 60
J theo thang. months
. . Z 11.44, 17.27,
3 int_rate float64 Lai suat cho vay 11.99
S6 tién trung binh hang thang
4 installment float64 phai tra néu khoan vay dugc 329.48, 265.68,
. 609.33
kich hoat
. Nhém khéach hang duoc xép
2 grade object loai theo Lending Club B,A C
6 sub_grade object Nhom khach h%ng;dwc xep B4, A2, C5
loai chi tiet
. . Ba s6 dau tién ma zip cia
7 zip_code object ngudi vay
‘ Marketing,
8 emp_title object Nghé nghiép ctia khach hang | Credit analyst,
Pilot
, S6 nam lam viéc cua 10+ years, < 01
d emp_length object khach hang year, 03 years
10 home ownershi obiect Tinh trang s& hiru nha ¢ ctia RENT, OWN,
- P ) nguoi vay khi ding ky. MORTGAGE
11 annual inc float64 Thu nhap binh quan hang nam | 117,000, 46,000,
- cua nguoi di vay 24,000
et Khich hans: g 02 gid | oL Verifid
12 verification status object , (T Jang- £ 81 ™1 vVerified, Source
verified: xac thuc, not verified: S
, Verified
chua xac thuc
. . N \ Jan-15, Oct-14,
13 issue_d object Ngay kich hoat khoan vay Apr-13
Vacation,
Muc dich ctia khoan vay cua credit card
14 purpose object khéch héng nhu mua Phé, small_kﬂJsin ess
mua xe, sinh hoat phi, ...
Ty dE o 6 4 0% | vacton,Cr
15 title object P Y card Refinance,

Business
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S6 thir tw | Tén thudc tinh | Kiéu dir lidu M0 ta thugc tinh Gia trj dai dién
Hé $6 no trén thu nhap (Debt
to Income Ratio) 14 ti 1¢ phan
16 dti float64 tram cua tong thu nhap hang 26.2]2 33'05’
thang dé tra cac khoan thanh '
toan ng hang thang
17 earlies_cr line object Ngay (ziau tién ma ’khach hang | Jun-90, Aug-07,
mo han muc tin dung Mar-82
18 open_acc float64 S0 tai khoar{maqkhaCh hang 16, 8, 13
da mé
Thong tin vé lich sir tin dung
clia bén vay (bao cao tin dung)
ma bén cho vay co thé sir dung
hop phéap, d¢ bac bo yéu cau
19 pub_rec float64 9 . ] 0,1
vay hodc don xin vay tin dung.
Bao gdm nhimg viéc nhu pha
san, thanh toan tré han va cac
khoan vay da x6a bo trudc day
S6 du tai khoan tin dung lién | 36,369, 20,131,
20 revol_bal float64 quan cua khach hang 5,472
21 revol_until floatgy | 1Ot glanhicu luc cuakhoan | g 9006 49
- tin dung
Tong s6 han muc tin dung
22 total_acc float64 hién tai cua khach hang dugc 25, 40, 17
khi nhan
o : Trang thai ghi nhan ban dau,
23 initial_list_status object gia trj phtt hop 1a W, F W, F
Loai dang ky, bao gom |\ v/ 1pyAL,
.. . Individual: ca nhan, Join:
24 application_type object 1t ho va Direct . JOINT,
cLhop va LIrect_pay: DIRECT_PAY
tra truc tiep -
25 mort_acc float64 Tong s tai k,hoan\the chap cua 0,34
khach hang
26 pub_rechankrup floated Khoan g}An nhan Pha san 0,1
tcies cong khai
0174 Michelle
. S, . Gateway,
27 address object Dia chi cta nguoi vay USCGC Tran,
3390 Luis Rued
Trang thai cua khoan vay.
Gom 2 gia tri: Charged Off - .
28 loan_status object khong c6 kha nang hoan tra Fully Paid,

hoan toan va Fully Paid - hoan
tra toan bg khoan vay

Charged Off,

Nguon: Két qua phan tich dit liéu cuaa nhém nghién ctu
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3.3. Tien xa ly di ligu

Tién xir 1y dir liéu 1a mot phan quan trong trong qué trinh 1am viéc voi dit liéu va xay
dung cac mo hinh hoc may. Néu khong tién xtr Iy dit li€u tot, c6 theé gdy ra nhi€u van dé va anh
huong dén hi¢u suat va do tin cdy cua moé hinh. Hinh 7 dudi day 1a cac budc tién xi 1y dir liéu
trude khi dua vao luya chon thudce tinh dau vao mo hinh.
Hinh 7

Cdc Bude Tién Xir Ly Dir Liéu

f If'] 1olaial
= 0l = —t
) & & e
=@ v
E 1ol0l il
Xir Iy gid tri thidu Bién déi va Chia dir lieu Xi¥ Iy mét
va triing 13 chudn hoa diF liéu tap huan Juyén cén bang diF liéu
g lap g va tap kiém tra g g

Nguén: Nhom tac gia

Xir Iy gia tri thiéu va trang Lip: Trong bai nghién ctu, phuong thirc dropna(),
drop_duplicates() duoc sir dung dé loai bo cac gi tri khong can thiét.

Bién d06i va chuin héa dir liéu: Nhom tac gia ldy Logarit mot vai bién c6 gia tri rat 16n
va bién dong manh nham giam sy bién dong va su khong dong nhat phuong sai. Pong thoi
phuong thirc MinMaxScaler() c6 thé gitp giai quyét van dé cac mo hinh yéu cau dic trung phai
c¢6 cung pham vi va Label Encoder() giup bién dbi dit liéu phan loai va dit liéu van ban thanh
dang phu hop cho huan luyén mé hinh.

Chia tip huin luyén va tip kiém tra: Tuy thudc vao tinh chat ctia bo dir liéu ma cé thé
phan chia mg véi timg chtic nang huan luyén, kiém tra. Trong bai nghién ctru, nhom chia dataset
thanh tap hudn luyén va kiém tra véi ti 1& 8:2.

Xir Iy mat can bang: P4i véi bai toan phan loai, khi bién muc tiéu c6 cac gia tri qua
chénh 1éch, hién tugng overﬁtting rat dé xay ra. Synthetic Minority Oversampling Technique
(SMOTE) la mdt phuong phap bd sung kich thuéc mau dugc nhom nghién ctru tién hanh nham
giai quyét hién tuong mat can bang dir licu.

3.4. Lwa chon dic trung

Do hi€u qua ctia mo6 hinh phy thudc rat 1on vao céac thude tinh dugce chon tur tap dur ligu.
Nhom nghién cuu tién hanh kiém tra tap dir li€u va xd6a nhiing dac trung chi c6 mot gia tri. Cac
dic trung chi c6 mot gia tri cho tat ca cac quan sat khong cung cip bét ky su bién d6i ndo trong
dir liéu va do d6 khong cung cép théng tin hitu ich cho viéc phan tich. Ching lam phuc tap dir
li¢u ma khong dong gop vao su hiéu biét. Ngoai ra nhitng dic trung khong phu hop cung duoc
loai bé nhdm gitp cac mo hinh tap trung vao thong tin quan trong, dat duoc két qua tot hon. Sau
cac qua trinh xu 1y trén, tap dit liéu con lai 18 dic trung 1am dau vao cho mé hinh du doan. Tiép
theo, nhom nghién ctru tién hanh chon loc dic trung. Viéc nay co thé gilp cai thién hi¢u suit cua
mo hinh giam thiéu s6 lugng dic trung trong dir liéu ma van giit lai nhiing thong tin quan trong
nhét, tir d6 cai thién d6 chinh xac cia md hinh va giam thiéu sy qua khop va giam thoi gian huan
luyén mé hinh. Phuong phép Select K-Best dugc danh gid 1a mot trong nhitng phuong phép cai
thién mo hinh va dat hiéu sut tot (Desyani & ctg., 2020). Thay vi chon sb luong dic trung cu
thé, nhom tac gia cai tién phuong phap bang cach thyc hién vong lap nham ty dong tim ra sb
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lwong dic trung tt nhat tng voi timg mé hinh. Két qua ¢ Bang 2 chon ra duoc cac bién tac dong
nhat (gia trj “TRUE”) tmg voi timg mo hinh, tir d6 nhom tac gia tién hanh xép hang céc bién
quan trong dung cho qua trinh thuc nghiém. C6 thé thay ring, mot s6 dic trung ludn dugc lua
chon cho cic mé hinh nhu: int rate, subgrade, term, ... cac bién con lai, tiy thudc vao mdi mod
hinh ma c6 cac két qua khac nhau.

Bang bén dudi mo ta cac thu vién ma nhom nghién ctru st dung dé xay dung cac md hinh
hoc may:

Béang 2
MO Hinh va Thu Vién Sur Dung
STT Tén mo hinh Tén thw vién
1 XGBoost XgboostClassifier
2 LightGBM LGBMClassifier
3 KNN Sklearn
4 Logistic Regression Sklearn
5 ANN Keras
6 LSTM Keras

Nguoén: Két qua phan tich dit liéu cia nhém nghién ctru

Bén canh nhiing thu vién XgboostClassifier, LGBMClassifier, nhém tac gid st dung
nhitng thu vién ma ngudn mé phd bién nhu Sklearn va Keras. Keras 1a mot thu vién hoc siu ma
nguén mé trén TensorFlow, cung cip giao dién don gian cho viéc xay dung va huin luyén mo
hinh mang no-ron. Trong khi do, scikit-learn 1a mot thu vién may hoc Python chuyén sau vao
tién xir 1y dit li¢u, lya chon mo hinh, va danh gia hi¢u suét.

Bang 3
Lwa Chon Pac Trung Pau Vio dwoe Chon theo Tung Mo Hinh
Tén thugc tinh XGB LGBM LR KNN Xép hang
int_rate TRUE TRUE TRUE TRUE 1
subgrade TRUE TRUE TRUE TRUE 1
term TRUE TRUE TRUE TRUE 1
loan_amnt TRUE TRUE TRUE TRUE 1
dti TRUE TRUE TRUE TRUE 1
installment TRUE TRUE TRUE TRUE 1
mort_acc TRUE TRUE TRUE TRUE 1
revol_util TRUE TRUE TRUE TRUE 1
log_annual_inc TRUE TRUE TRUE TRUE 1
purpose TRUE TRUE TRUE FALSE 2
emp_length TRUE TRUE TRUE FALSE 2
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Tén thugc tinh XGB LGBM LR KNN Xép hang
pub_rec_bankruptcies TRUE FALSE TRUE TRUE 2
total_acc FALSE FALSE TRUE TRUE 3
home_ownership TRUE FALSE TRUE | FALSE 3
verification_status TRUE FALSE TRUE | FALSE 3
pub_rec FALSE FALSE TRUE TRUE 3
log_revol_bal TRUE FALSE FALSE | FALSE 4
open_acc FALSE FALSE FALSE | FALSE 5

S6 thudc tinh chon 15 11 16 12

Nguon: Két qua phan tich dir liéu ctia nhém nghién ctru

4. Két qua thwc nghiém

4.1. Két qud thuc nghigm mo hinh may hec

Céac md hinh may hoc duoc trién khai bao gdm Logistic Regression, KNN, XGBoost va
LightGBM. Tong quan két qua phan loai ctia cac thuat toan trudc va sau khi lya chon dic trung
c6 su khac bi¢t. Dé to61 wu hi€u suat, nhom tac gid da sir dung phuong phap Optuna - mot ky
thuat ty dong tinh chinh tham s6. Cu thé két qua duoc so sanh dudi day:

Bang 4
Két Qua Thuc Nghiém cac M6 Hinh May Hoc
M0 hinh XGB LightGBM LG KNN

Accuracy 85.67% 85.80% 68.75% 73.15%
Truwéc khi lya Precision 86.71% 87.24% 68.75% 73.22%
chon dic Recall 85.63% 85.80% 68.75% 73.16%
trung F1-Score 85.56% 85.66% 68.74% 73.13%
ROC 85.63% 85.76% 68.75% 73.16%
Accuracy 85.74% 85.96% 68.75% 73.72%
Sau khi lya Precision 86.83% 87.48% 68.75% 73.84%
chon dic Recall 85.71% 85.92% 68.75% 73.73%
trung F1-Score 85.63% 85.80% 68.75% 73.69%
ROC 85.71% 85.92% 68.75% 73.16%
Accuracy 86.28% 86.37% 68.83% 78.60%
Precision 87.23% 87.67% 68.83% 78.69%
Sa“cl‘i?lilfi“h Recall 86.25% 86.37% 68.83% 78.61%
F1-Score 86.18% 86.25% 68.83% 78.59%
ROC 86.06% 86.33% 68.83% 78.61%

Nguon: Két qua phén tich dit liéu ciia nhém nghién ciru
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Céc mo hinh hoc may da dugc cai thién dang ké sau khi ap dung k¥ thuat lya chon dac
trung. XGBoost va LightGBM da tang d¢ chinh xac tir 85.67% lén 85.74% va 85.80% Ién
85.96% sau khi st dung phuong phap Select K-Best dé loai bo cac dic trung khong quan trong;
tuong tu, mo hinh KNN ciing da cai thi¢n, cu thé do chinh xéc tang tor 73.15% 1én 73.84%. Mo
hinh Logistic Regression tuy két qua khong thé hién rd rang cai thién, song thong qua cic mo
hinh, diéu nay cho thiy ring viéc loai bé cac dic trung khong quan trong di giup mo hinh tip
trung vao thong tin quan trong hon va cai thi¢n kha nang du doan chinh xéc cua chung.

So sanh két qua cua cac thut toan sau khi tinh chinh, mo hinh LightGBM cho két qua tét
nhat v&i cac chi s& Accuracy, Precision, Recall, F1-Score va AUC ROC lan luot 1a 86.37%,

87.67%, 86.37%, 86.25% va 86.33%. Tiép theo 1a XGBoost va thap nhat 1a KNN véi cac chi s6
Accuracy, Precision, Recall, F1-Score va AUC ROC xap xi 69%.

4.2. Két qud thgc nghigm mé hinh hec sau

Cac md hinh hoc sau dugc thuc hién bao gdbm ANN va LSTM. Tuong tu cdc md hinh
may hoc, nhom tac gid st dung Optuna nham tim kiém kién tric mang no-ron tot nhat, tir d6 cai
thién hiéu suat mé hinh.

Bang 5
Két Qua Thuc Nghiém cac M6 Hinh Hoc Sdu
Thuit toan ANN LSTM
Accuracy 77.03% 77.75%
Precision 77.32% 77.85%
Trudce khi tinh chinh Recall 77.03% 77.74%
F1-Score 76.96% 77.72%
ROC 77.01% 77.74%
Accuracy 77.93% 78.44%
Precision 78.25% 75.54%
Sau khi tinh chinh Recall 77.93% 84.34%
F1-Score 77.86% 79.70%
ROC 77.91% 78.41%

Nguon: Két qua phan tich dit liéu ciia nhom nghién ciru
Két qua tr Bang 3 thé hién mo6 hinh LSTM cho cac chi sb Accuracy, Precision, Recall,

F1-Score vd AUC ROC cao hon khi so sanh v6i ANN. Diéu nay cho thdy mé hinh LSTM du
doan tt hon trén tap dir liéu duoc chon.

4.3. Téng két thuc nghigm

Két qua nghién ctru ¢3 mé ra mot phuong phap hitu ich dé xac dinh nhom dic trung quan
trong nhit va nhom dic trung khong quan trong di bi loai bo. Bang cach phan tich thtr hang cua
cac dic trung trong qua trinh lua chon, ching ta c6 thé hiéu rd hon vé sy anh hudng cia ting
nhom dic trung ddi v6i hiéu suit ciia mo hinh, déng thoi co thé dua ra cac khuyén nghi cu thé dé
cai thién hiéu suét va hiéu qua ctia mo hinh, tr viéc tdi wu hoa nhom dic trung quan trong nhét
dén viéc loai bo nhém dic trung khong quan trong.
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Nhom dic trung quan trong nhat c¢6 thé duoc xac dinh bang cach xem xét nhiing dic
trung xudt hién nhiéu lan voi gia tri “TRUE” cho cdc mo hinh khac nhau. Nhiing dic trung nay
thudng mang lai anh huéng 16n dén kha ning du doan chinh x4ac cia mé hinh va c6 thé 1a diém
tap trung cua cac nd luc t6i wu hoa tiép theo. Dya vao Bang 3, mot s6 thudc tinh nhu int_rate,
subgrade, term, loan_amnt, dti, installment, mort_acc, revol util, log annual inc dugc danh gia
1a tac dong manh mé khi trong chiing déu c6 tac dong dén mé hinh.

Nhom déc trung khong quan trong va nén bi loai bo cé thé duoc xac dinh béng cach xem
x¢ét nhiing dac trung cé gia tri “FALSE” cho nhiéu mé hinh. Dya trén Béang 3, mdt s6 thudc tinh
chi c6 tac dong dén mot, tham chi khong c6 tic dong dén mé hinh nhu log revol bal hoic
open_acc can duoc loai bo. Viéc loai bo cac dic trung ndy c6 thé gitip don gian hoa mé hinh va
giam thoi gian huan luyén ma khong anh hudng dén hiéu suat ciia mo hinh.

Ngoai ra, cac chi sé hiéu suat nhu Accuracy, Precision, Recall va F1-Score c6 vai trd
quan trong dé danh gia va so sanh hi¢u suét cua cac mo hinh dy doan. Dua trén cac két qua thuc
nghiém, voi cac chi sb Accuracy, Precision, Recall, F1-Score va AUC ROC cua LightGBM lan
luot 1a 86.37%, 87.672%, 86.37%, 86.25% va 86.06%, day la mo6 hinh du bao kha ning hoan tra
khoan vay cia khach hang tot nhat trén tdp dit liéu ciia nhom nghién ctru. Mo hinh Logistic
Regression dugc danh gia 1a kém hiéu qua nhét trén tip dir liéu khi cic chi sb Accuracy,
Precision, Recall, F1-Score va AUC ROC déu sap xi 69%. Hinh 8 va Hinh 9 thé hién su so sanh
cac chi sd danh gia giita cac md hinh nghién ctru. T chirc tai chinh, gan hang c6 thé xem xét cac
thudt todn nhom nghién ciru dé xuét nham du doan va lap ké hoach xem xét cac khach hang dugc
phép vay, tranh nhirng mat mat nhu khoéng c6 kha ning thanh toan hodc v& no ctia khach hang,
tir 46 anh huong dén loi nhuan caa cong ty.

Hinh 8
So Sanh Chi S6 Accuracy, F1-Score, Precision va Recall giira cdc M Hinh

So sanh chi sé Accuracy gitfa cac mé hinh So sanh chi s6 F1-Score gila cac mé hinh
0,864 0,863 0,863 0,862
0,85 0,85
0,80 0,80 7
> 786 0.786
E 0,784 0.779 g 0,779
=] A
o 4
< i
0.75 0.75
0,70 638 0,70 688
LightGBM XGB KNN LSTM ANN Logistic LightGBM XGB LsTM KNN ANN Logistic
Regression Regression
M& hinh nghién clPu M& hinh nghién ctbu
So sanh chi s6 Precision gitfa cac md hinh So sanh chi s6 Recall gita cac mé hinh

0,864 0,863

0,843

0,85 0,85

0,779

F1-Score
Recall

0,70 688

LightGBM XGB KNN ANN LSTM Logistic LightGBM XGB LSTM KNN ANN Logistic
Regression Regression
Mé hinh nghién clru Mb hinh nghién clru

Nguon: Két qua phan tich dir liéu ctia nhém nghién ctru
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Hinh 9
So Sanh Chi S6 AUC ROC giita cdc M Hinh

Receiver Operating Characteristic

1.0 4
0.8
z
P
o 0.6
2
G
o
o
S 0.4
= . LightGBM (AUC = 0.8633)
e XGBoost (AUC = 0.8606)
I,’ —— KNN (AUC = 0.7861)
0.2 —— LSTM (AUC = 0.7841)
ANN (AUC = 0.7791)
—— Logistic Regression (AUC = 0.6883)
0.0 T T T T

T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Nguon: Két qua phan tich dir liéu ctia nhém nghién ciru

5. Két qua va hwéng phat trién
5.1. Két lugn

Viéc 4p dung cac k¥ thuat khoa hoc dir li¢u trong linh vuc Tai chinh, Ngan hang dang
ngay cang dugc chu trong quan tdm. Cac doanh nghiép dac thu nhu ngan hang, cong ty tai chinh
va céc t6 chirc tin dung ngay cang chi tim téi van dé quan 1y rui ro tir d6 dem lai loi ich thuong
mai kinh té. Céc nghién ctru dugc thuc hién trong linh vuc du doan kha nang thanh toan khoan
ng noi riéng va cac du doan lién quan tin dung néi chung 1 co hdi va thach thirc téi cac t6 chirc
doanh nghiép nham duwa ra quyét dinh chinh xac nhat v6i khach hang, tranh nhimng rui ro khong
dang c6 néu nhu dua ra quyét dinh sai 1am.

Trong nghién ctru xay duyng mo hinh dy doan kha nang hoan tra khoan vay cua khach
hang, ching t6i dé xuét cac phuong phap khac nhau dé cai thién kha ning du doan hoan tra vay
ctia khach hang ciing nhu tim hiéu cac yéu td tac dong nhat dén yéu t6 thanh toan d6 nham cai
thién va tranh rii ro v no. Phan tich dit liéu ciing nhu cai tién phuong phép Select K-Best nhim
tw dong tim ra cac thudc tinh thich hop dé Iwra chon cho mo6 hinh. Cac chi s6 danh gia nhu
Accuracy, Precision, Recall, F1-score hay AUC ROC ciing dugc ap dung nham so sanh lya chon
mo hinh pht hop nhat véi tap dit liéu du doan khoan vay khach hang.

Tuy nhién, cac cong ty to chtrc tai chinh, ngan hang c6 nhitng khét khe vé quy dinh bao
mat, vi vy, viéc tiep can dugc dac biét véi cac tap dir liéu trong thoi gian gan day tuong doi kho
khan. Ngoai ra, cac thuat toan thyc nghiém trong nghién ctru nay con han ché va c6 thé van con
cac thuat toan khac phu hgp hon véi tap dir licu.

5.2. Huwong phat trién

Tt bai todn nay, cac nghién ctru tiép theo ¢6 thé phéi két hop cac phuong phap may hoc
truyén thong, hoc sau cung cac mo hinh két hop (ensemble learning) nham cai thién do chinh
xac, tur d6 cac ngan hang, t6 chirc tin dung co6 thé xay dung mdt nén tdng ing dung dé trién khai
su dung thyec te.
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