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DBanh gia rui ro tin dung la yéu té c6t 16i trong quan ly tai chinh, anh
hudng dén hiéu qua hoat déng clia cac t6 chirc tin dung. Cac phuong
phap ra quyét dinh da tiéu chi truyén théng thudng gap kho khan
trong viéc x{ ly thong tin khéng chac chan trong qué trinh danh gia tin
dung, bao gém tinh cht quan trong qua trinh ra quyét dinh va tinh mg
clia cac tiéu chi, dan dén han ché kha nang giai thich két qua. Muc tiéu
cla nghién c(tu nay la dé xuat mo hinh két hgp Phuong phap tét nhat
— té nhat (Best-Worst Method - BWM) md va Ky thuat xép hang doi
tugng theo giadi phap ly tudng (Technique for Order Preference by
Similarity to Ideal Solution - TOPSIS) md cai thién dé chinh xac va kha
nang xU ly thdng tin khéng chac chan trong danh gia tin dung. BS dir
liéu tir Home Credit dugc st dung dé thuc nghiém va danh gid mé
hinh. K&t qua thuc nghiém chi ra rang mé hinh dé xuat dat dé chinh
xac 92,31%, cao han so vdi cac phuang phap nhu Riing ngau nhién va
Cay quyét dinh. Viéc tich hgp ly thuyét tap ma gidp x ly hiéu qua
théng tin khéng chac chac trong qua trinh phan loai khach hang vay
thanh. Két qua nghién cltu déng gdp vao viéc nang cao chat lugng
quan ly rdi ro tin dung, déng thai dé xuat tich hgp tinh nang hién thj
diém tin dung vao ng dung ngén hang di déng tai Viét Nam.

Abstract

Credit risk assessment represents a fundamental component of
financial management, impacting the operational efficiency of credit
institutions. Traditional multi-criteria decision-making methods often
face difficulties in handling fuzzy information in credit assessment,
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1. Gidi thiéu

including the fuzziness of evaluation criteria and subjectivity in
decision-making processes, leading to limited result interpretation. The
target of this study is to propose a hybrid model combining fuzzy BWM
and fuzzy TOPSIS to improve both accuracy and capability in handling
uncertain information in credit assessment. A dataset from Home
Credit is used for experimentation and model evaluation. The
experimental results show that the proposed model achieves an
accuracy of 92.31%, which is higher than that of methods such as
Random Forest and Decision Tree. The integration of fuzzy set theory
effectively handles uncertainty in classifying loan applicants. The
research findings contribute to the advancement of credit risk
management practices and advocate for the integration of a credit
score display feature within mobile banking applications in Vietnam.

Hoat dong tin dung mang lai ngudn thu 16n cho ngan hang nhung ciing tiém 4n rai ro, anh hudng
dén su kinh doanh va 6n dinh cua to chirc. Tai Viét Nam, ty 1¢ no x4u gia tang nhanh choéng, dat

4,55% vao cudi thang 9/2024 va tang 8,6% so voi dau nam; dic biét, s6 du no x4u tai 29 ngan hang
tang 27,9% so v6i cudi nam 2023, 1én mirc 259.186 ty dong (Minh Nguyét, 2024) (xem Hinh 1).
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Hinh 1. Tong s6 du ng x4u va ng nhom 2 clia nganh ngan hang Viét Nam giai doan 2021-2024

Mot nguyén nhan quan trong dan dén hién trang trén 1a viéc danh gia ning luyc khach hang cta
ngan hang khi phé duyét mot nguoi vay (Thuan & Binh, 2022). Viéc xac dinh mt ngudi vay co kha
ning thanh toan ddy du va dung han hay khong 1a mot viéc khé khan. Néu quy trinh nay qua khit khe,
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s& ¢6 it khoan vay dugc chip thuan hon, ddng nghia véi viée lgi nhuan it hon. Nguoc lai, ngén hang
¢6 thé phé duyét cac khoan vay ma khach hang khong c6 kha nang tra ng. Do d6, mé hinh dénh gia
tin dung hiéu qua 1a yéu ciu tat yéu dé nang cao nang lyc canh tranh va quan tri rti ro. Dén nay, nhiéu
phuong phép da dugc ap dung dé danh gia xac suat v& ng ciia khach hang. Tuy nhién, cic phuong
phap théng ké gap kho khan trong viéc mo hinh hoa thong tin da chidu va thiéu chinh xac khi dir liéu
khong day du (Wang & Ku, 2021). Cac phuong phap dua trén tri tué nhén tao c6 d6 chinh xac cao
hon so v&i cac k¥ thuat théng ké, nhung yéu cau bo dir liéu 16n va bién tring lap ¢ thé anh huong
dén két qua moé hinh (Bai va cong sy, 2019).

Phuong phap ra quyét dinh da tiéu chi (Multi-Criteria Decision Making — MCDM) da chimg minh
kha nang xtr ly linh hoat thong tin dinh tinh va chu quan trong danh gia rui ro tin dung (Aruldoss va
cong sy, 2013). Bang cach thu thap ¥ kién tir ngudi ra quyét dinh, MCDM khong yéu ciu bo dit lidu
16n ma van c6 thé cai thién d6 chinh xac trong qué trinh ra quyét dinh (Doumpos & Figueira, 2019).
Trong phuong phiap MCDM truyén thdng, ngudi ra quyét dinh phai dua ra danh gia bang gia tri sic
nét (vi du: 1, 2,..., 9) khi so sanh giita cac tiéu chi. Theo Zadeh (2015), diéu nay gay khé khin cho
nguoi ra quyét dinh trong viéc lugng hoa chinh xac y kién ctia minh. Trude thach thirc nay, Guo va
Zhao (2017) dé xuat sir dung 1y thuyét tip mo véi cac thuat ngir nhu "tét", "kha", "trung binh" thay
vi cac gia tri séc nét c6 thé giai quyét vin dé thong tin khong chéc chin, vi cac thuat ngir nay d& hiéu
va ¢6 thé dugc dién giai linh hoat tiy theo ngir canh va quan diém cia chuyén gia.

Nghién ctru dé xuat mo hinh két hop Phuong phap t6t nhat — té nhét (Best-Worst Method — BWM),
K¥ thuét xép hang ddi twong theo giai phap 1y tudng (Technique for Order Preference by Similarity
to Ideal Solution — TOPSIS) va 1y thuyét mo dé phan loai khach hang theo mirc d6 rui ro tin dung.
Trong d6, BWM xéc dinh trong s tiéu chi tin dung, TOPSIS-Sort-C phén loai khach hang thanh cac
nhom rui ro, 1y thuyét mo giup xir 1y thong tin khong chic chan. Nghién ciru tap trung vao ba dong
g6p chinh 1a: (1) Trién khai thyc nghiém va kiém tra tinh kha thi cia mé hinh tich hop BWM mo va
TOPSIS-Sort-C mo trén co s dit liéu giao dich tai Viét Nam. (2) Két hgp phuong phap MCDM vao
b6 tiéu chi diém FICO (Fair Isaac Corporation) dé xac dinh trong sé tiéu chi. (3) Pua ra ham ¥ quan
tri va dé xuat cap nhat thong tin diém tin dung qua ing dung ngan hang di dong nham nang cao trai
nghiém khach hang.

2. Ca sé ly thuyét va cac nghién ciru lién quan

2.1.  Phwong phdp ra quyét dinh da tiéu chi (MCDM)

MCDM la phuong phép hd trg ra quyét dinh dwa trén nhiéu tiéu chi (dinh tinh va dinh luong),
cung cap khung 1y thuyét va cac cong cu dinh lugng dé danh gia cac phuong an thay thé trong boi
canh ra quyét dinh phirc tap v&i tiéu chi mau thuin (Ehrgott va cong sw, 2010; Taherdoost &
Madanchian, 2023). MCDM bao gom hai thanh phan chinh: phuong an thay thé dai dién cho nhimng
lwa chon kha thi va tiéu chi dé danh gia va so sanh gitra cic phuong an (Majumder, 2015).

2.2, Ly thuyét tip mo

Ly thuyét tip md do Zadeh (2015) dé xuat 1a khung toan hoc xir Iy cac khai niém c6 ranh gidi
khong 10 rang thong qua viée str dung céac gia tri thanh vién tir O (hoan toan khong thudc vé) dén 1
(hoan toan thudc vé) thay vi ranh gidi rd rang nhur trong 1ap luan c6 dién. Cong cu nay dic biét hiru
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ich trong viéc xir Iy sy mo ho tir y kién chii quan (Neetu & Nagar, 2024). Tinh mo xuét hién dudi hai
dang chinh: tinh mo noi tai phan anh ban chat mo hd ciia cac khai niém nhu "kha ning tin dung tot"
hay "rui ro cao"; va tinh md thong tin do phai xir Iy dong thoi nhiéu tiéu chi (Zadeh, 2015). Bé xir Iy
céc dang tinh md nay, nhidu phuong phap MCDM m¢ da dugce phat trién nhu Phuong phap thir bac
mo (Analytical Hierarchical Process — AHP) tich hop s6 md vao qua trinh phan tich thir bac (Ignatius
va cong su, 2018), BWM mo st dung bién ngdn ngit md trong so sanh cip (Liao va cong sy, 2019),
va TOPSIS m¢ danh gia khoang cach dén giai phap 1y tuong dua trén sé mo (Zhang & Li, 2023). Cac
phuong phap nay mé hinh hoéa cac danh gia cha quan cta chuyén gia, xtr Iy dong thoi dir liéu dinh
luong va dinh tinh, ting tinh linh hoat va chinh x4c trong méi truong khong chic chan.

2.3, Phwong phdp Tot nhdt - Té nhat (BWM)

BWM la phuong phap MCDM duoc phat trién boi Rezaei (2015), tap trung vao xéac dinh trong sd
clia cac tiéu chi danh gia. BWM hoat dong dua trén so sanh cip gitra tiéu chi tot nhit va t& nhat ddi
véi cac tiéu chi khac, tir d6 tinh toan trong sb uu tién thong qua mé hinh toan hoc (Liang va cong su,
2020). BWM yéu cdu it so sanh va dat d6 nhat quan cao hon so voi AHP, dong thoi d& dang tich hop
vao cac md hinh danh gia tin dung (Hasan va cdng sy, 2022). Trong tai chinh, BWM danh gia cac
tidu chi tai chinh va phi tai chinh dé phan nhom khach hang hiéu qua hon (Roy & Shaw, 2023b), hay
két hop véi Xép hang cac lwa chon dya trén d6 twong ddng chu vi (Ranking Alternatives by Perimeter
Similarity — RAPS) dé xép hang c¢6 phiéu ngan hang va tdi vu héa danh muc dau tu (Alamoudi &
Bafail, 2022), tich hop gitta BWM mo va Panh gia ty 1¢ cong (Additive Ratio Assessment — ARAS)
dé danh gia hiéu suét tai chinh (Liao va cong sy, 2019). Trong quan 1y chudi cung tmg, Kurniawan
va Puspitasari (2021) st dung BWM mo dé Iya chon nha cung cip trong diéu kién thong tin khong
chéc chin, Khokhar va cong su (2020) str dung phuong phap nay dé danh gi4 tinh bén vimng cac nha
cung cap.

2.4. Ky thudt xép hang doi twong theo gidi phap 1y tiwong (TOPSIS)

TOPSIS 1a phwong phap MCDM duogc phat trién boi Hwang va cong su (1981), nham hd tro xép
hang va Iya chon phuong 4n ti wu (Sharma va cong su, 2020). Phuong phép nay danh gia khoang
cach clia timg phuong 4n dén hai diém tham chiéu: giai phap 1y twéng tich cuc (Positive Ideal Solution
— PIS), va giai phap ly tuong tiéu cyc (Negative Ideal Solution — NIS) (Uzun va cong su, 2021).
Phuong an dwoc xem 12 t6i wu néu c6 khoang cach gan nhit v6i PIS va xa nhét v6i NIS. TOPSIS c¢6
kha ning tich hop nhiéu tiéu chi va phuong an thay thé, gitp t6i vu hoa dau ra ciia hé thong va cung
cAp giai phap cho cac vin dé da tiéu chi (Wang va cong su, 2022). Trong phén loai khach hang, Roy
va Shaw (2023a) da sir dung TOPSIS dé danh gia diéu kién vay tin dung, Senvar va cong su (2020)
d3 ap dung phuong phap nay dé xép hang khach hang tir trang thai VIP (hang rat quan trong) dén
Bronze (hang dong). TOPSIS ciing dugc (mg dungtrong phan tich tai chinh, tir viéc wu tién cac yéu
t6 anh huong dén hanh vi khach hang (Hamadani va cong sy, 2021), két hop voi phuong phap X Iy
ngon ngit ty nhién dé danh gia long tin khach hang trén mang xa hoi (Nalluri & Chen, 2023), dén Iya
chon thi truong muc tiéu dya trén céac yéu t& nhu quy mo, canh tranh va lgi nhuan (Anand &
Sathiyamoorthy, 2023). Dic biét, BWM va TOPSIS di duoc két hop dé phat trién cac mé hinh phan
nhom khach hang dya trén cac chi $6 tai chinh va phi tai chinh (Tandon va cong sy, 2022), déng thoi
bd sung 1ap luan md vao md hinh nhim nang cao hiéu qua phan nhém(Hajek va cong sy, 2024).

114



Pham Nguyén Thanh Mai & H6 Trung Thanh (2024) JABES 35(11) 111-130

3. Phuong phap va dir liéu nghién ciru

3.1

Phuwong phap nghién cuu

Quy trinh nghién ctru dugc t6 chirc thanh 3 phan: Tién xir 1y dit liéu, Xay dung mé hinh, Thao
luan va Két luan (xem Hinh 2). Trong d6, mé hinh nghién ctru bao gdm 3 giai doan chinh:

~
*Dit liéu
«Tién xir Iy dit liéu: Lam sach, Khai pha, Chuyén déi
Giai doan 1 Yy,
r r \
* Giai doan 1: Xéc dinh tiéu chi anh hudng dén xep hang tin dung
* Giai doan 2: Xac dinh trong s tiéu chi béng BWM mo
* Giai doan 3: Phan loai khach hang vay sit dung TOPSIS-Sort-C m¢o
Giai doan 2 J
~
* Thao luan: Ham y quan tri
«Két ludn
Giai doan 3 J

Hinh 2. Téng quat phuong phap d& xuét

Giai doan 1. Xdc dinh tiéu chi anh hudng dén xép hang tin dung

Nghién ctru st dung bo tiéu chi diém FICO véi 5 nhém sau 1am nén tang cho hé théng phan loai
tin dung nho tinh toan dién, kha nang ing dung rong rai va hiéu qua trong danh gia rui ro tin dung.

Lich sir thanh toan (A): Do ludng kha nang tuan thu nghia vu tai chinh.

Do dai lich st tin dung (B): DPanh gia thoi gian duy tri tin dung.

Tin dung méi (C): Xem xét s6 lugng tai khoan méi mé va thoi gian tai thiét 1ap lich st
tin dyng tich cuc.

S6 du tin dung (D): Phan tich tdng du ng hién tai va sé luong tai khoan c6 s du.

Loai tin dung (E): Panh gid muac d6 da dang loai tin dung ma khach hang st dung.

Nhom ti€u chi nay ddm bao danh gia toan dién khach hang, tir lich st thanh toan dén tinh trang

tai chinh hién tai. Ignatius va cong su (2018) di chimg minh ring cac tiéu chi ciia FICO, nhu s6 lugng
céac khoan ng qué han (A3) hodc téng du no hién tai (D1), co mbi quan hé chat ch€ véi rui ro tin dung.
Dong thoi, cdu triic diém FICO dé dang tich hop vdi cac phuong phap nhw BWM mo va TOPSIS-
Sort-C md, gitp t6i wu hoa trong sé va cai thién phén loai trong méi truong thong tin khong chéc

chan.

Giai doan 2. Xac dinh trong $0 tiéu chi bdng BWM mo
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1. PAU VAO: HE 2. QUY TRINH 3. QUY TRINH
THONG TIEU CHI TINH TRONG s6 TINH TRONG SO 4. PAURA
PHAN CAP SO CUC BQ LAP TOAN CAU
LAI
\_ J
4 N\ 4 N
1. PAU VAO: 2. QUY TRINH
HE THONG TIEU CHi TINH TRONG SO CUC BQ LAP LAI
PHAN CAP
- J A J

Lich sur thanh toan (A) —
6 tiéu chi

Lan 1: Tinh trong s6 cuc bd cho 5 tiéu chi chinh (A,B,C,D,E)

Do dai lich su tin dung (B) —
2 tiéu chi

v

Lan 2: Tinh trong s6 cuc bd cho 6 tiéu chi phu ciia A (Lich st thanh
toan)

Tin dung mdi (C) — 3 tiéu chi

S6 tién con ng (D) — 3 tiéu chi

Loai tin dung (E) — 1 tiéu chi

\2

=/

2

Lén 3: Tinh trong s6 cuc bo cho 2 tiéu chi phu caa B (Do dai lich st tin
dung)

v

3. QUY TRINH TINH TRQNG SO
TOAN CAU
Trong sb toan cAu cua tiéu chi phy = Trong
sb cuc bd cua tidu chi phu x Trong 6 cuc
b0 cua tiéu chi chinh twong tng

~

%

4. DAU RA

Trong sé toan cdu cua toan bd hé théng tiéu
chi la dau vao cua mé hinh TOPSIS-Sort-C
mo

~

Lan 4: Tinh trong b cuc bd cho 3 tiéu chi phu cua C (Tin dung mai)

v

Lan 5: Tinh trong s6 cuc bo cho 3 tidu chi phu cua D (Sé tidn con no)

CAC BUOC TRIEN KHAI TRONG CHO TUNG LAN
LAP

Budc 1: Tir tap hop tiéu chi, xéc dinh tiéu chi tot nhét va té nhét.
Budc 2: Xéc dinh vector d6 uu tién md cua tidu chi tét nhat dbi
vé6i tht ca tidu chi khéc.

Bude 3: Xéc dinh vector d6 uu tién md cua tat ca cac tiéu chi dbi
vé6i tiéu chi té nhét.

Budc 4: Thiét 1p va giai phuong trinh t8i ru héa mo dé tinh
trong s6 mo t6i wu.

Budc 5: Giai md hoa dé tinh trong s6 cuc bo.

Budc 6: Banh gia trong b cuc bd bfmg chi s6 nhat quan.

%

- .

Hinh 3. Quy trinh xac dinh trong sé bang phuong phap BWM mo

Trong sb tiéu chi duge xac dinh bang phuong phap BWM md do Guo va Zhao d& xuit (2017)
(xem Hinh 3). BWM m¢ sir dung cac gia tri mo (Bang 1) thay vi cac gia tri sic nét dé xir Iy tinh khong
chéc chin trong viéc xac dinh tAim quan trong gitra cac tiéu chi. Dua trén cac so sanh cip, bai toan
quy hoach myén tinh duoc trién khai dé xac dinh trong s6 toi wu. Qua trinh tinh toan dugc thuc hién
bang ngdn ngit 1ap trinh Python trén nén tang Google Colab, sir dung gbi fuzzy bw_method trong
pyDecision —mdt thu vién hd trg nhiéu phuong phép ra quyét dinh da tiéu chi duoc dé xuat boi Pereira

va cong su (2024) .
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Bang 1.

Quy tic chuyén ddi cac bién ngon ngir

Bién ngodn ngit

Ham thanh vién

Tam quan trong nhu nhau
Tam quan trong yéu
TAm quan trong vira phai
Tim quan trong cao

T4m quan trong tuyét déi

(1, 1,1)

(213, 1,3/2)
(312,2,7/2)
(5/2,3,7/2)
(712, 4,9/2)

Giai doan 3. Phan loai khach hang vay sir dung TOPSIS-Sort-C mo

Buéc 1: Xay dung ma trin
quyét dinh m&
A= [aij]mxn
Duva trén tap cac phuong an
thay thé A; va tidu chi ¢;
(v6ii=1,2,...,m;j=
1,2,...,n)

Budrc 6: Xac dinh FPIS
(A ) va FNIS (A )
= (Pg,..

A*— (71,. ..,v

v

4 )

Buéc 2: Thiét 1ap hd so
dic trung

N 1?: [ij]pxn
Moi ho so P dai dién cho
16p C

Buéc 3: Xac dinh pham vi

hoic mién ciia mdi tiéu chi

a; ... dp
B
Gia tri 16n nhit va nho nhat
c6 thé co cua tiéu chi tuong

v

4 N

Buére 5: Xac dinh ma tran
quyet dinh c6 trong sb

V - [Vlj]mxn X Wi

o

7|

Budre 7: Tinh khoang cach Euclidean
Sav Sgi va Spk, 5pk
Khoang cach huclldean cua cac phuong an thay

thé va hd so dic trung so v6i FPIS va FNIS

Buéc 8: Tinh chi sé twong ddng (Closeness
Index)

s r
hodc Cy; =

_ s
S +S;

Spk
Cor =

P Spic + Spic *
Chi sb tuomg dong cua cac ho so dac tru'ng va

v

Budéc 4: Tao ma tran quyét
dinh hoan chinh

A

B

D

D = [Xijlgmsp+zyxn =

R,

- /

|

o

Budrc 9: Phén loai cac phwong 4n thay thé dua
trén chi so twong dong

a; € C;néu Cy;
a; € CkneuC,,k 1> Cy

a; € Cynéu Cy; < Cppyq

Hinh 4. Phan loai khach hang vay dua trén TOPSIS-Sort-C m¢
Quy trinh va cong thirc sir dung dé phan loai khach hang vay dugc trinh bay tai Hinh 4. TOPSIS
tuy dugc st dung phd bién trong dénh gia tin dung, nhung van c6 thé gip van dé nhu dao nguoc xép
hang khi b sung lya chon thay thé (Aires & Ferreira, 2019). Silva va Filho (2020) phat trién TOPSIS-
Sort-C nhim phan loai dya trén dac diém cua cac lya chon thay thé thay vi cac hd so bién. Phuong

phap nay dugc chimg minh 1a pht hgp hon khi xép hang cac cong ty dwa trén hd so riii ro va tai chinh
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(Roy & Shaw, 2022). Tuy nhién, TOPSIS-Sort-C van gip kho khin trong viéc xir ly thong tin khong
chic chan khi chuyén gia khong tu tin dwa ra danh gi4 bang gia tri sac nét. Dé giai quyét van dé nay,
nghién ctru a4p dung md hinh TOPSIS-Sort-C md duge dé xut boi Roy va Shaw (2023b), cho phép
chuyén gia dua ra danh gia bang cac gia tri ngén ngir. Cac tinh toan dwoc thuc hién bang Python trén
nén tang Google Colab, sir dung cac thu vién numpy, pandas dé xir Iy dit liéu, matplotlib.pyplot va
seaborn dé truc quan hoa, va sklearn.metrics dé danh gia d6 chinh xac mo hinh .

3.2.  Ditliéu nghién cuu

Pé tién hanh thyc nghiém cho mé hinh dé xuét, nghién ctru sir dung b dir liéu dugc Home Credit'
cong khai trén nén tang Kaggle. Vi tinh day du thong tin, bo dit liéu nay phit hop dé tong hop thanh
b tiéu chi phan cép dugc dé xuat nham 4p dung mé hinh phan loai tin dung. Mt khac, Home Credit
la mot nha cung cép tin dung quen thudc tai thi truong Viét Nam véi hé théng dich vu tai chinh da
dang va phd bién. Viéc sir dung di liéu tir Home Credit giup ting tinh thuc tién va kha niang 4p dung
cia md hinh d¢ xudt trong bdi canh thuc té tai Viét Nam ciing nhu cung cép co s¢ dé mo rong mod
hinh sang cac thi truong khac co diéu kién tuong tu. Bo dit liéu duoc td chirc boi nhiéu thuc thé lién
quan (xem Hinh 5), ¥ nghia ciia timg thuc thé dugc mo ta trong Bang 2. Trong dé, “application” (hd
so dang ky vay) dong vai tro 1a thuc thé trung tm, két ndi véi cac thuc thé khac thong qua cac khoa
dinh danh sau: SK ID CURR (dai dién cho ma dinh danh khéach hang hién tai cia Home Credit),
SK_ID BUREAU (dai dién cho ma dinh danh khoan vay trudc ddy trong hé théng tin dung), va
SK ID_PREV (dai dién cho don vay trudc day tai Home Credit).

Bang 2.
Céc thuc thé trong bd dir liéu Home Credit
Thuc thé Y nghia
application_train Théng tin nhan khau hoc, lich st viéc 1am, thu nhép, didu khoan vay, va bién

& application_test muc tiéu (0 — khoan vay da duoc tra, va 1 — khoan vay khong dugc hoan tra)

bureau Lich sir tin dung véi cac t& chirc tai chinh khéc, bao gdm s6 luong va trang thai
cac khoan vay.

bureau_balance Trang thai hang thang ctia cac khoan vay trong bang bureau.

previous_application Théng tin v& cic don vay truéc day tai Home Credit, gdm diu khoan vay, trang
thai phé duyét, va lich sir thanh toan.

credit card balance Giao dich thé tin dung, s6 du thé, va lich sir thanh toén.

installments_payment Lich trinh va c4c khoan thanh toan thuc té ciia khach hang.

POS CASH balance Giao dich hang thang va trang thai thanh toan cta cac khoan vay tai diém ban
hang.

Ghi chu: application_train & application_test, bureau, bureau_balance, previous application, credit card balance,
installments_payment 1a tén cua cac thuc thé dugc stir dung trong bg dir liéu.

' Anna Montoya, inversion, KirillOdintsov, and Martin Kotek. Home Credit Default Risk. Truy cép tu

https://kaggle.com/competitions/home-credit-default-risk, 2018. Kaggle.
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SK_ID CURR

application_train.csv &
application_test.csv

- Bang chinh — chua dit liu
mAu train va test

- Muc tiéu (nhi phan)

- Théng tin vé khoan vay va

nguoi vay tai thoi diém nép
don

bureau.csv

- Dt liéu img dung tir cac
khoan vay trudc day ma
khach hang da nhan dugc
tir céc 0 chirc khac va
duogc bao cao 1én Cuc Tin
Dung

- M6i dong turong g véi
mdt khoan vay cua khach
hang tai Cuc Tin Dung

SK_ID_

SK_ID_CURR

previous_application.csv

SK_ID CURR

\

SK_ID BUREAU
|

- Dt liéu img dung cua cac khoan vay
trude day cua khach hang tai Home
Credit

- Thong tin vé cac tham s6 khoan vay
trude do6 va thong tin khach hang tai thoi
diém ndp don vay trudce

- Mdi dong tuong img v6i mot lan tmg
dung trudce day

I
SK_ID_PREV

bureau_balance.csv

- 6 du hang thang ciia
cac khoan vay tai Cuc
Tin Dung

- Dir liéu hanh vi

POS_CASH_balance. installments_payments.
csv csv

application_train.csv &
application_test.csv

- Dit liéu thanh toan céac
khoan tra gop trong cac
khoan vay trude day tai |
Home Credit lién quan liéu mau train va test
dén cac khoan vay trong - Muc tiéu (nhi phan)
mau - Thong tin vé khoan vay
va nguoi vay tai thoi
diém nop don

- S6 du hang thang cia
cac khoan vay trudc
day ctia khach hang tai
Home Credit

- Dit liéu hanh vi

- Bang chinh — chua dit

- Dit liéu hanh vi

Hinh 5. So 6 méi quan h¢ giira cac thyc thé trong bd dir liéu
Trong nghién ctru ndy, 6 trong 8 thuc thé dwoc sir dung (trir application_test va bureau_balance).
Dit lidu dugc tién xir Iy qua cac bude: tong hop timg thuc thé riéng 1é bang cach tinh cac thong sb
nhu tong, trung binh, gia tri 16n nhat, sau d6 lién két voi thyc thé chinh application qua khoa
SK_ID_CURR. Két qué thu dugc 306.568 dong va 50 cot bao gom thong tin vé khach hang, lich sir
tin dung, khoan vay va thanh toan, dugc st dung dé tinh toan cac chi sb tai chinh trong phén 4.1.
Théng ké mé ta cac bién sau khi tinh toan duoc trinh bay tai Bang 3.
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Bang 3.
Thdng ké mé ta cac bién cua hé thong tiéu chi phan cap

Tiéu chi A2 A3 A4 AS A6 B1 B2
) quan sat 270 270 270 270 270 270 270
Trung binh 4,34 4,05 1,31 2,17 30,46 6,21 2,98
Do léch chuén 14,63 37,72 1,44 2,42 16,72 1,65 8,21
Gi4 tri nho nhét 0 0 0,01 0 4 1,33 0,03
Phén vi tha nhét (25%) 0 0 0,31 0 17 5,08 0,23
Trung vi (50%) 0,22 0 0,75 1 27 6,8 0,47
Phan vi thir ba (75%) 0,9 0,03 1,93 3 42 7,51 1,19
Gi4 tri 16n nhat 87,43 588,02 7,36 13 85 8,01 68,8
Tiéu chi Cl C2 C3 D1 D2 D3 E
) quan sat 270 270 270 270 270 270 270
Trung binh 1,18 8,09 2,57 778,48 3.257,09 580,92 2,06
Do léch chuén 1,78 7,51 8,7 1.227 3.807,02 372,41 0,65
Gi4 tri nho nhét 0 0,07 0 0 16,6 45 1
Phén vi thir nhét (25%) 0 3,13 0 28,15 1.104,00 271,12 2
Trung vi (50%) 1 5,87 0 359,7 1.979,48 4545 2
Phan vi thir ba (75%) 2 10,62 0 1.023,45 3.869,43 829,12 2
Gi4 tri 16n nhét 11 48,3 79 11.718,55 32.830,83 1.800 4

4. Két qua nghién ciru

4.1, Két qua phan logi khdch hang vay

Nghién ctru sir dung b ti€u chi diém FICO lam co so dé phén loai tin dung, véi cac ti€u chi chinh
va phu dugc xac dinh théng qua danh gia tai liéu va y kién chuyén gia nhim dam bao phu hop véi
thuc tién. He théng phéan cép tiéu chi dugc xay dung dé phuc vu cho qua trinh xac dinh trong s6 va
phan loai thé hién trong Hinh 6 v&i ndm ti€u chi chinh (A, B, C, D, va E), 15 ti€u chi phu tuong ung

(A1, A2, ..., E) va 3 nhom danh muc.

120



Pham Nguyén Thanh Mai & H6 Trung Thanh (2024) JABES 35(11) 111-130

MUC TIEU

TIEU CHI CHINH

TIEU CHi PHU

Lich str thanh toan

(&)

Do dai lich sir tin
dung (B)

Chém diém
tin dung

Tin dung mai (C)

DANH MUC

Ho so cong khai vé tinh
— trang tai chinh tiéu cuc (A1)

Mirc d6 nghiém trong cta
viéc cham tra ng (A2)

| S tién qué han trén cac tai
khoan ng qua han (A3)

Thoi gian ké tir khi vi pham
cac khoan qua han (A4)

S lugng cac khoan qua han
(A5)

L] S lwong tai khoan hoan
thanh nghia vu (A6)

Thoi gian ké tir khi tai khoan
dugc kich hoat lan dau (B1)

Thoi gian k& tir hoat dong tai
khodn gan nhat (B2)

Sé lugng gai‘khoan mé gf?m
day va so lan yéu cau tin
dung (C1)

Thoi gian ké tir khi mé tai

khoan gin ddy, yéu cau tin
dung (C2)

L_| Tailap lich st tin dung tich
cuc (C3)

Téng du ng thé tin dung

Sb tién con ng (D)

F (1)

Sb lwong tai khoan c6 s6 du
(D2)

Tai san cb dinh (D3)

Loai tin dung (E)

Hinh 6. H¢ thong phén cap tiéu chi
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Trong s duge xac dinh theo quy trinh tai phan Phuong phap nghién ctru. Két qua thu duge bao
gém: trong s6 cuc bo — thé hién tam quan trong cua tiéu chi phy trong mot ti€u chi chinh, va trong sb
toan cau — phan anh muc do quan trong tong thé cia tiéu chi phu trong hé thong.

Bang 4.
Trong s6 sir dung phuong phap BWM md
Tiéu chi chinh Trong $b cuc  Tiéu chi phu Trong sb Trong )
bo cuc bd toan ciu
Lich str thanh 0,231 HO so cong khai vé tinh trang tai chinh 0,216 0,049
toan (A) tiéu cuc (Al)
Murc ¢ nghiém trong cta viéc cham tra 0,193 0,045
ng (A2)
S6 tién qua han trén céc tai khoanng qua 0,173 0,040
han (A3)
Thoi gian ké tir khi vi pham cac khoan 0,138 0,032
qua han (A4)
S lugng cac khoan qué han (AS) 0,209 0,048
Sé lugng tai khoan hoan thanh nghia vu 0,071 0,016
(A6)
Do dai lich sirtin -~ 0,177 Thoi gian ké tir khi tai khoan duoc kich 0,523 0,093
dung (B) hoat 14n d4u (B1)
Thoi gian ké tir hoat dong tai khoan gén 0,477 0,084
nhét (B2)
Tin dung méi (C) 0,205 S6 lugng tai khoan m& gn day vasé lan 0,155 0,032
yéu cau tin dung (C1)
Thoi gian ké tir khi mé tai khoan gin day, 0,305 0,063
yéu cau tin dung (C2)
Tai lap lich st tin dung tich cuc (C3) 0,540 0,111
S tién con no 0,164 Téng du ng thé tin dung (D1) 0,419 0,069
D . .
(D) S0 lugng tai khoan cé so du (D2) 0,420 0,069
Tai san cb dinh (D3) 0,161 0,026
Loai tin dung (E) 0,223 0,223

Sau khi x4c dinh trong sé tiéu chi baing BWM md, khach hang duoc danh gia va phan loai dya
trén 15 tiéu chi trong Bang 4. Cac chi s6 tai chinh dugc tinh toan tir dit liéu cia Home Credit (Bang
6) va dugc danh gia bang cach gan cac bién ngon ngit dugce liét ké trong Bang 5 cho timg ban ghi.
Két qua duoc trinh bay trong Bang 7.
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Bang 5.
Ham thanh vién cua céc bién ngon ngir
Bién ngodn ngit Thang do TFN
VP (0,05 0,0; 0,3)
P (0,1; 0,3;0,5)
(0,3; 0,5; 0,7)
G (0,5;0,7;0,9)
VG (0,7; 1,05 1,0)

Ghi chii: VP: Rat kém; P: Kém; M: Trung binh; G: Tét; VG: Rét tot. DAu “.” trong thang do TFN dugc sir dung dé phan cach
vung thap phan.

Bang 6.
Chi s6 tai chinh cua khach hang vay

C Al A2 A3 A4 A5 A6 Bl B2 C1 C2 C3 D1 D2 D3 E

Cl Qua 424 0,01 1,50 7 18 787 050 0 1043 O
han

1.486,35 2.99891 472,50 2

C2 bDiaban 043 000 1,74 4 17 649 1,67 1 3,33 0 0,00 2.236,50 900,00 1

C270 Paban 0,00 000 0,19 0 32 3,01 027 5 4,53 2 120,47  2.791,35 549,00 1

Ghi chii: Trong 15 tidu chi, chi c6 Alla bién dinh tinhvéi 3 gid tri: No xéu —ng khong thé thu hdi sau 90 ngay, Da ban —no da
duoc ban cho bén thir ba dé thu hoi mét phan gia tri, Qua han — ng chua dugc thanh toan trong vong 90 ngay.

Bang 7.

Xép hang ngdn ngit ctia cac khach hang vay

C Al A2 A3 A4 A5 A6 Bl B2 Cl1 C2 C3 DI D2 D3 E

Cl1 M VP VG M P VG VG VG VG G VG P VP VP P

C2 P G VG G M VG VG G VG P VG VG VP P M

c270 P VG VG VP VG VG VG VG G P G G VP P M

Sau khi hoan tit viéc chuan bi, phén loai khach hang vay thuc hién theo quy trinh tai Hinh 4. Ma
tran quyét dinh mo (A), bao gdm diém sé mo cua khach hang vay trén timg tiéu chi dugc xay dung
bang cach anh xa cac bién ngdn ngir thanh cac gia tri S6 md tam giac (Triangular Fuzzy Numbers —
TFN) - phuong phép biéu dién sy khong chéc chén thong qua ba gi4 tri: gidi han dudi, gia trj trung
tdm, va gidi han trén. Ma tran quyét dinh mo dugc minh hoa trong Bang 8.
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Chuyén d6i thang diém ngén ngir sang sé mo tam giac

C Al

A2

A3

A4

AS

A6

Bl B2 cCl c2 ¢ DI D2 D3 E
cl (03, (00, (07, (03, (0.1, (07, (0.7, (0.7, (0.7, (0.5, (0.7, (0.1, (0.0, (0.0, (0.1,
05, 00, 10, 05 03, 10, 10, 10, 10, 07 10, 03, 00, 00, 03,
07) 03) 1.0) 07 05 1.0 1.0) 10) 100 09 10) 05 03) 03) 0.5)
c2 (01, (05 (07, (05 (03, (07, (0.7, (0.5 (07, (0.1, (0.7, (07, (0.0, (0.1, (0.3,
03, 07, 10, 07, 05 10, 10, 07 10, 03, 10, 1.0, 00, 03, 05,
05 09 1.0) 09 07 100 1.0) 09 1.0) 05 10) 1.0 03) 05 0.7)
€270 (0.1, (0.7, (07, (0.0, (0.7, (0.7, (0.7, (0.7, (0.5, (0.1, (0.5, (0.5, (0.0, (0.1, (0.3,
03, 10, 10, 00, 10, 10, 10, 10, 07, 03 07, 07, 00, 03, 05,
05 1.0) 1.0) 03) 10) 1.0 10) 10) 09 05 09 09 03) 05 0.7)

Trong nghién ciru nay, khach hang vay dugc phan loai thanh cic nhom rii ro dya trén Chi s6
tuong dong (Closeness Index — CI) vdi cac hd so phan loai dugc dinh nghia sin trong Bang 9 va Bang
10. Cac hd so phan loai duoc thiét 1ap dya trén cac bién ngoén nglt mo, tu rat tot dén rat kém va duge
sir dung dé danh gia khoang cach dén Giai phép 1y twong tich cuc mo (Fuzzy Positive Ideal Solution
— FPIS) va Giai phap Iy tuéng tiéu cuc md (Fuzzy Negative Ideal Solution — FNIS). Cac budc tiép
theo bao gdm xAy dung ma tran trong s6 bang cach nhan trong sb timg tiéu chi (dugc xac dinh ¢ giai
doan 2) v6i ma tran quyét dinh mo, tinh cac gia tri FPIS va FNIS, tir d6 xac dinh CI cta tirng khach
hang vay dé 1am co s¢ dénh gia mic d rui ro.

Bang 9.

H6 so dic trung

Hb so Al A2 A3 A4 AS A6 Bl B2 CI C2 C3 D1 D2 D3

Ruirothip(l) M G G G G G VG G G G G G G G G

Khéach hang vay M M M M M M M M M M M M M M
(A)
Rui ro cao (H) P M P P P M M P P P P P P P P
Bang 10.
Mién gia tri
Hd so Al A2 A3 A4 A5 A6 BI B2 Cl1 Cc2 (3 D1 D2 D3 E
FPIS M VG VG VG VG VG VG VG VG VG VG VG VG VG VG
FNIS P VP VP VP VP M M VP P VP VP VP VP VP VP
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Bang 11.

Ngudng phéan loai dya trén CI
Hb so CI Gid1i han trén Gi61 han dudi Nhém ruai ro
FPIS 1 1 0,89 Cl1
Rui ro thap (L) 0,78 0,89 0,68 Cl
Khach hang vay (A) 0,57 0,68 0,39 C2
Rui ro cao (H) 0,21 0,39 0,11 C3
FNIS 0 0,11 0 C3

Bang 11 trinh bay CI va pham vi twong tmg v6i timg 16p phan loai. Khach hang ¢6 CI nam trong
pham vi ctia hd so L hodc hd so FPIS dugc phan loai vao nhom C1 — mire riii ro tin dung thap nhét.
Tuong tu, khach hang c¢6 CI nam trong pham vi ciia hd so H hodc FNIS dugc phan loai vao nhom C3
— mure r0i ro tin dung cao nhét. Bang 12 thé hién két qua phan loai khach hang vay.

Bang 12.
Két qua phan loai khach hang vay dya trén TOPSIS-Sort-C md

C Khoang cach tir FPIS Khoang cach tir FNIS CI Danh muc

Cl 0,61 0,56 0,48 C2

C2 0,38 0,79 0,68 C2

C8 0,26 0,91 0,78 Cl
C266 0,71 0,45 0,39 C3
C270 0,48 0,69 0,59 C2

Ghi chii: Bao gdm 270 quan sat trong tmg 270 khach hang vay.
4.2. Panh gia

Nghién ctru so sanh két qua cia mo hinh BWM m¢ két hop TOPSIS-Sort-C mo véi 2 md hinh
hoc may bao gdm Rung ngdu nhién va Cay quyét dinh (Bang 13). Mot diém can luu y 1a sy khac biét
vé quy mo dir liéu va phuong phap thyc hién gitra cic mo hinh — mo hinh dé xuat sir dung 270 mau
thong qua quy trinh tinh toan c6 ciu tric, trong khi cac mé hinh hoc may duoc hudn luyén va kiém
tra trén 76.878 mau. Mic du c¢6 su khac biét nay, viéc so sanh van mang y nghia quan trong vi tit ca
déu giai quyét bai toan phan loai rii ro tin dung trén cting mot tap dir liéu tir Home Credit.

Vi 270 quan sat, mé hinh dé xut phan loai dwoc 52 ngudi vay cho nhom C1 (Rii ro thip), 13
nguoi vay cho nhom C3 (Rui ro cao), va 205 nguoi cho nhom C2 (Khach hang vay). Mo hinh dugc
danh gia tap trung vao kha nang phan biét gitra nhom C1 va C3 vdi d6 chinh xac téng quan cao
(Accuracy = 92,31%) va kha nang phat hié¢n cac truong hop duong tinh (Recall = 1). Mac du d¢ chinh
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xac duong tinh (Precision) chi dat 61,54%, trong bdi canh quan tri rii ro tin dung thi viéc khong bo
sot cac truong hop duong tinh (Sai 1Am loai II = 0%) quan trong hon viéc c6 mét s6 du doan dwong
tinh gia (Sai 1am loai I = 8,77%). M6 hinh Ring ngau nhién va Cay quyét dinh tuy c6 do chinh xéac
6n dinh nhung F1-Score lai thap, cho thiy chiing khong hoat dong tot voi dir liéu khong can bang.
Mit khac, md hinh dé xuit co Fl-score dat 76,2%, phan 4nh sy can bang tt trong diéu kién dir liéu
khong can bang. Dién tich dudi dudng cong (Area Under the Curve — AUC) dat 0,96 cho thay hiéu
sudt ctia md hinh thong qua mdi quan hé giira ty 1& dwong tinh thuc sy (True Positive Rate) va ty 18
duong tinh gia (False Positive Rate).

Bang 13.

So sanh hi¢u qua cac mo hinh

M0 hinh Accuracy Precision Recall F1-Score ROC-AUC
Rimg ngau nhién 0,85 0,19 0,27 0,22 0,67
Cay quyét dinh 0,69 0,12 0,45 0,19 0,58
BWM mo két 0,92 0,62 1 0,76 0,96
hop  TOPSIS-

Sort-C mo

5. Két qua va ham y quan tri

Mb hinh két hop BWM mo va TOPSIS-Sort-C md phan loai khach hang vay thanh 3 nhom. Nhom
C1 (Rui ro thap) bao gdm céc hd so co CI tir 0,68 dén 1, dai dién cho nhiing khach hang vay c6 hd so
tai chinh dn dinh, kha nang thanh toan cao va lich str tin dung tdt, dugc xem la ung vién ly tuong voi
kha niang chap thuan vay cao. Nguoc lai, nhém C3 (Rii ro cao) v6i CI tir 0 dén 0,39, bao gdm nhiing
khéch hang vay c6 lich st thanh toan kém, s6 tién no 16n va kha nang bi tir chdi hd so vay cao. Nhom
C2 (Khéach hang vay) dai dién cho cac khach hang vay can xem xét thém, c6 thé duoc yéu cau bd
sung thong tin hodc dap tng cac didu kién vay khit khe hon. Céc chi s6 hiéu suat duoc trinh bay &
phan 4.2 chimg minh hiéu qua ctia mé hinh trong viéc phén loai khach hang tin dung. Két qua nay
turong ddng v6i nghién ciru cua Ignatius va cong sy (2018) khi 4p dung AHP mo véi cac ngudng rai
ro tuong tu dé danh gid rui ro tin dung. Bén canh d6, nghién ctru di ap dung 1y thuyét tap mo dé xir
ly cac danh gia mang tinh chi quan va cac ngudng phan loai théng qua ham thanh vién (Bang 1) cho
phuong phap BWM mo, va sé md tam giac (Bang 5) cho phuong phap TOPSIS-Sort-C md. Két qua
cho thdy phuong phéap nay da giai quyét hiéu qua tinh khong chic chén khi xtr 1y cac danh gia dinh
tinh tir chuyén gia. Piéu nay dugc minh chimg qua nghién ctru ctia Roy va Shaw (2023b), cho thay
cach tiép can nay mang lai tinh minh bach va kha ning xir 1y thong tin khong chéc chin tét hon so
v6i cac phuong phap truyén thong.

Tir két qua trén, nghién ctru d& xuét tich hop diém tin dung vao tng dung ngan hang di dong tai
Viét Nam dé ting cuong kha ning tiép cin va nhan thtc tai chinh. Hién nay, viéc tiép cin thong tin
tin dung con han ché khi khach hang chi dugc khai thdc mién phi mot lan/nim qua Trung tim Thong
tin tin dung Qubc gia hodc phai truc tiép dén ngén hang vadi cac thu tuc hanh chinh phirc tap (Nhat
Minh, 2024). Tinh ning nay cho phép khach hang xem tryc tiép diém tin dung ctia minh, cling cac
yéu t6 anh hudng (lich su thanh toan, ty 1€ ng trén thu nhap, va han muc tin dung da su dung) va nhan
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khuyén nghi cu thé dé cai thién diém tin dung. Giai phap nay khong chi ting cudong nhén thic tai
chinh ctia khach hang ma con hd trg ngan hang trong viéc quan 1y rii ro, tdi wu hiéu qua hoat dong.
Lién két voi két qua phan loai, tinh nang nay hd trg nhém C1 theo ddi diém tin dung nham duy tri do
tin nhiém, ting kha ning tiép can cac san pham vay wu ddi. Nhém C2 dugc hudng dan cu thé dé cai
thién ho so tin dung va theo ddi tién trinh cai thién. Nhém C3 nhan dién sém céac yéu td rii ro va cung
cép 10 trinh khéc phuc phu hop.

Thye tién tai cac thi truong phat trién da chimg minh hiéu qua cua giai phap nay. Theo khao sat
ctia TransUnion (2023)2, 62% ngudi ding ngan hang s6 tai My cho rang theo ddi bao c4o tin dung la
cuc ky quan trong, va 57% cho biét ho theo ddi tin dung it nhét mdi thang mét lan. Tai My, cac ngan
hang nhu U.S. Bank va Associated Bank st dung chi s6 VantageScore dé cung cap thong tin tin dung,
trong khi ChaseBank va Wells Fargo cung cdp cc cong cu phén tich yéu t6 anh huong va khuyén
nghi cai thién. Tai Anh, ngén hang Barclays UK, Monzo, va NatWest ciing cung cap thong tin bd
sung khac nhu han muc tin dung (Barclays UK), giai thich va meo cai thién diém tin dung (Monzo),
cai thién c4 nhan dwa trén ho so tai chinh (NatWest). Diéu nay cho théy viéc tich hop diém tin dung
mang lai 101 ich 16 rang cho ca khach hang va ngan hang trong viéc nang cao trai nghiém nguoi dung
va tao loi thé canh tranh. Véi nhitng din chig tir cac thi truong phat trién, tinh ning nay hira hen s&
mang lai nhiéu gia trj cho ca khach hang va ngan hang tai Viét Nam.

Tuy nhién, viéc tich hop tinh nang hién thi diém tin dung vao img dung ngan hang di dong tai Viét
Nam d6i mit v6i hai thach thirc chinh. Thtr nhat, hién chwa c6 khung phap 1y 16 rang dé minh bach
hoéa dir liéu tin dung c4 nhan ma van dam bao quyén riéng tu, doi héi cac co quan quan 1y ban hanh
quy dinh chi tiét vé luu trir va xi Iy dir liéu (Bui Hitu Toan, 2023). Dong thoi, ngan hang can ap dung
cong nghé mé hoa va hé théng phan quyén nghiém ngit dé bao vé thong tin khach hang. Théach thirc
thir hai lién quan dén nhan thtrc nguoi ding khi khai niém diém tin dung van con tuong d6i méi meé
v6i nhidu ngudi Viét Nam, dic biét 1a & ving nong thon, dan dén kha ning hiéu 1Am hodc tham chi lo
ngai khi diém tin dung cta ho thap. Vi vay, cac ngan hang can trién khai chuong trinh gido duc tai
chinh, cung cép tai liéu huéng dan truc quan trén tng dung dé nang cao nhén thirc va sy hai long véi
dich vu.

Nghién ctru van ton tai mot s6 han ché. Phuong phép dénh gia hién tai c6 thé chiu anh huong boi
¥ kién chii quan cta chuyén gia, trong tu nhu cac phuong phap MCDM khéc. Hon nita, sé lwong
quan sat ctia khach hang vay dugc xem xét trong tap dir liéu van con han ché, anh hudng dén tinh
toan dién cua két qua. Viéc trién khai tinh ning hién thi diém tin dung trén img dung ngén hang di
dong tai Viét Nam con dbi mit voi nhitng thach thuc vé phap 1y, bao mat dit liéu, va nhén thirc nguoi
dung. Hudng nghién ctru tuong lai s& kiém ching thuc tién cua mé hinh bang cach sir dung dit lidu
da dang hon. Nghién ctru sau hon can duoc thuc hién dé trién khai tinh nang hién thi diém tin dung
tai Viét Nam.

2 TransUnion, Consumer Credit Behavior Trends Q3 2023. Truy cap tir Consumer Pulse Q4 2023

127


https://www.transunion.com/report/consumer-pulse/q4-2023?atvy=%7B%22261809%22%3A%22Experience+B%22%7D

Pham Nguyén Thanh Mai & H6 Trung Thanh (2024) JABES 35(11) 111-130

Tai liéu tham khao
Aires, R. F. d. F., & Ferreira, L. (2019). A new approach to avoid rank reversal cases in the TOPSIS
method. Computers & Industrial Engineering, 132, 84-97.

Alamoudi, M. H., & Bafail, O. A. (2022). BWM—RAPS approach for evaluating and ranking
banking sector companies based on their financial indicators in the Saudi stock market. Journal
of Risk and Financial Management, 15(10), 467.

Anand, S., & Sathiyamoorthy, D. (2023). A study on the impact of digital marketing in
Tiruvannamalai district. REST Journal on Banking, Accounting and Business, 2(2), 83-87.

Aruldoss, M., Lakshmi, T. M., & Venkatesan, V. P. (2013). A survey on multi criteria decision
making methods and its applications. American Journal of Information Systems, 1(1),31-43.

Bai, C, Shi, B., Liu, F., & Sarkis, J. (2019). Banking credit worthiness: Evaluating the complex
relationships. Omega, 83, 26-38.

Bui Hitu Toan. (2023). Khung phép 1y vé bao vé ngudi tidu dung tai chinh tai Viét Nam - Thuc trang
va mot sé khuyén nghi chinh sach. Tap chi Ngin hang. Truy cdp tai
https://tapchinganhang.gov.vn/khung-phap-ly-ve-bao-ve-nguoi-tieu-dung-tai-chinh-tai-viet-nam-
thuc-trang-va-mot-so-khuyen-nghi-chinh-sach-6797.html.

de Lima Silva, D. F., & de Almeida Filho, A. T. (2020). Sorting with TOPSIS through boundary and
characteristic profiles. Computers & Industrial Engineering, 141, 106328.

Thuan, N. D., & Binh, P. T. (2022). Loan repayment prediction using logistic regression ensemble
learning with machine learning algorithms. Paper presented at the 2022 9th International
Conference on Soft Computing & Machine Intelligence (ISCMI).

Doumpos, M., & Figueira, J. R. (2019). A multicriteria outranking approach for modeling corporate
credit ratings: An application of the Electre Tri-nC method. Omega, 82, 166-180.

Ehrgott, M., Figueira, J., & Greco, S. (2010). Trends in Multiple Criteria Decision Analysis (Vol. 6).
Springer.

Guo, S., & Zhao, H. (2017). Fuzzy best-worst multi-criteria decision-making method and its
applications. Knowledge-Based Systems, 121,23-31.

Hajek, P., Sahut, J. M., & Olej, V. (2024). Credit rating prediction using a fuzzy MCDM approach
with criteria interactions and TOPSIS sorting. Annals of Operations Research, 1-29.

Hasan, M. G., Ashraf, Z., & Khan, M. F. (2022). Multi-choice best-worst multi-criteria decision-
making method and its applications. International Journal of Intelligent Systems, 37(2), 1129-
1156.

Hwang, CL., Yoon, K. (1981). Methods for multiple attribute decision making. In Multiple Attribute
Decision Making. Lecture Notes in Economics and Mathematical Systems, vol 186 (pp. 58-191).
Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-48318-9 3

Ignatius, J., Hatami-Marbini, A., Rahman, A., Dhamotharan, L., & Khoshnevis, P. (2018). A fuzzy
decision support system for credit scoring. Neural Computing and Applications, 29, 921-937.

128



Pham Nguyén Thanh Mai & H6 Trung Thanh (2024) JABES 35(11) 111-130

Khokhar, M., Hou, Y., Rafique, M. A., & Igbal, W. (2020). Evaluating the social sustainability criteria
of supply chain management in manufacturing industries: A role of BWM in MCDM. Problemy
Ekorozwoju, 15(2), 185-194.

Kurniawan, V. R. B., & Puspitasari, F. H. (2021). A fuzzy BWM method for evaluating supplier
selection factors in a SME paper manufacturer. /OP Conference Series: Materials Science and
Engineering, 1071(1), 012004.

Liang, F., Brunelli, M., & Rezaei, J. (2020). Consistency issues in the best worst method:
Measurements and thresholds. Omega, 96, 102175.

Liao, H., Wen, Z., & Liu, L. (2019). Integrating BWM and ARAS under hesitant linguistic
environment for digital supply chain finance supplier section. Technological and Economic
Development of Economy, 25(6), 1188-1212.

Hamadani, L. M. H., Dastgir, M., & Heidari, S. A. (2021). Identifying and ranking the factors
affecting customer financial behavior using Multi-Criteria Decision Making Technic (TOPSIS).
Advances in Mathematical Finance and Applications, 6(3), 479-492.

Majumder, M. (2015). Multi criteria decision making. In Impact of Urbanization on Water Shortage
in Face of Climatic Aberrations. SpringerBriefs in Water Science and Technology. Springer,
Singapore. https://doi.org/10.1007/978-981-4560-73-3 2.

Minh Nguyét. (2024). Birc tranh no xdu 2024: Ap luc ting manh, sé du no x4u 29 ngan hang ting
gan 28%. Truy cép tai https:/doanhnhanvn.vn/buc-tranh-no-xau-2024-ap-luc-tang-manh-so-du-
no-xau-29-ngan-hang-tang-gan-28.html.

Nhat Minh. (2024). M6t s diéu can biét vé thong tin tin dung va hoat dong thong tin tin dung cua
Ngan hang Nha nude Viét Nam. Truy cép tai https://tapchinganhang.gov.vn/mot-so-dieu-can-biet-
ve-thong-tin-tin-dung-va-hoat-dong-thong-tin-tin-dung-cua-ngan-hang-nha-nuoc-viet-nam-
1233.html.

Nalluri, V., & Chen, L. S. (2023). A Mixed Approach to Determine the Factors Affecting the
Customers Trust on Financial Services on Social Media Platforms. Paper presented at the 2023
IEEE International Conference on Industrial Engineering and Engineering Management (IEEM).

Neetu, K., & Nagar, H. (2024). An exhaustive assessment on fuzzy set theory with its properties and
various applications. Paper presented at the AIP Conference Proceedings.

Pereira, V., Basilio, M. P., & Santos, C. H. T. S. H. T. (2024). Enhancing decision analysis with a
large language model: pydecision a comprehensive library of MCDA methods in python. arXiv
preprint arXiv:2404.06370.

Rezaei, J. (2015). Best-worst multi-criteria decision-making method. Omega, 53, 49-57.

Roy, P. K., & Shaw, K. (2022). Developing a multi-criteria sustainable credit score system using
fuzzy BWM and fuzzy TOPSIS. Environment, Development and Sustainability, 24(4), 5368-5399.

Roy, P. K., & Shaw, K. (2023a). A credit scoring model for SMEs using AHP and TOPSIS.
International Journal of Finance & Economics, 28(1), 372-391.

Roy, P. K., & Shaw, K. (2023b). An integrated fuzzy credit rating model using fuzzy-BWM and new
fuzzy-TOPSIS-Sort-C. Complex & Intelligent Systems, 9(4), 3581-3600.

129



Pham Nguyén Thanh Mai & H6 Trung Thanh (2024) JABES 35(11) 111-130

Senvar, O., Akburak, D., & Yel, N. (2020). Customer oriented intelligent DSS based on two-phased
clustering and integrated interval type-2 fuzzy AHP and hesitant fuzzy TOPSIS. Journal of
Intelligent & Fuzzy Systems, 39(5), 6121-6143.

Sharma, D., Sridhar, S., & Claudio, D. (2020). Comparison of AHP-TOPSIS and AHP-AHP methods
in multi-criteria decision-making problems. International journal of industrial and systems
engineering, 34(2), 203-223.

Taherdoost, H., & Madanchian, M. (2023). Multi-criteria decision making (MCDM) methods and
concepts. Encyclopedia, 3(1), 77-87.

Tandon, S., Kumar, V., & Singh, V. (2022). Empirical evaluation of code smells in open-source
software (OSS) using Best Worst Method (BWM) and TOPSIS approach. International Journal
of Quality & Reliability Management, 39(3), 815-835.

Uzun, B., Taiwo, M., Syidanova, A., Uzun Ozsahin, D. (2021). The technique for order of preference
by similarity to ideal solution (TOPSIS). Application of Multi-Criteria Decision Analysis in
Environmental and Civil Engineering (pp. 25-30). Professional Practice in Earth Sciences.
Springer, Cham. https://doi.org/10.1007/978-3-030-64765-0_4

Wang, M., & Ku, H. (2021). Utilizing historical data for corporate credit rating assessment. Expert
Systems with Applications, 165, 113925.

Wang, Y., Liu, P., & Yao, Y. (2022). BMW-TOPSIS: A generalized TOPSIS model based on three-
way decision. Information Sciences, 607, 799-818.

Zadeh, L. A. (2015). Fuzzy logic—a personal perspective. Fuzzy Sets and Systems, 281, 4-20.

Zhang, Z., & Li, Z. (2023). Consensus-based TOPSIS-Sort-B for multi-criteria sorting in the context
of group decision-making. Annals of Operations Research, 325(2), 911-938.

130



