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UNG DUNG CAC THUAT TOAN MACHINE LEARNING
TRONG THAM BINH HO SO TiN DUNG TAI NGAN HANG

Pham Thuy Td
Truong Dai hoc Tai chinh - Marketing
Email: pttu@ufm.edu.vn

Ngay nhgn: 15/04/2024 Ngay nhdn lgi: 15/07/2024 Ngay duyét dang: 18/07/2024
@ dung cdc thudt toan Machine Learning tham dinh ho so tin dung dwoc danh gid mang lai
nhiéu thé manh trong xir Iy di liéu tai chinh. Nghién civu ting dung cdc thudt todn nhuw
Logistic Regression, Naive Bayes, K-Nearest Neighbors, Decision Tree, Random Forest, Support Vector
Machine, XGBoost mé phong kha néing phan loai hé so tin dung tai ngan hang theo ba logi: tot, xdu
va di tiéu chuan. Két qua thu dwoc cho thcfy Random Forest mang lai hi¢u sudt cao nhat véi do chinh
xdac trén 92%, Naive Bayes, K-Nearest Neighbors, Decision Tree dat hiéu sudt du doan tréen 80%;
Logistic Regression va Support Vector Machine mang lai hiéu sudt thap (59% va 48%). Nham ting
cwong tinh phit hop ciia dit liéu dau vao hudn luyén, nghién ciru ciing sir dung két hop mot sé ky thudt
tién xir 1y dit liéu nhie: tao bién méi phit hop véi tiéu chi danh gid tie bd dir liéu ban dau, gdn nhén, xir
ly gia tri ngoqi 1¢, phan tich lya chon ddc trung 16t nhat, chudn hod dir liéu, cdn bcing dir lidu,... Két
qud cho thdy cdac ky thudt tién xir 1y diF lidu cdi thién hiéu sudt hudn luyén. Céc két qua thu dwoc ky
vong c6 thé bé sung thém bang chimg thiee nghiém déang tin c¢dy cho cdc nghién civu khdc c6 lién quan
dén dé tai tham dinh hé so tin dung bang cdc thudt todn machine learning.

Tir khéa: Ho so tin dung, mdy hoc (machine learning), ngdn hang, tham dinh tin dung.

JEL Classifications: C53; E37; G17; G21; E27.

DOI: 10.54404/JTS.2024.192V.08
1. Gié6i thi¢u
Hoat dong thAm dinh tin dung doéng vai tro vo

tao, dit liéu 16n. Cung v6&i sy phat trién nhanh
chong cua ky thuat hoc may trong linh vuc khoa

cung quan trong trong viéc du doan va hd trg dua
ra cic quyét dinh hop tac kinh doanh. Viéc tham
dinh ho so tin dung (HSTD) gitip danh gia kha
nang tra ng cua khach hang la mdt trong nhiing
van dé quan trong nhat dbi voi cac t6 chirc cho
vay. Ngay nay, nhiéu ngan hang chu trong viéc
phat trién nghién ctru cac giai phap hd trg thim
dinh tin dung theo dinh hudéng Ung dung cong
nghé tai chinh. Nhiéu xu hudng cong nghé duoc
ra doi tir nén tang tng dung may hoc, tri tué nhan

hoc may tinh, nhiéu phwong phap khac nhau da
duoc dé xuat dé tao dilu kién thuan loi cho viée
thuc hién cac phuong phap hoc may dé xac dinh
dic diém hanh vi tra ng ciia khach hang. Nhim
tang tinh chinh xac, minh bach trong viéc thAm
dinh HSTD, nhiéu nguén thong tin dugc thu thap
g6p phan ting cudng hiéu qua ciing nhu tinh minh
bach trong hoat dong thdm dinh. Vi mot khi
luong 16n dir liéu duoc thu thap tir nhidu ngudn
khac nhau, viéc xur ly tinh toan theo phuong trinh
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truyén thong c6 thé phirc tap, gy ton nhiéu chi
phi thoi gian va nhéan Iyc. Trong bbi canh day
manh cong nghé s6 va sd hoa, viéc thdm dinh
HSTD dac biét cac goi dich vu hé trg vay online
can nhanh chong va tinh chinh x4c cao. Hoat dong
nay c6 thé tiét kiém rat nhiéu chi phi, dong thoi
thu hit dugc rat nhidu khach hang tiém ning
thong qua cac goi dich vu phu hop voi da thanh
phan. Nhan thic duoc tim quan trong cta cac gia
tri thong tin tiém ning tir kho dit liéu 16n
(bigdata), cac thuat toan trong may hoc (Machine
Learning, viét tit 1a ML) duoc van dung vao qua
trinh phat trién cong nghé tai chinh nam ting
cuong hiéu suit hoat dong trong qua trinh tham
dinh HSTD.

Trudc ddy, phan 16n cac ngan hang xy dung
mo hinh thdm dinh HSTD béng hai phwong phap
phd bién: phuong phap chuyén gia truyén thong
va phuong phap mo hinh théng ké tan suat. Ngay
nay, ciing v6i su phat trién manh m& cua cong
nghé tai chinh, cdc mo hinh tham dinh tin dung
hién dai ing dung cac thuit toan ML dang dugc
danh gi4 rat cao va tmg dung trong nhiéu ngan
hang boi nhitng vu diém ndi bat nhu: Thi nhat,
két qua tham dinh nhanh chong do thoi gian thuc
hién ctia may nhanh hon con nguoi; Thir hai, nang
sudt thAm dinh vuot troi so v6i phuong phap
chuyén gia truyén théng. Trong ciing mot khoang
thoi gian, viéc xtr 1y tham dinh HSTD bing
phuong phép tmg dung may hoc sé tiét kiém duogc
rat nhidu thoi gian va cong stre; Thit ba, tiét kiém
thoi gian, chi phi lao dong rat nhidu trong céc
khau cua quy trinh tham dinh bang phuong phap
chuyén gia truyén thong; Thir i, két qua tham
dinh 13 nhét quan dwa trén s diém tin nhiém duoc
cham bai md hinh tng dung may hoc. Pong thoi,
thoi gian tra két qua cling nhanh do cac khau hoan
toan ty dong thyc hién bang may, khong gap phai
van dé bat dong bo khi cé su tham gia cta nhiéu
dbi twong chuyén gia khac nhau; Thi ndm, md
hinh duoc xay dung c6 thé xem xét toan dién cac

Y KIEN TRAO BOI

dit liéu dau vao va linh hoat trong viéc diéu chinh
tang hay giam cac yéu té dau vao ma khong can
phai lo ling vé van dé thoi gian thuc hién dy bao;
Thir sau, mo6 hinh c6 ing dung cac k¥ thuit may
hoc c6 thé linh hoat trong viéc thir nghiém cac
kich ban danh gia khac nhau. Pdng thoi co thé
linh hoat tich hop thém cac ngudn thong tin dau
vao khac tir bigdata dé ting cuong hidu qua va
tinh chinh xac cho mo6 hinh du bao so v6i phuong
phap truyén thong. Ngoai ra, viéc tham dinh bang
viéc thu thap thong tin tir rit nhiu ngudn s& gitip
gia ting nang sudt va hiéu qua cho cong tac tham
dinh rit nhiéu. Mo hinh cong nghé co thé hoat
dong véi cong suit thay thé cho khdi lwong cong
viéc cua hang tram chuyén gia.

Bai viét “Ung dung cac thuat toan machine
learning trong thdm dinh h so tin dung tai ngan
hang” cua tac gia duoc thyc hién voi ky vong cac
két qua c6 thé bd sung thém cac bang chimg thuc
nghiém vé hiéu qua cua cac thuit toan ML trong
phat trién mé hinh thim dinh HSTD. Trong phan
tiép theo, bai viét s& trinh bay vé co so ly thuyét
va mot s6 két qua nghién ctru trudc vé viée tng
dung cac thuat toan ML trong xay dung mo hinh
tham dinh HSTD. Sau d6, tic gia m ta qua trinh
xdy dyng mé hinh va danh gia két qua thong qua
chi sb hiéu suat mo hinh trén dir liéu nghién ctru.
Cudi ciing, bai viét tong két va thao luan cac két
qua thyc nghiém thu dugce. Tu do, dé xuit mot sd
giai phap phat trién tiép theo dé cai thién hiéu suat
mo hinh huén luyén bang cac thuat toan ML.

2. Téng quan nghién ciru va khudén kho
1y thuyét

Anderson (2007) cho rang tham dinh HSTD
c6 thé duoc dinh nghia 1a “viéc st dung cac mo
hinh théng ké dé chuyén d6i dir liéu lién quan
thanh cac thudc do s nham hudng dan cac quyét
dinh tin dung. D6 1a sy cong nghiép hoa ciia niém
tin; sy phat trién hop 1y trong tuong lai cta xép
hang tin dung chu quan”. Trong thuc t&, mdi to
chue tai chinh s€ c6 mdt phuong phap hoac ty
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trong chim diém, tr d6 phan loai cac HSTD.
Theo Trung tAm thong tin tin dung qudc gia Viét
Nam (goi tat 1a T6 chuc CIC), diém tin dung cua
khach hang s& dugc chdm dya trén nam yéu t6
chinh, bao gdm: Lich sir thanh toan no, cac khoan
no hién tai, thoi gian quan hé tin dung, khoan vay
tin dung méi va cac khoan vay tin dung. Dé thim
dinh mot HSTD, két qua thdm dinh cho vay hay
ttr chdi duge xem xét trén bd tiéu chi nhu sau:

- Thoi gian quan hé tin dung: La chi tiéu phan
anh thoi gian tai khoan tin dung dugc mé. Thoi
gian nay cang dai thi cang dugc danh gia cao, vi
ngan hang hay t6 chtrc danh gia hanh vi tai chinh
ctia khach hang téng thé va toan dién hon.

- Tin dung moi (10%): Viéc md thém cac
khoan tin dyng médi thuong khong dugc ua
chudng, nhit 13 trong mot thoi gian ngén. Cac
khoan tin dung ctia khach hang dugc mé cang lau

Cic khoan vay tin dung phdi hop
10%

10%

Thoi gian quan hé tin dung //
15% -

- Lich sir thanh todn n¢
35%

/
’
/

/
/

Cic khodn no hién tai
30%

(Nguén: Tham khdo tir CIC.org (2022))

Biéu dd 1: Cdc yéu t6 thanh phan xét duyét tin dung

Trong do6:

- Lich su thanh toan no (35%): Chi tiéu nay
phan 4nh viéc khach hang tra tién dung han, c6 tra
hét ng hay tra ng khong dung han hay
khong. Piém tin dung s€ duoc tinh dya trén lich
st thanh toan ng, khach hang tra ng diing thoi han
va nghiém tac thi diém tin dung s& cao.

- Cdc khodn no tin dung (30%): Phan anh tat
ca cac mon ng, ty 1€ ng tin dung duoc tao nén tur
téng sd cac khoan vay ma ngan hang cip. Theo
cac chuyén gia, nguoi ¢ diém s 1y tuong co xu
hudng duy tri ty 1€ no tin dung & mirc trung binh
khoang 7%.

va c6 hoat dong trong it nhat 6 thang s& cang ting
diém tin dung va gitp ho xay dung dugc mét lich
sir tin dung 1au dai, viing chic.

- Loai tin dung (10%): Tét ca céc loai tin dung
khéach hang c6 nhu: thé tin dung, cic khoan vay
(vay hoc phi, vay mua nha, vay mua xe...). Cac
chuyén gia cho ring viéc ting sir dung nhiéu don
bay tai chinh va tra ng dung han cho thay nguoi
di vay c6 kha nang xir 1y tot cac loai no tin dung.

Sau khi xét duyét hd so va kiém dinh cac
thong tin khach hang cung cap, cac to chirc tai
chinh s& can ctr vao trong sé quy do6i thanh diém
tin dung cia khach hang va phan loai HSTD. Tu
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d6, két qua thim dinh HSTD hd trg ngudi cho vay
dua ra quyét dinh trong viéc cép tin dung tiéu
dung. Nhitng k¥ thuat nay quyét dinh ai s& nhan
duoc tin dung, ho s€ nhan dugc bao nhiéu tin
dung va chién lugc hoat ddng nao sé nang cao kha
nang sinh 10i cua nguoi di vay dbi v6i ngudi cho
vay. Cac mo hinh thdm dinh HSTD di mang lai
nhiéu thanh cong dac biét trong linh vyc tai chinh
va ngan hang. Theo (Benton va cong su, 2005),
phat trién cong cuy tham dinh HSTD 1a viéc s
dung cac m6 hinh thong ké dé xac dinh kha ning
ngudi di vay tiém ning s& khong tra duoc no. Mot
cong cu danh gid rdi ro dugc van hanh theo
phuong thirc tu dong hoa véi do chinh xac thi cac
don vi cho vay (t6 chuc tin dung) méi mé rong
khoan vay cua hg mot cach co6 hi¢u qua (Thomas
va cong sy, 2002). Cac nha nghién ctru va thuc
hanh d3 c6 gang phat trién cac phuong phap danh
gi4 rai ro tin dung nhim du doan kha ning dap
ung nghia vu ctia cac doanh nghiép va ca nhan.
Nhitng phuong phap nay bao gdbm phwong phap
dwa trén chuyén gia, phuong phép phan tich thong
ké tin suit va gin day hon 1a ung dung cic
phuong phap hoc may.

Tham dinh tin dung a4 mdt trong nhitng linh
vure dau tién img dung k¥ thudt hoc méy trong kinh
té. Mot sd nghién ctru thye hién trén cac thuat toan
trong hoc may nhu: hdi quy Logistic - Logistic
Regression (Crook va cong sy, 2007; Finlay, 2011;
Kruppa va cong su, 2013), cdy quyét dinh -
Decision tree va cic bién thé cai tién cia né
(Coffman, 1986; Finlay, 2011; Vieira va cOng su,
2019; Hué va cong su, 2018); K lang giéng - K-
Nearest Neighbors (KNN) (Henley va Hand, 1997;
Finlay, 2011; Kruppa va cong su, 2013; Mukid va
cong su, 2018); May vecto hd trg - Support Vector
Machine (SVM) (Baesens va cong su, 2003;
Bellotti va Crook, 2009; Harris, 2015; Goh va Lee,
2019); XGBoost (Wang va cong su, 2022) hay
Rimng ngau nhién - Random Forest (Kruppa va
cdng sy, 2013; Zhou va cong sy, 2023).

Trong nghién ctru vé lugng hoa hiéu suit cua
cac ky thuat trong may hoc, Lessmann va cac
cong su (2015) di so sanh 41 thuét toan voi nhiéu
tiéu chi danh gia khac nhau va mot b bo dit litu
chdm diém tin dung. Két qua nghién ctru ctia ho
chi ra rang phuong phap rimg ngau nhién mang
lai hiéu suét phéan loai vuot trgi hon so voi hoi quy
logistic va dan tr¢ thanh mot trong nhitng mé hinh
tiéu chuan trong nganh tinh diém tin dung. Trong
thap ky qua, cac k¥ thuat hoc may ngay cang
dugc cic ngdn hang va cong ty phét trién cong
nghé tai chinh (fintech) str dung nhu cdc moé hinh
thach thic (ACPR, 2020) hoic thudng dugc két
hop vé6i dit lidu “méi” (mang xa hoi hodc truyén
thong, diu chan k¥ thuat sb,...) tir ngudn “di liéu
lon” (Gambacorta va cong su, 2020; Kumar va
cong sy, 2021). Hiéu suét ctia cdc mo hinh dua
trén may hoc da duoc cai thién dang keé tir khi ap
dung cac phuong phéap téng hop (téng hop), dic
biét 1a cac phuong phap dong goi va tang cuong
(Finlay, 2011; Lessmann va céng su, 2015).
Nhiéu nghién ctru cho thiy cac phwong phép tong
hop luén t6t hon phuong phap hdi quy logistic vi
phuong phap sau khéng phu hgp véi cac hi€u ing
phi tuyén tinh nay (Gambacorta va cong su,
2019). Pic biét, trong nhitng nim gan day, cac
nghién ctru vé tmg dung phdi hop cac ki thuat
trong may hoc vao xay dung mo hinh chdm diém
tin dung dugc thyuc hién da cho cac két qua ngay
cang du doan tot hon, cho két qua nhanh chong va
chinh xéc hon (Vieira va cong su, 2019; Teles va
cong su, 2020; Assef va cong su, 2020; Bono va
cong sy, 2021; Machado va Karray, 2022).

Ngoai ra, dé xay dung cac mo hinh hoc tdt, cac
yéu t6 dy doan dau vao quan trong phai dugc
chon va b dit liéu can duoc tién xir 1y trudc khi
dua vao huan luyén véi mé hinh cu thé. Trong qua
trinh huan luyén dir liéu v6i cac mo hinh, cic
nghién ctru trude cling cho thiy viéc dir liéu dau
vao da duogc tién xir Iy bang cac ky thuat phi hop
s& gop phan dang ké trong viéc cai thién hiéu suit
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mo hinh. Mot s6 k¥ thuat thuong duge s dung
nhu: lam sach di@r liéu, mad hoa diur liéu
(LabelEncoder, StandardEncoder,...), can béng dir
litu (SMOTE), chuin hoa dir liéu
(MinMaxScaler),... Cé nhiéu ky thuat khac nhau
dugc st dung tuy nhién viéc cai thién hiéu suét
hay khong con tuy thudc vao kha nang van dung
linh hoat cac k¥ thuat phu hop véi tung déc trung
cua bg dir licéu nghién ctru (Huang va cong su,
2015; Obaid va cdng sy, 2019; Shrawan, 2020;
Gomez va cong su, 2024).

Nhin chung, két qua tir nhiéu nghién ctru trudc
cho thdy rang nhiéu k¥ thuat va phuong phéap hoc
may dugc dua vao ung dung trong qua trinh xay
dung md hinh tham dinh HSTD. Tuy nhién, mdi
phuong phép hay k¥ thuat s€ phu hop véi dac thu
ngan hang khac nhau. Vi vay, viéc xay dung mo
hinh thdm dinh HSTD duya vao b tiéu chuan xét
duyét phu hop véi chién luge phat trién ctia ngan
hang v6 cing quan trong. Didu nay c6 thé dong
vai tro quyét dinh trong viéc giir vimg hay pha v&

6n dinh tai chinh ctia ngan hang. Chinh vi vy,
trong nghién ctru nay ching t6i s€ lya chon cac
chi tiéu (dir liéu dau vao huin luyén) dya trén bo
tiéu chi xét duyét tin dung tai cac ngén hang
thuong mai hién nay dang st dung.

2. Phuwong phap va dir liéu nghién ctiru

2.1. Phuwong phdp nghién ciru

Dua vao muc tiéu, ddi tugng va pham vi
nghién cru da d¢ xudt, tac gia sir dung phuong
phap dinh tinh két hop dinh lugng. Theo d6, trinh
tu thuc hién nghién ctru tién hanh nhu sau:

Ngbn ngir lap trinh Python va céac thu vién hd
trg khai pha dit liéu thong ké dugc tac gia chon dé
moé phong trong xuyén subt toan b nghién ctru.

2.2. Dit li¢u nghién ciru

Nghién ctru sir dung bo dit li€u tr UCL. Dt ligu
tin dung tr UCI 1a mot bd dir lidu tot duge sir
dung cho cac cudc thi va da dugc cac nha nghién
ctru trén thé gidi sir dung rong rii trong cac cong
trinh thuc nghiém vé thAm dinh HSTD. Bo dit liéu
nay bao gdm thong tin ctia 150000 nguoi vay von.

Luogc khao tir co s6 1y thuyét va tong hop cac két qua nghién ctru trude

R 7

Xac dinh nhém cac yéu t (dir liéu dau vao) va tién hanh thu thap dir liéu phu hop

N\

Danh gia tong quan bo dit lidu, lya chon cac ky thuat tién xir 1y dit liéu phu hop

N\

Mo phong thue nghiém bang cac thuét toan Machine Learning

N\

Danh gia mirc d6 hidu qua ctia timg k¥ thuat bang cac chi s danh gia hiéu suat mo hinh

(Nguon: Dé xuat bdi tdc gid)

Hinh 1: Quy trinh thuc hién nghién ciru
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[Budc 1]. Thu thap va tién xir Iy
dir liéu ban dau:

* Thu thap dir li¢u

* Phan tich so bd dir liéu

«Tién x1r 1y dit liéu ban du
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[Bwéc 2]. Phén tich va lwya chon
thudc tinh cho mé hinh:

*Phan tich EDA

« Lua chon thudc tinh

* Phan tich tao thugc tinh méi

[Bude 3]. T,ién xit ly dir liéu
trude khi huan luyén:

*Ma hoa dir liéu

* Loai bo gia tri ngoai lai

*Hoan thi¢n dir li¢u huan luyén

v

[Budc 4]. Phan chia dir liéu
thanh tap Train - tap Test

* Tap Train (80%)

* Tép Test (20%)

« Chuén hoa dit liéu

[Budc 5]. Huén luyén bing cdc
ky thuit Machine Learning:
*LR, NB, K-NN

*DT, RF, SVM, XGBoost

* ANN

[Budc 6] Panh gia hiéu suat méd
hinh theo cac chi tiéu:

« Accuracy

* Precision, Recall

*F1-score

(Nguon: Dé xudt boi tdc gid)

Hinh 2: Quy trinh mé phong thuc nghiém hudn luyén dir liéu

Cac ban ghi dugc gan nhan tuong Ung vdi ba
phan 16p “tin dung xau” (nhin 0.0), “tin dung tot”
(nhan 1.0) va “tin dung du tiéu chuan” (nhan 2.0,
nhom trung tinh).

Tin dung dii tiéu chuin
53.17%

(Nguén: Tong hop béi tac gia)

hudéng dén do chinh x4c cua md hinh dy doan. Hai
k§ thuat can bang dir liéu thuong duoc sir dung 1a
UnderSampler va OverSampler. Trong nghién
clru nay, vi bién muyc tiéu phén loai thanh 3 phan

Tin dung x4u
17.83%

Tin dung tot
29.00%

Biéu dd 2: Ty Ié phdn loai ho so tin dung trén bé diF liéu ban dau

3. Két qua nghién ciru va cac thio luin

3.1. Két qud phan tich khdm phd cdc nhin
16 ciia div ligu ddu vio trong mé hinh huin
luyén

Nhu két qua da dé cap trude d6 (Biéu do 2), bd
dir liéu ban dau co s6 lugng dong giita cac phan
16p khong ddng déu nhau, didu nay c6 thé anh

16n, c6 16p trung tinh vi vdy khi st dung
UnderSampler thuong dit li€u thudc 16p trung
tinh s& bi x04 bo. Dé han ché rui ro c6 thé mat mat
thong tin trong cac bd hd so bi x04 bo, tac gia ing
dung k¥ thuat OverSampler tién hanh can bang dir
lidu dé dam bao tinh chinh x4c cao hon trong qué
trinh huan luyén mé hinh (Biéu d6 3). Hién twong

khoa hoc =

S 19272024

thuong mai 105



Y KIEN TRAO BOI

Bang 1: Bdang phdn logi va mé ta thudc tinh cua bé dir liéu nghién curu

STT Tiéu chi
1 Lich str thanh toan ng

Thudc tinh

Num_of Delayed_Payment
Payment_of Min_Amount

Outstanding_Debt
Payment Behaviour

2 Céc khoan ng hiéntai = Num_of Loan

Type_of Loan

Changed Credit Limit

Interest Rate

Num_Credit Inquiries
Credit_Utilization_Ratio

Total EMI per month

Thoi gian quan hé tin

3 dung - Khoang vay tin = Credit History Age

dung méi
4 Cac khoan vay tin dung  Num_Bank_Accounts
phoi hop Num_Credit Card

Credit Mix

5 Thong tin bd sung cua

khach hang Monthly Balance

Monthly Inhand Salary

Num_Bank_Accounts

Customer ID
Name

Age
Occupation
Annual _Income

(Nguén: Tong hop va phdn logi béi tic gid)
dit liéu bi nhiéu hodc qua khdp c6 thé dugc kiém
soat théng qua két qua do phan bd hiéu suat dy
bdo (cin cir vao két qua accuracy, precision,
recall, fl-score).

Khi quan st va tién hanh phan tich bo dir liéu
thu thap, tic gia phat hién con ton tai mot s6 vén
dé nhu: con nhiéu gia tri rong (chira gia tri nan,

Delay from_due_ date

Amount invested monthly

Mo ta
SO ngay bi tri hoan ké tir ngay dén han thanh
toan
S 1an thanh toan bj tri hodn
Cho biét s tién thanh toan t6i thiéu c6 duoc
dap ung hay khong
S0 tién ng ton dong
Hanh vi thanh toan cuia khach hang
S6 khoan vay khach hang c6
Loai khoan vay ma khach hang thuc hién
Cho biét giéi han tin dung c6 bi thay ddi hay
khong
Lai suat ap dung cho khoan vay
S6 lugng yéu cau tin dung thuc hién
Ty 1€ tin dung dugc st dung trén tin dung hién
cé
Téng sb tién tra gop hang thang ma khach
hang thanh toan

Tuoi cta lich st tin dung

S6 tai khoan ngan hang khach hang ¢
S6 thé tin dung khach hang c6

Két hop cac loai tai khoan tin dung khac nhau
do khéach hang nam giir

S0 tién khach hang dau tu hang thang
SO du hang thang trong tai khoan
Luong hang thang sau khi trir cdc khoan
S tai khoan ngéan hang co

Ma dinh danh mdi khach hang

Tén cua khach hang

Tuobi ctiia khach hang

Nghé nghiép cua khach hang

Thu nhap hang nam cua khach hang

null), c6 chira gia tri ngoai 1€ (outliers), cot khong
can thiét trong qua trinh huan luyén (ID,
Custommer ID, Name, SNN), di liéu dang
chudi, 15i chinh ta va 15i sai dinh dang trong nhép
ligu,... Vi vy, trudc khi dua vao huén luyén mo
hinh, tac gia tién hanh thyc hién cac k§ thuat lam
sach va tién xtr 1y dir liéu. Bén canh d6, dé ting
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Tin dung tét

Fe o,
Tin dung di tiéu chuan 33.33%

33.33%

Tin dung x4u
33.33%

(Nguon: Tong hop bdi tdc gia)
Biéu dd 3: Ty 1¢ phdn logi hé so tin dung sau khi dp dung ky thudt can bang dir liéu
thong tin hitu ich cho viéc danh gia phan loai hd  dya trén bd dit liéu gdc ban dau. Céac k¥ thuat xir
s0, mot sO chi tiéu méi duogc tinh toan bd sung 1y dir li€u dugc thyc hién cy thé nhu sau (Bang 2):

Bang 2: Cdc phiong dn dé xudt tién xv Iy dir liéu

Bude Phwong phap dé xuit xir ly K¥ thuét trong Python
1 | Dién b6 sung dit liéu khuyét bang cac gia tri mean (ddi voi dir lidu dang

s6) va mode (voi dit liéu dang chudi)

Xo4 di cac dong chira dir li€u khong hop 1€

2 Gan nhian cho cac bién phan loai: Occupation, Credit Mix,

Payment of Min_ Amount, Credit Score

3 Xu 1y dir liéu ngoai 18 bang phwong phép thay thé gia tri ngoai 1& bing Viét ham xir 1y trong

cac ngudng an toan trong t phan vi Python

4 Cén bang dit lidu theo ba phan 16p: tin dung tt, xdu va tiéu chuin OverSampler()

5 Tao ra cac cot dir libu méi tir dit liéu ban déu:

1. Tinh téng s6 tai khoan (['Total Num_Accounts'] =

['Num_Bank Accounts'] + ['Num_Credit_Card'])

2. Tinh tong dir ng trén méi tai khodn (['Debt_Per Account'] =

['Outstanding_Debt']/['Total Num_Accounts'])

3. Tinh ty 1 no ton dong trén thu nhdp hdng nam Viét ham xtr ly

(['Debt_to Income Ratio'] = ['Outstanding Debt'] / ['Annual Income']) trong Python

4. Tinh t(fng 56 khodn thanh toan chdm cho méi tai khodn

(['Delayed_Payments Per Account'] =

['Num_of Delayed Payment']/['Total Num_Accounts'])

5. Tinh tong chi phi hang thang (['Total Monthly Expenses'] =

['Total EMI per month'] + ['"Amount invested monthly'])

6 Luya chon thugc tinh trong b dit li¢u dau vao dya trén phuong phap tinh

diém twong quan MI Score (Mutual Information Score)

7 Chuin hoa dit liéu trong mién gi4 tri (0,1) MinMaxScaler()

8 Chia tap huin luyén va tip kiém tra theo ty 16 8:2 train_test split()

Viét ham xir Iy trong
Python

LabelEncoder()

mutual_info_classif

(Nguédn: Dé xudt va tinh todn bdi tic gia)

khoa hoc =
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Pé xac dinh cac yéu td c6 d6 twong quan cao
v6i bién muc tiéu, tac gia st dung phuong phap
tinh diém twong quan Mutual Information Score.
Day 1a mot k§ thuat pho bién duge st dung trong
cac m6 hinh may hoc. Phuong phap Mutual
Information Score (MIS) la mot phuong phép do
luong do twong quan giita hai bién ngau nhién.
DPdi v6i bai toan lua chon dic trung trong hoc
may, MIS thuong duoc sir dung dé do ludng mirc
d6 quan trong ctia mdi dic trung d6i v6i bién muc
tiéu. Trong bdi canh lua chon dic trung, MIS co
thé duoc st dung dé xac dinh dic trung nao chura
nhiéu thong tin hon vé bién muc tiéu. Cu thé, MIS
tinh toan do twong quan giita mdi dic trung va
bién muyc tiéu bang cach do luong mirc d6 tin cay
ctia bién muc tiéu dya trén thong tin tir dic trung
d6. Bdi véi mdi dac trung, MIS cao hon déng
nghia véi viée dic trung d6 cung cap nhiéu thong
tin hon vé bién muc tiéu.

Két qua thu dugc khi do luong mirc do tuong
quan giita cac bién du vao so véi bién muc tiéu

0.8

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0 . l I
.

o \ N
s > & o
& &‘/ @% > g‘/ N Q@ % \&\0‘

Q

bang phuong phap MI cho thiy cac thudc tinh
Payment Behaviour, Num_of Loan, Occupation
khong tac dong nhiéu dén két qua phan loai (Biéu
dd 4). Vi vay, cac yéu t6 nay s& dugc loai ra khoi
b6 dit liéu hudn luyén. Két qua ciing cho thiy, cac
yeu t6 nhu thu nhap hang nim (Annual Income),
tong du no trén mdi tai  khoan
(Debt_Per Account), ty 1¢ ng tdn dong trén thu
nhap hélng nam (Debt_to_Income Ratio), sb tién
ng ton dong (Outstanding Debt), lwong hang
thang sau khi trir cac khoan
(Monthly Inhand Salary), tong sd tién tra gop
hang thang ma khach hang thanh toan
(Total EMI per month) twong quan manh véi
bién muc tiéu.

B6 dix liéu du kién dua vao huén luyén sau khi
tién xtr Iy bao gdm 18 bién: bién muc tiéu
(Credit_Score) va 17 bién dau vao véi cac két qua
gid tri tong quan duoc trinh bay tai bang thong ké
mo ta (Bang 3). Cac bién lwa chon dua vao huén
luyén dua trén két qua do ludng MI Scores & trinh

& &

%
5

&
& @Q

(Nguon: Tong hop va tinh toan bdi tac gia trén Python)
Biéu dd 4: Két qua do luong diém s6 twong quan theo phwong phdp MI Scores
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Bang 3: Thong ké mé ta cdc bién trong bé dit liéu hudn luyén

So Giati | poyeey | Cidtr Gié tri
Thugc tinh lwgng trung M nhé 25% 50% 75% . £
x N chuan Je 16m nhat
mau binh nhat
21.454, | 35.235,
Annual Income (X1) 72.192 168.616,4 | 1.424.564,0 | 7.006,5 8 5 63.658,3 | 24.198.062,0
Monthly Inhand Salary
(X2) 72.192 3.595,0 2.503,7 2493 | 1.711,8 | 2.828,6 5.000,9 15.101,9
Num_Bank Accounts
(X3) 72.192 4,1 23 0,0 3,0 4,0 6,0 10,0
Num_Credit_Card (X4) 72.192 4,6 1,8 0,0 3,0 5,0 6,0 10,0
Interest Rate (X5) 72.192 9,5 5,9 1,0 5,0 9,0 12,0 34,0
Delay_from_due_date
(X6) 72.192 13,9 9,4 0,0 7,0 12,0 20,0 60,0
Num_of Delayed Paymen
t(X7) 72.192 10,3 5,8 -3,0 6,0 10,0 15,0 29,8
Changed Credit_Limit
(X8) 72.192 8,2 4,8 0,0 4.4 79 11,2 27,0
Num_Credit_Inquiries
(X9) 72.192 3.8 2,8 0,0 2,0 3,0 5,0 12,0
Credit Mix (X10) 72.192 1.4 0,5 0,0 1,0 1,0 2,0 2,0
Outstanding Debt (X11) 72.192 774,8 4449 0,2 388,9 776,6 1.182,1 1.499,9
Total EMI_per month
(X12) 72.192 57,8 52,0 0,0 17,5 44,7 85,7 199,9
Credit History Age Mont
hs (X13) 72.192 2479 109,4 0,0 199,0 262,0 334,0 404,0
Credit_Score (X14) 72.192 0,8 0,7 0,0 0,0 1,0 1,0 2,0
Total Num_Accounts
(X15) 72.192 8,8 33 1,0 7,0 9,0 11,0 20,0
Debt_Per_Account (X16) | 72.192 108,3 111,0 0,0 45,9 88,4 135,5 1.496,6
Debt_to_Income Ratio
(X17) 72.192 0,0 0,0 0,0 0,0 0,0 0,0 0,2
Delayed Payments Per A
ccount (X18) 72.192 1,3 0,9 -1,5 0,8 1,2 1,6 15,0

(Nguén: Tong hop va tinh todn béi tac gia trén Python)

bay trude do (Biéu do 4). Két qua tir thong ké mo
ta cho thdy sai s6 va do bién thién dit liéu 16n, dic
bi¢t & cac thudc tinh X1 (Annual Income), X2
(Monthly Inhand Salary),X11
(Outstanding Debt),X 13
(Credit_History Age Months) va X16
(Debt_Per Account) ¢ gia tri chénh léch rat 16n
S0 V01 cac yéu td con lai. Vi vay, dir liéu s€ duogc
chuan ho4 trudc khi dua vao huin luyén véi cac
thudt todn ML nhu da dé xuat truée d6.

Két qua tinh todn ma trin twong quan gitra cac
yéu t6 dau vao nhu sau (bang 4):

Két qua tinh ma tran trong quan giita cac yéu
t6 trong mo hinh huan luyén (Bang 4) cho thay
mirc do twong quan cua cac yéu to phan 16n ndm
trong ngudng an toan (<0.6). Riéng bién
Num_Credit Card va Num_Bank Accounts co
dd tuong quan cao vdi Total Num_ Accounts.
Didu nay co6 thé xay ra boi gia tri
Total Num_Accounts chinh 1a tong cua hai gia tri
Num_Credit Card va Num_Bank Accounts
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(Bang 3). Tuy nhién, khi thyc hién tinh toan MI
Scores thi két qua cho thdy timg bién nay van tac
dong nhit dinh vé6i bién muc tiéu Credit Score
nén tac gia van gitr cac yéu té dau vao ctia mo
hinh huén luyén. Néu két qua huin luyén c6 hién
tugng quéa khép dit liéu thi ta s& xem xét dé loai
b6 bién ra khoi mé hinh.

3.2. Két qua huén luyén mé hinh irng dung
cdc ky thudt Machine Learning

Nghién ctru thyc nghiém mé phong hudn
luyén bing cac thudt toan Machine Learning trén
b6 dir liéu sau khi tién xur 1y thu dugc két qua
twong ung nhu sau (Bang 5):

Y KIEN TRAO BOI

danh gia hiéu suat mé hinh dugc trinh bay chi tiét
tai bang 5 va duoc tryc quan hoa tai biéu dd 6)
nhu sau:

Thir nhdt, thuat toan Random Forest dat hiéu
suat cao nhat véi do chinh xac trén tap kiém tra
1én dén 92%, gia tri cac chi ) precision, recall va
fl-score da s6 déu trén 90%, phan 16p “tin dung
du tiéu chuan”. Mt khac, két qua chi tiét cac chi
s6 precision, recall va fl-score khi huin luyén
bang Random Forest c6 d6 bién thién twong ddi
6n dinh trén ca ba phan 16p “tin dung tot”, “tin

dung x4u”, “tin dung du tiéu chudn” (Biéu db 6).

Bang 5: Két qua hiéu sudt cdc thudt todn phan loai trong Machine Learning

Thuat toan Thoi  D§ chinh xac Hi¢u suit dw dodn trén tap kiém tra (%)
Machine Learning gian dy dodn trén  accuracy Phanlép precision recall fl-score
(gidy) tap huan
luyén
accuracy (%)
Naive Bayes 0,03 0,88 0,87 0.0 1,00 0,88 0,93
1.0 0,78 0,96 0,86
2.0 0,88 0,79 0,83
Logistic Regression 1,23 0,59 0,59 0.0 0,53 0,69 0,60
1.0 0,65 0,66 0,65
2.0 0,67 0,11 0,19
Random Forest 15,50 0,95 0,92 0.0 0,90 0,95 0,92
1.0 0,95 0,90 0,93
2.0 0,88 0,95 0,91
K-Nearest Neighbors 20,89 0,93 0,88 0.0 0,90 0,78 0,83
1.0 0,89 0,97 0,93
2.0 0,79 0,86 0,82
DecisionTree 0,70 0,97 0,88 0.0 0,90 0,79 0,84
1.0 0,90 0,97 0,93
2.0 0,79 0,85 0,82
Support Vector Machine 244,07 0,48 0,48 0.0 0,49 0,17 0,25
1.0 0,48 0,90 0,63
2.0 0,00 0,00 0,00
XGBoost 12,4 0,84 0,81 0.0 0,80 0,68 0,73
1.0 0,81 0,91 0,85
2.0 0,83 0,85 0,85

(Nguén: Tong hop va tinh todn béi tac gia trén Python)

Sau khi huan luyén mo hinh bang cac thuat
toan ML, thu dugc mot sd két qua (cac chi sb

Thir hai, cac thuat toan Naive Bayes, Decision
Tree, KNN hay XGBoost ciing c6 hiéu sudt lan
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40% 48% Tap huan luyén

20%

0%
Naive Bayes Logistic Random Forest ~ K-Nearest DecisionTree  Support Vector XGBoost
Regression Neighbors Machine

(Ngudn: Tong hop va tinh toan bdi tac gia)
Biéu do 5: Két qua danh gid hiéu sudt cac thudt todn bang chi sé accuracy

Tin dyng tot
Tin dung du tiéu chuin

Tin dung x4u

0.84 0.86 0.88 0.9 0.92 0.94 0.96

wfl-score mrecall mprecision
(Nguén: Tong hop va tinh todn béi tac gid)
Biéu do 6: Két qua danh gia chi tiét hiéu sudt thudt toan Random Forest

khoa hoc =
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luogt 12 97%, 88%, 88% va 81%. Trong do, cac chi
s precision, recall va fl-score phan b bién thién
tuy khong nhiéu nhung cé gia tri dudi 80%.

Thir ba, thudt toan Logistic Regression va
SVM c¢6 hiéu suit khong cao, lan luot 1a 59% va
48%. Trong d6, thuat toan SVM hau nhu khong
phan loai duoc cac hd so tin dung thudc phén 16p
“tin dung du ti€u chuén”, cac chi sb precision,
recall va fl-score phan bd bién thién 16n. Thuat
toan Logistic Regression cho két qua céac chi sb
recall va fl-score rat thip (dudi 20%).

Tir cac két qua trén, co thé két luan thuat toan
Random Forest dat hiéu suit tét nhat so voi cac
thuét toan con lai trén bd di liéu nghién ctru. Bén
canh d6, khi huin luyén dir liéu bang Random
Forest thu dugc két qua vé cac chi s precision,
recall va fl-score cao, kha twong ddng va mirc do
chénh 1éch gié tri khong dang ké cho thdy phuong
phap nay hoat dong on dinh, it rai ro va c6 do
chinh xac cao khi phan loai HSTD. Ngoai ra,
trong qua trinh thir nghiém trudc khi huan luyén,
tac gia nhan thay rang viéc két hop cac ky thuat
tién xir Iy dir liéu da cai thién dang ké hiéu suat
md hinh. Viéc tao ra cac bién méi nhu da dé xuat
(Bang 2) giup cai thién d¢ chinh xac ctia m6 hinh
huén luyén nhu: giam murc d6 ty tuong quan giita
cac bién dau vao véi nhau; giam cac nguy co qua
khop dit liéu do nhiéu thong tin khong can thiét;
c4c bién thay thé vira lam giam s6 lugng bién gdc
ban dau vira mang céc thong tin méi dé dién giai
hon véi bién muc tiéu (Biéu do 4).

4. Két lun va mgt s6 ham y dé xuét

Véi bo dir liéu ban dau gom 150.000 dong,
nghién ctru tién hanh phan tich va thuc hién cac
thao tac tién xur 1y dir liéu phu hop, thu duoc bd
dir liu két qua 72.192 dong. Nghién ctru thyuc
nghiém mod phdng trén bay thuat toan phan loai
trong Machine Learning: Naive Bayes, Logistic
Regression, Random Forest, Decision Tree,
KNN, Support Vector Machine, XGBoost. Trén
co s cac két qua thu dugce (Bang 5) c6 thé cho

thdy thuat toan Random Forest mang lai két qua
vuot trdi so voi sau thuét toan con lai trong viée
phan 16p va du doan két qua thim dinh HSTD dya
trén tap hop cac yéu té thong tin tin dung dau vao
ctia ngudi di vay. Ddi voi dic trung ciia b dit liéu
hudn luyén trong nghién ctru, hai thudt toan
Logistic Regression va SVM duogc dénh gia la
khong phti hgp, cho d6 chinh xéc thap, kha ning
du bao trén cac phan 16p d6 rui ro cao. Cac thuéat
toan con lai ciing cho két qua do chinh xac trén
80%. Cin cr vao két qua huan luyén bay thuat
toan, tac gia dé xuat mot sé ham y nham cai thién
hiéu suit cling nhu ning cao hiéu qua hoat dong
cho mé hinh thdm dinh HSTD nhu sau:

Thir nhdt, viéc Iya chon cac yéu té dau vao va
cac k¥ thuat tién xu 1y dir liéu 1a vo cung quan
trong dé quyét dinh hiéu suat mé hinh huin luyén
vi vay can hét strc than trong. Khong c6 thuat toan
nao 14 t6i wu cho moi bo dit lidu nghién ctru. Hay
n6i cach khac, mdi thuat toan s& cho két qua hiéu
suét khac nhau trén cac bo dir liéu riéng biét. Vi
vay, viéc lya chon dit liéu phu hop vao ting yéu
cAu cu thé, viéc phan tich cAu tric cua dit liéu, cac
chtrc nang cua rng dung, mure do tach biét cac 16p
1a v cing quan trong dé quyét dinh thuét toan
nao 1a phu hop nhat. Déi véi bai toan ma bién
muc tiéu c¢6 ba phan 16p, can theo ddi than trong
céc chi sb két qua precision, recall va fl-score,
mirc d6 bién thién giita cac phan 16p 1a cin cir dé
danh gia do chinh xac va dé on dinh cua thuat
toan khi huan luyén. Déng thoi, can ¢6 sy am hiéu
vé nguyén tic huin luyén cia cac thuat toan may
hoc dé diéu chinh cac tham s6 ciing nhu theo ddi
céc bién dong dir lidu trong qua trinh hudn luyén
dé khic phuc kip thoi va han ché cac rui ro qua
khop dir ligu.

Thir hai, viéc st dung két hop cac k¥ thuét tién
xtt 1y c6 thé gitip ting cuong hiéu suit mé hinh va
cling nhu tinh chinh xac trong du doan t6t hon.
Tuy nhién, trong qua trinh van dung cin phai xem
xét dén muc do anh huéng cua dir lidu sau khi
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bién d6i phai dam bao phi hop véi cc chinh sach
va quy dinh ciia cac t6 chic tai chinh ngén hang
trong thuc té. Pbi véi viée thAm dinh HSTD, can
hét strc than trong trong cac mau dit liéu ngoai 1€.
Nguyén nhan la ¢6 nhitng khach hang chua cé
lich st tin dung trudc d6 nén cé thé thiéu sot
thong tin. Cac nghién ctru gan day dang tiép can
v6i cac ngudn thong tin khac tir lich st giao dich
d6i voi cac khach hang thiéu thong tin lich st tin
dung trudc do6. Vi vdy, can can nhic xay dung hé
thong tham dinh tin dung c6 cac xir 1y riéng, tich
hop céc thong tin bd sung thay vi loai bo cac mau
ngoai 1€ ra khoi bd dit licu huén luyén. biéu nay
c6 thé bo sot hay 1am mat di mot lugng 16n cac
khach hang tiém ning do két qua thim dinh
HSTD sai.

Thit ba, hanh dong thém bién mai hay loai bo
b6t cac bién khong can thiét can dugc can nhic ky
ludng. Viéc thém bién co thé lam du thira thong
tin khong can thiét ciing nhu viéc loai bo bt bién
c6 thé 1am mat mat thong tin tiém nang lam anh
huong dén higu suat ciing nhu két qua huan luyén
md hinh. Chinh vi vay, khong hoan toan phu
thudc vao thuit toan huin luyén ma can phai cé
su hiéu biét sau vé chuyén mén nghiép vu tham
dinh dé Iya chon céac yéu t& phu hop.

Thir i, mot trong nhimg han ché ciia nghién
ctru 1a chua sir dung bd di li€u thyc té cta cac
ngan hang vi hién tai tac gia chua tim dugc b dir
liéu nao dugc cong bd cong khai tai Viét Nam.
Chinh vi vay, két qua nghién ctru thyc nghiém
duoc tién hanh trén bo dir lidu phuc vu cho cac
nghién ctru mdé phéng may hoc. Muc tiéu nghién
clru cia tc gia 1a cung cap thém bang ching thyc
nghiém vé hiéu qua cua cac thuat toan may hoc
khéc nhau trén cung mot by dir liéu nghién ctru.
Dong thoi, mot s ky thuat tién xir Iy dé xuat duoc
van dung dé cai thién hiéu sudt md hinh cling
dugc thé hién trong két qua nghién ctru. Khong c6
mdt thuat toan hay phuong phép nao 1a téi wu cho
tat ca cac bo dir lidu hay tat ca cac truong hop.

Viéc lya chon cac k¥ thuét, cac thuat toan ML
khac nhau s& anh hudng truc tiép dén két qua hiéu
sudt mo hinh. Vi vdy, d¢ ¢am bao tinh phu hop,
chinh x4c va ting cuong hidu suit trong qua trinh
xdy dung cac md hinh thim HSTD, cin nghién
ctru thén trong trong viéc lua chon yéu td quan
trong danh gia dugc kha nang tin dung ctia mot
khach hang. Két qua thuc nghiém cho thay cac
bién méi duoc tao tir dit liéu thu thap ban dau
cling quyét dinh rat 16n dén hiéu qua thdm dinh.
Vi vdy, qua trinh phat trién mé hinh thdm dinh tin
dung khong thé thiéu thong tin tu vin tir cac
chuyén gia trong viéc xac dinh cac thong tin nao
la hiéu qua cho viéc xay dung hé théng cac chi
tiéu (tiéu chuan) can ctr tham dinh ho so tin dung.
Tu d6, xay dung bd ti€u chi phu hgp véi chinh
sach, déc trung van hanh cua ngan hang nhim thu
thap dang dir liéu can thiét.

Cubi ciing, van d& cac to chirc tin dung rat
quan tdm 1 1am sao xét duyét cac hd so méi ma
khéch hang chua c6 lich sir tin dung tai ngan hang
hiéu qua nhat. Dé tranh mét di cac khach hang
tiém ndng, to chic tin dung cin xdy dyng chinh
sach phu hop dé linh hoat xir Iy tham dinh HSTD
khi lugng théng tin vé khach hang chua nhiéu,
tham chi 1a chua cé lich st giao dich trude do.
Céc thong tin giao dich khac (lich st trda ng va
thanh toan trén cac san thuwong mai dién tu, thu
nhap va thdi quen thanh toan trong qua khu, cac
yéu td nhan khau hoc,...) can duge can nhic dé
dua ra quyét dinh xét duyét HSTD cho khach
hang méi. Hiéu qua thim dinh HSTS chic chin
khong thé thiéu sy minh bach trong khau xét
duyét, dam bao phu hop véi chinh sach, quy dinh
ctia tb chire tin dung. Bén canh do, can c6 sy lanh
dao sang sudt cia cac nha quan ly, dam bao hoat
dong thAm dinh HSTD vén hanh su théng nhat
clia tAt ca cac bo phan co lién quan. ¢
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Summary

Application of Machine Learning algorithms
to evaluate credit records is considered to bring
many strengths in processing financial data.
Algorithms such as Logistic Regression, Naive
Bayes, K-Nearest Neighbors, Decision Tree,
Random Forest, Support Vector Machine,
XGBoost are applied to simulate the ability to
classify credit records at banks into three cate-
gories: good, bad and standard. The results
obtained show that Random Forest provides the
best performance with an accuracy of over 92%;
Naive Bayes, K-Nearest Neighbors, Decision
Tree achieve prediction performance over 80%;
Logistic Regression and Support Vector Machine
yield low performance (59% and 48%). In order
to increase the suitability of training input data,
the research also uses a combination of data pre-
processing techniques such as: creating new vari-
ables that match the evaluation criteria from the
original data set, assigning labels, outlier han-
dling, best feature selection analysis, data normal-
ization, data balancing, etc. The results show that
data preprocessing techniques improve training
performance. The obtained results are expected to
add reliable experimental evidence to other stud-
ies related to the topic of credit profile appraisal
using machine learning algorithms.
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