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MO HINH HOI QUY LOGISTIC TRONG PO LUONG XAC SUAT
VO NQ KHACH HANG TIN DUNG CA NHAN

Hoang Thanh Hai*, Tré”m Pinh Chic?,
Nguyé&n Quynh Hoa®

Tom tat
Viée danh gid rii ro tin dung |a khdng thé bé qua trong hoar déng tin dung cua cia cac ngan hang. Co
nhiéu nhan té dnh hwéng dén viéc lwong hoa rii ro tin dung, trong dé xdc sudt vé ne cua khach hang la
yéu to dau tién va rat quan trong dé ngdn hang danh gid va wée lwong cac nhan té khac. Bai bao nay
g dung hoi quy logistics dé xay dung mgt md hinh du béo xac sudt vé ner cia khach hang tin dung ca
nhén va danh gid tac déng cia cac nhan té dén xac sudt nay.
Tir khoa: Rui ro tin dung, X&c sudt vé ng, hoi quy logistic.

A LOGISTIC REGRESSION MODEL FOR ESTIMATING THE PROBABILITY OF
DEFAULT OF RETAIL CUSTOMERS

Abstract
In banks credit activities, the assessment of credit risk is of paramout importance. Among a variety of
factors used to quantify credit risk, the probability of default is the key one. In this paper, a logistic
regression was employed to construct a model predicting the probability of default of credit card clients

and evaluating regressors’ influences to this probability.
Key words: credit risk, the probability of default, logistic regression.

1. Giéi thigu

Pé dua ra quyét dinh cho mot khach hang
c6 duoc vay hay khdng va véi mac 14i suat la
bao nhiéu, cac to chuc tin dung can phai phan
loai, xép hang tin dung cac khach hang. Viéc
phan loai phu thudc vao xac suat ma khach hang
khéng tra duoc ng ding han, Xac suat nay goi I
X4C suat v& no (probability of default). Khong tra
dung han c6 thé 1a khong tra goc hoac tra lai
dang han hoac ca hai [1]. Tinh toan dugc xac
Suit v no la cong viéc dau tién trong danh gia
tin dung va xac dinh chinh sach l4i suat. Bdi véi
mot khach hang cé nhan, xac suit v& no chiu tac
dong caa nhiéu nhan té nhu trinh d6 hoc vén, do
tudi, gisi tinh hay céc nhan t vé tai chinh nhu
tinh trang tra no dinh ky, muec chi tiéu.

C6 nhiéu mé hinh thong ké da duoc sir dung
dé udc luong XAac suat vd ng nhu md hinh phan
tich chuyén biét, hdi quy logistic, hdi quy probit,
moé hinh cdy phéan loai, md hinh mang no-ron.
MJi mé hinh c6 wu va nhuoc diém riéng, trong
d6 mo hinh hdi quy logistic 14 md hinh dugc sir
dung kha phé bién vi sy don gian cua md hinh va
do chinh x&c trong phéan loai ciing twong duong
V61 cac phuong phap khac [8].
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Xét bién phu thudc nhi phan Y (Y = 1 néu
khéch hang v& ng, Y = 0 néu nguoc lai) va cac
bién doc 14p X3, X5, ..., X,. MO hinh hoi quy
logistic c6 dang:

eBotBixit+Bpxp
p(x) = PlY = 1|x] =

1+ eBO+le1+"'+Bpxp
hay duéi dang twong duong:
13(—:()@ = Bo + Brx1 + 0+ Bpxp.

Céc he s6 hoi quy By, By, ..., B duge uéce
luong bang phuong phéap hop 1y cuc dai.

2. Phwong phap nghién ciru
2.1 Nguén sé ligu va mo td bién

Trong bai bdo nay, tac gia su dung bo dir
liéu tin dung cua cc khach hang ca nhan tai mot
ngan hang & Pai Loan (Trung Qudc) dé danh gia
anh huéng cua cac yéu té dén xac suat v ng cia
khach hang va xay dung mot mo hinh wdce lugng
X4C SUAt V& ng.

Nghién cuau su dung dir liéu tra ng cua
30.000 khéch hang tin dung ca nhan tai mét ngan
hang ¢ Pai Loan (Trung Qudc) thang 10, 2005
[9]. Bién phu thudc 1a bién nhi phan Y (Y = 1
néu khéach hang v& no, Y = 0 néu nguoc lai) va
23 bién giai thich bao gom théng tin c& nhan va
dir liéu tra ng cua khéach hang:

In
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X, . han mirc tin dung (don vi: D6 la Pai Loan).

X,: Gidi tinh khach hang (1 = Nam; 2 = N@).

X3: Trinh d6 hoc van ( 1 = sau dai hoc; 2 =
dai hoc; 3 = phd théng; 4 = khéc).

X,: Tinh trang hon nhan (1 = da két hon; 2 =
doc than; 3 = khéc).

Xs: do tudi (tudi).

X, — X141: Tinh trang tra no hang thang (tur
thang 4 dén thang 9 nam 2005): X, = tinh trang
tra ng thang 9, 2005; X, = tinh trang tra ng thang
8, 2005;...; X, = tinh trang tra no thang 4, 2005.
Cé4c muic bao gom: -1 = tra ng dung han; 1 = tra
ng cham 1 thang; 2 = tra ng cham hai thang; ...; 8
= tra ng cham 8 thang; 9 = tra ng cham chin
thang tro 1én.

X1, — X417 Lugng chi tiéu hang thang (d6 la
bai Loan). X;, = lugng chi tiéu thang 9, 2005;
X153 = lugng chi tiéu thang 8, 2005; ...; X;; =
lugng chi tiéu thang 4, 2005.

X1 — X23: Luong tra no hang thang (do6 la
bai Loan). X;g = lugng tra ng thang 9, 2005;
X109 = lugng tra ng thang 8, 2005; ...; X,3 =
lugng tra ng thang 4, 2005.

2.2 Phan tich dar ligu kham pha

Téc gia s dung phan mém R 3.3.1 dé lam
sach dir liéu va dung cac céng cu hinh anh va
kiém dinh dé danh gi4 tong quan vé tac dong cua
cac bién doc lap dén bién phuy thuoc Y.

4e-+05

Han muc tin dung

Oe+00

O 10000

St dung biéu db tan sé ddi vai céc bién tinh
trang tra ng, ¢ hai mic khéng dugc dinh nghia la
-2, 0, hon nira c6 téi 25.939 quan sét trong tong sé
30.000 (chiém 86,5%) quan sét co hai gié tri nay,
vi vy tac gia giit nguyén cac mirc dé phan tich
thay vi gan cho chung gié tri khong xac dinh NA
(not available). Tuong ty, cO Mot vai quan sét cua
bién trinh d6 hoc van va tinh trang hon nhan cé
cac mirc khéng dugce dinh nghia 1a 0, 5 va 6. Cac
quan sat nay dugc gan cho gia tri NA.

Dbi véi cac bién lién tuc, tac gia st dung
biéu d0 tan xa dé quan sat cac diém bét thuong
(outliers) trong dir li¢u. Thong thuong, mot gia tri
x duoc goi la gia tri bat thuong trong mau néu
x> Q3+ 1,5.1QR hodc x < Q; — 1,5.1QR trong
d6 Q4, Q3 1a tir phan vi thi 1 va the 3 cia mau,
IQR = Q3 — Q4. Hinh 1 Ia biéu db tan xa cuia bién
han muc tin dung. Gia tri Q3 + 1,5.IQR trong
truong hop nay 1a 525.000, tuy nhién tir biéu do ta
thay gié tri do hoi thip dé cd thé loai quan sat. Tac
gia st dung mic 750.000 lam can cir xac dinh
diém bét thuong, c6 6 quan sét thudc loai nay.

Sau qua trinh xac dinh outliers cua tat ca cac
bién lién tuc, c6 1283 chi sd twong tng voi 457
khéach hang bi loai khoi dit liéu géc ban dau. Boi
vay, dir liéu dung dé xay dyng mé hinh con lai
¢o kich thudc 29.543.

20000 30000

Chi sd khach hang
Hinh 1: Biéu do tan xa bién han muc tin dung
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Dé danh gia tic dong cua céc bién doc lap mosaic dbi vai bién dinh tinh va biéu dd violin,
Ién bién phu thuoc, téc gia sir dung biéu db biéu dd boxplot ddi véi bién dinh luong.
default
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Hinh 2: Biéu d6 mosaic quan hé giira gigi tinh va vé ng:

Hinh 2 Ia biéu d6 mosaic m6 ta moi quan hé Hinh 3 la biéu d6 violin cta lugng thanh
giita gioi tinh va tinh trang v& no. Quan sat biéu toan thang 9, 2005. Tir biéu db c6 thé nhan xét
dd 6 thé thay khach hang nam c6 xéc suit va ng nhin chung lugng thanh toén cang thap thi kha
cao hon khich hang nit. Gia trip ~ 2,44.10712 nang v& Ny cang cao.
cia kiém dinh Pearson cho thiy su phu thudc
gitra hai biéen.
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Hinh 3: Biéu d6 violin lwong thanh toan thang 9, 2005

Bing phuong phéap tuong tu dbi voi cac khai quat tac dong cua cac bién dén kha ning v
bién giai thich khac, ta thu dugc két qua danh gia ng nhu sau:
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X;: Han muc tin dung cang thap, kha ning

V& N cang cao.

X,: Nam c0 kha nang v& ng cao hon nit

X5: Trinh d6 hoc van cang cao xac suat v& no
cang thap.

X,: Khach hang da két hon c6 xac suat va ng
cao hon.

Xs: Nhom c6 xé&c suat vd no 16n nhat la
nhém khach hang dudi 25 tudi, nhém ¢ xac suat
v& no thap nhat 1a nhom trong do tudi 25 -34.

X¢ — X11: Cang tra ng cham, kha nang vo

no cang cao.

X12 — X417 Nhin chung khéng c6 su khac
biét gitra nhdm v& no va nhom khong v& ng vé
lugng chi tiéu hang thang.

X1g — X53: Luong tra no cang thap kha ning
V& N cang cao.
2.3 Tiéu chudn lwa chen md hinh

Dt liéu sau khi lam sach, loai bo céc gia tri
NA va cac diém outliers dugc chia ngau nhién
thanh hai nhom, dir liéu huan luyén va dir liéu
kiém dinh véi ty 1¢ 50:50. Dir lidu huan luyén
(kich thudc 14.586) ding dé xay dung md hinh

va dit liéu kiém dinh (kich thudc 14.563) ding
dé danh gia mo hinh.

Trén bo dir liu huan luyén, tac gia chon
bién dua vao mé hinh st dung tiéu chi AIC
(Akaike’s Information Criterion), dugc dinh
nghia boi:

—2InL + 2K
AlIC = ——

Trong d6: L 1a gia tri ham hop ly cia mo
hinh, K 1a s tham s6 trong mé hinh (K =p + 1
néu md hinh logistic c¢6 p bién giai thich) va N Ia
kich thudc caa mau. Mé hinh cang sat thuc té
(L 16n) va sir dung it bién (K nho) thi AIC cang
thap. Boi vay, md hinh c6 AIC cang nho duoc
coi 12 md hinh cang téi vu.

3. Két qua nghién ciu
3.1 Mb hinh

Str dung tiéu chi AIC, tac gia xac dinh dugc
c4c bién sau day dua vao mé hinh Xy, X,, X,
X6fX8f;X9'Xllf‘X12fX131X15'X181X191X20'X21-

Két qua hoi quy trén dix liéu huan luyén
duogc thé hién trén bang 1.

Bdng 1: Két qud hai quy logistic

.z . Khoang tin
Bié Hesh oS0 Donviso oy 950 ciia
en ; chuan sanh 4 P
OR
Hanmictindung 0094 00094 0911 +50000 08940928 <2+10716
Gisi tinh 0186 00359 0,830  Nam 0,740,891 2,54 + 1012
Tinh trang hdn nhan Di két hon
Poc than 0174 00358 0,841 0,784;0,902  1,26.107°
Khic 0,024 01623 1,024 0,745; 1,408 0,882
Lugng Chigtié“ thdng 9176 00731 0839 +50.000  0,727;0,968 0,016
Luong Chistié“ thang 185 00869 1,204 +50.000  1,016; 1,429 0,032
Luong Chi6“é“ thang 9104 00498 1,109 +50.000  1,006; 1,223 0,037
Luong ”ég nothdng g 179 00305 0836 +10.000  0,788:0,888  5,00% 10~
Luong tfés nothang 9134 00282 0875 +10.000 08280924 1,97+ 1076
Luong ”5; nothdng  nos5 00234 0947 +10.000  0,904: 0,991 0,019
Luongtranothang o591 00219 0950 +10.000  0,910; 0,992 0,020
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Bdng 1: Két qua hoi quy logistic (tiép)

i’ A X Sai 6 Pon vi so thOégg tin
Bién Hé so chuin OR sanh cay 9840 cua p
Tinh trang tra ng Tra ding
thang 9 han
X6 = -2 - 0,403 0,0989 0,668 0,550; 0,811  4,59.10°
X6=0 -0,637 0,0682 0,529 0,463; 0,605 <2+107°
Cham 1 thang 0,341 0,0668 1,406 1,234; 1,603  3,25%107
Cham 2 thang 1,570 0,0776 4,809 4,131;5599 <2+107°
Cham 3 thang 1,494 0,1704 4,454 3,189; 6,220 < 2x107°
Cham 4 thang 0,892 0,2808 2,439 1,407; 4,229 0,002
Cham 5 thang 0,156 0,4842 1,169 0,453; 3,019 0,747
Cham 6 thang 0,842 0,7551 2,321 0,528;10,196 0,265
. . 0,732;
Cham 7 thang 2,199 1,2813 9,020 111,139 0,086
Cham 8 thang -12,351  247,3855 0,000 0,000; +oo0 0,960
Tinh trang tra ng Tra ding
thang 7 han
X8 =-2 0,063 0,1065 1,065 0,865; 1,313 0,552
X8=0 0,215 0,0835 1,240 1,052; 1,460 0,010
Cham 1 thang -12,276  377,9862 0,000 0,000; +oo 0,974
Cham 2 thang 0,570 0,0863 1,769 1,494; 2,095 1,88+10™
Cham 3 thang 0,365 0,1918 1,440 0,989; 2,097 0,057
Cham 4 thang 0,103 0,3920 1,108 0,514; 2,389 0,794
Cham 5 thang 0,096 0,7570 1,101 0,250; 4,854 0,899
Cham 6 thang 14,183  247,3858  1,444.10° 0,000; +oo 0,954
Cham 7 thang -0,147 0,8638 0,863 0,159; 4,692 0,865
Cham 8 thang -12,266  179,2412 0,000 0,000; +co 0,945
Tinh trang tra ng Tra ding
thang 6 han
X9=-2 0,104 0,1043 1,120 0,905;1,361 0,318
X9=0 0,074 0,0806 1,077 0,920;1,261 0,357
Cham 1 thang 1,045 655,392 2,844 0,000; +oo 0,999
Cham 2 thang 0,459 0,0942 1,582 1,315;1,903  1,13.10°
Cham 3 thang 0,476 0,2350 1,609 1,015; 2,551 0,043
Cham 4 thang 0,307 0,4306 1,360 0,585;1,198 0,475
Cham 5 thang -1,200 0,7044 0,030 0,076; 1,200 0,088
Cham 6 thang -15,808  247,3907 0,000 0,000; +co 0,949
Cham 7 thang 11,473  179,2366  9,612.10" 0,000; +co 0,949
Cham 8 thang -13,742  343,0832 0,000 0,000; +oo 0,968
Tinh trang tra ng Tra ding
thang 4 han
X11=-2 0,186 0,0760 1,204 1,038; 1,398 0,014
X11=0 -0,183 0,0658 0,833 0,732; 0,947 0,005
Cham 2 thang 0,293 0,0825 1,340 1,140; 1,575 0,000
Cham 3 thang 0,609 0,2232 1,839 1,187; 2,849 0,006
Cham 4 thang 0,773 0,4713 2,165 0,860; 5,453 0,101
Cham 5 thang 0,491 0,7671 1,634 0,363; 7,347 0,522
Cham 6 thang 1,863 0,8055 6,444 1,329; 3,125 0,021
Cham 7 thang -10,391  179,2357 0,000 0,000; +oo 0,954
Cham 8 thang 38,125  517,0116 3,610.10"° 0,000; +o0 0,941

Ngusn: Tinh toan cua tac gia trén phan mém R
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Bdng 2: Hé s6 phong dai phurong sai (VIF)

Bién VIF Bién VIF
X1 1,212 X12 5,297
X2 1,006 X13 6,082
X4 1,006 X15 2,970
X6 2,060 X18 1,211
X8 2,699 X19 1,122
X9 4,585 X20 1,145
X11 2,343 X21 1,049

3.2. Kiém dinh m hinh
Kiém tra da cdng tuyén
Hé sé phong dai phuong sai cua cac bién
trong mé hinh cho bagi bang 2.
Do khdng c6 hé sb phong dai phuong sai
nao 16n hon 10 nén c6 thé cho ring md hinh
khéng c6 da cong tuyén.

Nguon: Tinh toan cua tac gia trén phan mem R

D9 chinh x&c phan loai

Bang 3 so sanh d¢ chinh xéc trong phan loai
cua md hinh trén hai bo di liéu huan luyén va dir
liéu kiém dinh véi ngudng xé&c suit (cutoff - level)
phan loai gitta v& ng va khéng va no 14 0,5.

Bdng 3: Ma trgn confusion ciza mé hinh

Dit liéu huan luyén Thuc té
Vo ng Khéng vo no
, V& no 1.177 539
Dubéo Khong V& no 2.088 10.782
Dit liéu kiém dinh Thuc té
V& ng Khéng v& no
] V& no 1.140 535
Dubéo Khong V& no 2.112 10.776

Nguon: Tinh toan cua tac gia trén phan méem R

Bdng 4: Thong ké dé chinh xéc cia md hinh

Dt liéu huan luyén Dit liéu kiém dinh

Do chinh xac

Khoang tin cay 95%
Kappa

McNemar’s Test p —value
Do nhay (sensitivity)

Do dac hiéu (specificity)

0,820 0,818
0,814; 0,826 0,812; 0,825
0,376 0,367
<2,2.107 <2,2.10"®
0,360 0,351
0,952 0,953

Céc thdng ké vé do chinh xéac caa mé hinh
trén hai bo dit liéu cho bai bang 4.

Hinh 4 la duong cong ROC cua hai md
hinh. Tir cac két qua théng ké do chinh xac va

Nguon: Tinh toan cua tac gia trén phan mém R
duong cong ROC, c6 thé thiy mé hinh co do

chinh xéc trong phan loai kh& 6n dinh trén hai
mau dit liéu huan luyén va dir liéu kiém dinh.
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Bdng 5: So sdnh AUC cua md hinh trén hai bg di liéu.

Dir liéu huan luyén

Dit liéu kiém dinh

AUC
Khoang tin cay 95%

0,776 0,766
0,766; 0,786

0,756, 0,776

Nguon: Tinh toan cua tac gia trén phan mem R

08
|

Sensitivity

04

02
|

1.0 0.3 0.6

T T T
O 4 o2 .0

Specificity

Hinh 4. Buong cong ROC cua md hinh trén hai bg dir liéu

Gia tri p cua kiém dinh Delong so sanh hai
AUC la 0,148 cho thy khong c6 su khac biét
gitra hai bo dir liéu vé AUC.

3.3. Ddnh gid dnh hwoéng ciia cac nhan té dén
X&C sudt vé' ng

Pé danh gia anh huong cua cac bién giai
thich trong mé hinh dén xac suat v no, tac gia
sir dung ty sé odds (odds ratio — OR).

M6 hinh héi quy logistic ¢6 thé viét dudi
dang:

Inodds(x) = By + B1x1 + - + Bpxp

trong d6 odds(x): = % dugc goi la odds

cua kha ning v& no. Bé danh gia anh huong cua
Xy, ta s& xac dinh odds thay d6i nhu thé nao khi
xy, thay ddi mot lwong 8, vai diéu kién céc bién
giai thich khac gitt nguyén. Ta c6
P[Y = 1|x,x;, + §]
dds(x, x + 6) = :
0dds(x, Xk +0) = T P 1 5]

bai lugng
OR = odds(x, x;, + &)
odds(x)
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duoc goi 1a odds ratio. D& thy, OR = ef*%. OR
cho biét odds cua kha ning v& no thay doi mot
nhan tir 1a ePxS khi x,, thay doi mot luong 1a &,
cac yéu t6 khac khong doi. Tur két qua hoi quy
trong bang 1 va bang 2, ta c6 nhan xét:

X;: OR = 0,911 cho thdy khi han muc tin
dung tang 50.000 d6 la Pai Loan thi odds v& ng
giam khoang 10%.

X,: OR = 0,830 cho thay nir c6 odds v& ng
bang 83% so véi odds v& ng cia nam.

X,: Khach hang ddc than c6 odds v ng chi
bang 84% odds v& no cua khach hang da két
hon; khach hang co tinh trang hon nhan “Khac”
c6 odds v& no khong khéac biét co ¥ nghia thong
ké véi odds v ng cua khach hang da két hon.

X12: Khi lugng chi tiéu trong thang 9 tang
50.000 thi odds v& ng giam khoang 16%.

X;3: Khi lugng chi tiéu thang 8 ting 50.000
thi odds v& no tang gap 1,2 lan.

X;5: Khi lugng chi tiéu thang 6 tang 50.000
thi odds v& no tang gap 1,1 lan.

X1g: 0dds v& no giam 16% khi lugng tra ng
thang 9 tang 10.000.
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X19: 0dds v& ng giam 12,5% khi lugng tra
ng thang 8§ tang 10.000.

X30: 0dds v& ng giam 5,3% khi lugng tra ng
thang 7 tang 10.000.

X51:0dds v& ng giam 5% khi lugng tra ng
thang 6 tang 10.000.

Xg, Xg, Xo, X11: DO phan 16n OR > 1 nén c6
thé thay viéc tra no tré 1am ting kha ning v& no
cua khéch hang.

Nhu vay c6 thé thdy md hinh phan &nh khé
chinh xac tac dong cua céac bién doc lap dén xéac
suat v& no nhu phan phan tich dir liéu kham phé
da trinh bay.

4. Két luan

Bai b&o tng dung md hinh hoi quy logistic
dé danh gia tac dong cua céc bién giai thich d&én
X4c suat v& no cia mot khach hang tin dung ca

nhan va xay dung mot mo hinh du béo xac suét
v& no. M6 hinh dy bao ¢6 dd chinh xac toan cuc
trén 80% va AUC ~ 0,7 trén ca dir lieu huan
luyén va dir liéu kiém dinh. Két qua danh gia tac
dong cua cac bién dwa vao OR cia md hinh la
phl hop vai két qua phan tich dir liéu kham phé
str dung cac cong cu hinh anh.

Han ché cua nghién ciu 1a chua danh gid,
phan tich anh huong tuong tac gilta cac bién,
chua so sanh duoc tim quan trong cua cac bién
giai thich cling nhu chua so sanh dugc do chinh
x&c trong phén loai tin dung, trong udec lugng
X4C suat v ng gitra md hinh hdi quy logistic va
cac ky thuat data mining khac. Nhiing van dé
trén s& duoc tac gia tiép tuc hoan thién trong
nhitng nghién ctru sau nay.
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