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MO HiNH HOI QUY LOGISTICS VA MO HINH COX
TRONG UGC LUONG XAC SUAT VO NO TiN DUNG,
PHAN NHOM KHACH HANG THEO NGUY CO VO NO

T6 Thi Van Anh*

Trong qud trinh hoat déng, rui ro xuat phat tr cdc khoan vay dang la mét trong nhikng méi quan tam
hang dau cua ngan hang. Dwa trén cdc dic diém cua hé so’ vay no, ngan hang cé thé dwa ra wéc lwvong
cho xdc suat vé ng’ (PD) sau dé phan chia khdch hang vao cdc nhém cé cing nguy co ter dé dwa ra quyét

dinh cho vay nham han ché rdi ro va téi da Igi nhuén.

« Tl khda: mé hinh héi quy, xac xuét v& no tin dung, loi nhuén, ngén hang thuong mai.

In the current banking context, risks from loans
are one of the bank’s top concerns. Probability

of default has much significance as it is one of
the core parts for improved allocation of capital,
pricing, client judgment, regulatory compliance
and, finally, monitoring of high-risk customers.
Due to these significant reasons, based on the
information of the loan profile, the bank can give
an estimate of the probability of default (PD)
based on two models is Logistic regression model
and Cox regression model. The objective of these
two regression methods is to estimate credit risk
and extract important variables in predicting credit
risk, then divide the customer into groups at the
same risk from which to make a loan decision risk
and maximum profitability.

» Keywords: regression model, probability of credit
default, profit, commercial bank.
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I. Giéi thiéu

Ngay nay cac ngan hang thuwong mai dong
vai tro rit quan trong trong linh vuc kinh té cua
nudc ta dudi hinh thie chuyén nhuong quyén
sir dung von ctia minh cho khach hang c4 nhan
hodc h¢ gia dinh, st dung trong mdt thoi han

* Dai hoc Khoa hoc Tw nhién, DHQG Ha Ngi

P

nhat dinh phai hoan tra ca gdc va 13 v6i muc
dich phuc vu doi séng hoac phuc vu san xuat
kinh doanh. Cung v6i d6, hé thong ngan hang
thwong mai Viét Nam ciing di ting bude d6i méi
va dugc coi la mot trong cac td chuc tai chinh
quan trong nhét cua nén kinh té v&i hoat dong
chinh 14 huy dong vén dé st dung nham thu loi
nhudn, trong d6 hoat dong tin dung la hoat dong
sinh 101 16n nhat, tuy nhién, rii ro 1a diéu khong
thé tranh khoi. Vi vay, viéc nhan dang va phan
nhom khach hang theo rui ro tin dung 1a viéc
lam cap bach. Pap g doi hoi tir thyc tién do,
can nghién ctru mé hinh cho phép udc luong xac
suat khong tra dugc no va phuong phap phan
nhom khéach hang theo nguy co khong tra dugc
no tin dung cua khach hang cé nhan.

Xét trong méi quan hé tin dung ngan hang,
“kha ndng trad ng cua khach hang” 1a vi¢c danh
gia khach hang c6 thuc hién dﬁy da va diing han
nghia vu no cho bén cip tin dung trong toan
bo thoi gian quan h¢ tin dung hodc trong mdt
khoang thoi gian x4ac dinh hay khong. Phuong
phap xac dinh kha nang tra ng cua khach hang
thuong dugc dua trén mét ti€u chuin nhét dinh
do ngan hang lya chon nhu duya trén dic diém
cua khach hang, nang luc tai chinh, thién chi tra
no cua khach hang khi chua phat sinh nghia vu
no va dua trén dic diém cua khoan no nhu lich
su thanh todn ng, tinh trang tra ng thuc té cua
khach hang. Bai toan tap trung vao dich vu cho
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vay tin dung. Mdi mot khach hang khi c6 nhu
cau giao dich s& dugc yéu cau cung cip thong
tin khach hang, cac thong tin d6 co thé 1a dit lidu
c4 nhan nhu gidi tinh, tudi tac, nghé nghiép....
thong tin lich sir vay tin dung trong qua khtr
nhu thoi han vay. Dt liéu hanh vi nhu lich su
sir dung khoan vay trén cac san pham. Thong tin
ndy biéu dién duéi dang vecto X = (X,..., X ).

1) Udc lugng PD hién tai dua trén hai mo
hinh 1a mé hinh hdi quy Logistic va mé hinh hoi
quy Cox. Muc tiéu ctia hai phuong phap hdi quy
nay 1a wéc tinh rai ro tin dung va trich xuét cac
bién quan trong trong dy doan rui ro tin dung.

2) Phan nhém khach hang theo nguy co
khong tra dugc nog, cac khach hang trong cung
mot nhom s€ ¢ nguy co rui ro nhu nhau.

3) Phan nhom khéch hang theo céc chi tiéu
phan nhom, biéu dién dudi dang cay quyét dinh.

I1. M6 hinh logistic trong wéc tinh x4c suét
vo ng

Mo hinh hdi quy logistics xem xét mdi lién
hé gitta bién phu thudc (¥) va tit ca cac bién con
lai 1a bién doc 1ap (X), thé hién cac nhan t6 thong
tin ctia khach hang. Bién Y 1a bién nhi phan chi
nhan hai gia tri 0 hodc 1. Cy thé:

v= 1 Néu sy kién v no xay ra 1
0 Néu su kién vy ng khong xay ra ( )

Gia su m la xac suit tra dugc ng cua khach
hang thir 1, ta c6 mo hinh udc lugng cho nhu sau:
n(x) =P (Y =0X=x)

eBotBx 1
T l4es™

2)

T 1 ebothTx

Ham s(x) = B,+ B" x s(x) duoc goi la diém
log-odds
;i (x)

T-m()

s(x) = log(

Néu mot khach ha‘mg c6 m thong tin dugc mo
ta bang bién X = (X, Xm) va gia tri cy thé
lax=(x,...x, ) cod ﬁ/ la he sO cua thong tin X, th1
s(x) la dlem tin dung cua khach hang x. Tham s
duoc wdc lugng trong md hinh hodi quy logistic
lagvag=@®,p,.. B,),kyhiéu tuong img la
Bo va B . Tinh toan udc lugng dya trén phuong

phap MLE.

III. Quyét dinh diém cit phan 16p khach
hang

Khi mot nguoi ndp don vay tin dung, ho sé
cung cap diy du thong tin dé ngudi cho vay
x4y dung ho so. Sau d6 voi mé hinh uée lugng,
diem s6 s(x) = f,+ " x s(x) s& dugc gan cho mdi
ca nhan. Diém so cao thi it rii ro hon nén nhiing
hd so ¢o diém sb cao s& duge chép nhan. Do do,
diém cat duoc dua ra.

Néu s(x) < c thi loai bo hd so tin dung. Néu
s(x) > ¢ thi chip nhan ho so tin dung. Xac suét
cat cho boi

1—logit™'(c)=1—
ogit=(¢) 1+e €

Quyét dinh diém cat s& dua trén mot sb yéu
t6 lién quan dén myc tiéu ciia nguoi cho vay nhu
t6i da hoa lgi nhuan du kién. Néu quyét dinh cho
vay va nguoi vay tra dugc no thi s€ thu duge mot
khoan loi nhuén 12 g va néu ngudi vay khong tra
duoc thi ngudi cho vay sé bi thua 16 mot khoan
[.Khid6 I - Fy(c)=P(S <c|Y=0) dugc goi
la phan 16p ding cua truong hop tra dugc no.
I -F,(c)=P(S <c|Y = 1) dugc goi la phan 16p
sai cua truong hop khong tra dugc ng, voi

V==
9

va dat chi phi la:

e,(c) = F(c)(1 —p1) +v(1 — Fi(c)p: 3)
Piém cit duoc tim 1a diém cit tdi vu theo
chi phi

¢ = log[(y/(L +v)/(A—y/A+ 1)) = logy (4)

IV. M hinh Cox trong wéc tinh xac suit
vO ng

Mot md hinh khac dugce dung 1a md hinh phan
tich séng sot dé tinh diém tin dung, bién quan
tdm la thoi gian xay ra sy kién. M6 hinh nay uéc
luong dugc xac sut sdng sot trén toan bo tap dir
liéu. Uu diém ctua mo hinh phén tich séng sot 1a
6 thé két hop véi dir lidu kiém duyét.

A. Ham song sot

Ham séng sot duge dinh nghia bai s(x) 1a xac
sudt ma mot ca thé séng sot vuot qua thoi gian t.
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S =P(T>t)=1—F(t) = fwf(x)dx (5)

B. Ham rui ro (Hazard function)
Do kha nang thét bai tai thoi diém t biét rang
doi tugng da song sot qua madt so thoi diém t:

. P(t<T<t+At|T2t)
h(t) = lim ==—"== =f()/S(1) (6)

At 12 khoang thoi gian rit nho va 1a ham mat
do xac suat cua ¢.

Mbi quan hé gitra ham séng sot va ham rui
ro cho boi:

ds(t)/d
o =-| % s
= S(t) =exp|— joth(u)du (7)

Vi dir liéu tin dung trong mo6 hinh Cox, xac
suat vo ng (PD) cua khach hang thw i tai thoi
diém t cho béi:

T[l(Xl,t)zl_S(Xl,t)
t
=1— - hXi, d
exp[ [ e u] (®)

V. Cay quyét dinh

Cay quyét dinh 12 mot kiéu moé hinh du bao
(predictive model), nghia la mot anh xa tir cac
quan sat vé mot su vat/hién tuong toi cac két
luan vé gia tri myc tiéu cta sy vat/hién tugng.
Dt liéu dugc cho dang (x,y) = (x, x X))
Bién phu thuoc (dependant Varlable) la b1en ma
chiing ta can tim hiéu, bién phan loai 1a X,
13 cac bién s& giup ta thyc hién cong viéc do

Gia st S 1a tap dit liéu hién tai gdm s mau dir
11eu tap nhan 16p co m gia tri {C,,..., C }, S 1a
sO luong mau cta S. trong 16p C. De phan loal
mot mau ta st dung kha1 niém entropy

m
- z p;log,(p:)
i=1

Entropy(S) =

n |

Vol p; =

1a x4c suat mau thudc 16p C.

Thudc tinh ¥ gdm n gié tri {v pen v} dugce st

dung qé chia S thanh nhiéu tap con S eSS 1A
cac mau trong S ¢6 gia tri thudc tinh V'1a v.

Information Gain (IG) danh gia kha nang cua
mdt thude tinh khi duoc ding dé phan 16p cac
mau dua vao sd entropy. IG cho biét mic do
giam ctia entropy khi phan nhanh mau.

Gain(S,V) = Entropy(S) — Z %Entropy(S) 9
i=1

Thuoc tinh 1am Gain (S, ¥) 16n nhat s& dugc
chon d€ phan manh.

Khi c6 mot sb luong 16n cac gia tri, ta s dung
Gain Ratio tinh thong qua thong tin tiém nang
(potential information) ctia mdi phan hoach

_iﬂ,o il
- S 92 S

Thudc tinh dugc chon néu ti s0

P(S, V)=

(10)

Gain(S,V)

Gainratio = PCS,V)

dat gia tri 1on nhat.

Khach hang sé dugc phan nhom theo cac quy
luat phan nhom duoc biéu dién dudi dang cay
quyét dinh (cdy quyét dinh) v6i cac niit mo ta
chi tiéu va cac nhanh mé ta két qua cua chi tiéu.
Két qua cubi cung cua viéc phan nhanh cay la
viéc tao ra cac nhom cd nguy co vo ng khac
nhau c6 y nghia.

VI. Két qua thye nghiém

Dit liéu dau vao bai toan la dir liéu tin dung
trong hai nim 2015 - 2016. Bo dit liéu chuén cta
mo hinh Logistic gdm 21 bién, bao gom: Gidi
tinh, nghé nghiép, thu nhap, tong han mirc vay,
tong gia tri vay, chidu dai thoi gian vay, s6 lan
vay, s6 1an tré han, tong gia tri do tré han, tong
gia tri da vay, tong gia tri mg trudc, thoi gian tra
ng trung binh, sb tién tra no trung binh, s6 tién
da tiéu, téng sb giao dich, téng thoi gian tré han,
trung binh thang, s6 du lan cudi, ty 1& s6 du cudi/
s6 du dau, trang thai vd no (Y=1 néu v& ng, Y=0
néu khong v& no).

Bién thu nhap duoc chia lam hai nhom:
Khach hang co6 thong tin va khong c6 thong tin

@ Tap chi nghién ciu Tai chinh ké toan



( S6°09 (194) - 2019)

NGHIEN cUU TRAO POI

vé thu nhap, két qua nhu sau: Trong s6 385.013
khach hang c6 374.574 khach hang khoéng co
thong tin thu nhap voi s6 v& no 14 9.050 (chiém
ty 1€ 0.024), 10.439 khach hang c6 thong tin thu
nhap véi s6 v& ng 1a 87 (chiém ty 1 0.008).

Phan tich trudc tién dua trén nhom khach
hang khong c6 thong tin thu nhép, sau do sé
so sanh v&1 nhom khéach héng c6 thong tin thu
nhap. Cach phan chia thuc té do thu nhdp anh
huong truc tiép t6i viéc xac dinh tong han muc
vay va gia tri vay.

Duya trén cac thong tin khach hang c¢é 2 bién
lién quan t6i diéu kién vay 1a: tong han muc vay
va tong gia tri vay.

Chia bién téng gid tri vay thanh 5 nhom mién
gia tri 1a <276M, <800M, <2B, <4.7B <1073B.
Chia bién tong han mirc vay thanh 5 nhém
c6 mién gia tri sau: <366M, <2.67B, <5.8B,
<28.5B, >28.5B.

C6 tit ca 21 nhom bién, tinh PD bang phuong
phéap h01 quy Logistic cho cdc nhom nay, cac gia
tri PD gan nhau duoc gop lai, két qua con lai 11
nhom.

Xu ly véi nhom khach hang cé thong tin
thu nhap: Tinh gid tri thu nhap trung binh chia
nhom khach hang vao 11 nhém c6 tuong dong
thu nhép trung binh véi cac khoang téng gia tri
khoan vay va tong han mirc, sau d6 gdp toan bd
dir liéu cua khach hang theo 11 nhém d3 biét.

Két qua c¢6 11 nhom duoc chia nhu sau:

Nhoém Téng gia tri vay | Toéng han mirc vay
N1 <276M <366M
N2 <276M <2.67B
N3 <276M <5.8B
N4 <276M <28.5B
N5 <276M >28.5B
N6 < 800M <2.67B
N7 < 800M >2.67B
N8 <2B > 366M
N9 <4.7B <2.67B
N10 <4.7B >2.67B
N11 >4.7B >2.67B

Bing 1: Két qua AUC va PD cho 11 nhém

AUC | Accuracy | Sensitivity | Specificity | Cutoff PD
N1 0.98 0.92 0.94 0.92 0.023 0.03
N2 0.98 0.96 0.95 0.96 0.013 0.0307
N3 0.99 0.96 0.96 0.96 0.056 0.0771
N4 0.92 0.88 0.88 0.88 0.002 0.052
NS5 NUL NUL NUL NUL NUL NUL
N6 0.99 0.95 0.96 0.95 0.005 0.0058
N7 0.94 0.96 0.94 0.96 0.007 0.0148
N8 0.97 0.97 0.97 0.97 0.011 0.0103
N9 NUL NUL NUL NUL NUL NUL
N10 0.99 0.97 1 0.97 0.017 0.0123
NI1 0.96 0.98 0.9 0.98 0.078 0.0215

Két qua chay riéng cho m6 hinh nhém N4
Tap dir ligu training gom 1658 khach hang

coefficients:
Estimate Std. Error z value Pr(>|z|)

(Intercept) -7.6058 1.0730 -7.088 1.36e-12 #9%
HanMucVay 1.5925 0.4727  3.369 0.000754 ==+
soLanDavay -2.0506 0.6389 -3.209 0.001330 **
TongGiaTriungTruoc =-2.0953 0.3579 ~5.854 4.80e-09 %+
TongSoTienDaTieu 6,3851 2.0633 3.095 0.001971 **
TongsoGiaoDich -5.4980 1.9112 -2.877 0.004019 **
SobuLanCuoi -2.7063 0.4723 -5.730 1.00e-08 ***

Két luan mé hinh:

s(x) = —7.6058 + 1.5925 X

hanmucvay — 2.0506 X solandavay —

2.0953 X Tonggiatriungtruoc + 6.3851 X
tongsotiendatieu — 5.4980 X tongsotgiaodich —
2.7063 X sodulancuoi

Hinh 1. Pudng séng st cho 3 nhom tudi (0,18], (18,55] va (55,99]

0990 0995

)
1
/
f
|

0 200 400 600

Két qua cho mé hinh Cox: Dit li¢u tin dung
theo doi trong 2 nam: 01/01/2015- 31/12/2016.

Céc bién gdom co: Tudi (tudi khach hang),
gioi tinh, gia tri vay, T, (khoang thot gian tur lac
mo ho so vay dén khi tre han lan 1), Y, (néu xay
ra tré lan 1 thi Y =1 néu khong thi Y 0), T,
la thoi gian xay ra su kién tré han lan 2 Y, nhan
gia tri 0 hodc 1 nhu vé1 Y, T ( khoang thoq gian
tir lac mé ho so vay dén khl vong),Y (Y=1néu
c6 vO ng, Y = 0 néu khdng c6 vd ng).
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Théng ké dir liéu gédm

1.099.552 hd so, s6 hd so v&
no 6917, s6 ho so tré han lan
1 14 407.248, s6 hd so tré han

1an 2 1a

189.335 ho so.

Ta chia lam bién gia tri
vay thanh 6 nhém: 0 - 130M,
130M - 200M, 200M - 1B,
IB - 2.8B, 2.8B - 6.4B, 6.4

- 100B.

Hinh 2. Puwong séng s6t 6 nhém vay theo ngay

Hinh 6. Do thi xéc suét v ng
ciia hai hd so vay
6 gia tri vay ti da va ti thiéu
trong 2 nhom G4, G7,
thoi han vay 24 thang

Nhom | 24 thang

Hinh 3. Puong song sot cho nhém G1, G2

Véi théng ké dir liéu da
lam sach, chia nhém theo hai
bién tudi va gia tri vay, co tat
cd 18 nhém chia. Gop cac
nhém c6 chung duong séng
sot ta thu dugc 8 nhom voi

8 duong song sot phan biét

nhu sau:

Gl
G2
G3

G4

G5

G6

G7
G8

Puong séng sét 8 nhom
duoc thé hién ¢ hinh 3, 4, 5.
Két qua kiém dinh cho thay

Bang 2: Két qua nhém G4, G7 véi s kién Y trong 24, 12 va 9 thing

Tubi 0 - 18

Tubi 55 - 99
Tubi 18 - 55,
vay 0 - 130 M
Tubi 18 - 55,
vay 130 M - 200 M
Tubi 18 - 55,
vay 200 M - 1B
Tubi 18 - 55,
vay 1B - 2.8B
Vay 2.8B - 6.4B
Vay 6.4B - 100B

G4

G7

Hinh 4. Puimg séng sét ciia 4 nhom G3, G4, G5, G chi co6 nhom G4 va G7 la co

y nghia, phu hop v6i mo hinh
— ==/ Cox. M6 hinh hoi quy Logistic
va md hinh Cox déu tinh dugc

S~ xac suat vo no va phan loai cac

= | khach hang thanh cidc nhom
cO6 cung muc nguy co rui ro.

Hinh 5. Puong séng sét ciia 2 nhém G7, G8

Hinh 7 cho thdy v&i nhém G4
(tudi 18-55, vay 130M-200M),
khoan vay tbi thiéu co xac suét

400

24m 12m 9m
Tuoi.pca
GTVpca -0.11 -0.13 -0.15
G4 |GioiTinh.pca
Kiém dinh PH 0.0391 0.0478 0.1045
C index 0.58 0.61 0.63
Tuoi.pca -0.41 -0.42 -0.38
GTVpca
G7 |GioiTinh.pca 0.26 0.23 0.24
Kiém dinh PH 0.03188 0.02014 0.3364
C index 0.59 0.63 0.65

— v0 no cao hon khoan vay tbi
= da. Trong nhém G7 (vay 2.8B
: - 6.4B), khoan vay tbi da c6
x4c suit v& ng cao hon khoan
vay toi thiéu. Két qua duoc coi
la phu hgp vi trong nhom G7
khoan vay 16n thi kha ning vo&
no la cao hon con trong nhom
G4 khoan vay nho thudc vé cac d6i tuong
nhé 1é co xac suat v& no cao hon khoan
vay vua phai.

Cay quyét dinh phan nhém khach hang
theo cac chi tiéu phan nhom.

Dir liéu dugc st dung la dir li¢u Logistic
cua 6 nhom vay (han muc vay <2.67B va
gia tri vay tu 276M - 800M) véi 76.365
hd so chia lam 2 tap: train set va test set.
Céc bién quan sat bao gdm: Tong thoi gian
tré han (ngdy), tong so tién da tiéu (VND),
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Hinh 7. Db thi x4c suat v no
va dudng rii ro co sé cita hai hd so vay
¢6 gia tri vay tdi da va ti thiéu
trong 2 nhém G3, G4, thoi han vay 12 thang

.\\

Hinh 8. Két qua Conditional inference Trees

" e R L I ST P Yoy e e

han mic vay (VND), tong gia tri Gng trudc
(VND), s6 du 1an cubi (VND), gi tri khoan vay
(VND), s6 du trung binh thang (VND), gidi tinh
(Nam, ni¥).

Nguy co v& n¢ thap voi nhom khach hang
c6 tong thoi gian tré han dudi 3 thang va nguy
co v& ng cao vi nhom khach hang co tong
thoi gian tré han cao va han muc vay nhd hon
600 triéu va tong gia tri ung trudc cao hon
300 triéu.

e e e

VIL Két luin

Hai m6 hinh hdi quy Logistic va md hinh
Cox uodc lugng dugc xac sudt v& ng cla tung
khach hang va cua tirng nhém khach hang, xac
suit v& no ciia hd so sé thay doi theo thoi gian
ké tir thoi diém bat dau vay. M6 hinh Cox vai
gia thuyét mdi nhém c6 mot nguy co riéng 1a
phti hop dé tinh xac sudt va thoi gian tra no tré
han 1an 1. Trong lan tré han dau tién, hd so co
gié tri vay 16n kha nang tré han lan 1 lai thap hon
hd so ¢o gia tri vay nho.

Hinh 9 cho thiy cdy quyét dinh phan nhom
khéach hang thanh 12 nhém. Trong d6 chi tiéu
phan nhom giap phan biét khach hang c6 nguy
co v& no thip va cao 1a TongThoiGianTreHan.
Théy dugc mbi quan hé chat ché gitta cac chi
tiéu, phan nhom bang cay quyét dinh st dung
suy dién cho két qua tin cdy. Mudi hai nhém
khach hang c6 dic diém phan
biét rd rang va c6 nguy co v0 ng
khac biét nhau.
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