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TOM TAT. Ching t6i st dung cdc phuong phip théng ké dé xay dung mé hinh
dinh mirc tin nhiém khach hang thé nhan, tic 1a danh gia mac tin nhiém cia mot
khich hang tin dung. Cac phuong phap thong ké chinh dwoc ding & day 1a 1y
thuyét phéan I6p va phan tich phan biét. Ching t6i minh hoa phuong phap trén
mét tap di lidu vé cac khach hang tin dung cta mot ngén hang thuong mai.

Tir khda: phan 16p, phan tich phan biét, hdi quy phi tuyén véi bién phu thudc nhi
nguyén, dinh mirc tin nhiém, kiém dinh gia thiét

1 Giéi thiéu

Mé hinh dinh muec tin nhiém thé nhan duoc dit ra céch day 50 nim nhim xay dung
phuong phap lugng hod kha nang thanh toan va mic d¢ tin nhiém cua khach hang
trong giao dich. Cong tac nay giup cac ngin hang va t chirc tin dung quyét dinh ¢6
hay khong cung cap cac dich vu cho khach hang. Loi ich cia mé hinh dem lai rat ro
nét, ndi bt la giam thiéu chi phJ phan tich thong tin (nhat la khi so lugng nguoi sir
dung cac dinh vu ngan hang ngdy cang lén); gitip dua ra quyct dinh nhanh choéng,
chinh xdc va khach quan; giam thiéu ri ro tin dung, dam bao téi da viéc thu hdi tai
chinh.

Mot trong cac phuong phap tiép cin mé hinh dinh mirc tin nhiém khach hang la
giai quyét bai toan phan tich phan biét, nhan biét hay 1a xép mot ca thé vao mot trong
cac nhom khach hang ma co sy khdc nhau tuong doi gitra cac nhom. Bai toan phan
nhom mot tap hop duge Fisher gi6i thiéu lan dau tién vao ndm 1936 khi tién hanh .
phin loai dic tinh cdy Irit dwa trén sb lidu vé kich thudc bén ngoai cua cdy. David
Duran (1941) 13 nguoi dau tién ing dung phuong phép dé vao vige phan biét cac
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khodan ng t6t vA khodn ng xdu. Sau dé nhiu cong ty tin dung dia xay ding cic hinh
thitc sg khai ciia hé théng dinh mufc tin nhiém thé nhan dva trén cic nguyén 1y théng
ké, va cdc hé thong ndy da nhanh chéng té rd sitc manh cfia né trong viée gitip cic t6
chite tin dung ra quyét dinh. Sy kién danh diu tAm quan trong ctia mo hinh dinh mitc
tin nhiém thé nhan 13 viéc thong qua dao luat Co Hai Tin Dung Ngang Bing d My nim
1975-1976, ndi dung chii yéu clia dao luat nay 1a cAm sy phan bigt d6i x1t trong viee cip
tin dung trit khi né duge chitng minh trén co sd théng ké.

C6 thé hinh dung m6 hinh nhu sau. Mai khach hang dén giao dich xin cép tin dung
s¢ duge yéu ciu cung cip cdc thong tin bin than. Théng tin 14 mot vector k-chiédu (k
ddu hi¢u) X = (X3,..., X}) bao gdm cac diu hiéu nhu tudi tic, trinh do hoc vin, mite
thu nhép, tinh trang hon nhan, chénh léch thu chi, dit ng hién tai,... Phuong phap chiing
toi dé xudt (goi 1a phuong phap I) dé giai quyét bai toan dinh mitc tin nhiém thé nhan
sé& bao gdm cic bai toan

1. Xéc dinh cac déu hiéu nén dira vao dé 1ay thong tin vé khach hang, nén hay khong
nén dita vio dau higu nao?

2. Xay dimng thang diém cho cac diu hieu.

3. Tt mdu N khach hang, phan chia thanh cdc nhém, chdng han "t6t", "tét vira",
"xdu"... Day chinh 1A n6i dung ctia bai toin phan loai.

4. Véi mot khach hang X, xay dumg quy téc ra quyét dinh xép X vio nhém nio? Vi
day chinh 14 ndi dung ctia bai toAn phan tich phan biét.

Chi §. Chiing ta c6 thé xét phuong phap khic (sé goi 1a phuong phap II), ma khac co
bén phuong phap I: Bai todn 1 vA 2 nhu trén va

3. Xéc dinh trong s6 cho mdi ddu hiéu, trong s6 nay dic trung cho tAm quan trong
ctia diu hieu dé d6i v6i kha nang thanh todn ciia khach hang. Gia sit £; 1a trong
s6 ctia dau higu X, vA néu goi s(X) la ham diém tin dung cia khich hang X =
(X1,..., Xi) thi

S(X) =5 X1+ ... + B Xk

4. Xay dung m6 hinh ra quyét dinh tin dung dua trén ham diém tin dung s(X).

Vi bai toan 1, yéu cau diu tién vé cdc diu higu dua vao 1a cde dau higu khéng tiang
quan vdi nhau, sau d6 1a yéu cdu dua vio cac diu hiéu sao cho dic trung duge nhidu
nhit thong tin vé khi ning tin dung ctia khach hang. Sau ciing ¢6 thé tinh dén cic yéu
cau nhu cdc diu higu d6 gitp khach hang dé trd 1oi, ngan hang dé chitng thuc tinh ding
d&n,... Vi du tai ngan hang Techcombank cic ddu higu dutge dua vio nhu: tudi téc, trinh
do hoc van, loai hinh céng viéc, mitc thu nhap, chénh léch thu chi, tinh trang hén nhan,
s6 ngudi séng phu thude, ndi e tri, thai gian cu tri, phuong tién di lai, phiong tien
thong tin, uy tin trong giao dich, quan hé vdi Techcombank, du ng,...

Bai todn thit 2 sé rdt quan trong néu chiing ta xét phuong phéap II bdi né dnh hudng
rat nhiéu dén ham diém tin dung s(X) va né doi héi nhiéu kj thuat phitc tap trong
vige lap thang diém cho mdi d4u hiéu. Tuy nhién vdi phuong phéap I, bai todn niy cé 1@
khong doi hoi cac ki thuat tinh té 1dm, béi ta chi cin x4c dinh thang diém sao cho din




Phatong phdap Théng ké Xay dung Mé hinh ... 3

dén it khiae nhan tuong déi gita cdc nhém khach hang ma sé duge phan 16p trong bai
toan 3.

Trong cac bai toan ditge dit ra trén ¢6 thé néi bai toan 3 va bai todn 4 14 quan trong
nhat va enng phite tap nhéit, Trong bai bdo nay ching i tdp trung gidi quyét hai bai
todan da.

Cau triae bai bdo nhir san, Muc 2 gidi quyét bai todn 3, bai toan phan 16p khich
hang. Mue 3 trinh bay 101 gidi bai todn 4: xay dung quy tdc danh gia mitc tin nhiém
khiach hang. Mue 4 trinh bay cac két qué tinh todn tit dit lien cac khach hang clia ngan
hang Techcombank ciing véi mdt val nhan xét va binh luin.

2 Phan 16p khach hang

Xét mat man gdm N khach hang (ca thé), khach hang thi 7 c¢é vector ddu higu la
X = (X, .o Xi)i=1,..,N.

Viee phan nhém cae ca thé sé dude thire hien dya trén khai niém khodng cach do sy
khie nhau giita cde ¢4 thé. ta sé ky hiéu d(i, j) 1a khoang cach giita ca thé thit i va thit j
dita trén dan higu X9, XU) tuong ing. C6 nhidu dinh nghia cho khodng cach giita cac
e thé. thieng sit dung cac khoang cAch san:

Khoang cach Euclide
L 1/2
dy(i.7) =9 > (Xu — X;1)°

=1

Khoang cach théng ké
‘ ‘ ‘ 12
ds(i, j) = {(X“) — XxUhax® - XU))T}

trong do A 1 mot ma tran d6i ximg xac dinh duong cAp N, va thudng dige chon la S7!
vdl S la ma tran hieép phuong sai mau.

Khoang cach dinh tinh
1

trong do
Sy Xud(Xu — Xj0)
Sy Xud(Xu — Xjg) + Xy (1 = 8(Xa — X50))

v 80— y) = 1 néuz =y va 0 néu z # 3. 1a he s tuong tir do sy gan nhau ciia ca thé

s(iJ) =

4

Pva .

Nhin xét. dy khong phai la mat khoang cach thong thudng, bdi dsz khong thod méan
tinh chit d(i.i) = 0 ¥i, tuy nhién né vin dic trung cho sit "xa nhau" giita cac ca the.
IKhodng cach oy 1a trizong hop dac biét eia dy khi A 1a ma tran don vi. Vi viée chon ma
tran A thich hdp, khodng cach théng ké dp sé lam mét di sy phu thude vao thit nguyén
cita cae dan higu, tite 14 do diing 6t trong trudng hop cdc diu hiéu ¢6 nhiéu thit nguyén
khae nhau, Khodng cich dy.ds thuomg duge dimg dé tinh toan cho cic dau hién dinh
hicmg, com dy duge ding vdi ede dau higu dinh tinh.
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Ta ky hiéu
D = (d(i,j))ij=1,..N

la ma tran khodng cich. Cé nhiéu phuong phap phan 16p dya trén ma tran khoing cich
D, nhv phuong phap phan 16p theo thit bac, phuong phap K-trung binh. Theo kinh
nghiém clia chiing téi, trong truong hop niy nén ding phuong phap K-trung binh, khi
d6 cac nhém két qua nhan dude sé khic nhau tudng déi vé ban chit, dic trung cho céc
nhém khich hang "t6t", "x4u".

Phuong phap K-trung binh duge J. B. MacQueen dira ra nam 1967. Thudt toin cd
3 budc

1. Phén chia (ngiu nhién) cac ¢4 thé vao K nhém.

2. Tinh tim cfia timg nhom. Phan phéi lai cdc cd thé: xép mat ca thé vio nhém cé
tAm gan né nhat. Cé nhidu khai niém tam ctia nhém, va thiting 1a vector trung
binh cac ddu hiéu ciia nhém, con khodng cich thuong diing 14 khodng cach Euclide.

3. Lap lai bude 2 cho dén khi khéng con sit phan phdi lai cdc ca thé.

Mot van dé dat ra 13 khi ndo hai l6p duge xem 1a dn khac nhau? Hay néi cach khac,
chitng ta ¢in phai thite hién bai toan kiém dinh syt khac nhau giita cic 16p. Xét hai lap
A va B véi cac ca thé cla lop A 1a

(Iﬂ, vaay Ijk),j = 1, veny TL]
va cac cA thé cfia ldp B 1a

(yjls ey yjk)! _7 = 1.- ceey N2
Goi X,Y lan luot 1a tam ciia nhém A va B:

T: (‘a—’:l‘--'wfk)* ? = (?1? ‘15&)

trong do

ny (L]

_ 1 _ 1
:L-"::Q_]Z:Eji’ y.!:'n_‘zzyﬂ7£:1~1}‘
=1 i=1

Dat ] (2
s = (ng))s,j=1 ..... k5% = (85 g,

lan htgt 1a ma tran higp phuong sai miu ciia hai nhém, trong dé

ny 2
(1 _ 1 NN . e
.5'“; =i sziljl - 1321_;1 S‘ij _ yl,!yj.! ytyj
™D 23

Xét khoang ciach Hotelling duge dinh nghia bdi
P=X-7)'s'(X-Y)
trong do

g= —l~[n15(1} + ﬂ‘gs(zj].
ny + na
Ngiudi ta ching minh dige ring néu hai nhém A, B 14 mot nhém thi khi ny, ns 1on e
¢ 6 phan phéi xip xi phan phdi x? véi k bac tu do. Tir d6 ta c¢é quy tic san: Néu
T? > x¥(a) thi hai 18p A, B dudc coi la tach biét nhau mdt cach ¢6 y nghia.
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3 Phan biét khach hang

Dita trén két qua phéan 16p trong muc trén, trong muc nay chiing tai giai quyét bai toan
tiép theo: V6i mot khach hang cé vector dau hieu z, xay dimg quy tic xép nhém cho
khéch hang d6. Ching t6i trinh bay hai phuong phéap gidi quyét bai toin dé trong hai
mue tuong ing, Muc 3.1 va Mue 3.2.

3.1 Phuong phap hoi quy véi bién phu thudc nhi nguyén
Gia sit tap cac khich hang duge ddnh 86 1,2, ..., N da dude phan chia thanh 2 nhém A
va B. Dau higu X; nhan gia tri trong tap hitu han E; = {e;1, ep, ... g Fol = Lyneny K
Nhom A gdom ciae khach hang “66t", nhém B gém cac khach hang “khéng t6t”. Dat

s6 ca théd thudc nhém A
T =

N

la ti l& khach hang thude nhém A; 1 — 7 14 ti 18 khach hang thudée nhém B.

Ta 6 thé ding bién Z dé dic trung cho khach hang thudc nhém A hoic nhém B:

7 1, mnéu khach hang thudc nhém A,
~ 10, néu khach hang thude nhém B.

Nt vay khach hang thit @ sé ¢6 dic trung 1a Z; véi

1, néuic A,
Z; = &
0, néu:e B.

Gia sit @ = (21, 22,...,2k) 12 véc-to diu higu ciia mdt khach hiang. Ta cin tinh xac suét
sa:

P(Z=1|X =z) := P(x), (1)
day 14 xdc suit khach hing ¢6 vector diu hiéu z thude nhém A.

Ta ¢d cong thite sau
P(Z =1).P(X = z|c4 thé thudc nhém A)
P(X =1z)
7P(X = z|A)

T mP(X =gz|A)+ (1 —7)P(X = z|B)’

Bg) =

trong d6 ki hiéu
P(X = z|4) = P(X = z|cA thé thudc nhém A).
Clning ta c6
P(Z=0X=2z)=1- P(z).

Ta cin udc liugng xac sudt P(z) dya trén miu (Z;, X),i=1,2,..., N. Ngudi ta thiy
ring P(z) c6 dang

k
P(z)=1-F(-pTz), véi fTz=)_ B, (3)

i=1
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trong dé F(y) la ham phan b xac suit nao dé, 8 = (B1,..., )" 1a cac tham sé phéi
ude hrgng.
Xét md hinh hdi quy ph1 tuyén sau day:

Zi=1-F(=8TX"MN4+¢, i=12,...,N, (4)

trong d6 €; 1a sai s6 ngdu nhién véi Ee; = 0.
Co thé coi (4) 1a md hinh thuc nghiém ctia mé hinh 1i thuyét sau day :

Z=1-F(-8TX)+e, Ee=0.

Do do
E(Z|X)=P(Z=1X)=1-F(-5TX).

Ta s6 wdc htgng vée-ta 3 bing phuong phap hop li cie dai, tite tim A sao cho

Il

N
Z[z log(1 — (-g’f‘x(">))+(1—zi)logF(—ﬁTX("))] (5)

i=1

log L(3)

dat gia tri eye dai.
Cac haum phan bo sau day thuong dwdge ding trong (4) va (5):

< p 1 2
e [Ham phan bd chuan F(z) = — =R
V21 Joo
. ef
e [Ham phan bd logistic F(z) = i
GI

e Ham phan bdé Weibul F(z) = 1 — exp(—x).

Trong cong trinh nay, chiing téi sit dung F' 1 ham phan b6 logistic vi né thich hgp véi
cAc bién rdi rac.
Sau khi tim dudge wde lugng 3 cna 8 ta thu duge

P(z)=1—-F(—2Tp), (6)

va

=2 -PX9), i=1,2...,N (7)

14 cie phan du.

Gia sit mot phan tit mai ¢6 véc-to ddu higu 1a X, khi d6 ta gan ca thé do vao lap A
néu P(x) > 0.5 va vho 16p B néu P(J:) < 0.5.

Mai ulu‘)m A va B lai ¢6 thé phan thanh cidc nhém con, vi du theo quy tdc saw: Gan
phan t1t ¢6 ddu higu X vio

e lap A; néu P(z) > 0.8
o 1dp Ay néu 0.65 < }3(.1) <0.8

o 1dp A3 néu 0.5 < P(z) < 0.65
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e 16p By néu 0.35 < P(z) < 0.5
e 16p By néu 0.2 < P(z) < 0.35
o 16p B3 néu 0 < P(z) <0.2
D@ danh gia hiéu ning clia quy tic phan biét khich hang, ta tinh cdc dai lugng sau
e Ty lé phan biét ding
— T 1 ¢4 thé thuoc 1op B véi P(X®) < 0.5
— T¥ 1é ¢4 thé thuae lap A véi P(XD) > 0.5
e S6 trung binh cdc ca thé phan biét ding
— §6 trung binh cic ca thé thudc 16p B ¢ P(X®) <05
— S6 trung binh ca thé thusc 16p A véi ﬁ(X(i)) > 0.5

Dé dénh gia sy déng gop chia cac bién vao xac suit P(z) = 1 — F(—ATz), ta chi ¥
ring néu f(z) = F'(z) 1A hAm mat do ctia ham phan bé F(z) thi

P
(93:5 n

f(-8"=)8;. (8)

Nhu viy, néu £; > 0 thi z; gép phdn lam tang P(z) khi z; ting. Nguge lai, néu 8; < 0
thi z; gép phan lam gidm P(z) khi z; ting.
Hon nira, ta ¢
OP/0xz; _ B; (9)
dP/ox; B

Do d6 tac dong ciia bién ; sé cao hon tac dong clia bién z; néu |3;| > |5;].

Danh sich cic dic trung ciia mdi khach hang ctia Techcombank v cdc két qui vé
tée higng tham sb 3 va sau d6 uwde lugng xac suidt P(z) cing nhut viée danh giad higu
ning clia quy tic phan biét khach hang dudc tong két trong Muc 4.

3.2 Thuit toan phan biét khach hang véi cac dau hiéu dinh tinh va
dinh lugng

Gia st X = (Xu, ..., Xim) 12 véc-to diu higu cia khach hang thit4, véii=1,2,..., N,
trong dé ¢6 r thanh phan dinh tinh Xj1,..., Xi, v ¢6 m — 7 thanh phan dinh htgng
Xirits- o Xim. Ki hieu lai

Y® = (Xi1,...,Xir) € By x -+ x B C R,

Z9 = (Xirt1y.. 1 Xim) ER™ T =R°,

trong d6 s = m — r. Nhu vay
X® = (y@, z0O),
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Vi Y 1a c4c ddu hiéu dinh tinh nén tap E; chi gdm mot s6 hitu han gid tri

Xa € By ={en,...,€1my}
X’i2 & E2 == {621a' '-aeng}

Xir € B = {erla-- . sermr}

Gié thiét Z) c6 phan bé chudn s chidu, Z) ~ Ny(u, L), p € R%; X 12 ma tran xac dinh
duong cip s x s. Ta ki higu nhém A (nhém khach hang “t6t”) gdm cac phan tit ¢6 chi s6
1,2,...,M; B (nhém khich hang “khong t6t”) gdm cac chi sé M +1,...,N. Gia thiét’
l‘;’}ng

o ZU) ~ Ny(pia,X) néu ca thé thiti € A4,
o ZW ~ Ny(up, L) néu ca thé thit i € B.

Dit m = 4 1a ti 1é s cac khach hang thuoc nhém A. Ki hieu ¥V = (X1,...,X,)
14 bién ngdu nhién rai rac bao gdm cic diu hiéu dinh tinh cta khach hing vd Z =
(X;41,. .., Xm) 1 cac ddu higu dinh lugng ctia mdi khach hang.

Goi C(1/2) 1a tén thit gay ra khi gAn mot phin tit thudc nhém B vao nhém A,
C(2|1) 1a tén thit gay ra khi gdin mot phan ti thude nhém A vio nhém B. Hai hing s6
nay dude cho trude, ching han cic chuyén gia ngan hang cho ring C(1]2) = C(2|1).

Gia sit mot khach hing méi dén ding ki vay tin dung ¢6 déu hi¢u 1a xz = (y, z), véi
y€ Ey x -+ x E,,z € R®%. Ki hitu P(Y = y|A) 1a x4c sufit dé Y nhan gia tri y vdi diéu
ki¢én 1a khach hang thuéc nhém A va f(z|Y =y, A), f(z]Y = y, B) 1a mat do xac suit
ctia thanh phin z cia véce-to ddu higu = vdi didu kién ¥ = y vi khich hang thudc nhém
A, B tudng iing.

Ta gia thiét ring f(z|Y =y, A), f(2|Y =y, B) khong phu thudc y, titc 1a

FGEY =y, A) = f(2|4), [f(z]Y =y,B) = f(2|B),

trong dé f(z|A) 1A mat do clia phan b6 chuan Ns(u4,X) va f(z|B) la mat do clia phan
bé chudn Ny(ug, ).

Quy tic phan biét khach hang nhi sau : Gan ca thé c6 diu hieu = = (y, z) vio nhém
A khi v chi khi

=

PY =yl4) f(2]4)  C(1]2)
(1-m)P(Y =y|B) f(Z|B) ~ C(2|1)
Vi nP(Y = y|A),(1 — m)P(Y = y|B), f(z|A4), f(z|B) 1a cAc ham chua biét nén ta
phai uéc lugng chiing béng cach sau day.
Diat P(y) = P(cathé € AlY =4). 1 — P(y) = P(cathé € B|Y = y). Theo cong
thite xac sudt hau nghiém

(10)

mP(Y = y|A)

7P(Y =y|4) + (1—m)P(Y = y|B) (11)

P(y) =

Déi véi cdce xac sudt hau nghiém ciia bién ngdu nhién dinh tinh, ngudi ta hay diing phan
b6 logistic :

P[y) ~ exP(ﬁO + By -+ Br?fr)
1+ exp(Bo + Brn + -+ + Briyr)
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hoac
Ply) _, 7PV =yl4)
1—P(y) (1-m)P(Y =y|B)

tite 14 ta ¢6 quan hé hdi quy tuyén tinh

u:=In

& o+ Bt + - + Bryr, (12)

u= ﬁ[) + ﬁlyl For ke ﬁryr‘ (13)

Dé ¢6 cace 6 ligu thie nghiem dimg dé wde hugng cic he s6 B, = 0,1,...,7, ta tién
hanh nhu sau:

St dung héi quy phi tuyén vdi bién phu thudc nhi nguyen dé nhan duge cac éc
litgng | 3i.i=0,1,...,r va sau dé uée Itong P(y) cia phan bé hau nghiem P(y) (xem
(6)). va tix do ta nhdn duge ude lu'(}ng

Dt

1) = tn ) = (ua — )21 = Jaa — )5 s + )

Dai higng nay duge ude lhwgng bai

& P B 1 U
L(2) = (Fa — 1iB)" Sz — 5(fia — iB) " S~ (B + EiB), (15)
trong dé ’
LM
Tia = (1) m (1)
fia= 17 ZZ , fp= M 1_%;1 VA (16)

T 7)) _ 4T
Sp= MZZ ZO — g,

1 N T
= (@) 7() _ 7T o
SB—N_M.E 2 2% — [iphip,
i=M+1
1
§= 5= 2[MSA + (N — M)Sg). (17)

Nhit vay, quy tdc phan biét 12 : Gan phan tit ¢6 diu hiéu z = (y, z) vio nhém A khi

va chi khi
C(12)

t(y) + L(z) > In SEDL

(18)

trong d6 @(y) cho bdi (14), L(z) cho bai (15).

4 Két qua thuc hién

4.1 Két qua phan lép

Ngan hang Techcombank hru dit ligu ctia 1728 khach hang, méi khach hang trong miu
nay 6 cic dau hiéu duge cho trong Bang 1. Cac ddu higu nay dude ma héa thanh cac
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Ky hiéu | ¥ nghia
Xo1 Tudi tic
Xoo Trinh dd hoc vin
Xoa Loai hinh céng viége
Xo4 Thoi gian cong tac
Xos Mite thu nhap hang thing
Xos Tinh trang hén nhan
Xo7 Nai cu tri
Xog Thai gian cu tri
Xoo S6 ngudi séng phu thuse
X0 Phuong tién di lai
Xy Phuong tién thong tin
X192 Chénh léch thu nhap va chi tién
X3 Gia tri tal sin khach hang
X4 Gia tri cac khoan no
Xis Quan hé véi Techcombank
Xis Uy tin trong giao dich

Béng 1: Cac dac trung clia khiach hang

bién dinh litgng, viée ma héa 13 do phia Ngan hang ddm nhan. Cong tdc ma hoa (chia
mién gia tri va tinh diém céc gid tri cho cic bién dan higu) duge dya trén nhing ky
thuat chuyén nganh va kinh nghigém chuyén mén. Quy tic ma héa dude cho trong Bing
2 va 3.

Chiing t6i thite hién bai toan phan 16p dua trén cac ddu hiéu quan trong nhét, titc
14 chi diing mot s6 diu hiéu ¢6 dnh hudng nhidu nhit dén do tin nhiem trong giao dich
ciia khach hang dé tham gia vao phan 1ép. Viée dua diu hiéu ndo vio phan lép duge
chon vdi st tham khdo § kién chuyén gia, dé 1a: trinh do hoc vén, loai hinh cong viée,
mitc thu nhap hang thang, phuong tién di lai, chénh léch thu nhip va chi tiéu, gid tri tai
san khéch hang, gid tri cdc khodn ng. Véi 1y thuyét va thuit todn dude trinh bay trong
Muc 2, chiing t6i thize hién tinh toan bing phin mém théng ké SPLUS va duge két qua
saw: N = 1728 khach hang dugce chia thanh 2 nhém: nhém A ¢6 m = 1374 khach hang,
nhém B ¢6 n = 354 khach hang. Theo quy tic ma héa, khach hang c6 diém cang cao
cang thé hién mic tin nhiém cao, do dé chiing t6i dé nhan thiy nhém A 1a "nhém t6t",
nhém B 1a "nhém xiu". Khodng cach Holtelling tinh duge 1a

T3 g = 27,73104

trong khi dé x34(0.05) = 26,296. Nhu vay Tﬁ,B > x36(0.05) nén hai nhém A, B la khic

nhau mat cich ¢d ¥ nghia.
Chii y. Khoang cich Holtelling trén duge tinh vdi syt tham gia clia tit ¢ cdc ddu hidu.

4.2 Cac hé sd hoi quy

Bang 4 1a két qua thirc hién hdi quy nhi nguyén logistic trén tap mau.




Phatong phip Thong ké Xay dung Mé hinh ...

Diu hiéu

Thang diém

Tudi tic

20-25

2

26-35

36-55

56-60

<20 hoac >60

Trinh do hoc vin

Trén dai hoc

Dai hoc

Cao dang ho#c tuong ditdng

Th tai hodc tudng dudng

Dudi ta tai

Loai hinh eong vige

Khéng cé viée

Da nghi hwu hitdng hitang

Lao dong pho thong

Lao dong duge dao tao nghe

Diéu hanh SXKD nho

Céan bo chuyén vién

Quéan ly diéu hanh

Khéng thudc cic doi tuong trén

Thai gian cong tac

Duéi 1 nam .

Trén 1 nam

R o] e | | | O O] = B QI | L

Mite thu nhip
hang thing (tri¢u dong)

>5

—
o

>4 va <=5

>3 va <—4

>2 va <=3

>1 v <=2

<=1

Tinh trang hon nhan

Doc than

Cé gia dinh

Da li di, goa

Nai cu tru

Thudc sd hitu

d nho cd quan

Di thue

Thai gian cu tri

Dudi 6 thing

Trén 6 thang

Sé ngudi séng
phu thuje

\/C».'."[\Jb—‘c

=4

S| = b o i b = | B | ] | BN =] B | S| GO

Bang 2: Quy tic ma héa cac dau hiéu

ihid
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D4u hieu Thang diém

0td con 4
Phuaong tién di lai Céng cong
' Xe may
Khéc

Phuong tién thong tin Khong ding dién thoai
Cé dung dién thoai

=1

>, va <=2
Chénh léch thu chi (trigu dong) | >2 vd <=3
>3 va <=4
>4 v <=5
>5

O0| Oy | B[ = | = O = B B

i
o

<—500 '

=500 va <=1000
Gia tri tai sdn (trieu ddng) =1000 va <=2000
>2000 va <= 3000
>3000

=300

Gi4 tri cac khoan ng =200 va <=300
(trieu dong) >100 va <=200
>0 va <=100

0

Quan hé vdi Techcombank Chuta
Co

D4 phat sinh ng qua han
Uy tin giao dich Da duge gia han ng
Tra ng goc, lai ding han

b O OO w | = O oo Oy | 2|

Bang 3: Quy tdc ma héa cdc diu hiéu (tiép)
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4.3 Nhéan xét
Ta ¢6 mot sb nhan xét vé xdc subt P(z).

1. Theo bang 4, ta co

BTz

~ e
Bla)=ie
(z) o

trong do

ETIL' = —1.2382z; — 0.5911z9 — 1.3720z3 + 3.240125
—1.8337z¢ — 8.0706z7 — 5.3368z5 — 1.091729 — 1.5085x1¢
— 18.2826x11 + 5.6702z12 + 3.595213 — 0.9303z14 — 1.4824x5

2. Tit bang 5, néu véi quy tdc phan biét khich hang la “Gén khach hang c6 déu higu
z vio nhom A khi va chi khi P(z) > 0.5” thi ti l&é khach hang dugc phan bigt diing
trong méu 1728 khach hang 13 99.02%, dé 1a ti 1é rit cao.

3. Trong mo hinh héi quy v6i bién phu thude nhi phan, ta da loai 2 bién X, (thoi
gian cong tac) va Xi6 (uy tin trong giao dich) ra khéi mé hinh vi hai lf do sau:

e X4, X1 ¢6 sut phu thude tuyén tinh véi cic bién khac
e Cac udc huong 34, Blﬁ trong mé hinh 16 bién té ra khong 6n dinh.

4. Do tap miu gdm 1728 khach hang da duge phuc vu bdi Techcombank chua di 16n
va da dude chon hya nén hai nhém A, B phan bigt kha ré. Néu ta md rong tap
maéu thi cé thé két qua khong con duge hieu qua nhu trude.
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Variable Coefficient Std. Error  z-Statistic Prob.
X1 -1.2382 0.54726 -2.2625  0.0237
X2 -0.5911 0.45976 -1.2857  0.1986
X3 -1.3720 0.81657 -1.6802  0.0929
X5 3.24010 0.82967 3.90532  0.0001
X6 -1.8337 0.76720 -2.3901  0.0168
X7 -8.0706 2.20437 -3.6612  0.0003
X8 -5.3368 1.51770 -3.5164  0.0004
X9 -1.0917 0.47816 -2.2831  0.0224
X10 . -1.5085 0.63631 -2.3706  0.0178
X11 -18.2826 4.6 -3.9745  0.0001
X12 5.67018 1.22706 4.62094 0
X13 3.595 0.8323 4.31934 0
X14 -0.9303 0.42953 -2.1659  0.0303
X15 -1.4824 0.79869 -1.856  0.0634
Mean dependent var 0.79514 S.D. depend. var 0.40372
S.E. of regression 0.06988 Akaike inf. cri. 0.04576
Sum squared resid 8.36966 Schwarz cri. 0.08996
Log likelihood -25.54 Han-Qui cri. 0.06211
Avg. log likelihood -0.0148 '

Obs with Dep=0 354 Total obs 1728
Obs with Dep=1 1374

Béang 4: C4c hé s6 hdi quy véi bién phu thude nhi nguyén
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Estimated Equation Constant Probability
Dep—0 Dep=1 Total Dep=0 Dep=1 Total
PDep=1)<C 347 6 353 0 0 0
PDep=1)>C 7 1368 1375 354 1374 1728
Total 354 1374 1728 . 354 1374 1728
Correct 347 1368 1715 0 1374 1374
% Correct 98.02 99.56 99.25 0.00  100.00 79.51
% Incorrect 1.98 0.44 0.75 100.00 0.00 20.49
Total Gain* 98.02 -0.44 19.73
Percent Gain** 98.02 NA 96.66
Estimated Equation Constant Probability
Dep=0 Dep=1 Total Dep—0 Dep—1 Total
E(# of Dep =0) 345.45 T.57 35301 72.52  281.48 354
E(# of Dep=1) 8.55 1366.43 1374.99 281.48 1092.52 1374
Total 354 1374 1728 354 1374 1728
Correct 345.45 1366.43 1711.88 72.52 1092.52 1165.04
% Correct 97.58 99.45 99.07 20.49 79.51 67.42
% Incorrect 2.42 0.55 0.93 79.51 20.49 32.58
Total Gain* A 19.94 31.65

Percent Gain** 96.96 97.31 97.14

*Change in “% Correct” from default (constant probability) specification
**Percent of incorrect (default) prediction corrected by equation

Bang 5: Két qua phan biét (success cutoff C = 0.5)

~

Loi cam on. Céc tac gid xin chan thanh cdm on TS. Hé Ding Phiic cho nhimg ¥ kién
déng gép quy bau.
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Abstract. In this paper, we consider the problem of credit scoring for personal customer.
The main statistical tools are used to establish the credit scoring system are theory
of classification and discrimination. Qur method is illustrated on the credit customer
dataset of a Trade Bank.
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