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TOM TAT

Trong nghién cu nay ching tdi van dung cac mé hinh théng ké dwa trén phan tich khac biét da bién, hoi qui
logistic va may vecto hd tro (SVM) dé& xay dwng cac ham phan loai nhadm canh béo rii ro sém cho cac ngan hang
thwong mai c6 phan (NHTMCP) Viét Nam. Cac md hinh dwgc thwe hién trén cac nhém thudc tinh nhw: kha nang
sinh 1&i, cac chi s6 tham hut, hiéu qua quan |i tai san, chat lwong tai san, mirc dd an toan, nhém chi sb tang trwéng
bén virng va tinh thanh khoan. Nghién ctru tinh todn dd chinh xac ctia cac mé hinh nghién clru trén ca tap di lieu
va kiém tra, ngoai ra con dwa ra cac loai sai 1am loai |, sai |am loai Il ma cac mé hinh mac phai

Tw khéa: Ngan hang thwong mai, canh bao nguy co v& ng, ham phan loai.

Application of Some Methods for Building Classification Functions
in Early Warning of Default Risk for Vietham Joint Stock Commercial Banks

ABSTRACT

In our study, we used statistical models based on multivariate linear discriminant analysis, logistic regression
and SVM methods to construct bank classification functions for early risk warning for Vietnam joint stock commercial
banks The models were built on attribute groups such as profitability, deficit indicators, asset management efficiency,
asset quality, safety level, sustainable growth rate and liquidity. The study calculates the accuracy of the research
models on both data sets and tests, in addition to the types of mistakes of type |, mistakes of type Il that models

suffer from.
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1. DAT VAN DE

V6i tu cach la trung gian tai chinh, ngén
hang thuong mai la loai hinh doanh nghiép
kinh doanh déc thu vi kinh doanh cac loai hang
héa déc biét 1a tién té, vang bac, chiing khoan,...
va cung Ung cac dich vu ngian hang theo quy
dinh cta phéap luat. Hién nay, 6 Viét Nam dang
c6 su phat trién nhanh chéng ctia hé théng
ngan hang dan dén viéc thanh lap hang loat cac
ngin hang va cac chi nhanh méi. Ho1 nhép kinh
t& qudc té dem lai nhiéu co hdi nhung ciing
khong it rti ro cho hé thong ngan hang nhu: dé
bi pha san, thiéu von dé canh tranh, thua 15 va
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mat thi phan. Viéc danh gia mot doanh nghiép
noéi chung da rat khé khin, phtc tap, danh gia
mot ngan hang véi nhiéu nét dic thu riéng con
khé khin va phtic tap hon nhiéu. Néu chi ap
dung cach danh gia thong thuong dua trén
phan tich bao cao tai chinh s& khong gitp nhiéu
cho viéc phat hién s6m nguy cd v3 ng, yéu kém
cia cac ngan hang, dién hinh nhu hang loat vu
sup d6 ctia cac ngan hang 16n trén thé gidi trong
nhiing nim gan day nhu Lehman Brothers,
Washington Mutual (2008). Tai nuéc ta, trong
niam 2010 va 2011 nhiéu t6 chitic ngan hang roi
vao tinh trang mat thanh khoan nghiém trong,
két qua cudi ndm 2011, moét s6 ngan hang phai
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sap nhap, hop nhat (ba ngan hang Dé Nhat, Sai
Gon va Tin nghia ngdn hang da hop nhat va
chinh thiic hoat dong du6i tén Ngidn hang
TMCP Sai Gon ké tit 01/01/2012) va chiu stic ép
tai c&u trdc lai dé phu hop véi xu huéng hién
tai. T4t ca nhiing van dé trén da khong dudc
phan anh va cdnh bao sém théng qua cic kénh
du bao, phan tich thong thuong (Nguyén Lé
Thanh, 2012).

Trén thé gidi, @& gidm thidu rti ro, nAm 1988,
ﬁy ban Basel vé giam sat ngan hang ban hanh hé
théng do luong von va rui ro tin dung véi tén
thuong goi 14 hiép uéc Basel 1. Theo yéu ciu cua
Basel 1, cac ngan hang phai duy tri ti 1é vén bét
budc trén téng s6 tai san diéu chinh theo hé 8 rui
ro (CAR) & miic an toan 1a 8%. Do nhiing han ché&
ctia Basel 1, nam 2004 Uy ban Basel lai giéi
thiéu phién ban méi véi tén goi Basel 2, c6 hiéu
luc tit nam 2007 va két thuc thoi gian chuyén
d6i d&n nam 2010 (Lé Thanh Ngoc va cs., 2015).
Tu nhiing ndm 70 cta thé ki truéec, mo hinh
CAMELS (Capital adequacy, Aset Quality,
Management, Earnings, Liquidity, Sensitivity
to market risk) 14 hé thong xép hang, giam sat
tinh hinh ngan hang My va dudc coi 1a chuédn
muc v6i hau hét cac t6 chic trén toan thé gidi
khi danh gia hiéu qua rui ro ciia cac ngan hang
néi riéng va cac té chiic tin dung néi chung. Tuy
nhién néu chi don thuan 4p dung mo hinh
CAMELS dé phan tich thi btic tranh diy dua vé
“stic khoe” clia cac t6 chic tin dung sé chua thuc
su rd nét (Nguyén Lé Thanh, 2012). Ma trong
phan tich t8 chiic tin dung theo phuong phéap
hién dai, ngoai nén tang co ban l1a cac yéu to tai
chinh tir két qua cta mé hinh CAMELS, c4n bd
sung cic yéu to phi tai chinh, cac yéu t6 xuat
phat tit quan hé véi d6i tac kinh doanh dé c6 cai
nhin toan dién. Do tinh cap thiét ctia viéc canh
b4o nguy co v3 ng ciia cac ngan hang, trén thé
gi6i da c6 nhiéu tac gia dua ra cac phuong phap
khac nhau nham phuc vu viéc canh biao mot
cach tot nhat (Aziz & Humayon et al, 2006).
Altman (1968) 1a ngusi dau tién st dung mo
hinh théng ké da bién “Z-core” dé tim su két néi
gitia cac chi s8 tai chinh dé c6 thé canh bao
nguy ¢d v6 ng. Ohlson (1980) dua ra mo6 hinh
khac: md hinh logistic vA md hinh s6 8 dé& canh
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bao. Mot s6 mé hinh thong ké, chdng han nhu
phan tich khac biét, phan tich logistic va hoi qui
probit da dudc st dung bdi cac nha nghién ctiu
rui ro tin dung (Aziz & Humayon et al., 2006).
Mot trong nhiing nghién ctu gan day 6 linh vuc
nay la Lacerda & Moro (2008), ho da phéan tich
nguy cd pha san cuaa cac cong ty B6 Pao Nha véi
ba phuong phap: hoi qui logistic, phuong phap
biét s6 va may vecto hd trg. Gan day, véi su
xuét hién cta cay ra quyét dinh va mang noron
(Le Cun, 1986), ki thuat tri tué nhan tao (Al)
dugc st dung rong rai cho tin dung, ching cb
hiéu qua vugt trdi so véi thong ké truyén thong
vé két qua day hiia hen. Mic di nhitng mé hinh
nay vip phai van dé cuc tiéu dia phuong va hoc
qua (Wei & Lichen, 2000). Viéc tim ra cac
phuong phap méi cai tién cac phuong phap ci,
ting dung nhiéu loai s6 liéu 14 ddi héi cap bach
hién nay trén thé giéi.

O nuéc ta viéc xay dung cdc mo hinh canh
bao vG6 ng ngdn hang da dudc nghién ctu nhung
chua day du, chua theo dién bién ng x4u cta cac
ngan hang trong mot thoi ki nhat dinh (Pang
Huy Ngan, 2016). Mot vai tac gia da dua ra cac
bai toan canh bao sém nguy cd v3 ng. Ding Huy
Ngan (2015),da st dung két hop phan tich nhan
t6 va héi qui logistic dé phan loai cac ngan hang
thuong mai Viét Nam. Nguyén Quang Dong
(2009) daxép hang tin dung cac ngin hang, to
chiic tai chinh Viét Nam bang phuong phap
phén tich tach biét. Cac nghién ctu truéec day
da xac dinh cac nhan t6 tac dong dén nguy co vo
ng, nhung chiing cé phai 14 nguyén nhan dan
dén ng xau trong thoi ki dé khong? Hon niia cac
ngan hang c6 dac trung riéng c6 anh hudng téi
kha ning v3 n¢ hay khong? Dé cap téi van dé
nay, Dang Huy Ngéan (2018) da nghién ctu xay
dung m6 hinh canh béo nguy co vé ng cho cac
NHTMCP Viét Nam véi s6 liéu mang, mé hinh
logit, dong thdi ciing thii nghiém m6 hinh mang
noron vao phan loai. Trong nghién cGu nay
ching t6i sé van dung cic md hinh théng ké
dua trén phan tich khac biét, hoi qui logistic va
SVM dé xay dung cdc ham phan loai ngan
hang, t& d6 dua ra d6 chinh x4c cua cac mod
hinh; gia tri cac loai sai 1dm loai I, loai II ma
mdi mo hinh méc phai va gia tri p-value cho so
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sanh hiéu suét cac md hinh dé ti d6 két luan
hiéu suét cia ching c6 khac biét nhiéu khong.

2. PHUONG PHAP NGHIEN CUU

2.1 Nguén s6 liéu va bién sé
Cac sd liéu tht nghiém trong nghién
cliu cua ching t6i dudcldy tit bao cao tai

chinh céng khai da dude kiém toan (Bang
can d6i k& toan, bang bao cao luu chuyén
tién té, bang két qua hoat dong kinh doanh)
tai thoi diém cudi nam cuda cac ngan hang
thuong mai c6 phan Viét Nam t& ndm 2009
dén hét nam 2012, téng céng c6 136 quan
sat (Pang Huy Ngan, 2018). Cac bién trong
nghién ctiu gém:

Bang 1. Cac bién s6 nghién cttu da lva chon

Tén bién Noi dung D4u ky vong
Nhom 1: Khd nang sinh 1&i
el ROA-Kha nang sinh 16 trén téng tai san -
e2 ROE-kha n&ng sinh 1&i trén vén chd s& hivu -
e3 Chi phi dw phdng no khé doi + Gidm gia dau tw chirng khoan/Thu nhap i thuan +
e4 (Lai thuan - Chi phi hoat déng)/Chi phi hoat déng -
e5 Loi nhuan sau thué/Thu nhap lai thuan -
e6 Téng thu nhap/Téng tai sén cé -
e7 Téc d6 tang trwéng thu nhap lai thuan -
e8 Téc d6 tang trwdng loi nhuan sau thué -
e9 Chi phi dy phdng no khé doi/Téng thu nhap trwéc dy phong va thué +
el0 Thu nhap ti phi dich vu/Téng thu nhap hoat dong -
ell Lai can bién thuan -
Nhém 2: Cac chi sé tham hut
di Téng no/Tai san c6 +
d2 Téng no/Vén cha sé hivu +
d3 No qua han/Téng no +
Nhom 3: Hiéu qua quan ly tai san
mi Thu nhap lai thu&n/Tai san cb dinh -
m2 (Loi nhuan trwéc thué + Dy phong)/Chi phi hoat dong -
m3 Thu nhap 1ai thu&dn/Téng tai san c6 -
m4 (Loi nhuan trwdc thué + Dw phong)/Téng tai san co -
Nhom 4: Chét lwong tai san
al Dy phong ng kho doi/Ng khé doi +
a2 D phong no khoé doi/Dw no cho vay +
a3 No khé doi/(Vén chi sé hiru + Dy phong no khé doi) +
a4 Ty Ié cho vay/Tai san sinh 10i +/-
a5 GUi va cho vay tién thi trwdng lién ngan hang/Tai san sinh I&i -
a6 Chirng khoan d4u tw va chivng khoan kinh doanh/Tai san sinh I&i +
a7 Dau tw gop von dai han/Tai san sinh 16 +
Nhém 5: M&rc d6 an toan
cl T&ng trwéng von chi s& hiru -
c2 CAR -ty I& an toan vén -
c3 Vén chi s& hiru/Téng huy ddng vén tién givi -
c4 Vén chi sé& hiru/Tai san cod -
Nhém 6: Cac chi sb vé ting trudng bén virng
sl Tbc d6 tang trwdng thu nhap lai -
s2 Ln (Tai san cé dinh) +-
s3 Téc do tang trwdng tai san (Tolal asser growth) +-
s4 Loi nhuan chwa phan phéi/Loi nhuan sau thué -
s5 Loi nhuan chwa phan phdi/Téng tai san -
Nhém 7: Tinh thanh khodn
11 Téc do tang trwdng tidn g -
12 Tbc d6 tang trudng cac khoadn vay +
13 Cac khoan vay thuan/Tién gli ctia khach +
14 Huy dong tt t6 chire kinh té va dan cw/Téng huy dong -
15 Huy déng trén thj trwéng lién ngan hang/Téng huy déng +
16 Ty & tai san 16ng/Tdng tai san co -

700



Nguyén Thi Lan, D& Thi Nham, Ngoc Minh Chau, Lé V&n Hb

Bang 2. Cac bién s6 c6 kha nang phan biét cac miic nguy co

Tén bién Noi dung
el ROA-Kha& nang sinh 16i trén tdng tai san
e2 ROE-kha n&ng sinh I&i trén vén chi sé hiru
e4 (Lai thuan - chi phi hoat dong)/Chi phi hoat déng
e7 Tbc d6 tang trwdng thu nhap 1ai thuan
e9 Chi phi dw phéng ng khé doi/Téng thu nhap trwéc du phong va thué
el0 Thu nhéap t phi dich vu/Trén téng thu nhap hoat déng
d3 N qua han/Ng phai tra
m2 (Loi nhuan trwée thué +Dy phong)/Chi phi hoat déng
m3 Thu nhép lai thuan/Téng tai san
m4 (Loi nhuan trwde thué +Dy phong)/Tdng sb tai san co
a2 Dw phong no kho doi/Dw no cho vay
a3 No khé doi/(Vén chil sé hivu + dw phong no khé doi)
a4 Ty |é cho vay/Tai san sinh |0i
cl T&ng trwéng von chi sé hiru
s3 Tbc d6 tang trwdng tai san
s4 Loi nhuan chwa phan phéi/Loi nhuan sau thué
s5 Loi nhuan chwa phan phdilTan tai san
14 Huy déng ttr t& chire kinh té va dan cw/Téng huy déng

Bién phu thudc: bién c6 nguy cd vd ng la
bién phu thuéc Y, Y duge gan bang 1 (nguy co
v3 ng cao) néu ngan hang cé ti 1&é ng xau ti 3%
tré 1én. Bién Y dude gan bang 0 (nguy co vé ng
thap) néu ti 1&é ng x4u nhé hon 3%. Trong bo dii
litu mang 136 quan sat cé 35 quan sat thuoc
nhém nguy c¢d vé ndg cao va 101 quan sat thudc
nhém nguy cd vé ng thap.

Bién doéc Iap: Dua trén ngudn s6 liéu hién
¢, cac chi tiéu trong md hinh CAMEL va nhiing
gl ¥ tu cac céng trinh nghién ctu trude, ciing
nhu hoat déng ctia cac ngan hang thuong mai,
nghién ctiu da dugc xay dung, lya chon 40 bién
s6 (Bang 1). Dau ki vong (+) tac dong cung
chiéu, (-) tac dong ngugc chiéu, (+/-) tac dong
Idc thuén, lac nghich.

T 40 bién s6 thudc 7 nhém da duge tinh
toan, tién hanh phan tich phuong sai dé xac
dinh cac bién trong cac nhém c6 kha niang phan
biét cac mic nguy cd (Piang Huy Ngéan, 2018).
Cu thé con 18 bién trong bang 2.

2.2. Phuong phap nghién ctu

2.2.1. M6 hinh phan tich khac biét tuyén
tinh

Phan tich khac biét tuyén tinh, c6 tén tiéng
Anh 14 Linear Discriminant Analysis (LDA), 1a
mét phuong phap phan loai théng ké c6 dién,
dugc dua ra bdi Fisher (1936). LDA dudgc su
dung hiéu qué trong nhiing vin dé phan loai di
liéu dé tim ki€m mot su két hop tuyén tinh cta
cac thudc tinh phan tach hai hay nhiéu 16p doi
tugng. Két qua ctua su két hop c6 thé duge st
dung nhu mét bé phan loai tuyén tinh (linear
classifier) hogc phd bién hon dé gidm sd chiéu
(dimensionality reduction) truéc khi phan loai
cudi (Hastie et al., 2009; Nguyen Hoang Huy,
2013; Sergio Bacallado, 2017).

a. Mé hinh LDA Iy thuyét

Trong khéng gian p chiéu, c6 hai 16p chtia
doi tuong, trong bai toan cua ching ta 14 nhém
¢6 nguy co vé ng va nhém khong cé6 nguy co vo
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no. Mbi d6i tugng dudce cho bdi mét vecto biéu
dién X € R?. Su phan bd cia cac doi tugng trong
hai 16p déu tudn theo phan b& chuén, véi tham
s6 vecto trung binh p,, g, va cing ma tran hiép
phuong sai =. D& phan loai d6i tugng vé cac 16p
tuong tng can dua vao vecto biéu dién X, ta gia
st X duge biéu dién nhu sau: X~N, (o, £) hodc
X~N,(pny, ). Néu mét quan sat X thude vé 16p
k; k € {0,1} thi mat do6 cta né la:
_r 1
fil®) = @m)E(et(®)exp {5 (x
) - )
Phan 16p Bayes gan X vao 16p 0 néu:
o fo(X) = 11 f1(X)
Tuong duong véi log ? + X -z (p, —
1

u)=20

O d6 p =2 (so + ;). Ham phan biét tuyén
tinh ctia X dugc xac dinh bdi:

§p(X) = (X — ) E7 (1o — 1y).

8r 1a gia tri cia ham phan biét tuyén tinh
1y thuyét.

b. LDA thuc nghiém

Gia sti c6 tap dit liéu huén luyén:
{(X4,k;),i =1,2,...,m}, trong khong gian p chiéu
xét vecto bidu didnX € R?; X = [, %5, ...,xp]T

Ap dung phan tich khac biét tuyén tinh cho
hai 16p

X, v6ik; =k ke{0,1}vai=1m

Xac dinh vecto trung binh cho cac 16p

IEE TR
I*‘o—m1 ’111—m2
ki=0 ki=1

trong d6, m; = #{i, k; = 0}; m, = #{i, k; = 1};
m; +m, =m—>ﬁ=”—°:”1
Ma tran hiép phuong sai mau £ cho cac 16p

1 . ,
— K = ) (X = BT ke = 01
k=k;

s =
k my

(my — DEp + (my — DI,
ml + mz - 2

—)/z\:

Ta x4y dyung dugc ham phan biét tuyén
tinh ctia X nhu sau:

SF(X) = (X - ﬁ)Tf_l(ﬁo - ﬁ1)
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Gia tri ham phan biét tuyén tinh con goi la
gié tri diém.
bat ¢ = log?, gia tri ¢ dung dé phan loai
1
dii liéu X' vao 16p tuong tng ctia né, goi la
ngudng phéan loai.
Trong d6: Ty ~ % 14 udc lugng cua xac suat

16p thit nhat.

~

7, ~ =213 udc lugng ctia xac sudt 16p thi hai.
m

- Né&u 6-(X) > ¢ - k; = 0 (16p thi nhat).

- Né&u 6.(X) < ¢ = k; = 1 (16p thi hai).

Ham phan biét tuyén tinh thuc nghiém cua
X dudc xac dinh bai:

SF(X) = (X - ﬁ)Tﬁ_l(ﬁo - ﬁ1)
2.2.2. M6 hinh héi qui logistic

Trong cAc md hinh héi qui truyén théng,
bién phu thudc va bién doc 1ap c6 thé nhan gia
tri trén tap s6 thuc. Trong thuc t& c6 rat nhiéu
truong hgp, mot dai lugng chi nhan hai gia tri 0
va 1, nhung né lai phu thudc vao cac bién doc lap
khac nhan gia tri trén tap s thuc. Ngudi ta can
dua ra mot phuong trinh mo t4 moi quan hé gitia
xac sudt p dé mot bién ¢ A xay ra véi gié tri caa
cac bién doc lap x,, x,, .., x,. Trong bai toan nay
bién ¢ A 1a bién c6 ngan hang bi v ng, cac bién
doc lap 1a cac bién trong bang 2. Phuong trinh
dang tuyén tinh biéu dién xac sudt p qua mot t6
hgp tuyén tinh ctia cac bién doc lap thusng dude
nghi dén trudc tién. Tuy nhién, moét phuong
trinh tuyén tinh nhu vay 1a khéng hgp 1y, vi p
chi nhan gia tri giéi han trong doan [0,1], trong
khi d6 t6 hop tuyén tinh cta cac bién doc 1ap c6
thé nhan gia tri bat ky trén duong thing thuc.
Nhung nguti ta nhan thay c6 méi quan hé chit
ché gitia ti 1& cuge, thanh phéan ln(ﬁ) va céc

bién déc lap x; duéi dang tuyén tinh nén da thiét
lap ching duéi dang:

Py s S
Y=Ly =4+ 2 Ax O

Phuong trinh (1) dudc goi 14 moé hinh héi qui
logistic boi, khi n = 1 ta c6 md hinh héi qui logistic
don. St dung phuong phap hgp 1y cuc dai, cac hé
s6 B, trong phuong trinh (1) c6 uéc lugng 1a j,
dugc xac dinh bdi hé phuong trinh sau:



S1p, =3 arexpl-(B, + Y A

i=1 i=1

(&)
in pi = Z X L+ exp[_(ﬁo + Zﬁjxij)])'

Trong d6 p, nhan gia tri bang 1 néu bién c&
A xay ra va nhan gia tri bang 0 néu ngugc lai:
B1a ude lugng cta B; x; 1a dit liéu thi j caa
bién doc lap x. Khi tim dudc cac hé s6 cua
phuong trinh héi quy, ta c6 xac sudt thanh cong
ctia phén ti ¢6 bién quan sat x = (x,X,, .., X,) 1

o+ 38

p= —
1+e><p(Bo+Zﬂixi)

Khi d6, néu p >0,5 thi ta sé xép phan tu
nay vao 16p xay ra A, ngudc lai ta sé& x&p né vao
16p khéng xay ra A (Vo Van Tai va cs.).

2.2.3. May vecto hé tro

May vecto hd trg (SVM - Support Vector
Machine) la moOt khai
ké va khoa hoc may tinh cho mét tap hgp cac
phuong phap hoc c¢6 giam satlién quan dén
nhau dé phan loai va phéan tich héi quy. Thuat
toan SVM ban dau dudc tim ra bdi Vapnik
(1995) va dang chuén hién nay st dung 16 mém
dugc tim ra bdi Vapnik va Corte (1995). SVM
dang chuin nhan dié liéu vao va phan loai
ching vao hai 16p khac nhau. Mot md hinh

niém trong théng

SVM 1la mét cach biéu dién cac diém trong
khong gian va lua chon ranh giéi gitta hai 16p
sao cho khoang céach 1é ti cac vi du huan luyén
t6i ranh gi6i 14 xa nh&t c6 thé. Trong nhiéu
truong hop, khong thé phan chia cac 16p di liéu
mot cach tuyén tinh trong mot khoéng gian
thuoc tinh ban dau. Vi vay, nhiéu khi cin
phai anh xa cac diém di liéu trong khong gian
ban dau vao mdt khong gian méi nhiéu chiéu
hon, dé viéc phan tach ching tré nén dé dang
hon trong khéng gian mdi. Anh xa st dung
trong SVM chi doi hoi biét tich vo huéng cta cac
vecto di@i liéu trong khong gian mdéi, tich vo
huéng nay dudc xac dinh bang mot ham hat
nhan K(x,y) phtt hgp. Mot sy mé ta don gian cho
thuat toan SVM dudc cung cap dudi day (Min et
al., 2005):

Nguyén Thi Lan, D& Thi Nham, Ngoc Minh Chau, Lé V&n Hb

Cho truéc mot tap huan luyén D = {x;, y;}\,
v6i dau vao la cac vecto x; = (x, ..., x"™)T € R
va tap nhén y; € {—1,+1}, may phan loai vecto
hd trg SVM theo cong thiic goc ciia Vapnik, thoa
man cac diéu kién sau day:

{ch])(xL-) +b=+1néuy, =+1 3)

wid(x)+b<—-1néuy, =-1

Diéu nay tuong duong véi y;[w' d(x;) + b] =
Li=1,.,N (4

O d6 w 1a vecto trong s6 va b 1a khuynh
huéng. Anh xa phi tuyén ¢(.): R" - R™ anh xa
khong gian thudc tinh dau vao do dugc vao
khéng gian thudc tinh cé s& chiéu cao, hoic vo
han chiéu (n, 1la s6 chiéu cta khoéng gian
thuoc tinh). Phuong trinh (3) xac dinh hai
sidu phing 1é song song (c6 cung vecto phap
tuyén) ndm hai bén (theo huéng xac dinh béi
vecto phap tuyén) siéu phéng phan tach
wid(x) + b =0 trong khong gian thuodc tinh
v6i @6 rong 186 gitia hai siéu phing bing
2/(lwl|l». Ham phan loai dua trén gia tri
thudc tinh ban dau xac dinh béi:

sgn(w'd(x) +b)  (5)

Hau hét cac bai toan phan 1ép 1a khong
phan tach tuyén tinh. Vi vay, mot cach téng
quat dé tim vecto trong s6 ta st dung bién giam
&; dé cho phép phén loai sai. Bai toan t6i uu 18
trd thanh:

LT
min,, p ¢ S W w.+C.YN & (6)

Tuy thudc vao

{yi(chl)(xi) +bh)=1-¢,i=1,..,N o
§>0i=1,..,N
O d6 cac &; 1a cac bién gidm cAn thiét dé cho
phép phan loai sai mau thi i, va C € R* 1a mot
siéu tham s6 diéu chinh mtc d6 phan d¢ sai dé
can bang v6i d6 rong 16. Tt cac diéu kién t6i vu
va ham muc tiéu, thu dugc mdét bai toan qui
hoach toan phuong (QP), c6 thé giai bang
phuong phap nhan ti Lagrange. Hé s6 nhan
Lagrange a; tén tai tuong Gng véi mdi mau
trong di liéu huin luyén. Cac mau tuong Gng
véi cac a; khac khong chinh 1a cac vecto hé trg.
Khi d6, bai toan trén c6 thé chuyén déi thanh
bai toan d6i ngau véi ham muc tiéu (8) va rang
budc (9) nhu sau:
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(8)
0<a;<Ci=1.,N
yTa=0

1
max, 5 a’Qa —e'a

)

V6i rang budc {

Trong bai toan do6i ngau 6 trén, e 1 vecto
don vi gom toan so 1, Q 1a ma tran ban xac dinh
duong, Qij = yiy;K (xi, x;) K(xl-,xj) =
d(x)"d(x;) la hat nhéan. O day, cac vecto x;
duge anh xa vao khong gian c6 sd chiéu cao hon
bdi ham ¢. Sau d6 xay dung SVM phan loai cudi
cung nhu sau:

sgn (Z a; v K(x,x;) + b) (10)

i

va

3. KET QUA VA THAO LUAN

Pé xay dung ham phan loai trong viéc

O I_||:|

—

-

canh bao sém nguy cd v6 ng cua ciac ngan hang
thuong mai ¢6 phan Viét Nam, nhém ching téi
tién hanh xay dung va cai dat trén ngén ngi
lap trinh Matlab, st dung may tinh Intel Core
i3, 2.1 GHz, 2GB Ram. Di liéu thu nghiém
duge chia mét cach ngdu nhién nhd ham
cvpartition, thuc hién 5 1an theo k-fold = 5,
mobi 1an thanh 2 tap con: Mot tap dit liéu huan
luyén chi€ém 80% va mot tap di liéu kiém tra
chi€ém 20% trong tong s6 136 di liéu cha cac
ngan hang d6i véi 2 moé hinh phan tich khéac
biét va hoi qui SVM, con d6i véi héi qui logistic
ching toi chia tap di liéu lan lugt theo k-fold
=1, 2, 3, 4, 5. Két qua phan loai thu dugc d6i
véi cac phuong phap phan tich khac biét tuyén
tinh (LDA), héi qui logistic va SVM dudc thé
hién trong bang 3.

wielr) +b=1

widlx)+b=0

-
A wTalx )+ b=-1

v

Hinh 1. Vi du vé siéu phang véi 18 cuc dai trong khéng gian R?

Bang 3. D6 chinh xac trung binh ctia cac mé hinh

D6 chinh xac trung binh clia dy doan (%)

M6 hinh - "

D@ liéu huan luyén D liéu kiém tra
LDA 88,26 85,19
Logistic 95,05 83,07
SVM 79,08 80,74

704



Nguyén Thi Lan, D& Thi Nham, Ngoc Minh Chau, Lé V&n Hb

Bang 4. Gia tri p-value cho so sanh hiéu suat ctia cac cip mé hinh

LDA Logistic SVM
LDA 0,6250 0,5000
Logistic 1

Bang 5. Gia tri cac sai 1am ctia cac mé hinh

Sai 1am loai | (%) Sai 1am loai Il (%) Sai 1&m chung (%)
LDA Logistic SVM LDA Logistic SVM LDA Logistic SVM

43,33 11,68 84,67 6,48 31 1,86 14,81 16,03 19,26

D6 chinh xac cia md hinh phan loai duge
tinh bang ty s6 gitia s6 mau dude phan loai ding
trén tong s6 mau cua tap di liéu kiém thi.

Két qua 6 bang 3 cho thay trong bai toan
nay, do chinh xac cia ba mé hinh LDA, héi qui
logistic, SVM trén tap di liéu huin luyén lan
lugt 1a 88,26; 95,05; 79,08% va trén tap da liéu
kiém tra 1n lugt 1a 85,19; 83,70; 80,74%. Nhu
vay, mé hinh hoi qui logistic c6 d6 chinh xac cao
nhét 6 ca tap dii liéu hudn luyén con LDA lai la
phuong phap c6 d6 chinh xac cao nhat ¢ tap di
liéu kiém tra.

Ngoai ra dé kiém dinh su khac nhau trong
xac suat thanh céng ctia ba moé hinh,ching t6i
con dua ra gia tri p-value trong kiém dinh phi
tham s& y? nhud bang 4, theo dé thi hiéu suit
du doan cta cac mé hinh LDA, Logistic, SVM
khong qua khac biét.

Pé danh gia hiéu qua cia cac mé hinh
trén thong qua dé chinh xac du bao, ching toi
con danh gii thong qua ti 1é phan loai sai hay
noé6i cach khac 1a cac loai sai 1dm méc phai.
Bang 5 chi ra ti 1& sai 1am loai I, sai 1dm loai
II va sai lam néi chung ciia ba mé hinh. Nhéc
lai, sai 1am loai I (ER;)méc phai khi phén loai
mdt ngan hang c6é nguy c¢é vé ng thanh ngan
hang khéng c6 nguy cd v3 ng va sai 1am loai II
(ER;) méc phai khi phan loai mét ngdn hang
khéng ¢6 nguy cd v6 ng thanh ngén hang c¢6
nguy cd vé ng. Sai 1dm néi chung (ER) méic
phai khi phan loai sai, va né c6 cong thtic tinh
nhu sau: ER = ER;.P; + ER};. P;;. Trong dé6, P, P,
lan lugt 1a xac suit bi pha san va xac suat
khong bi pha san. Trong thuc té&, chi phi sai

ldm loai I gan nhu cao hon sai 1am loai II.
Sinkey (1975) d& chi ra ring mét ti 1é sai 1am
chung nhd v6i mot sai 1am loai I 16n sé hao
ton chi phi nhiéu hon moét ti 1& sai 1dam chung
16n véi sai 14m loai I nhé.

Theo két qua ¢ bang 5, ti 1é cac loai sai 1am
loai I cua phuong phap héi qui logistic thap
nhat trong baphuong phap, ti 1¢ sai 14m chung
thi cia LDA 1a thdp nhéat, tiép d6 dén hoi qui
logistic va cu6i cung 1a SVM, cu thé ti 1¢ sai 1dm
noéi chung cta cac phuong phap nay lan ludt 1a
14,81%; 16,03% va 19,26%.

Nhu vay, ti cac két qua thuc nghiém & trén,
c6 thé thdy ring ca ba phuong phap dugc ap
dung gémphan tich khac biét tuyén tinh LDA,
héi qui logistic, SVM déu dat do chinh xac trong
du bio rui ro cia ngan hang 13 kha cao (16n hon
70%). Trong d6, phuong phap hoi qui logistic va
phén tich khéc biét tuyén tinh thé hién dugc uu
thé& hon so v6i mo6 hinh may vecto hd trg SVM, do
c6 do6 chinh xac cao hon va ti 1é sai lam thap hon
md hinh may vecto hd trg SVM.

4. KET LUAN VA KIEN NGHI

Nghién ctiu dé xuit mot s6 phuong phap
x4y dung ham phan loai trong viéc canh bio
s6ém nguy cd v3 ng cua cac ngan hang thuong
mai ¢4 phan Viét Nam, cu thé ba phuong phap
14 phan tich khac biét tuyén tinh LDA, héi qui
logistic va SVM. Céc két qua thuc nghiém véi
mtc do chinh x4c tuong ddi t6t, cho thay viéc ap
dung mo hinh nay trong thuc t& 1a hoan toan cé
trién vong.
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Day 1a mé hinh c6 tinh tng dung cao trong
thuc tién béi ngan hang 1a mot trong cac t6 chiic
trung gian tai chinh quan trong ctia nén kinh
t&. Vi thé trong tuong lai can phat trién tiép
tng dung nay, tiép tuc thu thap thém nhiéu di
liéu ctia cac ngan hang khéac nhau qua cac ndm
khac nhau, cai tién phuong phip phan loai
SVM, tim hiéu thém céc phuong phap phan loai
khac nhu mang noron, cdy quyét dinh, tri tué
nhén tao (AI) &€ dat dudc két qua phan loai tét
hon. Péng thoi cAn tim hiéu chuyén sdu hon
ntia m6 hinh phéan loai 4p dung cho cac linh vyc
thuc tién khac nhu dinh gia bat déng san,
chuén doan bénh trong y té,..
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