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ABSTRACT

This article presents the classification methods and calculable problems in
their real application. The article also proposes an algorithm to determine
the prior probability in classifying by Bayesian method that is better than
existing ones. The application from real data in appraising ability to repay
loans of customers is performed by all methods to illustrate for theories
and to examine logic of the establishsed algorithm. This application also
shows that the proposed approach is more advantage than others and it
can be applied for many other domains.

TOM TAT

Bai bdo trinh bay cdc phwong phdp phdn logi va nhitng van dé tinh todn
trong dp dung thiec té ciia chiing. Bdi bdo ciing dé nghi mét thudt todn xdc
dinh xdc sudt tién nghiém trong phdn logi bang phirong phdp Bayes tot
hon cdc phwong phdp khéac. Ung dung tir s6 liéu thuc té trong danh gid
khda nang tra ng vay cia khdach hang duoc thyc hién bang tat ca cdc
phwong phap dé minh hoa cho Iy thuyét va kiém tra sw hop Iy cia thudt
todn duge thiét ldp. Ung dung nay ciing cho thay phiong phap dé nghi c6
wu diém hon cac phwong phdp khdc va cé thé dwoc dp dung cho nhiéu linh
vuwe khac nhau.

Trich dan: V& Vén Tai, Nguyén Thi Hong Dén va Nghiém Quang Thuong, 2017. Dénh gia kha nang tré no
vay cua khach hang bang cac phuong phap phén loai. Tap chi Khoa hoc Truong Pai hoc Can

Tho. 49a: 110-117.

1 GIOI THIEU

Phan loai 12 xép mot phan tir thich hop vao cac

tong thé, nhung phuong phap hoi qui logistic dang
dugc su dung rat pho bién hién nay. Phuong phap
Bayes c6 nhiéu wu diém, co thé phén loai dugc cho

tong thé da biét dya trén cac bién quan st ciia no.
Hién nay, cac phuong phap chinh dugc sur dung la
Fisher, hdi qui logistic, SVM (Support Vector
Machines) va Bayes (Webb, 2000; Tai, 2016).
Phuong phap Fisher ra doi sém nhit, c6 thé phan
loai cho hai hay nhiéu hon hai tong thé, phuong
phap nay bi rang budc boi gia thiét ma tran hiép
phuong sai cia ching bang nhau. Phuong phap
SVM chi phén loai cho hai tong thé dua trén sb liéu
roi rac. Hién nay, phuong phap nay dugc ap dung
kha phd bién trong khai khoang dit liéu. Mac du
dugc dé& xuat mudn nhat va chi phan loai cho hai
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hai hay nhiéu hon hai téng thé. N6 khong bi rang
budc boi cac gia thiét phan pho1 chuan va phuong
sai bang nhau ciia cac tong thé. Hai van dé chinh
duoc quan tdm cia phuong phap nay 1a tim ham
mat do xac suét tir dit liéu roi rac va xac dinh xéac
sudt tién nghiém. Hién nay, viéc nghién ctru hai
vén dé nay khong nhitng dugc su quan tim cia cac
nha théng ké ma con co su két hop cua cic nha
khoa hoc trong linh vuc cong nghé thong tin. Van
dé ude lwong ham mat do xac suat da duoc thao
luan rat nhiéu trong cac tong két va nghién ciru,
nhiéu két qua da dugc ap dung vao thuc té rat hiéu
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quad (Pham-Gia et al., 2008; Tai, 2016). Viéc xac
dinh x4c suét tién nghiém thuong dwa vao cic tong
két thong keé, kinh nghiém va tap dir liéu thuc hién.
Cac xac suét tién nghiém thong thuong dugc dé
xuit theo phan phéi déu, phuong phap Laplace
hodc ti 1& mau. Trong bai viét ndy, dya vao phén
tich chum mo, ching toi dé xuit thuat toan xac
dinh x4c suit tién nghiém ma n6 dugc xem la hiéu
qua hon cac phuong phap khac khi ap dung vao
thuc té (x4c suat sai 1am nho hon).

Bai toan phan loai da va dang duogc ap dung
cho nhiéu linh vuc khac nhau, dic biét trong ngan
hang. Khi khach hang (ca nhan, doanh nghiép...)
dén vay vbn, can bo tin dung phai c6 kha ning
danh gia ding khach hang va ra quyét dinh vé viéc
cho hay khong cho khach hang vay. Can bd tin
dung can phai han ché sai 1am: Cho vay d6i voi
khach hang c6 rui ro hoac tur chdi cho vay déi véi
khach hang tot. Trong nhimg nam qua, hé thong
ngan hang Viét Nam phat trién manh nhung ng xau
cling tang cao, tiém an nhiéu rui ro. Panh gia kha
nang trd ng cua khach hang 1a mot nhiém vu quan
trong d6i v6i cac ngan hang hién nay. Mdi khach
hang dén vay von tai ngan hang s& duoc xac dinh
boi mot b thong tin (do khach hang cung cap, két
hop vé6i s didu tra tir can bo tin dung). Thong tin
ctia khach hang 1a mot véc to n chiéu gdm céc bién
dinh tinh va dinh luong. V&i n bién nay, can bo tin
dung can phan loai khach hang thuéc nhém nao, tir
d6 quyét dinh cho khach hang vay hay khong véi
mirc sai 1am thap nhat. Két qua 1y thuyét cia bai
viét nay, trong danh gia kha ning tra ng vay cua
khéach hang, hoan toan cé thé ung dung thuc hién
twong tu trong nhiéu linh vuc khéc.

Céu truc tiép theo cua bai viét nhu sau: Phan 2
trinh bay cac phuong phap phan loai va vén dé xac
dinh x4c suit tién nghiém bang phuong phap
Bayes. Phin 3 trinh bay van dé tinh toan cia cac
phuong phép, trong d6 c6 van dé thiét lap cac
chwong trinh trén phan mém Matlab dé hd trg cho
c4c tinh toan phirc tap. Phan 4 thuc hién danh gia
kha ning tra ng vay ctia khach hang dya vao céc sb
liéu thuc t& cua cac doanh nghiép trén dia ban
thanh phé Can Tho. Phan cudi cing 1a két luan cua
bai viét.

2 CAC PHUONG PHAP PHAN LOAI

2.1 Phuwong phap hdi qui logistic

Trong cac mo hinh héi qui truyén thong, bién
phu thudc va bién doc 1ap co thé nhan gia tri trén
tap s6 thuc. Trong thyc té c6 rat nhiéu truong hop,
mot dai lugng chi nhén hai gia tri 0 va 1, nhung n6
lai phu thudc vao cac bién doc 1ap khac nhan gia tri
trén tap sb thyc. Ngudi ta cin dua ra mot phuong
trinh mo ta mdi quan hé giira xac sudt p dé mot
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bién cb 4 xay ra véi gia tri cua cac bién doc 1ap xy,
X2, . . ., Xn. Phuong trinh dang tuyen tinh biéu dién
xac suat p qua mot td hop tuyen tinh cua cac bién
doc 1ap thuong dwoc nghi dén trudc tién. Tuy
nhién, mot phwong trinh tuyén tinh nhu vay la
khong hop 1y, vi p chi nhan gia tri giéi han trong
[0,1], trong khi d6 t& hop tuyen tinh cua cac bién
doc lap co thé nhan gia tri bat ky trén tép s6 thuc.
Nhén xét thdy co6 mdi quan hé chit ché giita logarit

ctia s6 chénh, (In(p/(1 —p)), va cac bién doc 1ap x;
dudi dang tuyén tinh nén nguoi ta thiét 1ap chung
dudi dang:

y= ln( ] ﬂﬁZﬂx

Phuong trinh (1) duoc goi 1a m6 hinh hdi qui
logistic bdi, khi n =1 ta ¢6 mo hinh hoi qui logistic
don.

(1)

Str dung phuong phéap hop 1y cuc dai, cac hé s6
f. trong m6 hinh (1) dugc xac dinh boi hé phuong

trinh sau:

i 1 - Ao i Aj ijj:|\J_’
Zp Z( +exp{ (,B +j:1ﬁx )

n n -k o~
; X;p; = ; X [1 +exp |:_(:B0 + jzzl ﬂ_ixif \J:D’

trong d6 p; nhan gia tri bang 1 néu bién cb 4
xay ra va nhan gia tri bang 0 néu nguoc lai; ﬁ la
ude luong cla 3 ; X, 1a dir liéu thr j ctia bién doc
lap x;.

Khi tim dugc cac hé so cua phuong trinh hoi
qui, ta cd xac suat thanh cong cua phan tir co bién
quan sat x = (x1, x2 . . .xn) la

eXp(Bo +Zn::§ixij
1+exp[ﬁ0 +i,§ixij.

Khi d6 néu p > 0.5 thi ta s& xép phan tir nay vao
16p xay ra 4, ngugc lai, ta xép né vao 16p khong
xdy ra A.

2.2 Phuong phap Fisher

p:

Xét k tong thé wi, wa, . . .,
trung binh g, i =1, 2,...,

Wi, (k> 2) ¢co véc to
k va ma tran hi¢p
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phuong sai cua cac tong thé déu bang nhau

%, =%,=..=%, =%.Dit

d,(x)= 4=

3)
Khi d6 mét phan tr méi voi bién quan sat x s&
duoc xép vao w; néu:

d ,(x) =max{d;(x)}.

1
=T
2/‘1 H;

2.3 Phwong phap Bayes

Cho k tong thé w, W2 Wk €0 bién quan sat véi
ham mat do xac suat dugc xac dinh 1a fi(x),
SoAx),...., flx) va xac sudt tién nghiém cho cac tong
thé lan luotla g1, go, ..., e VO 1 + g2 + ...+ g =
1. Ta c6 nguyén tic phan loai mot phéan tr méi véi
bién quan sat xo bang phuong phap Bayes nhu sau:

Néu gmax(x0) = ¢fi(x0) thi xép phan tir méi vao
w, (4

trong do

¢i 1a xac suét tién nghiém cua tong thé thi i,

&i(X) = qifi(x) va gmax(x) = max{gi(x), g2(x),...,
X))

Xéc sudt sai 1am trong phan loai Bayes duoc
goi 1 sai s0 Bayes va dugc xac dinh boi cong thire:

Z I q.f.dx,

i=l gr\gy

Pe) = 6)

trong do6 n 1a so chiéu cta bién quan sat.

Tir cong thire (5), ta ¢6 thé ching minh dugc

=1- | max{q, f,(x)} dx. (6)

Pe(q)
1,2,k P,
M

St dung (6) dé tinh sai s Bayes cho ta mot
thu‘én lqi rat 16mn, da.“w" biét trong viéc sir dung cac
phan mém todn hoc dé 1ap trinh.

2.4 Xac dinh xac suét tién nghi¢m trong
phén loai bang phuong phap Bayes

a. Van dé xac dinh xdc suat tién nghiém

) Két qua phan loai mot phan tr méi béi nguyén
tac (4) va sai s0 Bayes duogc tinh boi cong thic (6)
déu phu thudc vao xac suat tién nghiém. Thong

112

Tép 49, Phan A (2017): 110-117

thudng co nhitng phuong phap sau dé xac dinh cac
xac suat tién nghiém:

6] Dya vao  phan  phdi déu:
q,=9,=..=q.=1/c.

(i) Dya vao tap mauw: ¢, =n, / N,

(iii)) Dya vao wudc lugng Laplace:

g, =(n +1)/ (N +n),

trong d6 n; 1 sd cac phan tir trong wi, n 1a sb
chiéu va N 1a s0 nhiing phan tir cia tap mau.

Mic du ¢ nhiéu tic gia dd nghién ciru vé vén
d¢é nay (Inman and Bradley, 1989; Miller, 2011;
Bora and Gupta, 2014) nhung viéc tim mot xac
suat tién nghiém thich hgp cho ting truong hop cu
thé cho dén nay van la mét bai toan chua co 101 giai
cuoi cung.

Trong phan nay, ching t6i dé xuat thuat toan
tim xéc suat tién nghiém ma thyc té kiém ching
cho ta sai s6 Bayes nho hon khi ta str dung céc xac
suat tién nghi¢m vira d€ cép & trén. Trudce khi xem
x¢ét thuat toan nay, ching ta tim hi¢u mot so khai
niém sau.

b. Khdi niém

Trong khong gian n chidu, cho N tong thé

NO = O WO, W véitap dirlieu  Z=
[Zif]nv. Xét ma tran U = [ , ]W , trong do £4, 1a
xéc suat khi chung ta xép phan tir th & vao chum
thir i. Trong phan tich chum khong mo, g, =1
khi phan tir thir & thudc vao chum thw i, gz, =0
khi phan tir thtr & khong thudc chum thir i. Trong
phén tich chum mé £, € [0,1] va phai théa nhiing

diéu kién sau:
4 N
Doty =10<> p <NJ<i<cl<k<N.
i=l k=1

Tap tit ca nhimg ma tran phan ving mo
cho dit liéu [z;]wy, N =2 duoc goi 1a khong gian
phéan ving mo cia ¢ chum:

M, ={U=WLWI/4( G{Q&%ki& =ka0<i;,{,w}.

Trong phan tich chum khéng mo, phan tir dai
dién chum dugc 1ay chinh 1 trong tam. Khi phan
tich chum mo, phﬁn tir dai dién chum thir i duoc
x4c dinh boi
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m
Z (#4,)" 2,
_ k=1
- N
m
Z ()
k=1

trong d6 m la tham sb xéac dinh do mo.

\'s @)

; , I<i<c

c. Thudt toan

Thuat toan xac dinh xac ﬂsuét tiﬂén nghiém khi
phéan loai phan tr xo vao ¢ tong thé dugc dé nghi
gom cac budc nhu sau:

Budc 1: Chia tap di li€u thanh ¢ chum wy,
Wwa,..., we. Tim phan tior dai dién cua cac chum v
boi cong thuce (7), tinh khodng cach gitra cac phan
tur cua dir li€u va cac v (voii=1, 2,..., ¢).

Buwée 2: Thiét 1ap ma tran phan ving ban dau
U =[44;)xns1» trong do N cot dau tién 1a ma
tran phan vung khong mo cua cac phan tir trong tap
dir liéu khi xép vao ¢ téng thé wi, wa,..., Wwe. Cu
thé g; =1, néu phan tir thtr j thude tong the i (v6i i

=1,2,.,¢)va u; =0 trong truong hop nguoc lai.

Cot cudi cung NV + 1 1a xac suat ban dau dé xo xép
vao cac chum wi, wy,..., we. Ban dau ching ta co
thé chon xac suat nay bang nhau.

Bue 3: Tinh I, =z~ =(z,—v) Az~

1a binh phuong khoang cach tir phan tir z; &én phan
tir dai dién chum thir ;. Cap nhat ma tran phan ving
méi UD véi

P 1 (3)
i < 2(m-1)
> (a1 D)
Jj=1
néu Dys > 0 cho tht ca i =1, 2,..., ¢ va

e

Buwoce 4: Tinh

=0 trong céc truong hop nguoc lai.

)

Lap dén  khi
“U W _u ("_I)H <&, khi @6 chung ta s& c6 ma tran

(1)

My — v

ik

HU(I) —U(O)H = maxl.k(

lai cac budc trén cho

phén vung cudi cung. Ct cudi cung cua ma tran
phan vung la xac suat tién nghiém khi xép xo vao
cac tong the tuong ung.

Trong thudt toan trén, chung ta can cha y nhiing
van d¢ sau:
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i) &£1a mot hang s nho tuy y. Khi & cang
nho thi vong 1dp thue hién s€ cang nhiéu. Chung ta
c6 thé chon & = 5% hoac 1% trong cac ing dung.

ii) Dixs phu thudc vao ma trin 4. Khi 4 1a ma
tran don vi thi Dy 1a khoang cach Euclide. Trong
bai bao nay, chiung t6i chon khoang cach Euclide
trong cac ung dung.

iii) Tham s6 m ddc trung cho d6 mo cua két
qua phén tich chum, khi m = 1 phan tich chim m¢
tro thanh khong mo, khi m tién dén vo cung, xac
sudt dé cac phan tir thudc vao cac chum bang nhau
va bang 1/c. Hién tai, chung ta chua co phuong
phap t6i wu trong xac dinh m (Yu et al., 2004; Thao
va Tai, 2016). Viéc xac dinh m mot cach cu thé
van thuong dugc thuc hién bang phuong phap chia
ludi (Hall et al., 1992). Chiing t6i cling xac dinh m
theo phuong phap chia ludi.

Trong bai viét nay, phuong phap Bayes khi sir
dung cac xac suat tién nghiém (i), (ii), (iii) va thuét
toan d& nghi 1an luot dugc goi 1a BayesU, BayesP,
BayesL va BayesC.

2.5 Phwong phap SVM

Cho té'p mg’u D= {(Xl, J/l), (.sz, J’Z), seey (xlh J/n)},
vOi xi thude R”, yinhan 2 gia tri  {—1, 1} v6i —1
biéu thi 16p I, 1 biéu thi lop 1L

Ta c6 phuong trinh siéu phing chira vector X
trong khong gian nhu sau: X,w+b =0.

bat

J (%) = sign(x,w+Db) ={

+1 khi X, w+b>0.
-1 khi Xx.w+b<O0.

Nhu vay, f(X,) biéu dién sy phan 16p cua X,

vao hai 16p nhu da néu.

Ta xép 55, thudc 16p I néu y; = +1 va thude 16p 11

néuvay = —1.

3 VAN DE TiNH TOAN

3.1 Trong phwong phap Fisher, hoi qui
logistic va SVM

i) Déi voi phuong phap Fisher, do thuc té

khong c6 véc to trung binh va ma tran hiép phuong
sai cua tong the, nén ta thay thé chung bang cac
ude lugng khong chéch tir mau. Trong R”, gia sur
ching ta c6 k mau tuong Ung k tong the, véi mau

k
thtr i co kich thudc n, Zni = N,c6 ma tran dir
i=1
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liéu X; ma cot thu j 1a Xjj - Goi S 1a ma trén hiép
phuong sai cua téng thé tht i. Pat:

_zxt/’

zll

- —\T
— > (x.—x)(x.—X),
n._lg,( 5 X)X =%,)

i(nl- =S
S _ =1l

2 (m=k)

Liic nay ta s& thay thé 4, bang J_Ci, 2 boi S
trong cong thirc (3).

Chung ta c¢6 thé sir dung cac phin mém théng
ké R hodc SPSS dé thyc hién bai toan phan loai
bang phuong phap Fisher.

ii) Bé tim cac hé s cia mé hinh héi qui logistic
khi ¢6 sb liéu cu thé, ta phai giai hé phuong trinh
(2). Tuy nhién, viéc giai h¢ phuong trinh nay thue
su rat phue tap, vi vay trong thuc hanh ta sir dung
cac gbi hd trg cua cac phan mém thdng ké nhu
SPSS, R,... dé thyc hién. Dbi v6i phuong phap
SVM chung t6i sir dung phan mém Weka dé thuc
hién.

3.2 Trong phwong phap Bayes

i) Trong thyc té, dir liéu 14 roi rac, vi vay dé dam
bao tinh tmg dung thuc t& cua phuong phap, dau
tién ching ta can phai udc luong ham mat do xac
sudt tir dit lidu roi rac ndy. C6 nhidu phuong phap
wéc lwong tham sb cling nhu phi tham sé dé thuc
hién. Trong bai viét nay, chung t6i str dung phuong
phap ham hat nhén, mét phuong phap cho dén hién
tai dwoc danh gid co6 nhidu wu diém hon cac
phuong phap khic. Him mat d¢ » chiéu udc lugng
bang phuong phap nay c6 dang:

_ N n _xlj
f(x)_Nhh hZ‘H [ n J

trong d6 /; 1a tham s tron cho bién thir /, K; 14 ham
hat nhan cta bién th j, x; 1a chleu tha 7, x; 1a so
liéu thir i cua bién thir j, N 1a s6 phan tir cia mau
va n 1a s6 chiéu coa dit liéu.

C6 thé chon nhiéu ham hat nhan khac nhau nhu
dang tam giac, hinh chit nhat, song lugng... Trong
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bai bao ndy, ching tdi chon ham hat nhén dang
chuan:

1
f(x)= exp(—x* /2).
N27

C6 nhiéu nghién ctru vé viéc chon tham sb tron
va cling chua c6 két ludn cudi cung nao chung to
cach chon tham s0 nay la thyc sy tot hon so véi
cach khac. Trong bai viét nay, chung toi chon tham
s0 tron theo Scott (1992):

4

chuan mau cua bién tht j, » va N lan luot 1a so
chiéu va s0 phan tir cia mau.

1

n+4
j gj,trong d(’)O'ilé dd 1éch

Céc phan mém théng ké nhu Matlab, Maple...
dd hd tro viée ude lwong ham mat d6 xac suét 1
chiéu, tuy nhién trong truong hop nhiéu chiéu chua
¢6 sy hd trg. Trong bai viét nay, chung toi da viét
chuong trinh thyc hién trén phﬁn mém Matlab véi
ham hat nhan va tham s tron dugc chon & trén.

ii) Dya vao nguyén tic (4), chung toi cling da
viét chuong trinh dé phén loai ‘mot phan tir méi,
chuong trinh x4c dinh xac sut tién nghiém va
chuong trinh tinh sai s§ Bayes, trong d6 tich phan
duoc uwdc lugng theo phuong phap Monte Carlo.
Cac chuong trinh nay dugc dung trong cac ap dung
thuc té & phan 4.

4 DPANH GIA KHA NANG TRA NQ VAY
CUA KHACH HANG

4.1 Gi6i thigu

Trong phin ndy, dua trén cac sb lidu thuc té thu
dugc va ly thuyét da trinh bay, chung t6i thyc hién
viéc danh gia kha nang tra no vay cta khach hang
trén dia ban thanh phd Can Tho. Pdi tugng khach
hang dugc khéo sat 1a cac doanh nghi¢p hoat dong
trén céac linh vuc quan trong: ndéng nghiép, cong
nghiép va thuong mai. S6 liéu thuc hién gém 214
doanh nghiép, trong d6 143 doanh nghiép tra ng
dugc dung han (TN) va 71 khong tra ng dugc dang
han (KTN). S6 liéu nghién ctru duge cung cap boi
co quan cd trach nhiém quan 1y trén dia ban thanh
phé Can Tho ndm 2013, trong mot dé tai nghién
ctu vé doanh nghiép trén dia ban. Mdi doanh
nghiép duoc danh gia boi 13 bién theo ¥ kién ban
dau cua chuyén gia ngan hang. Cac bién cu thé
duoc cho boi Bang 1 nhu sau:
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Bang 1: Cac bién khao sit trong 4p dung
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Xi__ Bién khio sat Giii thich cic bién

X1 Donbaytaichinh Téng no/tong von chu sé hiru

X2  Dongtientudo Thu nhap gitr lai /tong tai san

X3 Roe Loi nhuan rong/vén chu so hitu

X4  Dongtien (Loi nhuan rong + khiu hao)/tong tai san
X5  Vonluudong (Tai san ngan han - ng ngan han)/tong tai san
X6  Thankhoan (Tién + dau tu ngan han)/no ngan han
X7 Loinhuan Loi nhuan rong/tong tai san

X8 Knanghoatdong Doanh thu/téng tai san

X9  Qymo Logarit cua tong tai san
X10 Kinhnghiem S6 nam hoat dong cuia doanh nghiép
X11 Nongnghiep Nganh ndng nghiép va lam nghiép
X12 Congnghiep Cong nghiép va xay dung
X13 Thuongmai Thuong mai va dich vu

4.2 Phwong phap thuc hién

Tu so li€u, chung t6i lan luot thyc hién cac
budc sau:

i) Xac dinh cac bién c6 y nghia thong ké
véi mirc y nghia 10% trong danh gia kha nang tra
duoc no vay cua cac doanh nghiép qua mé hinh hoi
qui logistic.

ii) St dung cac bién c6 ¥ nghia di xac dinh
tir i), kiém tra su khac biét giita hai nhém TN va
KTN bang phuong phap Hotelling.

iii) Chia tap dir liéu thanh hai phan: Tap
huén luyén va tap kiém tra, trong d6 70% sb liéu
duoc chon ngau nhién tir mdi nhom (100 doanh
nghiép thuéc nhém TN va 50 doanh nghiép thudc
nhom KTN) dugc su dung cho tip huén luyén dé
xé4c dinh mé hinh t8i wu, 30% dir liéu con lai (43
doanh nghiép thudéc nhém TN va 21 doanh nghiép
thugc nhom KTN) duoc st dung cho tap kiém tra.

iv) Vi tap huén luyén, chung t6i sir dung
tat ca cac phuong phap phan loai Fisher, logistic,
SVM, BayesU, BayesP, BayesL va BayesC dé
phan loai hai nhdm doanh nghiép TN va KTN.
Trong mdi phuong phdp, xac sudt phan loai ding
s€ dugc tinh dé 1am tiéu chuan Iya chon md hinh
t6i wu.

v)  Sir dung md hinh tdi wu tir mdi phuong
phéap da rat ra tr iv), thuc hién phan loai cho tap
kiém tra, tinh ti 1& sai 1dm khi thuc hién cia mdi
phuong phap dé so sanh.

Tir dit lidu rdi rac, phan loai bang phuong phép
Fisher va logistic s& dugc thyc hién bang phan
mém SPSS. Péi véi phuong phap SVM, viéc thuc
hién duoc dua vao phﬁn mém Weka
(http://download.phanmem.com/weka-3.7.8-
NM3P98.html). Trong phuong phap Bayes, wéc
lvgng ham mat d§ xac suét tir dit liéu roi rac s&
duogc thuc hién dau tién. Goi fi(x), f(x) 1an luot 1a
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ham mat do xac sudt udc luong cho nhom
khong tra ng dugc va nhom tra ng dugce. Cac xac
sudt tién nghiém khac nhau trong phwong phap
Bayes sé dugc thuc hién dé tim trudng hop
phi hop nhit (sai s6 Bayes nho nhat).

Goi (g,"4,”),i=1,2,3,4 1an luot 1a xdc sult
tién nghiém khi st dung phan phéi déu, phuong
phap Laplace, phuong phap ti 1¢ mau va phuong
phap duoc dé nghi. Két qua tdi wu trong thyc hién
ba}ng phuong phap Bayes s€ dugc so sanh voi cac
két qua khi ap dung cac phuong phap logistic,
Fisher va SVM.
4.3 Két qua thye hién

Khao sat cac bién €0 ¥ nghia thong ké qua mo
hinh hoi qui logistic d€ danh gia kha nang tra dugc
no vay cua cac doanh nghiép, ta cé bang tong ket
sau:

Bang 2: H¢ s6 va gia tri Sig ciia cac bién trong
mo hinh logistic

Xi Heé s6 hdi qui Sig
X1 -2.444 0.003
X2 6.692 0.244
X3 2.566 0.244
X4 2.052 0.034
X5 0.478 0.700
X6 0.340 0.860
X7 4.921 0.093
X8 0.044 0.621
X9 -0.329 0.442
X10 -0.136 0.910
X11 0.009 0.994
X12 -0.007 0.886
X13 2.122 0.360

Bang 2 cho thiy chi c6 ba bién X1, X4 va X7
c6 y nghia thong k¢, trong danh gia kha nang tra ng
vay cua cac doanh nghiép.
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Kiém dinh sy khac biét cua 2 nhom TN va
KTN v6i 3 bién trén bang phuong phap Hotelling,
ta thay co su khac biét cuia hai nhom nay.
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Str dung cac phuong phap phan loai, véi tat ca
cac truong hop khac nhau cua 1 bién, 2 b1en va 3
bién v6i tat ca cac truong hop cua xac sudt tién
nghiém, chung ta c6 bang téng hop sau:

Bang 3: Bing tong hop xac suét phén loai diing ciia cac phwong phap

Bién BayesU BayesP  BayesL BayesC Fisher Logistic SVM
X1 0.7673 0.8613 0.8128 0.9072 0.8123 0.8115 0.7510
X4 0.7527 0.8290 0.7355 0.8390 0.6205 0.7592 0.7667
X7 0.7213 0.8462 0.7723 0.8759 0.7176 0.7873 0.8520
X1,X4 0.8032 0.8874 0.8576 0.9310 0.7887 0.8017 0.9012
X1,X7 0.8192 0.8832 0.8634 0.9013 0.8337 0.8568 0.8512
X4,X7 0.8017 0.8903 0.8325 0.9281 0.6428 0.8257 0.8833
X1,X4,X7 0.9016 0.9254 0.9012 0.9517 0.7657 0.8357 0.9167

Béng 3 cho thiy viéc st dung 2 bién X1 va X7
cho két qua phan loai dung cao nhéat dbi voi
phuong phap Fisher va logistic. Trong khi do,
phuong phap Bayes cho két qua tot nhat khi sir
dung 3 bién. Phuong phap Bayes trong cac trudng
hop luén cho két qua t6t va 6n dinh hon cac
phuong phap khac. Hon nira, BayesC ludn cho két
qua 6n dinh va t6t nhat. Dic biét BayesC, khi st
dung 3 bién cho ta két qua phéan loai dung rat cao
(95.17%).

St dung cac md hinh tdi vu cho mdi phuong
phap c6 dugc tir tip hudn luyén, tién hanh phan
loai cho 64 cac doanh nghiép cua tap kiém tra, ta
c6 Bang 4 tong két ti 16 phan loai ding cua mdi
phuong phéap nhu sau:

Béang 4: Ti 1¢ phan loai ding cia cic phuong
phap vdi tap kiém tra

S0 phan S6 phin tir phan Ti I¢ phan

t;logih:al; loai dung loai ding
Fisher 12 52 0.813
Logistic 11 53 0828
SVM 11 53 0.858
BayesC 8 56 0.975

Mot 1an nita BayesC cho két qua phéan loai
dung cao nhat. Theo danh gi4 cua nhimg ngudi lam
trong linh vuc tin dung ngén hang, két qua phan
loai cho tap huén luyén va kiém tra trong truong
hop nay 1a mot két qua t6t. N6 ¢ thé 1am kénh
tham khao dinh luong trong dénh gia ban dau, viéc
chap nhéan cho vay hay khong cta can bo tin dung.

5 KET LUAN

Bai bao da trinh bay cac phuong phap phan loai
va van dé tinh toan cta ching, trong d6 di dé nghi
thuat toan xac dinh xac suét tién nghiém trong phén
loai bang phuwong phap Bayes. Thuét toan nay da
ching minh uu diém, khi lam giam duoc xac suét
sai 1am phan loai trong tit ca cac truong hop véi bo
s6 lidu thuc té duoc khao sat. Bai bao da xem xét
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van dé tinh toan trong ap dung thyc té clia cac
phuong phap, trong d6 da thiét 1ap cac chuong
trinh dé giai quyét van dé tinh toan cua phuong
phap Bayes v6i thuat toan tim x4c sudt tién nghiém
d& nghi. Trong viéc cho vay, can b tin dung phai
ap dung nhiéu bién phap nghiép vu dinh luong va
dinh tinh khac nhau, trong d6 theo chung t6i, viéc
sir dung bai toan phén loai 1a mét kénh tham khao
dinh luong can thlet rat dang quan tam. Ching toi
nghi rang day 1a van dé tha vi, co tiém ning ung
dung rét 16n trong thyc té, khong nhitng trong linh
vuc ngan hang ma con nhiéu linh vye khac. Trong
thoi gian toi, chung t6i sé tiép tuc ap dung cach
lam nay dé phan loai bénh trong y hoc.
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