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Data mining (DM) is a popular technique, and has been used to
extract useful information from existing data, thereby assisting in
making decisions that benefit the future. In this paper, the authors
focus on the problem of customer classification, thereby helping to
find a group of potential customers using Decision Tree J48, Naive
Bayes Classification and Random Forest. The results show that the
model based on the Decision Tree gives highest accuracy and
feasibility in predicting customer behavior. This result is expected to
be an effective suggestion for an approach that can effectively help
researchers related to finding a group of potential customers in the
banking field.
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Khai pha dit li¢u 1a mot ky thuat pho bién, dwoc sir dung dé trich xuat
thong tin hitu ich tir dir lidu da co, tir 46 hd tro ra cac quyét dinh cd loi
cho tuong lai. Trong bai bao nay, nhém tac gia tap trung vao van dé
phan I6p khach hang, tir d6 ho trg tim ra nhém khéch hang tiém ning
bing phuong phap ciy quyet dinh Decision Tree J48, Naive Bayes
Classification va ring ngau nhién Random Forest. Két qua cho thay,
md hinh dura trén thuat ton cay quyét dinh cho d6 chinh xac cao nhat,
¢ tinh kha thi cao trong viéc phan I6p du doan hanh vi khach hang.
Két qua nay dugc ky vong s& 1a goi y hiéu qua vé mot hudng tiép can
cho céc nha phan tich khach hang trong viéc tim ra nhém khach hang
tiém ning thudc linh vyc ngan hang.
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1. Giai thiéu chung

Khai pha dir liéu 12 mét trong nhimg linh vuc nghién ciru quan trong va ngay cang phat trién
véi muc dich trich xuét thdng tin tir s6 lwong 16n cac tap dit lidu tich liy. Trong thoi dai hién nay,
khai phé dit liéu tr& nén phé bién trong linh vuc ngén hang va 1a phuong phap phan tich hiéu qua
cho phéat hién théng tin hitu ich va chua biét trong dit liéu ngan hang [1]-[3].

Nhan dién khéach hang tiém ning 1a cong viéc dau tién trong qua trinh quan ly quan hé khach
hang (Customer Relationship Management - CRM), bao gém cac cong viéc chinh 1a phan loai va
phan tich khach hang. Khach hang duoc chia thanh cac tap con nho hon véi cac thudc tinh gidng
nhau. Muc tiéu caa phéan loai khach hang I1a nham xéac dinh xem ai la ngudi chic chin s& mua san
pham/ dich vu. Khai phé dit liéu (Data mining) dwoc sir dung phd bién trong giai doan nay dé hd
trg viéc nhan dién khach hang tiém ning.

Phan loai khach hang va hé tu van, khuyén nghi khéch hang tin dung, phét hién va canh bao
rai ro 1a budc quan trong trong viéc tim kiém nhiing khach hang tiém ning cua ngan hang. Dé
thuc hién duogc viéc do, cac nghién ciu da thuc hién trén cac thuat toan khai pha dir liéu khéac
nhau dé tim ra loi giai cho bai toan caa minh. Khach hang dugc phan loai bang cac thuat toan
phén loai trong céc k¥ thuat khai pha dir liéu. Tir d6 tim ra dugc nhdm khéach hang c6 cung s&
thich st dung céc dich vy, tiép sau d6 ngan hang s& c6 chién luoc riéng cho tirng nhém khach
hang nhu vay.

Trong nhitng nam gan day, k¥ thuat khai pha dit liéu va phan 16p da duoc &p dung thanh cong
trong viéc dé xuat mo hinh hd tro khac nhau dé nang cao chat lugng dich vu [4]-[10].

Nhom tac gid Sheel Singhal va Dr. G.N. Singh [4] da dé xuit phuong phép phén 16p bang viéc
khai pha luat két hgp CBA (Classification Based Association rules) dé tim ra cac dich vu ngan
hang ma khach hang thuong hay st dung kem veéi mét dich vu ngan hang khac. Trong mot
nghién cau khac cua Ikizer va cong su [5], mang no-ron va cac ky thuét truyén théng da phan
tich, 4p dung dé xay dung xép hang mé “hinh cho cong doan vay von Trong nghién ctru nay,
IKizer va cong sy cia minh da sir dung mau di liéu nhat quan bao gom 18 thudc tinh v& ba hiép
hoi tin dung va nghién ctru cua éng da ching minh rang, mang no-ron nhan tao hitu ich hon trong
du bao cac khoan vay kho doi, trong khi hdi quy logistic hitu ich trong viéc phat hién cac khoan
No Xau va tot vai ti 18 du doan chinh xac 77%.

Do vai trd rat quan trong trong viéc phan I6p nhan dién khach hang tiém nang, s6 luong
nghién ctru dé tim hiéu sau rong vé van dé nay da tang nhanh trong nhitng nim qua. Gan day, c6
mat vai mo hinh phan 16p dugc nghién cau, dé xuat dé hd tro cac nha nghién ciru trong viéc phan
I6p, du doan khach hang tiém ning [4]-[10]. Tuy nhién, ¢ thoi diém hién tai, van con thiéu cac
md hinh tinh toan phu hop va cdng cu du doan vai d6 chinh xéac cao co thé hd tro hiéu qua cho
viéc phan loai nhan dién khach hang, dic biét 1a nhan dién nhom khach hang tiém nang thudc
linh vuc ngan hang. Bén canh do, do su tién bo cua khoa hoc k¥ thuat va anh huong cia cach
mang cong nghiép 4.0, dit liéu khach hang da kiém ching thuc nghiém dang ngay cang dugc bd
sung nhiéu hon. Chinh vi vay, viéc thiéu hut md hinh phan I6p phan loai khach hang 1a mot vén
dé cap thiét can duoc quan tam giai quyét.

Tiép tuc phét trién cac y tuong nghién ciru trude ddy, trong bai viét ndy nhom tac gia tap trung
vao van dé phan I6p khach hang hd tro tim ra nhém khach hang tiém ning bang phuong phap cay
quyét dinh J48, Naive Bayes va rirng ngau nhién.

2. Xay dwng, huan luyén mé hinh
2.1. Thu thdp, tien xa 1y dir ligu

Trong nghién ciru nay, bo dit liéu da kiém chirng thuc nghiém tur nghién ctru cua nhom tac gia
Moro va cong su [1], [2] dugc lva chon su dung d€ xay dung va huan luyén mo hinh. B6 dix ligu
su dung cho nghién ctru nay dugc thu thap tir kho di liéu hoc may UCI [11], bao gom thong tin

http://jst.tnu.edu.vn 134 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(16): 133 - 140

cta 45211 khéch hang (tir thang 5 nam 2008 dén thang 11 ndm 2010) véi 17 thudc tinh dugc thé
hién chi tiet ¢ Bang 1.
Bang 1. Thong tin bg dir liéu khach hang si dung trong nghién cizu nay

TT Thudc tinh Giai thich
1 age Tudi
2 job Nghé nghiép
3 marital Tinh trang hon nhén (da ly hon; doc than)
4 education Trinh d6 gi4o duc (Khdng xac dinh; trung hoc; tiéu hoc; dai hoc)
5 default Co tin dung trong tinh trang v& ng? (yes; no)
6 balance S6 du trung binh hang nim (Euro)
7 housing Nha ¢ (co vay mua nha hay khéng?)
8 loan Khoan vay (cd khoan vay c& nhan hay khong)
9 contact Lién hé
10 day Ngay lién hé cudi cung cua thang
11 month Théng lién hé cudi cung cia nim
12 duration Thoi lwong lién lac cudi cing
13 . S6 lugng lign hé duoc thuc hién trong chién dich nay va cho khach
campaign hang na
g nay

S6 ngay troi qua ké tir 1an cudi cuing khach hang lién hé tir 1 chién

14 pdays diph nao do )
. So lugng lién hé dugc thuc hién trudc chién dich nay va cho khach
15 previous h3 R
ang nay ) )
16 poutcome Ket qua cua chien dich tiep thi trude do
Khéch hang c6 dang ky tién guri ¢6 ky han hay khong?
17 y (y — Bien dau ral myuc tiéu mong muon)

y ="yes”: Khéch hang c6 mé tai khoan tiét kiém co6 ky han
y ="no”’: Khach hang khdng m¢ tai khoan tiét kiém c6 ky han

Dé xay dung dir liéu huan luyén (training data) va dir liéu kiém thir (testing data), trong
nghién ciru ndy, ching toi tién hanh lay ngiu nhién 10% khach hang tir tng s6 45.211 khéach
hang da thu dugc trude d6 1am dir liéu kiém thir. Phan con lai gdm 90% khéch hang s& duoc sir
dung dé xay dung dir liéu huan luyén.

2.2. Xay deng va hudn luyén mé hinh

Trong bai bao nay, mé hinh phan 16p khach hang dugc xay dung va huan luyén duya trén hanh
vi ctia khach hang trong linh vuc ngan hang, str dung mét sb k§ thuat khai pha dir liéu gom Naive
Bayes, Decision Tree va Random Forest [3]. M6 hinh tong thé phan 16p khach hang dé xuét trong
bai bao nay duoc thé hién chi tiét & Hinh 1.

CSDLnganhang | eathio di i +Uul A
(Bank Database)

Tapdligu o 1 Tap dit liéu
Huén luyén kiém thir

Dir liéu da xir Iy
(Dinh dang ARFF)
WEKA
CAC MO HINH
PHAN LOP KHACH HANG
‘ Két qui dura
(Khach hing cé ding ky tién gir co k¥ ban)
Scores
Y=NO:
(Kbich bing KHONG ding by i i c6 by bas)

Hinh 1. So d6 hé thong phdn 16p khdch hang
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Decision Tree (Cay quyét dinh) 13 mot mé hinh hoc may thudc nhdm thuat toan hoc c¢é giam
st (supervised learning). N6 1a mot phuong phap hoc may manh va phé bién da duoc biét dén va
&p dung thanh céng cho bai toan khai pha dir liéu va phan 16p. Cay quyét dinh chinh l1a cay ma
mdi ndt biéu dién mot ddc trung, mdi nhanh (branch) biéu dién mot quy luat (rule), mdi nat 14
biéu didn mot két qua (gia tri cu thé hoic mot nhanh tiép tuc). Cay quyét dinh c6 thé duoc dung
cho bai toan phan Iép dit liéu bang cach xuit phat tir gc cua cdy va di chuyén theo cac nhanh
cho dén khi gap nit Ia.

Mot vi du vé cly quyét dinh duoc md ta nguyén tic (luat) dé quyét dinh CHOI (Y) hay
KHONG CHOI (N) da bong ctia cac ban nam sinh vién duoc minh hoa nhu & Hinh 2.

CHO'l DA BONG HAY KHONG?
Choi (Y); Khéng choi (N)

Nan Cé muwa

Dep

Binh thugng

u@u@

Hinh 2. Cay quyét dinh vé viéc Choi (Y) hay Khéng choi (N) dd béng ciia céc ban nam sinh vién

Duya theo mé hinh cdy quyét dinh & Hinh 2, ta c6 thé thiy duoc quy tic dé biét cac ban nam
sinh vién quyét dinh c6 di choi d4 bong hay khong (dua trén cac thong tin lién quan dén thoi tiét,
d6 4m, gid) s& nhu sau:

* Choi dd béng (Y) néu thod mén I trong cdc diéu kién sau:

(1) Thoi tiét dep

(2) Troi nang, &6 am binh thuong

(3) Troi co mua, gid nhe

* Khong choi da bong (N) néu:

(1) Troi nang, &6 am cao

(2) Troi mua, gid to

Naive Bayes Classification (NBC) 1a mot thuat toan dwa trén dinh ly Bayes vé ly thuyét xéac
suat dé dua ra cac phan doan ciing nhu phan loai dit liéu dua trén céc dit liéu duoc quan sat va
théng k&. NBC la mét trong nhiing thuat toan dwoc Gng dung rat nhiéu trong cac linh
vuc Machine learning dung dé dua cac dy doan chinh xac nhat duwa trén mot tap dir lidu da duoc
thu thap, vi n6 kha dé hiéu va do chinh xac cao. N6 thudoc vao nhém Supervised Machine
Learning Algorithms (thuat toan hoc c6 hudng dan), tirc 1a may hoc tir cac vi du tir cac mau di
liu da co.

Cong thirc cua dinh luat Bayes dugc phat biéu nhur sau:

P(AIB) = P(B|A)X P(4)
P(B)

Trong do:

- P(AB) la xéc suat xay ra ciia mot sy kién ngau nhién A khi biét su kién lién quan B di xay ra.
- P(BJA) la x4c suat xay ra B khi biét A xay ra.

- P(A) la x4c suat Xay ra ctia riéng A ma khong quan tim dén B.

- P(B) la x4c suat xay ra clia riéng B ma khong quan tam dén A.
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Random Forest (RF) la thuat todn hoc cd giam sat (supervised learning). RF c6 thé duoc sir
dung cho ca phan I6p va hoi quy. RF ciing la thut toan linh hoat va d& st dung nhat. Mot khu
rieng bao gom cay cbi. Nguoi ta n0| rang cang c6 nhiéu cay thi rirng cang manh. Random forests
tao ra cay quyet dinh trén cac mau dir liéu duoc chon ngau nhién, dugc du doan tir moi cay va
chon giai phap tét nhat bang cach bo phiéu.

V6i bai toan phan 16p: cho mét tap dit liéu huan luyén D = {(di )}N_1 {(xl, Y, )} i Xi1a
vector M chiéu, y, eY , trong d6: Y goi 1a16p, gia st co C nhan Iép Y e {1 2,_,_,c}(c > 2) Y

tuang chinh cia md hinh Random forest 12 lya chon ngau nhién 2 lan (ngau nhién mau va ngau
nhién thudc tinh) trong sudt qué trinh xay dung cay.

Dé danh gia hiéu ning cua mo hinh, 2 phuong phap phd bién duoc sir dung d6 1a: danh gia
chéo 5-mit (5-fold cross-validation) va kiém thir doc 1ap (Independent testing) str dung bé dix liéu
doc 1ap (independent testing dataset voi bo dir liéu huan luyén (training dataset). V6i phuong
phap danh gia chéo 5 mat (Nhu hién thi & Hinh 3, tap dit liéu huan luyén s& dugc chia ngau nhién
thanh 5 tap con biang nhau, lan lwot mdi tap con s& dwoc dung cho vai trd kiém thir trong khi 4 tap
con lai dwoc dung 1am dir liéu huan luyén.

Training dataset
Fold 1 Training Test .
Fold 2 Test Y
Y
Fold 3 Test| el El Average
&
Fold 4 Test ,*“';'f @
! Final Measure
Fold 5| Test " of Performance

Hinh 3. M& hinh kiém tra danh gia chéo 5-mat
_Cac dai lugng théng dung duoc su dur}g dé do ludong va danh gia hiéu nang cua mo hinh bao
gom: Accuray (d6 chinh x&c), MCC (h¢ so twong quan Matthews va Error Rate [6]-[11].
ACC = TP+TN; Error Rate = FP+FN
P+N P+N

(TP x TN) — (FN X FP)
J@TP +FN) x (TN + FP)(TP + FP)(TN + FN)

MCC =

Trong do:

P: S ban ghi Positive trong tap dix liéu

N: Sé ban ghi Negative trong tap di liéu

TP: S6 ban ghi Positive (y = "yes”) duoc du doan 1a Positive

TN: Sb ban ghi Negative (y = "no”) duoc du doan 1a Negative.

FP: S6 ban ghi Negative (y = "no”) dugc dy doan 1a Positive

FN: S6 ban ghi Positive (y = "yes”) duoc du doan 1a Negative.

Ngoai ra, phuong phéap kiém thir, danh gia doc 1ap ciing dwoc str dung dé danh gia hiéu ning
ciia md hinh phan 16p, du doan. Nhu hién thi & Hinh 4, theo phuong phap danh gia kiém thir doc
lap, hiéu nang cua md hinh s& duoc xac dinh bang viéc sir dung mot bo dir lieu kiém thir hoan
toan khéc biét va khdng tring lap véi bo dir liéu huan luyén da dung cho viéc huan luyén mo
hinh (Independent testing dataset). Viéc sir dung b dix liéu kiém thir doc 1ap nay sé gidp ta kiém
tra, danh gia mot cach khach quan nhat hiéu nang phan 16p caa mé hinh.
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Independent
Testing dataset

Hinh 4. M6 hinh kiém thir déc lap

3. Két qua va mét sb thao luan
AL K& quid frudine luyén vi dlinifs giid mié frinfs phedin 1 theo pliuong plidp diints giid chéo S-mir

Nhu da trinh bay trudce d6, trong nghién cttu nay, ching toi tién hanh sir dung cac thuat toan
khai pha dir liéu nhu NBC, RF, J48 dé xay dung va huan luyén mo hiph phan 16p du doan khach
hang c6 m¢ tai khoan tiét kiém cd ki han hay khéng. Theo théng tin tong hop & Bang 2, mé hinh
dat hiéu nang phén 16p vai do chinh xac cua thuat toan Decision Tree J48 la 90,46%, gia tri MCC
=0,497.

Bang 2. Két qua ddanh gid mé hinh bang phirong phdp danh gid chéo 5-mat

Model ACC SEN SPE MCC
NBC 87,98% 52,6% 92,6% 0,437
RF 90,39% 63,3% 96,7% 0,469
J48 90,46% 49,00% 96,00% 0,497

3.2. Két qud ddanh gid mé hinh sir dung phwong phdp kiém thie dgc lap

Nhu d3 dé cap trude d6, phuong phap danh gia doc 1ap gidp kiém ching kha nang thyuc nghiém
ctia md hinh trong truong hop thuc té, khach quan nhét. Bé thuc hién duoc viéc nay, mét bo dir liéu
kiém thtr doc lap da duoc xay dung bao gom 521 dit liéu positive va 4000 dix liéu negative.

Két qua kiém tra danh gi4 hiéu niang cua md hinh khi tién hanh boi phuong phap kiém thir doc
lap dugc thé hién chi tiét & Bang 3. Qua cac con sb thé hién ¢ Bang 3, ta thdy rang mo hinh dat do
chinh xac twong ddi cao va cé tinh kha thi tét trong viéc du doan quyét dinh mo tai khoan tiét kiém
¢6 ki han cua khéch hang. O phuong phéap nay, mé hinh du doan do chinh xé&c cao nhat sir dung
thuat todn rirng ngau nhién RF cho két qua cao nhat véi d6 chinh xac 1a 90,44% véi MCC = 0,501.

Bang 3. Két qua ddnh gid mé hinh bang phicong phdp kiém thir déc lap

Model ACC SEN SPE MCC
NBC 88,05% 51,5% 93,2% 0,447
RF 90,44% 52,5% 96,8% 0,501
J48 90,29% 49,3% 95,9% 0,468

Dé minh hoa thém cho hiéu qua cia mé hinh dé xuat trong viéc du doan hanh vi khach hang,
tir ¢6 tim kiém khéch hang tiém nang cho linh vuc ngan hang; chung thdi xin dwa ra mot s két
qua thu duoc tir thuat todn NBC nhu thé hién ¢ Bang 4. Theo thong tin tir Bang 4, lién quan dén
nghé nghiép cua khach hang thi nhém doanh nhan (Entrepreneur) 12 nhém khach hang tiém ning
nhét cho quyét dinh mé tai khoan tiét kiém c6 ky han. Twong tw, nhom khach hang chua c6 nha
&, nhom khach hang chua co gia dinh (hodc da ly hon) ciing s& la nhém khach hang tiém ning
nhat cho quyét dinh m¢ tai khoan tiét kiém c6 ky han.
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Bang 4. Két qua thu duroc tir thugt toan NBC

A Class Class Ti 1é c6 quyét dinh
Thugc tinh Y = NO Y = Yes Y = Yes
Job
Management 8158 1302 13,76%
Technician 6758 841 11,07%
Entrepreneur 1365 709 34,19%
Blue — Collar 9025 709 7,28%
Unknown 255 35 12,07%
Retired 1749 517 22,82%
Admin 4541 632 12,22%
Services 3786 370 8,90%
Self-employed 1102 203 15,56%
Housemaid 1132 110 8,86%
Student 670 270 28,72%
Housing
Yes 23196 1936 7,70%
No 16728 3355 16,71%
Marital
Married 24460 2756 10,13%
Singer 10879 1913 14,95%
Divorced 4586 623 11,96%

4. Két luan

Qua két qua phan I6p trén, ta thdy rang ca 3 mé hinh phan 16p khach hang déu dat do chinh
xac dén 90%, trong d6 moé hinh phan 16p dua trén thuat toan cay quyét dinh cho két qua cao nhat.
Diéu nay cho thiy cac md hinh phan 16p & trén, dac biét 1a thuat toan dua trén cay quyét dinh rat
phu hgp véi bai todn phén 16p du doan khach hang thudce linh v ngén hang.

Ngoai ra, thong qua cac két qua nhan dugc tir mot s md hinh phan I6p & trén, dic biét 1A md
hinh phan 16p dira vao thuat toan Naive Bayes NBC ¢ Bang 4 ta cd thé biét duoc mét khach hang
c6 dic diém gi thi sé& 1a khach hang tiém nang.

Theo tiéu chi nghé nghiép khach hang thuoc nhém doanh nhan (Entrepreneur) mé tai khoan
tiét kiém c6 ki han nhiéu nhét. Dya theo tiéu chi Housing, khach chua c¢6 nha c¢6 xu huéng ma tai
khoan tiét kiém c6 ki han nhiéu hon nhém khach hang di so hitu nha ¢. Dya theo tiéu chi két
hon, ti 1¢ khach hang chwa két hon va da ly hon mé tai khoan tiét kiém nhiéu hon nhom nguoi da
ket hon.

Tir phan tich trén ta thiy, khach hang doanh nhan, khach hang chua c6 nha, khach hang doc
than va di ly hon 1a nhitng khach hang tiém ning, can khai thac thém nhiing khach hang c6 dic
diém nhu trén dé tu van, thuyét phuc hay ¢ nhitng chinh sach dé khéach hang trg thanh khach
hang tiém nang.
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