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Tém tat: Bai viét nay nham du bao kha nang khach hang roi bé dich vu thé
tin dung tai ngdn hang bang cdc phuong phap hoc may. Cac phuong phap
duoc st dung bao gém Random Forest, SVM, Naive Bayes, h6i quy Logistic, va
phuong phéap két hop ca 4 phuong phap trén. Két qua phén tich cho thay cac
phuong phdp nay déu cé chat luong du bdo kha tét véi d6 chinh xdc cao. Pac
biét, két qua du bao bang Random Forest tét nhat trén tat ca céc tiéu chi bao
gém Accuracy, Precision, Sensitivity, Specificity va F1 score. Ngoai ra, nhiing
yéu té quan trong nhat anh hudng dén kha nang roi bo dich vu thé tin dung cua
khach hang la vé lich st giao dich thé tin dung va méi quan hé cua khach hang
vGi ngdn hang. Két qua nay cé thé mang lai nhiing khuyén nghi cho nha quan ly
ngan hang trong viéc gilt chan khach hang dang st dung dich vu thé tin dung.
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Application of machine learning in predicting credit card customer churn

Abstract: This paper aims to forecast the likelihood of customers leaving bank credit card services using
machine learning methods. The methods used include Random Forest, SVM, Naive Bayes, Logistic
regression, and a combination of all four methods. The results show that those methods have good
predictive quality with high accuracy. In particular, the prediction results by Random Forest are the best on
all criteria from accuracy, sensitivity, specificity to F Score. In addition, the most important factors affecting
the customer churn probability are indicators related to transaction history, products, and the relationship
between the bank and the customer. This result can provide recommendations for bank managers in
retaining customers who are using credit card services.
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1. Giéi thiéu va tong quan nghién ciru

Trong moi truong kinh doanh canh tranh
hién nay, nhiéu ngan hang cung cip dich
vu thé tin dung v6i cac chinh sach uu dai
hap dan. Vi vdy, khach hang dang sir dung
dich vu thé tin dung cia mot ngan hang
c6 thé dé dang tir bo dé chuyén sang mot
ngan hang khac. D6 goi 1a hién tugng
khach hang roi bo. Mot s6 nghién ciru cho
thdy van dé khach hang roi bo giy ton
that dang ké cho ngan hang. Nghién ciru
cua Roberts (2000), Buckinx va Van den
Poel (2005), Coussement va Van den Poel
(2008) da chi ra rang chi phi tim khach
hang méi cao hon nhiéu so v&i chi phi dé
giit chan khach hang cii. Cu thé, chi phi thu
hat khach hang méi gip 6 1an chi phi giit
chan khéach hang (Athanassopoulos, 2000;
Bhattacharya, 1998; Colgate va Danaher,
2000; Rasmusson, 1999). Thém vao do,
chi phi ban hang cho khach hiang méi nhiéu
gap 5 1an so v6i chi phi ban hang cho khach
hang cii (Dixon, 1999; Floyd, 2000; Slater
va Narver, 2000).

Giir chan khach hang tro thanh mot van dé
cap thiét d6i véi ngan hang. Ty 18 giit chan
khach hang ting 5% c6 thé dan dén giam
18% chi phi van hanh (Karakostas & cong
su, 2005) va c6 thé 1am ting loi nhudn cua
ngan hang 1én 85% (Reichheld va Sasser,
1990). Lam thé nao dé giit chan khach
hang? Néu tién doan trude quyét dinh cua
khach hang thi doanh nghiép co thé co
nhiing hanh dong som (Glady & cong su,
2009). Vi vay, du bao nhitng khach hang
nguy co roi bo trong twong lai c6 thé giup
ngan hang can thiép kip thoi trong hién tai
dé ngan chin van dé khach hang roi bé.
Cac nghién ctu trudec day da Ung dung
nhiéu phuwong phap hoc may- ML (Machine
learning) khac nhau dé tim ra phuong phap
t6t nhit cho viéc du bao kha niang khach
hang ro1 bo. Tuy nhién, cac nghién clru
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khac nhau cho nhimng két qua khac nhau.
Mot sb phuong phap hoc may thé hién
hiéu qua dy bao ndi bat khi so sanh vdi cac
phuong phap khac, gdm c6: SVM (Support
Vector Machine), RF (Random Forest), hoi
quy Logistic (Logistic Regression) va Cay
quyét dinh (Decision Tree)...

Theo Hadden & cong su (2005), hdi quy
Logistic va Cay quyét dinh 1a hai thuat
toan phd bién nhat trong nghién ciru va cho
két qua tbt. Neslin & cong sy (2006) da so
sanh mot loat cac phuong phép phan loai
va chi ra rang hai phuong phéap nay cho két
qué tot nhat. Nghién ctru ctua Lopez-Diaz
& cong su (2017) trén dir liéu cua mdt ngan
hang tai Ty Ban Nha cho két qua tuong
tu. Nie & cong su (2011) thir &p dung hai
phuong phép dé cho dir liéu khach hang sur
dung thé tin dung tai mQt ngan hang cua
Trung Qudc, két qua hau kiém cho thay hoi
quy Logistic tot hon Cay quyét dinh.

Xia va Jin (2008) da chi ra SVM c6 kha
ning du bao tot hon khi so sanh véi
BPANN (Best parameters artificial neural
network). Farquad va cong su (2009) da
su dung tap dir li€u 1a tr mot ngan hang
M§¥ Latinh, noi c6 s luong ngay cang ting
khach hang thé tin dung va quyét dinh cai
thién ty 1€ gilr chan cta ho. Nghién ctru cho
thiy céach tiép can SVM két hgp NB Tree
(Naive-Bayes Tree) hoat dong tdt hon tat ca
cac cach phan loai khac dugc thir nghiém.
He va cong su (2014) khi nghién ctu tap
dir liéu cta hon 50.000 khéach hang tai mdt
ngan hang thuong mai Trung Quéc ciing
chira réng mo hinh SVM dem lai hiéu qua
cao trong du bao sy 101 bd cua khach hang.
Rajamohamed va Manokaran (2018) da so
sanh cac mo hinh phan loai khac nhau nhu
KNN (K-Nearest Neighbor), SVM, RF,
Cay quyét dinh va NB (Naive Bayes) dé
du bao khach hang roi bo trong linh vuc
ngan hang va phat hién ra SVM 1a du bao
chinh x4c nhat, ké tiép 1a RF.
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Trong mdt s6 nghién ciru khac, RF duoc
chimg minh 14 phuong phap tét nhit cho
viéc du bao khach hang roi bo. Cu thé,
Huang & cong su (2015), da ap dung nhiéu
phuong phap hoc may va chi ra RF hoat
dong tot hon cac phuong phép khac theo
tiéu chi so sanh AUC va PR-AUC. Nghién
ctru cua Yildiz va Albayrak (2017) da su
dung dit liéu truyén thong véi thong tin ctia
5000 khach hang va 21 thudc tinh, chi ra
RF tot hon Cay quyét dinh C4.5. Nghién
ctru cua Mishra va Reddy (2017) du bao
khach hang r&i bo trong nganh vién thong
ciing cho két qua RF hoat dong t6t nhat so
véi cac bg phan loai khiac nhu NB, Cay
quyét dinh C4.5, ANN, SV trén cac tiéu
chi nhu Accuracy, Sensitivity, Specificity
va ty 18 sai sb.

Nhu viy, co rat nhiéu phuong phap di
duoc 4p dung dé du: doéan khach hang roi
bo, trong d6 mot s6 phuong phap cho két
qua noi tr01 nhu hdi quy Logistic, SVM,
RF. Bai viét nay sé sir dung cac phuong
phap d6 dé dy bao khach hang roi bo, nham
chon ra phuong phéap du bao chinh xac nhat.
Pong thoi nghién ciu nhﬁng thudc tinh
quan trong anh huO'ng dén kha nang 101 bo
ctia khach hang. Cudi cung, khuyén nghi
chinh sach gitr chan khach hang. Nghién
ctru nay khac biét voi cac nghién ciru sin
c6 & chd: ngoai ap dung timg phuong phap
hoc may riéng 1¢ con ap dung phuong phap
két hop dé so sanh va danh gia.

Ngoai phan gi6i thidu va tong quan nghién
ctru, bai viét gidi thiéu vé cac phuong phap
ML st dung trong bai viét, dit liéu sir dung
va két qua thuc nghiém. Phan cudi cing 1a
khuyén nghi vé du bao khach hang roi bo
dich vu thé tin dung va st dung céc phuong
phép hoc may trong linh vuc du béo.

2. Phuong phap nghién ciru

2.1. Phwong phdap Random Forest

Thuat ngit “Random Forest” lan dau tién
dugc dé xuit boi Ho (1995). Sau do,
Breiman (2001) d3 tiép tuc nghién ctru va
m¢ rong thuat toan nhu hién nay. “Random
Forest 1a mot b phan loai chira mot s6 cay
quyét dinh trén cac tp con khac nhau cua
tap dir lidu da cho va ldy gié tri trung binh
dé cai thién do chinh xac du doan cta tap
dir liu do”.

Cac budc thuc hién nhu sau:

Buédce 1: Tao tap dir licu dau vao cho cac
md hinh cay quyét dinh.

Néu bo dir liéu géc c6 M bién, chon m
thugc tinh ngiu nghién dugc sir dung dua
vao xdy dung cdy quyét dinh (m<M)

Chon ngau nhién n quan sat tir bo dir lidu (1
quan sat bat ky co thé duoc 13y lap lai) tao
ra by dir liéu moi.

Budc 2: Xay dung cdy quyét dinh dya trén
bo s6 lidu vira duoc tao.

Budc 3: Chon sé lugng cdy quyét dinh
mubn xay dung 1a N.

Budce 4: Lap lai bude 1 va 2 cho dén khi du
cdy quyét dinh.

Budc 5: Pua ra két qua dy doan cho cac
diém dir liéu méi cua cac cay quyét dinh
va gan nhan cho danh myc danh dugc da
s6 phiéu bau.

Theo Yesilkanat (2020), Random Forest 1a
vuot trdi so véi cac phuong phap hoc may
khac. Random Forest c6 thé xir 1y bai toan
hdi quy va phan loai véi mirc d6 chinh xac
cao. Ngoai ra, n6 con danh gia dugc mirc
dd quan trong cua céc thudc tinh dong gop
vao mo hinh. M6t nhuge diém ciia Random
Forest 1a ton thoi gian vi phai xur 1y dir heu
cho timg cdy don 1¢, dong thoi ciing can
nhiéu tai nguyén dé luu trir cac dit liéu do.

2.2. Phwong phap SVM
Support Vector Machine (SVM) 1la mot

thudt toan hoc may cd gidm sat dugc su
dung cho ca bai toan phan loai va hoi quy.
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Nguon: Niculescu & Lam (2019)

Hinh 1. M0 ta thuit toan Random Forest

Muc tiéu ciia SVM 1a tao ra ranh giGi tot
nhit phan tach khong gian n chiéu thanh
cac 16p dé c6 thé dé dang dat diem dir ligu
méi vao dung 16p. Ranh glO’l quyét dinh t6t
nhit nay duoc goi 1 siéu phang

Support Vectors: Cac diém dit liéu hodc
vector gan nhat v&i siéu phiang va anh
hudng dén vi tri cia siéu phang duoc goi
la Support Vectors vi cac vector niy hd trg
siéu phang.

Margin: Khoéng cach gifra cac vector
va siéu phang duoc goi la le (margm)
Va muc tiéu ciia SVM 1a ti da hoa 18
ndy. Siéu phing voi khoang cach 1&
t6i da duoc goi 1a siéu phang tdi uu.
Thoéng thuong, SVM cung cip cac du
bao chinh x4c hon so véi Naive Bayes
va Logistic Regression. Tuy nhién,
nhugc diém ctia SVM la kho dién ta
md hinh cudi cung va chua tinh duoc
xac sut cua timg diém dit liéu.

2.3. Phwong phdp hoi quy Logistic
Hoi quy Logistic dung dé di bao bién

phu thugc dang category dua vao
cac bien doc 1ap. Co ba loai hoi quy
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Logistic chinh: nhi phan (bién phu thudc
nhan gid tri 0 hodc 1), da thuc (bién phu
thugc dang category v6i hon 2 pham tru) va
thtr ty (bién phu thudc dang category VO’l hon
2 pham tru va cac pham tri1 ¢6 thé sip xép thr
tu). Bac bi¢t, dang hoi quy Logistic nhi phan
14 phé bién nhat v6i pham tri dang can duoc
nhan dién nhan gia tri 1 va pham tru con lai
nhén gia tri 0.

Phuong trinh hdi quy Logistic nhu sau:

w.oi+b=t1

Optimal Hyperplane

Nguén: Pathak & cong sw (2021)
Hinh 2. M6 ta thuit toan SVM
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eBothixit+Bnxn

1 + ePotBix1++fnxn

p
log [E] = Po + Brx1 + -+ Buxy

Trong do:

Y 12 bién phu thudc nhan gia tri 0 hogc 1
X,,..., X, ld cac bién doc lap

Hoi quy Logistic don gian va dé thuc hién
ma van mang lai hiéu quéa du bao tot trong
mot sd trudng hop. Them vao do, két qua
hdi quy Logistic chi ra tim quan trong cta
cac thudc tinh, danh gia dugc tac dong cua
cac thudc tinh 1én bién phu thudc va chiéu
tac dong cua chung. Logistic khong chi
hoat dong nhu mot mo h1nh phan loai ma
con cung cap ca xac suat. Vi nhiing 1y do
trén, hdi quy Logistic dugc cac nha phan
tich dir liéu st dung rong rai.

P(r=1) =

2.4. Phwong phdp Naive Bayes

Phuong phap phan loai Naive Bayes la tap
hop céc thuat toan phan loai dya trén dinh
1y Bayes.
Dinh 1y Bayes tim xac suit ciia mot bién
cb xay ra trong diéu kién mot bién cb khac
da xay ra trude d6, goi 1a xac suit co didu
kién. Dinh ly Bayes dugc phat biéu vé& mat
toan hoc nhu sau:

P(A | B)=P(B | A)P(A) /P(B)
Trong do:
A vaBlacac blen cd va P(B) ;é 0.
P(A) la x4c suét xay ra bién c¢6 A, khong
phu thudc vao bién cb B xay ra hay khong,
day duoc goi 1a xac suét bién duyén hay
xac suét tién nghiém
P(B) 13 xé4c suét xay ra bién c6 B, khong
phu thudc vao bién cb A Xay ra hay khong,
dai lugng nay con goi 1a hang s6 chuén hoa
vi n6 luén gidng nhau, khong phu thudc
vao su kién A dang muén biét.
P(B|A) 14 kha ning xay ra B khi biét A da
Xay ra.

Naive Bayes cho két qua tt hon ddi voi dit
liéu nhd, va nguoc lai cho Kkét qua khong
t6t v6i dir lidu 16n. N6 1a mot trong nhimng
thuat todn hoc may nhanh va dé dang dé du
doan mot 16p tap dir liéu. Tuy nhién, gia
thiét ciia Naive Bayes kho dugc thoa man.

2.5. Phwong phdp két hop

Ngoai cac phuong phdp mé hinh phan
loai don 1¢ thi viéc két hop nhiéu mé hinh
cling da dugc cac nha nghién ctru ap dung,
nham lam ting d6 chinh xac cia dy béo.
Phuong phéap du bao két hop nay cting da
gianh duoc chién thing tai mot s6 cudc thi
phan tich dit li¢u 16n. Nhitng mo hinh dugc
sir dung 1am dau vao ctia phuong phap két
hop duoc goi 1a mé hinh co so, d6 co thé 1a
bat ky thuét toan hoc may nao nhu hoi quy
Loglstlc cay quyet dinh..

Vi van dé két hop cac du: bao phan loai,
cach tiép can don gian nhét, phd bién nhat
va thuong hiéu qua nhét 1a két hop cac du
do4n bang cach bo phiéu. C6 bdn loai biéu
quyét dién hinh nhat:

« Biéu quyét don gian: chon nhin 16p c6
nhiéu phiéu bau nhat. Néu hai hoic nhiéu
16p ¢6 cung s6 phiéu thi nhan 16p s& dugc
chon tuy y theo mot cach nhét quan chang
han nhu sip xép cac nhan 16p ¢ sd phiéu
bang nhau nay va chon nhin dau tién thay
vi chon ngau nhién. Diéu nay rit quan trong
dé ciing mot md hinh vé6i cung mot dir liéu
luén dwa ra cung mot két qua du doan.

« Biéu quyét da s6: chon nhan 16p c6 hon
mdot nira s6 phiéu bau Néu khong co6 16p
nao c6 hon mot nira sd phiéu bau, thi khong
c6 dy doan nao duoc dua ra. Néu cac dau ra
cua by phan loai la doc lap, thi co thé cho
thdy rang biéu quyét da s6 1a quy tic két
hop t6i uu.

« Biéu quyét nhét tri: lién quan dén biéu
quyét da sé & chd thay vi yéu cau mot nira
s6 phiéu bu, phuong phap ndy yéu cau tat
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cd cac mo hinh du doan cung mét gia tri,
néu khong, khong c¢6 dy dodn nao duoc
dua ra.

« Biéu quyét co trong sb: can nhic du doan
ctia moi mé hinh theo mot cach nao d6. Mot
vai truong hop c6 thé can nhic cac dy doan
dua trén hiéu suét trung binh cua mo hinh,
chéng han nhu d6 chinh xac cua phén loai.

Y tuéng cua biéu quyet c6 trong sO 1a mot
s6 mo hinh c6 nhiéu kha ning chinh xac
hon nhiing mé hinh khac va nén coi trong
cac du doan ctia cdc md hinh d6 nhiéu hon
bang cach gan cho né mot trong s 16n hon
trong s6 phiéu bau co thé cai thién hon nita
hiéu suét téng thé so voi biéu quyét da sb.

2.6. Ddanh gia hiéu qua cua cdac phwong
phap phan logi

Trong bai toan phan loai, chi s6 danh gia
Accuracy 1a ty 18 s quan sat dugc phan
loai dung trén tong s6 quan sat. Tuy nhién,
dé thiy rd hon cac quan sat dugc phan
loai dung sai nhu thé nao, thudng s dung
cac chi sb chi tiét trong ma tran nham l4n
(Confusion matrix).

Trong nhitng bai todn nay, 16p dir liéu
quan trong hon cin dugc xac dinh ding
1a 16p Positive (P-duong tinh), 16p con lai
dugc goi 1a Negative (N-am tinh). Trong
bai toan phan loai khach hang roi bo va

khéch hang trung thanh thi khach hang roi
bo chinh la Positive, con khach hang trung
thanh 1a Negative. Tu d6 ta dinh nghia
True Positive (TP), False Positive (FP),
True Negative (TN) False Negatlve (FN)
tao thanh ma tran nham 1an chua chudn hoa
theo Bang 1. Céc chi sé danh gia duoc thé
hién trong Bang 2.
FPR (False Positive Rate) con goi 1a ty 1¢
du bio nham, FNR (False Negative Rate)
con goi la ty 1€ bo sot.
Vi bai toan phan loai ma tap dit liéu cua
cac 16p 1a chénh I¢ch nhau rat nhiéu, c6 mot
phép do hiéu qua thuong dugc st dung la
Precision va Recall, trong do Recall thuong
duogc goi 1a Sensitivity.

Precision = TP/(TP+FP)
Recall = Sensitivity = TP/(TP+FN) = TPR
Precision con cao ddng nghia véi viée do
chinh xac cua cac quan sat khach hang roi
bo tim dugc la cao. Precision=1 hay FP=0
nghia 1a tit ca cac quan sat dy bao 1a “roi
bo” déu dung 1 “roi bo”. Tuy nhién diéu
nay khong dam bao tim dugc hét cac quan
sat “roi bo™..
Sensitivity cao dong nghia véi viéc True
Positive Rate cao, tirc ti 1€ bo sét cac quan
sat “roi bo™” 1a thip. hay nghia 1a tim duoc
hét cac quan sat “roi bo”. Tuy nhién khong
chic tit ca cac quan sat du bao “roi bo” déu
chinh xéc.

Bang 1. Ma tran nham lin chwa chuén héa

bugc du bdo “rai bo”

bugce du bao “trung thanh”

Thuc t€la “roi bd”

True Positives (TP)

False Negatives (FN)

Thuc té la “trung thanh”

False Positives (FP)

True Negatives (TN)

Nguon: Kulkarni & céng sw (2020)

Bang 2. Ma trin nham lin chuin héa

bugc du bdo “rai bd”

Pugc du bao “trung thanh”

Thuc t& la “rai bo”

TPR = TP/(TP+FN)

FNR = FN/(TP+FN)

Thuc t€ |a “trung thanh”

FPR = FP/(FP+TN)

TNR = TN/(FP+TN)
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Specificity chinh 1a TNR, ty 1€ du bao diung
khach hang trung thanh trén tong sé khach
hang trung thanh.

Ngoai ra, dé do chat luong cua bd phan
16p dua vao ca Precision va Recall thuong
dung F Score, chinh 1a F, Score.

2. Recall. Precision

F =
! Score Recall + Precision

Truong hop téng quéat cta F score la E,
score hay con goi la F-value
(1+ f%).Recall. Precision
F, score = 3 -
P (B°.Recall + Precision)

Nhu vy, F, Score hay F score chinh 1a F 5
score ung véi = 1.

3. Dir liéu nghién ctru

Bai nghién cuu st dung bo dir li€u vé
khach hang dung thé tin dung, dugc cong
bd trén Kaggle, duoc chia sé¢ boi Sakshi
Goyal (Sakshi Goyal, 2021). Sau qué trinh
xtr 1y, bo dit liéu bao gdm 10.127 quan sat
v6i 20 bién, gdm 1 bién phy thudc va 19
bién doc lap.

Bién phu thudc dugc ky hiéu 1a Attrition
Flag. Day 1a bién nhi phan, nhan gi tri 1
néu khach hang da ro1 bd thé tin dung hoac
gid tri 0 néu khach hang van dang str dung
thé tin dung.

Céc bién doc 1ap gom co:

Nhém bién vé dic diém nhan khau hoc ciia
khdch hang (6 bién):

Customer_age: Tudi ciia khach hang (tinh
theo nam).

Gender: Gioi tinh cuia khach hang (Nam, n).
Dependent Count: S6 ngudi phu thudc
trong gia dinh cta khach hang.

Education Level: Trinh d6 hoc van cua
khéach hang.

Marital Status: Tinh trang hon nhan cua
khéach hang.

Income_Category: Thu nhdp hang ndm cua

khéach hang.

Nhém bién vé méi quan hé gita khdch
hang va ngdn hang (3 bién):
Months_on_book: Thoi gian quan hé véi
ngan hang.

Total Relationship Count: Tong sb san
pham ma khach hang nam giir.

Contacts Count 12 _mon: Sb lan lién hé
gitta khach hang va ngan hang trong 12
thang qua.

Nhom bién vé lich sir giao dich thé tin dung
ciia khdch hang (10 bién):

Card_category: Loai thé tin dung ma
khach hang dang st dung (Blue, Silver,
Gold, Platinum).

Credit Limit: Han muc tin dung cua thé.

Total Revolving Bal: Tong tin dung quay
vong.

Avg Open_To Buy: Trung binh sb du kha
dung cua thé tin dung trong 12 thang qua.
Total Trans Amt: Téng muc chi tiéu thé
tin dung (12 thang qua).

Avg Utilization_Ratio: Ty 1€ chi tiéu thé
trung binh (S6 tién dd sir dyng/Han mirc
tin dung).

Total Amt Chng Q4 QI: Thay d6i tong
muc chi ti€u thé tin dung (Q4 so voi Ql).
Total Trans Ct: Téng s6 luong giao dich
(12 thang qua).

Total Ct Chng Q4 _QI: Thay déi tong sb
luong giao dich (Q4 so vdi Q1).
Months_Inactive_12_mon: S6 thang khong
su dung the trong 12 thang qua.

Mot sb thdng ké mo ta vé cac bién nhan
khau hoc duoc trinh bay trong Bing 3.

Ty trong g10’1 tinh cia b so liéu duogc
phan bd gan nhu dong déu (52,91% la nir).
Nhimng khach hang dugc quan sat cha yéu
c6 trinh d6 dai hoc (30,89%). Ty trong céc
khach hang c6 thu nhap dudi 40.000$ mot
nam 1a nhiéu nhét (35,16%).

4. Két qua thuc nghiém
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Pé thuc hién nghién ctru, chung t6i chia
ngiu nhién dit liéu thanh hai phan, bao
gdm tap huin luyén va tap thir nghiém véi
ti 16 80:20. Tap hudn luyén dugc dung dé
udc luong mo hinh, con tap thtr nghiém
duogc dung dé tinh cac chi s6 danh gia hiéu
qua ctia md hinh.

Céc tiéu chi danh gia hiéu qua phan loai
ctia cac mo hinh trén tap thir nghiém gdm
c6: Accuracy (ACC), Precision (PPV),

Sensitivity (TPR), Specificity (TNR), F
Score (két qua thé hién trong Bang 7). Tuy
nhién, tiéu chi danh gid quan trong nhat
trong truong hop nghién cuu nay la do
nhay (TPR) cia m6 hinh vi myc ti€u cua
nghién ctru 1a khong bo sot cac khach hang
c6 nguy co 101 bod su dung dich vy thé tin
dung cua ngan hang.

M@é hinh hoi quy Logistic

Bang 3. Thong ké mé ta cac bién nhan khau hoc trong miu

Tén bién Mo ta bién Gia trj bién Tan suat Tylé %
Gender Gidi tinh Nam 4769 4709
N 5358 52,91
Dependent_count | S6 ngudi phu thuéc |0 ngudi 904 8,93
1 nguoi 1838 18,15
2 ngudi 2655 26,22
3 ngudi 2732 26,98
4 nguai 1574 15,54
5 ngudi 424 419
Education_Level |Trinh do hoc van Khéng di hoc 1487 14,68
T6t nghiép THPT 2013 19,88
Cao déng 1013 10,00
bai hoc 3128 30,89
Sau dai hoc 516 5,10
Tién si 451 4,45
Khac 1519 15,00
Marital_Status Tinh trang hén nhan |DBoc than 3943 38,94
D& két hon 4687 46,28
Paly hon 748 7,37
Khac 749 7,41
Income_Category | Thu nhap hang nam | Dudi $40K 3561 35,16
$40K - $60K 1790 17,68
$60K - S80K 1402 13,84
$80K - §120K 1535 15,16
Trén $120K 727 718
Khac 1112 11,98

Nguén: Tinh todn ciia nhém nghién ciru
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Theo Bang 7, dd nhay ciia mo hinh Logistic
thap nhét trong 4 phuong phap, chi dat mtrc
58,28%. Tuy nhién, két qua tir Bang 4 chi
ra dugc cac bién c6 tic dong téi kha ning
ro1 bo dich vu thé tin dung cuia khach hang
(bao gdm ca chiéu tac dong cua bién).
Theo Bang 4 thi céc bién trén déu c6 y nghia
thong ké & muc 1%. Trong d6 cac bién co
tac dong nguoc chiéu dén xac suit roi bo
thé tin dung gdm c6 Thay dbi s6 lugng
giao dich thé tin dung quy 4 so véi quy 1
(Total Ct Chng Q4 QI), Ty 1€ chi tiéu
thé trung binh (Avg Utilization Ratio),
Téng s6 san pham dich vu ngan hang ma
khach hang nim giit (Total Relationship
Count), Tong muc chi tiéu thé tin dung
(Total Trans Amt), Han muec tin dung cta
thé (Credit Limif), nghia 1a nhitng bién
nay cang I6n thi xac sut khach hang roi
bo dich vu thé tin dung ctia ngan hang cang
thap. Piéu nay kha phu hop véi thyc té.
Ngugc lai, cac bién c6 tac dong thuan chleu
dén xac sut roi bo thé tin dung bao gom
S6 lan lién hé cia ngén hang véi khach
hang (Contacts Count 12 mon), S6 thang
khong hoat dong thé tin dung (Months
Inactive_12 _mon), Thu nhdp cta khach
hang (Income_Category ) va S6 ngudi phu
thudc (Dependent count). Nghia 1a nhitng
bién nay cang 16n thi xac suat roi bo dich
vu thé tin dung cang cao.

Mo hinh Naive Bayes

Theo Bang 7, TPR cta md hinh Naive
Bayes khong cao, chi dat 59,82%. Ngoai
ra, thuat toan da du bao nhiéu khach hang
trung thanh trd thanh khach hang da roi bo,
khi dua vao du bao thuc té s& khién cac
ngan hang t6n thém nhiédu thoi gian va chi
phi khong can thiét hon dé giir chan khach
hang. Nguyén nhan d0 chinh xéac cua du
bao khong cao c6 thé do gia dinh tat ca cac
thugc tinh 1a doc lap cia thuat toan didu
nay hiém khi xdy ra trong thyc té.

Biang 4. Két qua wéc lwgng mé hinh hoi

quy Logistic

Bién doc lap Hé sd hoi quy
Total_Ct_Chng_Q4_Q1 -4,644%%%
Avg_Utilization_Ratio -2,462%*%*
Total_Relationship_Count -0,4085%**
Contacts_Count_12_mon 0,5425***
Months_Inactive_12_mon 0,4691***
Total_Trans_Amt -0,0007***
Credit_Limit -0,0000%***
Gender -0,7558%***
Income_Category 0,2157***
Dependent_count 0,0878***

Ghi chu: * ** *%: Tyong wng voi mirc y nghia nho
hon 10%, 5%, 1%
Nguon: Tinh toan cua nhom nghién ciru

Phwong phap SVM

Thuét toan SVM hoat dong bang cach phan
loai cac diém dix liéu béng cach st dung
cac siéu phang vi vy kho dé hiéu va dién
giai két qua mo hinh. Trong tap thir nghiém
nay thuat toan da sir dung 4112 vector hd
trg tao ra siéu phang toi wu gitp phan loai
danh gia trén tap dir liéu thir nghiém.

Theo Bang 7, d0 nhay (TPR) cta thuat toan
SVM dat 69,33%, cao hon so v6i hdi quy
Logistic, Naive Bayes, nhung thip hon so
véi Random Forest.

M6 hinh Random Forest

Gia tri TPR cua phuong phdp Random
Forest 1a cao nhat khi so v6i cac phuong
phap con lai, dat 83,44%, theo Bang 7.
Ngoai ra, Random Forest chi ra mirc do
quan trong ciia cc bién trong xay dung
thudt toan, duya theo mirc gidm trung binh
d6 chinh xac (Mean Decrease Accuracy)
va mirc giam trung binh trong Gini (Mean
Decrease Gini).

Nhin chung, cac bién dong vai trd quan
trong nhit trong xdy dung va danh gia tap
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huin luyén déu nam trong nhém bién lich
su giao dich tin dung cua khéach hang. Cu
thé, bién tong muc chi tidu thé tin dung
trong 12 thang (Total Trans Amt) thé hién
mirc d6 quan trong cao nhat & ca hai tiéu
chi danh gia. Pidu nay phu hop véi thuc
té, vi thong thudng cac khach hang ¢ xu
hudéng muén roi bo thé tin dung cua mot
ngan hang thi ho s& giam dan muc chi tiéu
thé. Cac bién quan trong tiép theo bao gdm:
téng thay doi sé lwong giao dich quy 4 so
voi quy 1 (Total Ct Chng Q4 _Ql), ty 1€
chi ti€u thé trung binh (4vg Ultilization
Ratio), tong s6 san pham cta ngan hang ma
khach hang nim giit (Total Relationship
Count), va thay dbi tong muc chi tiéu the
tin dung quy 4 so voi quy 1 (Total Amt_
Chng Q4 QI).

Céc yéu t6 khong quan trong trong du bo
khéach hang ro1 bo sir dung dich vu thé tin
dung chu yéu thudc nhom yéu té dic diém
nhan khau hoc ciia khach hang 1 loai thé
tin dung cua khéach hang (Card Category),
gidi tinh khach hang (Gender), tinh trang
hén nhan cua chu s¢ hitu thé (Marital
Status) va trinh d6 hoc van (Education
Level). Két qua nay ciing twong tu voi
nghién ctru cua Farquad & cong su (2009)
khi cac thudc tinh thuodc vé tin dung cua

Total Trans Amt =
Total Ct Chng_Q4_Q1 o
Avg_Ttilization_Rafio o

Tofal Relationship_Count o
Total_Amt_Chng_Q4 Q1 o
Months_on_boo o
Credit_Timit o
Dependent_count =
Education_Tevel o
Income_Category o
Months_Inactive_12_maon °
Marital "Status o
Contacts_Count_12_mon | <
Gender o
Card_Category =

T T I
50 100 150

MeanDecreaseAccuracy

khach hang nhu muc chi ti€u tin dung trong
thang hay s luong giao dich thé tin dung
theo thang cuia khach hang cling dong vai
trd quan trong giup du doan kha nang roi
bé dich vu cua ho.

Phwong phdp két hop

Phuong phap nay két hop ca 4 mo hinh dy
bao trude do: Random Forest, SVM, Naive
Bayes va hdi quy Logistic. C6 2 cach két
hop 1a biéu quyét da s va biéu quyét c6
trong s0.

Biéu quyét da sé: do s6 luong mé hinh 13 4
vay nén két qua du bao cubi cing s& duoc
xac dinh néu c¢6 3/4 mo hinh cho ra cing
mot két qua du bao (khach hang roi bo hay
khéch hang trung thanh)

Biéu quyét c6 trong so: viéc lya chon trong
s6 cho phuong phap nay c6 2 cach: do ban
than nguoi két hop Iya chon theo ¥ kién
chu quan, hodc st dung mo6 hinh hoc may
dé tim ra cac trong s toi wu. Tuy nhién, &
day chi can két hop 4 mé hinh, nén viéc str
dung mo hinh hoc may dé tim trong s 1a
khong phu hop. Y tudng ciia biéu quyét co
trong s6 1a mot s6 md hinh ¢6 nhiéu kha
nang chinh xac hon nhitng md hinh khéc
va nén coi trong cac du dodn cua cac md
hinh d6 nhiéu hon bang cach gan cho né

Total Trans Amt o
Total_Ct_Chng_Q4_Q1 o
Avg_Ttilization_Rafio o
Tofal_Relationship_Count o
Manths_Inactive_12_mon o

Total Amt_Chng Q4 Q1 e
Contacts_Touni_12_mon ]
Credit_Limit =
Months_on_book o
Dependent_count
Income_Category
Education_Level
Marital_Status
Gender
Card_Category

T T
500 1000
MeanDecreaseGini
Nguén: Tinh todn ciia nhém nghién ciru

CH9%200064 4

Hinh 3. Mirc d9 quan trong ciia cic bién trong Random Forest
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mdt trong s6 16n hon. Trong truong hop
bai nghién ctu nay, vi khong qué phuc
tap nén s€ chon trong s6 cho tung mo hinh
dua vao d6 nhay (TPR) cia mo6 hinh. Theo
Bang 7, md hinh hdi quy Logistic c¢6 do
nhay 14 58,28% s& nhan hé sb 1a 1, mé hinh
Random Forest c6 do nhay 83,44% gip
1,43 lan so voi d6 nhay ctia mo hinh hoi
quy Logistic nén nhan hé s6 1a 1,43, tuong
tu m6 hinh SVM véi d6 nhay 69,33% nhan
hé s 1,12, cubi cung mo hinh Naive Bayes
v6i d6 nhay 59,82% c6 hé sé 1,02. Nhu

Bang 5. Trong sb cac phwong phap hoc may
trong phwong phap két hop

Phuong phap hoc may Trong s6 (%)
Ho6i quy Logistic 21,88
SVM 24,51
Naive Bayes 22,32
Random Forest 31,29

Nguén: Tinh todn ciia nhém nghién ciru

Bang 6. Panh gia hi¢u qua du bao ctia

phwong phap két hop
Thuse do Biéu ciuyé't da | Biéu quyA(’?:'t co
s0 (%) trong so (%)
Accuracy (ACC) 90,13 91,36
Precision (PPV) 82,81 73,23
Sensitivity (TPR) 48,77 73,01
Specificity (TNR) 98,06 94,88
F1 score 61,39 7312

Nguén: Tinh todn ciia nhém nghién ciru

vay, trong s6 ctia bdn mo hinh trén 1an luot
s€la1/4,57;1,43/4,57; 1,12/ 4,57 va 1,02/
4,57. Bang 6 dua ra dugc két qua du bao
tong hop theo ca 2 céch.

Nhu vay két qua do nhay (TPR) theo
phuong phap biéu quyét co trong sO cao
horn hén so voi phuong phép biéu quyet da
s0. Vay s€ chon dung phuong phap két hop
theo kiéu biéu quyet c6 trong so.

Theo Bang 7, két qua phu’ong phap két
hop (theo kiéu bleu quyét co trong sd)
c6 tat ca cac chi sé danh gia cao hon so
v6i cac phuong phap SVM, Naive Bayes
va Logistics. Tuy nhién, phuong phap
Random Forest lai ¢6 cac chi sé danh gia
cao hon phuong phap két hop.

5. Két luan va khuyén nghi

Bai nghién ciru quan tim dén van dé dy
bao khach hang ro1 bé dich vu thé tin dung
va su dung cac phuong phap hoc may, la
nhiing phuong phap dang dugc quan tam
hién nay trong linh vuc dy bao. Két qua
thuc nghiém cho thiy trong 4 phuong
phap dugc st dung thi Random Forest
cho hi¢u qua du béo cao nhét tinh trén cac
tiéu chi Accuracy, Precision, Sensitivity,
Specificity, F score. Ngoai ra, bai nghién
ctru ciing ap dung phuong phap két hop
theo cach biéu quyét co trong s6, dem lai
két qua t6t hon so v6i cac phuong phap nhu
SVM, Naive Bayes va hdi quy Logistics.

Nghién ctru ciing chi ra cac bién quan trong

Bang 7. Tong hgp chi s6 danh gia cac phwong phip hoc may trén tip thir nghi¢m

Thudc do Accuracy (ACC) | Precision (PPV) | Sensitiviy (TPR) | Specificity (TNR) | F score
Random Forest 94,13 80,71 83,44 96,18 82,05
SVM 89,09 65,13 69,33 92,88 67,16
Naive Bayes 79,07 39,96 59,82 82,77 4791
Logistics 84,50 51,63 58,28 89,53 54,76
Phuong phép két hop 91,36 73,23 73,01 94,88 7312

Nguon: Tinh todn ciia nhém nghién ciru
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gitup du bao khéach hang roi bo thé tin dung.
Do 14 nhing bién vé giao dich thé tin dung
ctia khach hang nhu tong murc chi tiéu thé
tin dung trong 12 thang, tong thay doi sd
luong giao dich Q4 s0 V0’1 Ql, ty 1€ chi tiéu
thé trung binh, téng s6 san pham ciia ngan
hang ma khach hang nim giit, va thay doi
téng mirc chi tiéu thé tin dung Q4 so véi
QI (theo két qua cua Random Forest). Mt
khac, theo két qua cia hdi quy Logistic,
nhiing bién c6 tac dong tich cyc, 1am giam
kha ning roi bo cua khach hang gdm co:
Thay d6i s6 lwong giao dich thé tin dung
quy 4 50 voi quy 1, Ty 1€ chi tiéu thé trung
binh, nim gitr téng s6 san pham dich vu
ngan hang, Tong mirc chi tiéu thé tin dung,
Han muec tin dung cua thé; Nhiing bién c6
tac dong tiéu cuc, lam tang kha ning roi
b6 cua khach hang gdm c6: S6 1an lién hé
ctia ngan hang vé6i khach hang, S6 thang
khong hoat dong thé tin dung, Thu nhap
ctia khach hang, va S6 ngudi phuy thudc.
V6i nhimg két qua nhu trén, ¢ thé goi y
cho nha quan 1y ngan hang mot sd chinh
sach gilt chan khach hang nhu sau:

Thitr nhdt, ap dung phuong phdp Random
Forest dé dy bao nhitng khach hang c6 kha
nang ro1 bé dich vy theé tin dung. Sau d6 tap
trung chdm so6c nhoém khach hang nay dé
gilt chan ho thay vi chdm soc toan bg khach

Tai liéu tham khao

hang giy ton kém va khong can thiét. Doi
v6i nhoém khéach hang nay, nha quan ly nen
thay d6i dich vy hién tai hodc cung cap
thém cho ho nhiing dich vy méi.

Thit hai, tir nhimg bién cu thé giup du bao
khach hang roi bo thé tin dung da néu trén,
goi ¥ nha quan 1y vé nhimg khia canh tac
dong dé giit chan nhom khach hang c6 nguy
co roi bo. Do chinh 1a 1am sao dé khach
hang khong gidm chi tiéu thé tin dung,
khong giam s6 lan giao dich thé tin dung,
tang han mirc thé va tang sd san pham khach
hang st dung tal ngan hang. Nha quan ly
co thé cung cdp nhitng chinh sach uu dai
vé phi thuong nién, khuyén mai khi thanh
toan thé tin dung, hodc ting mirc phan trim
hoan tién... riéng cho nhom khach hang nay.
Dong thoi quang ba nhidu san pham khac
cta ngén hang dé nhiing khach hang nay
quan tdm va tham gia, tir d6 ting s6 san
phdm ma khach hang ndm giit. Ngén hang
cling nén chu dong tang han muc thé cho
nhom khéach hang c6 nguy co roi bo nay.
Bai nghién ciru han ché & mau s liéu con
nho va phuong phéap su dung la nhiing
phuong phép hoc may truyen thong. Trong
nghién ctru tuong lai, ¢6 thé mé rong mau
va ap dung cac phuong phap hoc may sau
dé tiép tuc cai thién hiéu qua dy béo. m
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