MO DAU

1. Ly do chon deé tai:

Trong thoi dai céng nghé 4.0 ngay nay, viéc nim bt thong tin duoc coi 13 co
s& cua moi hoat dong san xuat, kinh doanh. Cac c& nhan hoic té chac nao thu thap,
hiéu dugc cong nghé va hoat dong dwa trén cac cong nghé 4.0 s& dat duoc nhing
thanh cdng trong moi hoat dong san xuét kinh doanh. Céng nghé théng tin (CNTT)
hién nay cho phép ta khai thac duoc tri thirc hitu dung tir Co sé dir liéu (CSDL) goi
la ky thuat Khai phé di lisu (DM).

Khai phé dit liéu 1a qua trinh tinh toan dé tim ra cAc mau trong cac b dix lidu
I6n lién quan dén cac phuong phép tai giao diém ciia may hoc, thong ké va cac hé
théng co so dir liéu. Py 1a mot linh vuc lién nganh cia khoa hoc may tinh. Muc
tiéu téng thé caa qua trinh khai phé dix lidu 1a trich xuét théng tin tir mot bo di ligu
va chuyén n6 thanh maot cau trdc dé hiéu dé sir dung tiép. Ngoai bugc phan tich thd,
noé con lién quan téi co so dir liéu va cac khia canh quan ly di liéu, xu ly dir liéu
trudc, suy xét mo hinh va suy luan thong ké, cac thude do thi vi, cac can nhac phuc
tap, xuat két qua vé céc cau tric duoc phat hién, truc quan héa va cap nhat truc
tuyén. Khai phé dir liéu 1a budc phan tich cua qua trinh "kham phé kién thic trong
co s¢ dir liéu” hoac KDD (Knowledge Discovery in Databases) [1]. Khai pha dir
licu (KPDL) trong co s& dir liéu (CSDL) dang 1a mét xu hudng quan trong cia nén
céng nghé théng tin (CNTT) hién nay.

KPDL c6 kha ning tng dung vao rat nhiéu 16p bai toan thuc té khac nhau, 1a
qui trinh ma cac ngan hang sir dung dé bién nhiing di liéu thd thanh thong tin hitu
ich. Bang cach ding phan mém dé tim mau hinh trong céc tap dir liéu, cac ngan
hang c6 thé hiéu hon vé khach hang cua ho va phat trién dugc nhitng chién luoc
marketing hiéu qua, gitp tang doanh thu va giam chi phi. Viéc khai pha di liéu phu
thuoc vao viéc thu thap dir liéu mot cach hiéu qua, luu trit kho dir liéu va xu li may
tinh.



Céc dot tiép thi chao hang tao thanh maot chién lugce dién hinh dé nang cao
hoat dong kinh doanh. Cac ngan hang sir dung tiép thi truc tiép khi nhim dén céc
muc tiéu phan khac khach hang bang céch lién hé véi ho dé dap wng mot muc tiéu
cu thé. Tap trung hoa cac tuong tac khach hang tir xa gilp giam bét viéc quan ly
hoat dong cua cac dot. Viéc lién lac nhu vay cho phép giao tiép véi khach hang qua
nhiéu kénh khéc nhau: dién thoai cé dinh, dién thoai di dong dang duoc st dung
rong réi nhat. Tiép thi duoc thuc hién thong qua maot trung tam lién lac duoc goi 1a
tiép thi qua dién thoai. Pia chi lién hé co6 thé thuc hién trong va ngoai nudc, tly
thuoc vao viéc bén nao da thuc hién lién hé (khach hang hoac trung tam lién hé),
véi mdi truong hop dit ra nhitng thach thirc khac nhau. Cong nghé cho phép thuc
hién thuong mai bang cach tap trung vao viéc tdi da hoa gia tri 1au dai caa khach
hang thdng qua viéc danh gia thong tin sdn c6 va céac chi sé khach hang, do d6 cho
phép cac ngan hang xay dung cac méi quan hé l1au dai va chit ché hon phu hop véi
yéu cau kinh doanh [1]. Ngoai ra, can nhin manh rang nhiém vu lra chon nhom
khach hang tét nhat, tac 1a c6 nhiéu kha ning dang ky mot san pham hon.

Trong luan vin ndy, em manh dan dé& xuat phuong phap khai pha di liéu
(DM) dé du doan su thanh cdng cua cac cudc goi qua dién thoai trong hoat dong
tiép thi cac san pham cua ngan hang; Bé gop phan nang cao hiéu qua cua viéc ung
dung marketing (tiép thi) trong hoat dong kinh doanh ¢ cac ngan hang, em da chon
dé tai “Ung dung khai pha dir liéu xay dwng hé théng phan tich hoat dong tiép
thi ngan hang” cho dé tai tét nghiép ciia minh. Muc tiéu cia dé tai la xuat phat tir
nhitng ddc diém chung vé hoat dong marketing trong nganh ngan hang va thyc trang
ing dung cua nd & cac ngan hang dé tim ra nhitng giai phap gilp cho cac nha quan
tri ngan hang nang cao hiéu qua viéc trng dung marketing trong linh vuc kinh doanh
caa minh.

Ky thuat khai pha dit liéu ma em ap dyng 1a mé hinh hoi quy logistic (LR),
cay quyét dinh (DT). Viéc khai pha dit liéu nhu vay da tao nén mé hinh thu duoc 12
dang tin cay va cd gia tri ddi véi cac nha quan 1y dot tiép thi qua dién thoai cua

ngan hang [1].



Em xin chan thanh cam on Phé gido su — Tién si V& Thi Luu Phuong da tin
tinh giup d&, hudng din dé em hoan thanh dugc dé tai nay.

2. Tong quan vé van dé nghién ciu:

Trong dé tai huéng dén d& xuat mot Hé thong hd trg quyét dinh (DSS) sir
dung cong nghé théng tin dé hd tro viéc ra quyét dinh cua nha quan ly. DSS ¢4 nhan
va théng minh c6 thé tu dong du doan két qua cia mét cudc goi dién thoai dé tiép
thi cac san pham ciia ngan hang bang cach st dung cach tiép can tsi khai phé dir
licu (DM). DSS nhu vay c6 gia tri dé hd tro cac nha quan ly trong viéc uu tién va
lya chon nhitng khach hang tiép theo s& duoc lién hé trong dot tiép thi cua ngan
hang [1]. Vi du: bang cach st dung md hinh hdi quy logistic dé phan tich xac suat
thanh cong cua viéc tiép thi qua dién thoai dé nguoi quan ly quyét dinh 1a can lién
hé vai bao nhiéu khach hang va nhitng khach hang nao. Do do, thoi gian va chi phi
trong sb cac dot nhu vay s& bi giam. Ngoai ra, bang cach thuc hién it hon va cac
cuoc goi dién thoai hi¢u qua hon .

Pé thyc hién duoc muc dich y tudng dé ra cho viéc dong gop chinh cua cong
viéc nay la: Tap trung vao tinh nang ky thuat, l1a mot khia canh quan trong trong
DM va dé xuat cé&c chi sb kinh té va x& hoi chung ngoai cac thudc tinh san pham va
khach hang duoc st dung phd bién hon cua ngan hang. M hinh DM bang céch sir
dung danh gia va phan loai s liéu. Dé tai cling chi ra cac md hinh tt nhét co thé
mang lai loi ich cho tiép thi qua dién thoai cua ngén hang trong viéc kinh doanh.

3. Muc dich nghién cuu:

Muc dich chinh: Nang cao hiéu qua tiép thi qua dién thoai cua ngan hang
trong viéc kinh doanh bang viéc sir dung mé hinh héi quy logistic (LR) va cay
quyét dinh (DT) trong khai pha dit liéu.

4. P6i twong va pham vi nghién cuau:

Déi tuong nghién ciru: Cac mo hinh khai pha dit liu (DM); Hé théng hd tro
quyét dinh (DSS) su dung cong nghé théng tin; Tap dir liéu tiép thi ngan hang
(khach hang va ngan hang); Cong cu hd tro lap trinh Python va Anacoda3 va mot sb

cong cu hd tro khai pha di ligu.



Pham vi nghién ciru: Nghién ctu vé khai phé dit liéu dua trén mé hinh hdi
quy logistic (LR) va cay quyét dinh (DT) trong khai phé dit liéu; Bai toan tiép thi
ngan hang dé dy doan dit liéu khach hang c6 ding ky mot san pham hon hay
khong?

5. Gia thuyét nghién ciu:

Xay dung chuong trinh du béo két qua théng qua céac cudc goi dién thoai tiép
thi qua dién thoai dé tiép thi cac khoan tién gui dai han hiéu qua nhat.

Khi cac nhan vién thuc hién cac cudc goi dién thoai dén danh sach khach
hang dé tiép thi san pham hozc néu trong khi khach hang goi dén trung tam lién lac
cia ngan hang vi bat ky ly do nao khac, khach hang duoc yéu cau diang ky san
pham. Do d6, két qua 1a mot nhi phan lién hé khong thanh cdng hoic thanh cang.

6. Cau héi nghién ctru:

Trong nganh ngan hang, t6i wu hoa nham muc tiéu cho tiép thi qua dién thoai
la mot van dé then chét, dudi ap luc ngay cang ting nham ting loi nhuan va giam
chi phi thi viéc lua chon trong 2 mé hinh thi mé hinh nao cho ra két qua tbi wu nhat?

Pit ra bao nhiéu phan tram tiép thi ngan hang thanh céng, bao nhiéu phan
tram khong thanh cong?

7. Phuong phap nghién ciru: Bé hoan thanh hé thong phén tich hoat dong
trong Tiép thi ngan hang, em sir dung ngdn ngit 1ap trinh Python va Anacoda3 dé

thuc hién duoc muc tiéu nay cho dé tai caa minh.



Chuwong 1: CO SO LY LUAN

1.1. Tong quan vé phat hién tri thirc va khai pha dir li¢u

Khai pha dit liéu 1a mot qué trinh trich xuét va kham pha cac mau trong tap di
liéu 16n lién quan dén cac phuong phéap tai diém giao nhau ciia may hoc, théng ké
va hé thong co so dit licu.

Khai pha dir li€u 1a mot linh vuc con lién nganh ctia khoa hoc may tinh va
thdng ké voi myc tiéu tong thé 1a trich xuat thong tin (bang cac phuong phap thong
minh) tir mot tap dit liéu va chuyén d6i thong tin thanh mot cau trac dé hiéu dé su
dung thém [1].

Khai pha dir lidu 1a budc phan tich cua qué trinh "Kham pha kién thic trong
co so dit liéu", hay con goi 1a KDD. Bén canh budc phén tich thd, no ciing bao gdm
cac khia canh quan ly co s¢ dir liéu va dir li¢u, xtr 1y trude dir ligu, xem xét mo hinh
va suy luan, chi s6 do mirc d6 tha vi, can nhic do phtrc tap, xt Iy sau cac cAu trac
d3 phat hién, truc quan hoa va cap nhat truc tuyén [1].

Khai pha dir li¢u tir co s¢ dit liéu bao gém nhiéu cong doan nhu: xac dinh van
dé, tap hop va chon loc dit lidu, khai thac dit liéu, danh gia két qua, giai thich di
liéu, 4p dung tri thirc vao thuc té.

1.2. Qua trinh phat hién tri thirc va khai pha dir liéu

Gom dir liéu (Gathering): Tap hop dit liéu 14 budc dau tién trong qua trinh
KPDL. Pay la budc duoc khai thac trong mot CSDL, mot kho dir liéu va tham chi
cac dir liéu tir cac ngudn tmg dung Web.

Trich lgc dir liéu (Selection): O giai doan nay dir li¢u duoc lya chon hodc
phan chia theo mot sb tiéu chuén nao do, vi du chon tit ca nhiing ngudi ¢ tudi doi
tr hai muoi lam dén ba muoi 1am va co trinh do dai hoc.

Lam sach, tién xir 1y va chuin bj truée dir liéu (Cleansing, Pre-processing
and Preparation): Giai doan thir ba nay 1a giai doan hay bi sao lang, nhung thuc té
n6 1a mot bude rat quan trong trong qua trinh KPDL. Mot s 16i thuong mac phai

trong khi gom dir li€u 1a tinh khong du chét ché, logic. Vi vay, dit liéu thuong chira



cac gia tri v nghia va khong co6 kha ning két ndi dir liéu. Vi du: tudi = sdu trim
bay muoi ba. Giai doan nay s& tién hanh xtr 1y nhitng dang dir liéu khong chit ché
noi trén. Nhitng dir liéu dang nay duoc xem nhu thong tin du thira, khong c0 gia tri.
Boi vdy, day 1a mot qua trinh rat quan trong vi dit liéu nay néu khong duoc “lam
sach - tién xir 1y - chuan bi trudc” thi s& gdy nén nhitng két qua sai léch nghiém
trong.

Chuyén d6i dir liéu (Transformation): Tiép theo 13 giai doan chuyén di dir
liéu, dir lidu dua ra c6 thé sir dung va diéu khién duoc boi viée t6 chuc lai no. Di
lidu da duoc chuyén doi phu hop véi muc dich khai thac.

Phat hién va trich miu dir liéu (Pattern Extraction and Discovery): Day la
budc mang tinh tu duy trong KPDL. O giai doan nay nhiéu thuat toan khac nhau da
dugc sir dung dé trich ra cac mau tir dit liéu. Thuat toan thudng dung 13 nguyén tic
phan loai, nguyén tac két hop hodc ciac mé hinh dit liéu tuan tu, v.v.

Panh gia két qua miu (Evaluation of Result): Pay 13 giai doan cubi trong
qua trinh KPDL. O giai doan nay, cac mau dit liéu dugc chiét xuét ra boi phan mém
KPDL. Khong phai bt cit mau dir lidu nio ciing déu hitu ich, doi khi n6 con bi sai

l1éch. Vi vay, can phai uu tién nhiing tiéu chuan danh gia dé chiét xuat ra cac tri thuc

can chiét xuat ra.
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Hinh 1.1: Cac giai doan trong qué trinh khai pha di liéu

Trén day la sau giai doan trong qua trinh KPDL, trong d6 giai doan 5 la giai

doan dugc quan tdm nhiéu nhat hay con goi d6 1a KPDL.



1.3. Cac phuong phap khai pha dir liéu

- Phirong phép nghién cieu 1y lu@n: Thu thap, doc hiéu, phan tich thdng tin,
dir liéu tir cac tai liéu, gido trinh, sach lién quan dén khai pha dit liéu.

- Phuwong phép nghién ciru theec tién: Tién hanh nghién ciu cac ky thuat cho
phép phan 16p trong khai pha dir liéu, tng dung cac ky thuat dé6 dé xay dung mo
hinh du doan két qua tiép thi ngan hang dya vao cac thong tin dau vao. Pé tai tién
hanh so sanh két qua cua cac mé hinh dé lra chon md hinh cho két qua vuot troi
nhat. Tir d6, xay dung chuong trinh dy béo két qua thdng qua cac cudc goi dién
thoai tiép thi qua dién thoai dé tiép thi cac khoan tién giri dai han hiéu qua nhat.
Viéc xay dung md hinh duoc tién hanh theo céac buéc:

= Lam sach va tich hop dit liéu.

= Lwa chon dir liéu va chuyén doi dit liéu

= Khai thac dix licu

= Sy truc quan hda

= Biéu dién va danh gia mo hinh

Dit liéu 1a mdi ban ghi bao gdbm muc tiéu dau ra, két qua lién hé ({“that bai”,
“thanh cong”}) va cac tinh ning dau vao tng vién. Chung bao gém cac thudc tinh
tiép thi qua dién thoai (vi du: chi duong cudc goi), chi tiét san pham (vi du: 14i suat
duoc cung cip) va thong tin khach hang (vi du: tudi). Cac ban ghi nay di duoc lam
gidu véi cac tinh ning anh hudng xi hoi va kinh té (vi du: ty 1& thay d6i that
nghiép).

- Phurong phéap nghién cazu tai ligu: Tim hiéu ngbn ngir 1ap trinh, hé quan tri
Co so dir ligu (CSDL), Xay dyng trng dung.

1.4. M6 hinh khai pha dir li¢u

- Mé hinh Hbi quy Logistic (LR): Muc tiéu cta hdi qui Logistic 1a nghién
ctru mdi twong quan giita mot (hay nhiéu) yéu té nguy co (risk factor) va déi tugng
phan tich (outcome). Ching han nhu déi véi nghién cru mdi twong quan gitta thoi
quen hut thudc 14 va nguy co mac ung thu phdi thi yéu t6 nguy co ¢ day 1a thoi quen

huat thude 14 va ddi twong phan tich ¢ day 1a nguy co mic ung thu phdi. Trong hoi



qui logistic thi cac d6i twgng nghién ciru thudng duoc thé hién qua cac bién sb nhi
phan (binary) nhu xdy ra/ khéng xay ra; chét/song; cé/khéng, ... con cac yéu td nguy
co ¢6 thé dugc thé hién qua cac bién sb lién tuc (tudi, huyét ap,...) hodc cac bién
nhi phan (gidi tinh) hay cac bién tht bac (thu nhap: Cao, trung binh, thap). Van dé
dit ra cho nghién ctru dang nay 1a 1am sao dé uée tinh d6 trong quan cia cac yéu tb
nguy co va dbi trgng phén tich. Cac phwong phap phéan tich nhu hodi qui tuyén tich
khong ap dung dugc vi bién phu thudce khong phai 13 bién lién tuc ma 1a bién nhi
phan [3].

- M6 hinh Cay quyét dinh (DT): Cay quyét dinh 1a mot trong nhitng mé hinh
c6 kha ning dién giai cao va co thé thyc hién ca nhiém vu phan loai va hoi quy.
Nhu vay cho thidy Ciy Quyét dinh 1a m6 hinh ciu trac giéng nhu cay 16n ngugc. Tai
thoi diém nay, ban c6 thé c6 mot cau hoi nhu ching ta dd ¢6 cac md hinh ho may
hoc ¢ dién nhu hoi quy tuyén tinh va hdi quy logistic dé thyc hién cac nhiém vu
hdi quy va phan loai trong trudng hop nhu vay thi su can thiét cia mot md hinh
khac nhu Cay quyét dinh 1a gi. Cau tra 10i cho cau hoi nay 1a dé thyc hién cac mo
hinh tuyén tinh ¢6 dién, ching ta can dam bao réng dir liéu duoc st dung dé dao tao
mo hinh khong cé tat ca cac bat thuong nhu gia tri bi thiéu, cac gia tri ngoai 1€ can
duogc xir 1y, da cong tuyén can duoc giai quyét. Toan bo qua trinh tién xtr 1y dir liéu
can duoc thyc hién truéc d6. Trong khi trong Cay quyét dinh, chiing ta khong can
phai thuc hién bat ky loai xur Iy trudc dir liéu nao trude do. Cay Quyét dinh du manh
dé xu 1y tit ca cac loai van dé nhu vay dé di dén quyét dinh. Ngoai ra, Cay quyét
dinh c6 kha ning xtr 1y dit liéu phi tuyén ma cac mo hinh tuyén tinh c6 dién khong
xtt Iy duge. Do d6 Cay quyét dinh du da dang dé thuc hién ca nhiém vu hdi quy va
phan loai. Toan bd nhitng wu va nhuoc diém lién quan dén Cay Quyét dinh co thé
duogc thao ludn chi tiét trong phin sau cia bai viét ndy. Trudc do, hdy bat ddu tim
hiéu Cay quyét dinh. Cay quyét dinh xay dung cdy bang cach dit mot loat cau hoi
vao dir lidu dé di dén quyét dinh. Do d6 nguoi ta ndi rang Cay Quyét dinh bat chudc

qua trinh quyét dinh cua con ngudi. Trong qua trinh x4y dung cdy, nd chia toan bo



dir liéu thanh céc tap dit lidu con cho dén khi dua ra quyét dinh. Hay cung tim hiéu

mot vai thuat ngit lién quan dén cdy Quyét dinh dé hiéu rd hon vé Cay quyét dinh.

X[4] <= 8075
gini = 0.493
samples = 3945
value = [2200, 1745]

/ N\

gini = 0.462 gini = 049
samples o 3875 samples = 2432 samples = 1513
Vel D03 173)| (value = (1550, 8821  (value'= (650. 863]

Hinh 1.2: Minh hoa cay quyét dinh

1.5. Két luan

KPDL 14 mét linh vuc duoc quan tim va tng dung rong rai. Mot sb tmg dung
dién hinh trong KPDL c6 thé liét ké: phan tich dir liéu va hd tro ra quyét dinh; diéu
tr1 y hocC; phat hi¢n van ban; tin sinh hoc; tai chinh va TTCK; bao hiém...

Qua trinh nghién ctu tong quan vé khai pha dit liéu gidp ching ta hiéu duoc
cac budc trong qui trinh khai pha dir liéu, phuong phap, dang dir liéu c6 thé khai

pha va nhirng van dé can giai quyét trong khai pha dix liéu.
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Chuong 2:
PHUONG PHAP TIEP CAN THEO HUONG DU LIEU PE
DU POAN SU THANH CONG CUA TIEP THI QUA
PIEN THOAI NGAN HANG

2.1. Tong quan co sé dir li¢u Tiép thi ngan hang.

Nghién ciru nay tap trung vao muc tiéu thong qua cac cudc goi dién thoai tiép
thi qua dién thoai dé tiép thi CAC san phém. Trong mot dot, cac nhan vién thuc hién
cac cudc goi di¢n thoai dén danh sach khach hang dé tiép thi san phém hodc néu
trong khi khach hang goi dén trung tdm lién lac ctia ngan hang vi bat ky 1y do nao
khac, khach hang dugc yéu cau ding ky san pham. Do d6, két qua 1a mot nhi phan
lién hé khong thanh cong hodc thanh cong [1].

2.2. Phén tich yéu cAu chirc niing tip dir liéu.

- Dir lidu tiép thi qua dién thoai ciia ngan hang (Bank telemarketing data):
Nghién ctru nay tp trung vao viéc théng qua cac cudc goi dién thoai tiép thi qua
dién thoai dé tiép thi cac khoan tién gtri dai han. Trong céc cude goi dién thoai dén
danh sach khach hang dé tiép thi tién ky giri, néu trong khi khach hang goi dén sd
duong day ndng cia ngin hang déu duoc mién phi va vi bat ky 1y do nao khéch
dugc yéu cau ding ky tién gii (inbound) dén ngan hang, két qua 1a mot nhi phan

lién h¢ khong thanh cong hodc thanh cong.

DANG KY TIEN GUTI

YES (CO) NO (KHONG)
LIEN HE L}E‘\f HE
a - KHONG
TITANII .
CONG THANH
CONG

Hinh 2.1: Khach hang c6 dang ky tién gui hay khong dang ky tién giri
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- Nghién ctru nay xem xét dir liéu thuc duogc thu thap tir mot ctra hang béan 1€ ¢
ngan hang B Pao Nha tir thang 5 nim 2008 dén thang 6 nim 2013, trong téng s6
45.211 lién hé dién thoai. Tap di liéu khong cin bang, vi chi c6 3.560 (12,70%) ban
ghi c6 lién quan vai viéc tiép thi thanh céng [2].

- Mdi ban ghi bao gdm muc tiéu dau ra, két qua lién hé ({“thit bai ”, thanh
cong ")) va cac tinh ning ddu vao tng vién. Chung bao gdm cac thudc tinh tiép thi
qua dién thoai (vi dy: hudng cudc goi), chi tiét san phém (vi du: 1ai suat duoc cung
cip) va thong tin khach hang (vi du: tudi). Cac ban ghi nay da dugc 1am giau véi
céc dac diém anh huong xa hoi va kinh té (vi du: ty 1¢ that nghiép ty gia héi doai),
bang cach thu thap dir liéu bén ngoai tir ngan hang trung uong cia B6 Dao Nha.

2.3. Thiét ké hé thong

!

Pénh gid
mo hinh

y,

S
Khai pha du Iiéu

4 Phan tich

mau
-
Chuyén d6i di Iléu-
Lam sach va tlch hop —
da lléu

"
-- =

Cosdduliéu H6 so dd liéu

Hinh 2.2 — So dd hé thong co s¢ dit liéu
Co sé dir liéu
Dir liéu c6 lién quan dén cac dot tiép thi truc tiép cua mot to chic ngan hang

Bd Pao Nha. Cac dot tiép thi dya trén cac cudc goi dién thoai. Thong thuong, can
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c¢6 nhiéu lién hé véi cing mot khach hang, dé truy cip xem san pham (tién gui c6
ky han ngan hang) s€ duoc (c6) hay khong (khong) dugce dang ky.

- Trong truong hop ndy, em xin s& st dung may hoc dé hiéu mau va du doan
phan loai hodc nhan, em s dung mat s6 mo hinh du doan dé du doan béng cach su
dung dir liéu dao tao va thir nghiém. M6 hinh du doan ma em st dung 1a mo hinh
Logistic va Cay Quyét dinh.

- Bo dir liéu dén tir kho luu trit may hoc UCI va né c6 lién quan dén cac dot
tiép thi truc tiép (goi dién thoai) ciia mot to chirc ngan hang B6 Pao Nha. Cac dot
tiép thi dya trén cac cudc goi dién thoai. BO dit li¢u nay chtra cac truong dugce phan
tach bang dau phay.

- Cac dot tiép thi dya trén céc cudc goi dién thoai. Thong thuong, yéu cau
nhiéu hon mot dia chi lién hé véi cing mot khach hang, dé truy cap xem san pham
(tién giri c¢6 ky han ngan hang) s& dugc (hodc khong) ding ky [2].

- Trong dy an nay, em can xay dyng mot mo hinh dé quyét dinh xem liéu mot
dot c6 thanh cong trong viéc thu hit khach hang diang ky tién giri co6 ky han hay
khong.

2.4. XAy dung co sé dir liéu tiép thi ngan hang.

- Tiép thi qua dién thoai qua ngan hang 1a mét phuong phép tiép thi truc tiép
ma mdt nguoi (cd thé 12 ban hang) khach hang tiém ning mua san pham hodc dich
vy, qua dién thoai hoac qua cudc hen gdp mat truc tiép hodc hdi nghi qua web. Tiép
thi qua dién thoai ciing c6 thé bao gém céc cudc ban hang da tinh lai dugc 1ap trinh
dé phat qua dién thoai bang cach quay s6 tu dong.

- Ngén hang 1a mot trong nhitng t6 chirc str dung phwong thire tiép thi qua dién
thoai dé ban cac san phrflm, dich vu ngan hang. Tiép thi qua dién thoai 1a mot
phuong phap phd bién dugc ngan hang s dung dé ban hang, vi cac san pham va
dich vu cta ngan hang d6i khi quéa phic tap doi véi mot s6 ngudi dung khong thé
hiéu dugc. Nguoi dung hodc ngudi dung muc tiéu s& d& dang hiéu san phim hodc

dich vu hon néu né giai thich truc tiép. Mot loi thé cua tiép thi qua dién thoai theo
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tirng ngudi, ngudi dung muc tiéu co thé truc tiép dit cau hoi, néu ho khong hiéu
diéu gi do.

- Ngay nay, Tiép thi qua dién thoai c6 lién quan tiéu cuc dén cac tro gian lan
va ltra dao khac nhau, chéng han nhu céac ké hoach kim tu thap va véi cac san phém
va dich vu dugc dinh gia qua cao. Cac cong ty tiép thi qua dién thoai gian lan
thuong duoc goi 13 “thdi phdng tiép thi qua dién thoai” hodc don gian 1a “thdi
phong”. Tiép thi qua dién thoai thuong bi chi trich 12 mot hoat dong kinh doanh phi
dao dirc do nhan thirc vé cac k¥ thuat ban hang ap luc cao trong cac cudc goi khong
dugc yéu cau. Tiép thi qua dién thoai cac cong ty dién thoai co thé tham gia vao
viéc danh sap dién thoai, hanh vi chuyén ddi dich vu dién thoai cua khach hang ma
ho khong biét hoic khong dugc ho cho phép.

- Ngan hang vdi tu cach 13 to chuc tai chinh thyc sy quan tdm dén danh tiéng
tot va thuong hiéu tdt, va mot trong nhitng diéu toi té 1a tiép thi qua dién thoai co
thé tu 1am anh hudng dén danh tiéng cia nd. Vi vay, ching toi can tim hiéu muc
tiéu ctia chiing toi s& khong mua san pham hodc dich vu nao néu ngan hang cung
cép san phém hoac dich vu béng cach st dung tiép thi qua dién thoai. N6 c6 thé
gitip bao vé danh tiéng ngan hang bang cach khong 1am phién myc tiéu ma ching ta
da biét s& khong mua san pham.

2.4.1. Co so bo dir liéu

bd dir liéu: bank-full.csv [6]. S phién ban: 45211.

Dir li€éu khach hang ngian hang

> Age - tudi (s0)

> Job - cong viéc: loai cong viée (phan loai: 'quan tri vién.', 'c6 4o xanh',
'doanh nhan', 'ngudi giup viéc', 'quan 1y', 'nghi huu', 'ty kinh doanh', 'dich vy', 'sinh
vién', ' k¥ thuat vién ', that nghiép '’ khong xac dinh ')

> Marital - tinh trang hdn nhan (phan loai: 'da ly hon', 'da két hon', 'doc than',
'khéng xac dinh'; Iuu y: 'da ly hon' ¢ nghia 1a da ly hon hodc goa bua)

» Education - gido duc: (phan loai "khong xac dinh", "trung hoc", "tiéu hoc",
"dai hoc")



» Default - ¢6 tin dung trong tinh trang v& ng? (nhi phan: "yes

> Balance - s6 du: s6 du trung binh hang nam, tinh bang euro (sd)

14

no")

» Housing - nha ¢: ¢6 cho vay mua nha khong? (nhi phan: "yes", "no")

» Loan - vay: c6 vay ca nhan khong? (nhi phan: "yes", "no")

Dir lidu lién quan dén ngwdi lién hé cudi cung cia dot hién tai

» Contact - lién hé: loai lién lac lién hé (phan loai: "khong xac dinh", "dién

thoai", "di dong")

mar", ...

> Day - ngay: ngay lién hé cudi ciing cua thang (s6)

> Month - thang: thang lién hé cubi cing trong nam (phan loai: "jan", "feb",

, "nov", "dec")

> Duration - thoi lwong: thoi lwong lién hé cubi cung, tinh bang gidy (s6)

Cac thudc tinh khac:

> Campaign - dot: s6 luong lién hé duoc thyc hién trong dot nay va cho

khach hang nay (s, bao gdm lién hé cubi cing)

dot trudc do (sé, -1 ¢6 nghia 1a khach hang chua dugc lién h¢ trude do)

> Pdays - s6 ngay troi qua sau khi khach hang duoc lién hé lan cudi tir mot

> Previous - trudc: sb lugng dia chi lién hé duoc thuc hién trudc dot nay va

cho khach hang nay (sé)

> Poutcome - két qua ciia dot tiép thi trudc d6 (phan loai: 'that bai', 'khdng

ton tai', 'thanh cong')

Bién dau ra (muc tiéu mong mudn): y: khach hang di ding ky tién gui co

hal’l chua? (l’lhl phﬁl’l: "yes", "1’10") [4]

Bang 2.1: Dit liéu tiép thi ngan hang (T4p dit liéu bank-full.csv)

ky

age job marital ion default housing loan contact day month duration campaign pdays previous poutcome V'

0 58 management married tertiary no 2143 yes no  unknown 5 may 261 1 -1 1] unknown no

1 44 technician single secondary no 29 yes no  unknown 5 may 151 1 1 1] unknown no

¥i 33 entrepreneur married secondary no 2 yes yes  unknown 5 may 76 1 -1 1] unknown no

3 AT blue-collar  married unknown no 15086 yes no  unknown 5 may a2 1 1 1] unknown no

4 33 unknown single unknown no 1 no no  unknown 5 may 198 1 1 ] unknown no
45206 51 technician married tertiary no 825 no no cellular 17 nov 977 3 -1 1] unknown yes
45207 71 retired divorced primary no 1729 no no cellular 17 nov 456 2 -1 1] unknown yes
45208 72 retired married secondary no 5715 no no cellular 17 nov 1127 5 184 3 success yes
45209 57 blue-collar married secondary no 668 no no telephone 17 nov 508 4 -1 1] unknown no
45210 37 entrepreneur married secondary no 2871 no no cellular 17 nov 361 2 188 1 other no

45211 rows = 17 columns
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2.4.2. Gia tri dit liéu xdy duwng trong cdc cot ciia tdp dir liéu:
Xem gia tri dir liéu xay dung trong cac cot cia tap dir li¢u:
#Sb luong cua cot cong viée
banktelemarket['job'].astype(*"category").value_counts()

Bang 2.2: S6 luong cot cong viéc

blue-collar 9732
management 9458
technician 7597
admin. 5171
services 4154
retired 2264
self-employed 1579
entreprensur 1487
unemployed 1383
housemaid 1248
student 938
unknown 288

Mame: job, dtype: inthd

Cong viéc blue-collar: 9.732 nguoi
Cong viéc management :9.458 nguoi
Cong viéc technician: 7.597 nguoi
Cong viéc admin.: 5.171 nguoi
Cong vi€e services: 4.154 nguoi
Cong viéc student: 938 nguoi

Cong viéc unknown: 288 nguoi
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Hinh 2.3 — Ty 1¢ khach hang dang ky tién giri hay khong dang ky theo nghé nghiép

> Khach hang lam cong viéc nhan vién quéan 1y c6 ty 1 dang ky tién giri ¢6 ky

han cao hon, nhung ciing cao thir 2 khi khong ding ky. Diéu nay don gian 1a
vi chling ta c6 nhiéu khach hang lam nhan vién quan 1y hon bat ky nghé nao
khac.

Khéach hang lam cong viéc blue-collar c6 ty 1& ding ky tién guri ¢6 ky han cao
dung thir 3, nhung ciing cao nhat khi khong dang ky.

# S6 luong cua cot hon nhan
banktelemarket['marital’].astype(*'category").value_counts()
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Bang 2.3: S6 lugng cot hdn nhan

married 27214

single 12790

divorced 5207

Name: marital, dtype: int64

S6 nguoi da két hon (married): 27.214 nguoi
S6 nguoi con doc than (single): 12.790 nguoi

S6 ngudi da di ly di (divorced): 5.207 ngudi

25000 4

20000 4

15000 1

count

10000 1

5000 4

married single divorced
miarital

Hinh 2.4: Ty 18 ngudi trong hdn nhan ¢ dang ky tién giri hay khong dang ky
#S6 lugng ctia ¢dt co tin dung trong tinh trang vo ng
banktelemarket['default’].astype("category™).value_counts()

0 44396
1 815
Name: default, dtype: int64
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S6 luong ngudi trong tinh trang khong v no: 44.396 nguoi

S6 lugng ngudi trong tinh trang ¢6 v& no: 815 ngudi

40000 y

. 0

mm 1
35000
30000
25000

€
g 20000
15000 -
10000 -
5000
ol 01%

default
Hinh 2.5: Ty 1& ngudi trong v ng ¢ dang ky tién giri hay khong dang ky
# S luong cua cot nha o: ¢6 cho vay mua nha khong?
banktelemarket['housing'].astype("category").value_counts()
1 25130
0 20081
Name: housing, dtype: int64
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Hinh 2.6: Ty 18 ngudi c6 nha c6 ding ky tién giri hay khong dang ky
# S6 luong cua cot vay: co vay ca nhan khong?
banktelemarket['loan'].astype(*'category").value_counts()
0 37967
1 7244
Name: loan, dtype: int64

1|
13

30000 +

25000 A

20000 A

15000

10000

o yes
loan

Hinh 2.7: Ty 1& ngudi c6 khoang vay ¢ dang ky tién guri hay khong dang ky
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#S6 luong cua cot cua dot tiép thi trudc do6 (phan loai:
# 'khong tdn tai', 'that bai', 'khac', 'thanh cong")
banktelemarket['poutcome’].astype(“category™).value_counts()
unknown 36959

failure 4901

other 1840

success 1511

Name: poutcome, dtype: int64

Unknown (khong xac dinh): 36.959 nguoi

Failure (that bai): 4.901 ngudi

Other (khac): 1.840 nguoi

Success (thanh cong): 1.511 nguoi

35000 4
Y

o

- yEs
30000 -
25000 1
20000 -
15000 4
10000 1
5000 4
|] i

unknown failure other SUCCESS

poutcome

Hinh 2.8: Ty 1& ngudi dot trude d6 c6 dang ky tién giri hay khong dang ky
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Trong chwong ndy tim hiéu tip dit liéu ngan hang bank-full.csv. Céac thudc
tinh ddu vao va ddu ra cua dir liéu du doan tiép thi ngan hang. Noi chung, bo dit liéu
chtra dir liéu tiép thi c6 thé duoc sir dung cho 2 muc tiéu kinh doanh khac nhau: Dy
doan két qua cua chién dich tiép thi cho timg khach hang va 1am rd cac yéu té anh
huong dén két qua chién dich. Diéu nay giup tim ra cach thuc hién cac chién dich
tiép thi hiéu qua hon. Tim hiéu phan khac khach hang, sir dung dit liéu khach hang
dang ky tién guri c¢6 ky han. Piéu nay giup xac dinh hd so cia khach hang, nhing
ngudi c6 nhiéu kha ning mua san pham hon va phat trién cac chién dich tiép thi
duoc nhdm muc tiéu hon.

2.5. Muc tiéu ciia moé hinh

> Lam sach dir liéu va loai bo cac cot khong mong mudn

> Mo ta sy phan bd cua cac tinh niang khac nhau va mdi twong quan giita
chdng.

> Thuc hién k¥ thuat tinh ning dé trich xuat cac tinh nang chinh xac cho mo
hinh.

» Xay dyng mo hinh

2.6. Panh gia m6 hinh

Khi d4 hoan thanh viéc xdy dung mé hinh va phan tich phan du va da dua ra
du doan trén bd thir nghiém, chi cdn dam bao ban sir dung y test va y pred. Trong
d6 y_test 13 tap dit liéu kiém tra cho bién muc tiéu vay pred 1a bién chura cac gid tri

du doan cua bién muyc ti€u trén tap kiém tra.
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Chuwong 3: KHAI PHA DU LIEU

BANG MO HINH HOI QUY LOGISTIC, CAY QUYET PINH
3.1. M6 hinh Logistic

Dir liéu lién quan dén céac dot tiép thi truc tiép ciia mot T6 chirc Ngan hang B6

Pao Nha. Céc dot tiép thi dua trén céc cudc goi dién thoai. Thong thuong, can cb

nhiéu hon mét lién hé véi cung mot khach hang, dé truy cip xem san pham (tién gui

¢6 ky han ngan hang) s& dugc dang ky (c6) hay khong dugc chon (khong) (bién y).

Chung t6i mudn biét liéu chién luge tiép thi ngan hang cd thanh cdng hay khdng, vi

vy ching t0i can chuyén bién két qua thanh 0 va 1 dé thuc hién hoi quy logistic.

Luu y rang cot dau tién cua tap dit li€u la chi muc.

3.1.1. Cac bwoc thuc hién mo hinh
Buwére 1: Nhap dir liéu [7]

# nhdp

import numpy

import
import
import

import sys

import
import

from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from

sklearn
sklearn
sklearn

sklearn.
sklearn.
.feature_selection import RFE

sklearn

sklearn.
sklearn.
sklearn.
sklearn.
sklearn.
sklearn.
.metrics import accuracy_score

sklearn
sklearn
sklearn

tidt cd cdc thur vién duge sir dung trong nghién cdu dién hinh

as np

pandas as pd
matplotlib.pyplot as plt
seaborn as sns

statsmodels.api as =sm
plotly.express as px
.tree import DecisionTreeClassifier

import metrics

.model selection import train_test_split

preprocessing import StandardScaler
linear model import LogisticRegressiocon

preprocessing import OrdinalEncoder
preprocessing import OneHotEncoder
preprocessing import LabelEncoder
compose import ColumnTransformer
pipeline import Pipeline

impute import SimpleImputer

import tree

.metrics import precision_score, recall score, precision_recall curve

collections import Counter
matplotlib import colors
statsmodels.stats.outliers_influence import wvariance_inflation_factor

> Bay cau 1énh dau tién nhap cac gdi numpy, pandas, matplotlib.pyplot, seaborn,

sys, statsmodels.api va plotly.express.
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» Muoi lam cau 1énh tiép theo nhap cac mo-dun dugc chi dinh tur sklearn.
» Cau Iénh collections nhap module st dung dé luu trit cac bod suu tap dir liéu.
> Matplotlib 1a mét thu vién sir dung dé v& cac do thi trong Python.
> Statsmodels tinh ning thong ké
Bang 3.1: M0 ta dir liéu ngan hang

# nhdp dit Liéu vé doc nd

pd.options.display.max_columns=None

banktelemarket = pd.read_csv( C:\\input\\bank-full.csv', header=8, sep=";")
banktelemarket.head()

banktelemarket
age job  marital ion default il loan contact day month duration campaign pdays previcus poutcome y
0 58 management married tertiary no 2143 yes  no  unknown 5 may 261 1 -1 0 unknown no
1 44 technician single  secondary no 29 yes  no  unknown 5 may 151 1 -1 0 unknown no
2 33 entrepreneur married secondary no 2 yes yes unknown 5 may 76 1 -1 0 unknown no
3 47 blue-collar  marmed unknown no 1506 yes no  unknown 5 may a2 1 -1 0 unknown no
4 33 unknown single unknown no 1 no no  unknown 5 may 198 1 -1 0 unknown no
45208 51 technician  married tertiary no 825 no no cellular 17 nov o977 3 -1 0 unknown yes
45207 71 retired  divorced primary no 1729 no  no cellular 17 nov 456 2 -1 0 unknown yes
45208 72 retired  married secondary no 5715 no  no cellular 17 nov 1127 5 184 3 success yes
45209 57 blue-collar married  secondary no 668 no  no telephone 17 nov 508 4 -1 0 unknown no
45210 37 entreprensur married  secondary no 2971 no  no cellular 17 nov 361 2 188 1 other no

Ta thay c6 45.211 dong va 17 cot hién co. Ta s& chi sir dung mot s6 cot tir
nhitng cot nay dé phat trién md hinh.

Bwéc 2: Kiém tra dir liéu

# dém gid tri null cua cdc cdt d& xem cd cdt dd cd dong dif Lidu ndo trdng khidng
banktelemarket.isnull().sum()

age
job
marital
education
default
balance
housing
loan
contact
day

month
duration
campaign
pdays
pravious
poutcome

¥
dtype: inté4

mmm DD @D DD DD ED DD D@D E D



24

Dé xem trong tap bank-full.csv cot nao c6 dong dir liéu trong khéng co sb
liéu?.
# hinh dgng cua dir Lidu
banktelemarket.shape

(45211, 17)

banktelemarket.info()

<class 'pandas.core.frame.DataFrame’>
Rangelndex: 45211 entries, & to 45218
Data columns (total 17 columns):

# Column Mon-Null Count Dtype
8 age 45211 non-null int64
1 job 45211 non-null object
2 marital 45211 non-null object
E) education 45211 non-null object
4 default 45211 non-null object
= balance 45211 non-null inted
& housing 45211 non-null object
7 loan 45211 non-null object
g contact 45211 non-null object
=] day 45211 non-null ints4
12 month 45211 non-null object
11 duration 45211 non-null inte4
12 campaign 45211 non-null ints4
13 pdays 45211 non-null ints4
14 previous 45211 non-null ints4
15 poutcome 45211 non-null object

16 y 45211 non-null object
dtypes: inte4(7), object{la)
memory usage: 5.9+ MB

Thong tin trén cho thiy tit ca 17 cot déu c6 so lieu & mdi dong. Khdng co
dong dit liéu trong & mdi cot (non-null).
Budce 3: Thao tac xir ly dir li€u

# khia canh thdng ké cia khung dir Liéu (sé Liéu trong bd dit Liéu bank-full.csv)
banktelemarket.head(18)

age job  marital education default balance housing loan contact day month duration campaign pdays previous poutcome Y
0 58 management married tertiary no 2143 yes no  unknown 5 may 261 1 -1 0 unknown no
1 44 technician single secondary no 29 yes  no  unknown 5 may 151 1 1 0 unknown no
2 33 entrepreneur married secondary no 2 yes yes unknown 5 may 76 1 1 0 unknown no
3 47 blue-collar  married unknown no 1506 yes no  unknown 5 may az 1 1 1] unknown no
4 33 unknown single  unknown no 1 no  no unknown 5 may 198 1 1 0 unknown no
5 35 management married tertiary no 231 yes  no  unknown 5 may 139 1 -1 0 unknown no
B 28 management single tertiary no 447 yes yes unknown 5 may 217 1 1 0 unknown no
7 42 entreprencur divorced tertiary yes 2 yes  no  unknown 5 may 380 1 1 0 unknown no
8 58 retired  married primary no 121 ¥es  no unknown 5 may 50 1 1 0 unknown no
Q 43 technician sinnle  secondary no RA3 vaes no  unknown A mav BR 1 1 0 unknown  no
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Tiép theo, ching ta can lam sach dir liéu. Dit liéu c6 thé chira mot sb hang co
NaN. bé loai bo céc hang co6 gia tri NaN, ching ta sir dung 1énh sau:

banktelemarket = banktelemarket.dropna()

Tap dit liu bank-full.csv khdng chira bat ky hang nao cé gia tri NaN, vi vay
budc nay khdng thuc su bat budc. Tuy nhién, ndi chung rat kho dé phat hién ra céc
hang cd gia tri NaN nhu vay trong mot co s dit liéu khdng 16. Vi vdy, ludn an toan
hon khi chay cu 1énh trén dé 1am sach dix liéu.

Diéu tiép theo can lam l1a kiém tra sy phi hop cuaa ting cot dbi vai mé hinh ma
ta dang xay dung.

Bat cur khi thuc hién mot cudc khao sét, ching ta thu thap cang nhiéu théng tin
cang tot tir khach hang, vai y tuong riang théng tin nay s& hiru ich theo cach nay hay
cach khéac vao thoi diém sau nay. Pé giai quyét van dé hién tai, ching ta phai thu
thap thdng tin ¢ lién quan truc tiép dén van dé ciia mo hinh.

Bay gio, ching ta hdy xem céach chon céac truong dir liéu hiru ich.

print(list(banktelemarket.columns))

['age’, 'job’, 'marital’, 'education’, 'default’, 'balance’, 'housing’, ‘loan’, ‘contact’,
‘day’, 'month’, 'duration’, ‘campaign’, 'pdays'’, ‘previous', ‘poutcome’, 'y']

Két qua hién thi tén cua tat ca cac cot trong co 56 dir lidu. Cot cudi cung “y” 1a
mot gia tri Boolean cho biét licu khach hang nay cé gui tién c6 ky han véi ngan
hang hay khong? Cac gié tri cta truong nay la “yes” hoac “no”.

Budc 4: Loai bd cot khong mong muén:

Kiém tra tén cot, ching sé& biét rang mot s6 cot khong co y nghia gi ddi Véi
van dé hién tai. Vi du, cac truong nhu thang, ngay tha_lan, dot, v.v. khdng ¢ ich
gi d6i vai ching ta. Ching ta sé& loai bo cac cot nay khoi co so dit liéu cua ching ta.
Dé tha mot cot, ching ta stir dung cau Iénh drop nhu hinh duéi day:

banktelemarket.drop(banktelemarket.columns[[0, 3, 5, 8, 9, 10, 11, 12, 13,
14]],
axis = 1, inplace = True)
Cau lénh c6 nghia 1a drop (x6a) cac cot 0, 3, 5, 8, v.v. Bé dam bao rang index

(chi muc) dugc chon dung, ta lam nhu sau:
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banktelemarket.columns[4]

‘loan’

Diéu nay s& in tén cot cho index di cho. Sau khi loai bd cac cot khong bat
bugc, kiém tra dir liéu bang cau lénh head. Két qua man hinh dugc hién thi nhu sau:

job  marital default housing loan poutcome W

0 management married no Wes mo unknown no
1 technician single no wes no unknown no
2 entreprensur married no ves ves unknown no
3 plue-collar married no ves no unknown no
4 unknown single no no no unknown no

Bay gio, ta chi ¢d nhitng cot quan trong d6i vai viéc phan tich va du doan dit
liéu. Tam quan trong cua Data Scientist (nha khoa hoc) xuét hién & budc nay. Data
Scientist phai chon cac cot thich hop dé xay dung mé hinh.

Vi du: loai céng viéc thoat nhin c6 thé khong thuyét phuc duoc moi nguoi dua
vao co so dir liéu nhung no6 s& 1a mot gia trj rat hitu ich. Khéng phai tat ca cac khach
hang s& ma tin dung. Nhitng ngudi ¢6 thu nhap thap hon c6 thé khdng ma tin dung
trong khi nhitng ngudi ¢6 thu nhap cao hon thuong s& gui tién cua ho vao tin dung.
Vi vay, loai cong viéc tro nén phi hop dang ké trong truong hop ndy. Nhu vay, hay
chon can than cac cot ma ching ta cam thay cd lién quan cho phan tich cua minh.

Trong phan tiép theo ching ta s& chuan bi dit liéu dé xay dung md hinh. Thay
d6i céc cot defaul, housing, loan, y cé gia tri Yes va No thanh gié tri 1 va 0.

# danh séch céc bién can duoc thay doi

col = ['default’,'housing’,'loan’,'y"]

# dinh nghia ham

def convert(x):

return x.map({'yes"1,'no".0})

# goi ham

banktelemarket[col] = banktelemarket[col].apply(convert)
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# Hinh dung cac méi twong quan cua tinh ning
fig, ax = plt.subplots(figsize=(10,10))
sns.heatmap(banktelemarket. _get _numeric_data().astype(float).corr(),
square=True, cmap="YIOrBr_r', linewidths=.5,
annot=True, fmt=".2f").figure.tight_layout()
plt.show()

—0a

default

— 06

housing

loan

00
default housing ban ¥

Hinh 3.1: Biéu d6 twong quan véi cot muc tiéu
Ching ta s& khdng bo bat ky cot ndo vi khdng cot nao cé twong quan cao Vi

cOt muc tiéu.
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Buéc 5: Trwe quan hoa va Phan tich Dir li¢u

Phan phdi dir liéu danh muc

Chung ta s& bat dau v4i phan tich kham pha cac cot dir liéu bang cach sir dung
g6i seaborn dé v& biéu dd.

category_features = banktelemarket.select_dtypes(include=['object’,
'bool']).columns.values

for col in category features:
plt.figure(figsize=(10,5))
sns.barplot(banktelemarket[col].value_counts().values,

banktelemarket[col].value_counts().index, data=banktelemarket)

plt.title(col)
plt.tight_layout()
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Hinh 3.2: Biéu db cong viéc
Job - Céng viéc: Ddi tuong cua cac chién dich nay chil yéu nhim muc tiéu 1a
blue-collar, nhan vién quan 1y va ky thuat vién.
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Hinh 3.3: Biéu db tinh trang hon nhan
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Marital - Tinh trang hén nhan: Pa s6 dd c6 gia dinh; khach hang da két hon
gap d6i nhitng nguoi doc than.

poutcome

other I
SUCCESS I

0 5000 10000 15000 20000 25000 30000 35000

Hinh 3.4: Biéu d6 dot tiép thi trude do
Dot tiép thi trudc d6 — poutcome: Khach hang unknown (khéng xdc dinh)
chiém da sd, ké dén 1a failure (thdt bai).
Budre 6: Ping ky tién giri c6 ky han
# Kiém tra xem tap dir liéu c6 cin bang hay khong
plt.figure(figsize = (8,6))
total = len(banktelemarket["y"])
ax = sns.countplot(x ='y', data = banktelemarket)
for p in ax.patches:
ax.annotate('{:.1f}%".format(100*p.get_height()/total),
(p.get_x()+0.1, p.get_height()+5))
plt.show()
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Hinh 3.5: Ty 1¢ khach hang dang ky tién giri va khong dang ky
Tir so do trén, chung ta ¢ thé ndi rang tap dit liéu gan nhu 1a khéng can bang.

# Biéu d6 tron
labels = ["Khong dang ky", "Da dang ky"]
explode = (0, 0.1) # chi "loai ra" phan thir 2 (Vi du. 'Pa dang ky')
# mo ta hinh anh
fig = plt.figure()
ax = fig.add_axes([0,0,1,1])
ax.pie(banktelemarket['y'].value_counts(),
labels = labels,
explode = explode,
autopct ='%1.2f%%',
frame = True,
textprops = dict(color ="black", size=12))

ax.axis(‘equal’)

plt.title('Pang ky tién gtri co ky han\n% trong tong sb khach hang',
loc="left,
color = 'black’,
fontsize = '18")

plt.show()
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Pang ky tién glri co ky han
% trong tdng so khach hang
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Hinh 3.6: Biéu db tron ty 1& dang ky tién guri

Qua cé4c biéu do, ta thay chi 11,70 % khach hang dang ky tién giri c¢6 ky han.
Céc 16p cua chung ta khong can bang khi gid tri kha quan (da dang ky) chi la
11,70%. Khach hang khong dang ky tién giri ¢6 ky han chiém t6i 88.30%.

Budée 7: Nhitng khach hang nao cé nhiéu kha ning ding ky tién giri c6 ky
han hon?

table = pd.crosstab(banktelemarket.job, banktelemarket.y)

table.columns = ['Khong dang ky', 'Da dang ky']

table.plot(kind="bar")

plt.grid(True)

plt.title('Tan suét ding ky cho chirc danh cong viéc')

plt.xlabel('Job")

plt.ylabel("Bang ky thuong xuyén')
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Hinh 3.7: Ty 1¢ dang ky thuong xuyén

table = pd.crosstab(banktelemarket.job, banktelemarket.y)

table = round(table.div(table.sum({axis=1), axis=8).mul(le8), 2)
table.columns=[ "notsubcribed’, 'subcribed’]
table.sort_values(by=["'subcribad'], ascending=False).loc[:, 'subcribed’]

job

student 28.68
retired 22.79
unemployed 15.58
management 13.76
admin. 12.28
self-employed 11.84
unknown 11.81
technician 11.66
services 3.88
housemaid 8.79
entreprenaur 8.27
blue-collar 7.27

Mame: subcribed, dtype: floatsd
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Khach hang muc tiéu la quan tri vién, nguoi yéu thich cong viéc kinh doanh,
nhung tan suit sinh vién va nguoi da nghi huu dang ky tién giri c6 ky han khé cao
(28,68% dbi voi sinh vién va 22,79% déi v6i nguoi da nghi huu).

Vai tro cia tinh trang hén nhan trong dang ky
plt.figure(figsize = (10,8))
total = len(banktelemarket["marital"])
'Set2")

ax = sns.countplot(x = 'marital’, data = banktelemarket, hue ="y, palette =
for p in ax.patches:

p.get_height()+5))

ax.annotate('{:.1f}%'.format(100*p.get_height()/total), (p.get_x()+0.1,
plt.show()
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Hinh 3.8: Ty I¢ tinh trang hon nhan
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table = pd.crosstab(banktelemarket.marital,banktelemarket.y)
table = table.div(table.sum(1).astype(float), axis=0)
table.columns = ['Khong dang ky', 'Da dang ky']
# Ordering stacked bars and plot the chart
table[['Dé dang ky', '"Khong dang ky']].plot(kind='bar', stacked=True)
plt.title('Tan suat tinh trang hon nhan so vé&i dang ky')
plt.xlabel('Tinh trang hon nhan')
plt.ylabel('Ty 1¢ khach hang')
T&n suat tinh trang hén nhan so v dang ky

1.0 mm Da dang ky
mmm Khdéng dang ky
0.8
n
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= 06
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Tinh trang h&n nhan
Hinh 3.9: Tang suét tinh trang hon nhan so véi dang ky
Khoéng co tac dong dang ké cua tinh trang hon nhan dén dang ky cua khach
hang.
Vai tro cia tin dung trong tinh trang vé ng? (nhi phan: "yes", ""'no")
trong diang ky?
plt.figure(figsize = (10,8))
total = len(banktelemarket["default"])
sns.set_palette(*'Paired"™)
ax = sns.countplot(x = 'default’, data = banktelemarket, hue ='y', palette =
‘Setl')
for p in ax.patches:
ax.annotate('{:.1f}%'.format(100*p.get_height()/total), (p.get_x()+0.1,

p.get_height()+5))
plt.show()
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Hinh 3.10: Ty 1€ khach hang c6 tin dung v& ng

C6 su phan bd ddng déu giira cac khach hang khéng co tin dung trong tinh
trang vo ng, do do tinh nang nay sé€ it dong gop hon vao viéc du doan ma khach
hang c6 ding ky tién giri co ky han hay khong?

Vai tro cia nha ¢ trong dang ky?

plt.figure(figsize = (10,8))

total = len(banktelemarket["housing™])

ax = sns.countplot(x = 'housing’, data = banktelemarket, hue ="'y")

for p in ax.patches:

ax.annotate('{:.1f}%'.format(100*p.get_height()/total), (p.get_x()+0.1,

p.get_height()+5))

plt.show()
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Hinh 3.11: Ty 1€ khach hang c6 nha &

Khéach hang c6 nha & c6 ty 1& ding ky tién gui c6 ky han thap 4.3%

Pé tao bd phan loai, chiing ta phai chuan bi dit liéu & dinh dang duoc yéu cau
boi md-dun xay dung bo phan loai. Chiing ta chuan bi dit liéu bang cach thuc hién
One Hot Encoding ma h6a) dé chuyén doi cac bién thir ti va phan loai thanh cac
gia tri s0.

Ta s& thao luan vé y nghia cua viéc ma hoéa dir licu. Pau tién, chay doan code
Sau.

data = pd.get_dummies(banktelemarket, columns =['job’, ‘marital’, 'default’,
'housing’, 'loan’, 'poutcome’])

Nhu trong command céu 1€nh trén s€ tao ra one hot encoding. N6 da tao ra
nhirng gi? Kiém tra dit liéu di tao duoc goi la “data” nhu sau :

data.head()
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Dé hiéu dit liéu trén, ta s& 1iét ké tén cot b'fmg cach chay 1énh data.columns
data.columns

Index(['y', 'job_admin.’, 'job_blue-collar', job_entrepreneur’,
'Job_housemaid’, 'job_management’, ‘job_retired', 'job_self-employed’,
'Job_services', 'job_student', 'job_technician’, 'job_unemployed,
'job_unknown’, 'marital_divorced'’, 'marital_married’, ‘marital_single’,
‘default_0', 'default_1', 'housing_0', 'housing_1', 'loan_0', 'loan_1',
‘poutcome_failure’, 'poutcome_other', ‘poutcome_success',
'poutcome_unknown'],
dtype="object’)

Bay gid, minh s& giai thich cach one hot encoding thuc hién bang Iénh

get_dummies. Cot dau tién trong co s& dir liéu méi duoc tao 1a truong “y” cho biét
liéu khach hang nay d& dang ky tin dung hay chua? Bay gio, hdy xem xét cac cot
dugc ma hda. Cot duoc ma hoa dau tién 1a “job”. Trong co so dit lidu, s& thay rang
cot “job” c6 nhiéu gié tri cd thé c6 nhu “admin”, “blue-collar”, “entrepreneur”, v.v.
D6i véi mdi gia tri, mot cot mai duoc tao trong co s dir liéu, vai tén cot dugc thém
vao dudi dang tién té.

Do d6, ta ¢6 cac cot dugc goi 1a “job_admin”, “job_blue-collar”, v.v. Ddi
v6i mdi cot duge ma hoa trong co sd dir liéu goc, sé tim thiy danh sach céc cot
duoc thém vao co s dir liéu di tao vai tat ca cac gia tri co thé ma cot d6 nhan trong
co s dir lieu gbc. Kiém tra can than danh sach cac cot dé hiéu céch dir liéu duoc
anh xa toi co so dir liéu maoi.

Pé hiéu dir liéu dugc tao ta s& in ra toan b dit liéu bang 1énh data. Két qua
nhu sau:

data.head(9)
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y job_admin. ion}bollli‘:; job_entrepreneur job_hou id job_m 1t job_retired eirggros,:elg job_services job_student job_technician job_unemplo
00 0 0 0 0 1 0 0 0 0 0
10 0 0 0 0 0 0 0 0 (1] 1
20 0 0 1 0 0 0 0 0 0 0
jo 0 1 0 0 0 0 0 0 0 0
4 0 1] 1] 0 0 0 0 0 0 0 0
50 0 0 ] ] 1 0 0 0 0 0
6 0 0 0 0 0 1 0 0 0 0 0
70 0 0 1 0 0 0 0 0 0 0
8 0 0 0 0 0 0 1 0 0 0 0
9 0 o 1] 0 0 0 0 0 0 [1] 1

10 0 1 0 0 0 0 0 0 0 0 0
M 0 1 0 0 0 0 0 0 0 (1] 0
12 0 0 0 0 0 0 0 0 0 0 1
13 0 0 0 0 0 0 0 0 0 0 1
14 0 1] 1] 0 0 0 0 0 1 0 0
15 0 0 0 ] ] 0 1 0 0 0 0
16 0 1 0 0 0 0 0 0 0 0 0
17 0 0 1 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 1 0 0 0 0
19 0 o 1] 0 0 0 0 0 1 [1] 0

Mot phan man hinh xuét ra bén dudi co sd dir liéu duge hién thi ¢ day dé tham

khao. B¢ hiéu dit liéu dugc anh xa (mapped), ching ta hiy kiém tra hang thi 4.

y job_admin. j°°—C':::'I':; job_entrepreneur job_hot job_management job_retired eﬁ:‘—sﬂg job_services job_student job_technician job_unemploye
00 0 0 0 0 1 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 1
20 0 0 1 0 0 0 0 0 0 0
30 0 1 0 0 0 0 0 0 0 0
40 0 0 0 0 0 0 0 0 0 0

job_unemployed marital_divorced marital_married marital_single defauli_0 default_1 houwsing_0 housing_1 loan_0 loan_1

0 0 1 0 1 0 0 1 1 0
0 ] 0 1 1 0 ] 1 1 0
0 ] 1 ] 1 0 ] 1 0 1
1] 0 1 0 1 ] 0 1 1 0
0 0 0 1 1 0 1 0 1 0

Cho ta thdy khach hang nay chwa dang ky tin dung nhu dwoc chi ra bai gia tri
trong cot "y". Khach hang nay 1a khach hang “blue-collar”. Cudn qua theo chiéu
ngang sé& cho ban biét rang khach hang nay c6 “housing (nha ¢) ” va khong c6 “loan
(khodn vay)” nao.

Ta can xt ly thém mot s dir liéu trudc khi c6 thé bat dau xay dung mé hinh

cua minh.
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Néu ta kiém tra cac cot trong co s& dit liéu duoc anh xa, s& thay su hién dién
ciia mot s6 cot két thuc bang "khong xac dinh” (unknown). Vi du: kiém tra cot & chi
muc 12 bing lénh sau:

data.columns[12]
‘job_unknown®
biéu nay cho thay cong viéc khach hang duoc chi dinh 1a khong xac dinh. Rd

rang, khong co ich gi khi dua cac cot nhu vay vao phan tich va xay dung mé hinh
ca. Do do, tat ca cac cot co gia tri "khong xac dinh" s& bi loai bo. Piéu nay duoc
thuc hién nhu sau:

data.drop(data.columns[[12]], axis=1, inplace=True)

Pam bao rang chi dinh sb cot chinh xac. Trong trudng hop khong chac chan,
c6 thé kiém tra tén cot bat cir luc ndo bang cach chi dinh chi muc caa né trong 1énh
cot nhu duoc mo ta trude do.

Sau khi loai bo céc cot khdng mong muén, ching ta cé thé kiém tra danh sach
cudi cling cua cac cot nhur sau:

data.columns

Index(['y', 'job_admin.’, job_blue-collar’, 'job_entrepreneur’,
'job_housemaid', 'job_management’, ‘job_retired’, ‘job_self-employed',
'Job_services', 'job_student', 'job_technician’, 'job_unemployed',
'marital_divorced', 'marital_married’, 'marital_single’, 'default_0',
‘default_1', ‘housing_0', 'housing_1', 'loan_0', 'loan_1',
‘poutcome_failure’, ‘poutcome_other', ‘poutcome_success',
‘poutcome_unknown'],
dtype='object’)

Bay gio dir liéu da sin sang xay dung md hinh. Ta chia toan bo tap dit liéu

thanh hai phan, gia st 80/20 phan tram. Sir dung 80% dit liéu dé xay dung mé hinh
va 20% phan con lai dé kiém tra do chinh xac trong du doan caa mé hinh da tao. O
day, chiing ta chia dir liéu thanh tap huan luyén va thir nghiém dé ching ta c6 thé
diéu chinh va d4nh gia mé hinh. Chlng ta s& sir dung ham train_test_split () tur

scikit-learning va sir dung 80% dit liéu dao tao (train) va 20% dé kiém tra (test).
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Trudc khi chia dir liéu, ta tach di liéu thanh hai mang X va Y. Mang X chua
tat ca cac tinh nang (cot dir liéu) ma ta muén phan tich va mang Y 1a mang mot
chiéu gém cac gi4 tri boolean 1a dau ra cua dir doan.

Dau tién, thyc thi cau Iénh Python sau dé tao mang X:

X = data.iloc[:,1:]

Dé kiém tra ndi dung cua X, sir dung head dé in mot vai ban ghi ban dau.
Mang X nhu sau :

X.head ()
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Mang c6 mét sé hang va 24 cot. Tiép theo, ta s& tao mang dau ra chira céc gia
tri “y”. Bé tao mot mang cho cot gia tri du doan, hiy sir dung cau lénh Python sau:
Y = data.iloc[:,0]
Kiém tra noi dung bang head(). Két qua nhu sau:
Y.head()
00
10
2 0
3 0
4 0
Name: y, dtype: int64
Bay gio, chia nho dit liéu bang lénh sau:
X _train, X _test, Y _train, Y_test = train_test_split(X, Y, test_size = 0.2,
random_state=0)
print("Sé giao dich tap dir liéu X_train: ", X_train.shape)
print("Sé giao dich tap dix liéu Y_train: ", Y_train.shape)
print("S4 giao dich tap dix liéu X_test: ", X_test.shape)



trong 24 cot tap dir liéu.

print("S4 giao dich tap dix liéu Y_test: ", Y_test.shape)
S6 giao dich tap dit lidu X_train: (36168, 24)
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Sb giao dich tap dir liéu Y _train: (36168,)
Sb giao dich tap dir liéu X_test: (9043, 24)

Sb giao dich tap dir liéu Y _test: (9043,)
80% dir liéu dao tao (train) trong tong sb 45.211 dong cua tap dix liéu 1a
36.168 trong 24 cot tap di liéu.

20% dé kiém tra (test) trong tong sb 45.211 dong cua tap dir liéu 1 9.043
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Bbn mang duoc tao ra goi 12 X_train, Y_train, X_test va Y_test. Ching ta c6
thé kiém tra noi dung cua cdc mang nay bing cach sir dung 1énh head. Ta sir dung
c4c mang X train va Y train dé dao tao mo hinh va cac mang X test , Y test dé
kiém tra va xac thuc.

Bay gio, ta tién hanh xay dung bo phan loai. Ta s& si dung mét md hinh dyng
san tur sklearn.

Viéc tao bo phan loai hdi quy Logistic tir b cong cu sklearn 1a khong can thiét
va duoc thuc hién trong mot cau Iénh sau:

classifier = LogisticRegression(solver="lIbfgs',random_state=0)

Sau khi bo phan loai dugc tao, s& cung cap dir liéu huan luyén (Training) cua
minh vao bo phan loai dé nd c6 thé diéu chinh cac théng sé bén trong va sin sang
du doan dit lidu trong tuong lai. P& diéu chinh trinh phan loai cau Iénh str dung nhu
sau:

classifier.fit(X_train, Y _train)

Dé kiém tra trinh phan loai, ta st dung dit liéu kiém tra duoc tao ¢ giai doan
truéc. Goi phuong thirc dy doan trén ddi tugng da tao va truyén vao mang X cua dit
liéu thir nghiém nhu sau:

predicted_y = classifier.predict(X_test)

Diéu nay tao ra mét mang mot chiéu cho toan bo tap dit liéu huan luyén dva ra
du doan cho mdi hang trong mang X. Ban c6 thé kiém tra mang nay bang céch st
dung Iénh sau:

predicted_y

array([0, 0, 0, ..., 0, 0, 0], dtype=int64)

Két qua dau ra chi ra rang ba khach hang dau tién va cudi cing khdng phai 1a

ng Vién tiém ning cho Tién gui ¢d ky han. Ban c6 thé kiém tra toan bo mang dé

phan loai khach hang tiém ning
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3.1.2. Két qud md hinh du dodn
for x in range(len(predicted _vy)):
If (predicted_y[x] == 1):
print(x, end="\t")
Két qua sau khi chay doan code trén:
Bang 3.2: Danh s&ch khéach hang tiém ning

26 34 115 16@ 218 259 382 Ie4 313 339 364 371 381 393 447 544
504 631 673 789 825 837 862 868 888 941 988 lace 1874 117¢ 1223 1278
1311 1377 1379 14@5 1414 1441 1404 1548 1567 1578 1592 1589 1614 1671 1678 1688
177@ 1772 1783 1734 1863 1872 1889 1%e38 1928 1935 1639 1956 1057 1978 1998 1004
2817 20838 2189 2115 2122 2123 2148 2245 2280 2337 2428 2431 2433 2492 2493 2513
2526 2531 2582 2620 2692 2726 2742 2781 2784 2796 2851 2885 2897 2964 2894 30088
3865 3876 3le4 3116 3123 3144 3159 3169 3214 3228 3278 3281 3354 3369 3392 3451
3488 3537 3539 3614 36381 3698 3711 3752 3761 3863 3917 393@ 3034 3941 3945 3958
3074 3995 4857 492 4111 4178 4268 4219 4231 4232 4278 4285 4298 4352 4355 4362
4380 4438 4459 4478 4421 4516 4538 4552 4566 4567 4687 461a 4628 4646 4732 4748
4760 4802 4046 sele tei3 Sa28 La37y 51e8 5126 5154 5169 t2s5e 5266 L287 52124 5328
5382 ta@3 t41é 5445 £519 554G EE73 5604 5686 5713 5733 E776 5791 taee c8a8 5811
5843 t344 60849 6899 6lee 6181 6128 6137 5145 6212 6241 6205 53868 6418 6412 6458
6480 6512 6574 6695 6714 6718 6778 G68ad 6814 6817 6812 6974 7020 7833 7878 7879
7891 7133 7158 7178 7227 7244 7253 7299 7373 7385 7413 7424 7436 7453 7455 7558
7Ted 7748 7325 7848 7368 7951 7967 3892 3114 8133 3144 8151 8195 8208 5218 3269
3348 8356 8378 3396 8465 3476 8533 53542 3543 8547 3551 8623 3668 8715 8738 8733
8742 8795 8832 8835 8843 8848 8858 8870 8876 8881 8895 8oe9 2033

Két qua dau ra hién thi chi muc (index) cua tat ca cac hang la ang cir vién cé
thé dang ky tin dung.

Dé kiém tra d6 chinh xac ctia moé hinh, hdy st dung phuong phap cho diém
trén b6 phan loai nhu sau:

print('Po chinh xac cua bo phan loai hdi quy logistic trén bo thir nghiém:
{:.2f} %'.format(classifier.score(X_test, Y_test)))

Do chinh xac ctia bd phan loai hdi quy logistic trén bo thir nghiém: 0.89 %

Két qua: Do chinh xéac caa bo phan loai hdi quy logistic trén bo thir nghiém
0.89
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3.2 M6 hinh Cay Quyét dinh (DT)

3.2.1. Cac bwoc thuc hién mo hinh

Sir dung tap dir li€u bank-full & mé hinh logistic ¢ trén

Buée 1: Chiing ta kiém tra lai cho chac chan ¢ phan mé hinh Cay quyét dinh
nay. Kiém tra xem tap dit liéu co can bang hay khong? [8]

# Kiém tra xem tap dit liéu c6 can bang hay khong
plt.figure(figsize = (8,6))
total = len(banktelemarket["y"])
ax = sns.countplot(x ='y', data = banktelemarket)
for p in ax.patches:
ax.annotate('{:.1f}%".format(100*p.get_height()/total), (p.get_x()+0.1,

p.get_height()+5))

40000 4

35000

30000

plt.show()

=]
¥

Hinh 3.12 — M6 ta tap dir liéu khong can bang
Tir so do trén, ching ta c6 thé ndi rang tap dir liéu khdng can bang.
Buwéc 2: Phan tich don bién cua cac bién phan loai.

plt.figure(figsize = (10,8))
total = len(banktelemarket["loan"])
ax = sns.countplot(x = 'loan’, data = banktelemarket, hue ="'y’ palette = 'Set2")
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for p in ax.patches:
ax.annotate('{:.1f}%'.format(100*p.get_height()/total),(p.get_x()+0.1,
p.get_height()+5))
plt.show()

¥
. 0
w1

30000 -
25000 4

20000 4

count

15000 1

10000 -

5000 4

loan

Hinh 3.13: Ty 1€ khach hang c6 vay

Sb lwong ngudi chua vay nhidu hon do d6 nguoi chua vay c6 nhiéu kha ning
dang ky tién guri ¢6 ky han hon.

plt.figure(figsize = (10,8))

total = len(banktelemarket["poutcome™])

ax = sns.countplot(x = ‘poutcome’, data = banktelemarket, hue ="'y', palette =
'Setl")

for p in ax.patches:

ax.annotate('{:.1f}%'.format(100*p.get_height()/total), (p.get_x()+0.1,

p.get_height()+5))

plt.show()
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Hinh 3.14: Ty 1& khach hang cua tiép thi trudc d6
Pa s6 nhitng ngudi da ding Ky tién giri ¢6 ky han khong co két qua tiép thi
trude d6 (unknown) co nghia 1 ho 1a khach hang méi, chung ta cé thé dua ra gia
dinh ring tinh ning nay co thé giit mot sé gia tri trong viée du doan bién muc tiéu,
dac biét la myc poutcome_success.
fig = px.histogram(banktelemarket, x = "day", y = "day", color = "y")
fig.show()

50k
20k

30k

sum of day

20k

10k

Hinh 3.15: Ty 1€ ngay
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Tir biéu do trén, ching ta co6 thé thiy rang d6 1a mot biéu dd phan bd dong déu
do d6 chung ta c6 thé két luan rang dic diém nay s& khong hiru ich lim trong viéc
du doan bién muc tiéu.

plt.figure(figsize = (20,18))

total = len(banktelemarket["month"])

ax = sns.countplot(x = 'month’, data = banktelemarket, hue = 'y', palette =
'Set2")

for p in ax.patches:

ax.annotate('{:.1f}%'.format(100*p.get_height()/total), (p.get_x()+0.1,

p.get_height()+5))

plt.show()
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Hinh 3.16: Ty 1¢ khach hang c6 hoac khong dang ky theo thang
Trong thang 5, tiép theo 13 thang 8, thang 7 va thang 4, sb luong nguoi dang

ky gui tién c6 ky han nhiéu hon.
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Phén tich giai phap don bién trén cac tinh ning sb

fig = px.box(x = banktelemarket["y"], y = banktelemarket["age"])
fig.show()

20

70

60

40

Hinh 3.17: Ty 1¢ khach hang c6 hodc khong dang ky ¢ tudi 38-39
Tur so do bén trén, chuing ta biét rr?mg dbi vé&i ca khach hang dat coc hoac
khong ding ky tién gui c6 ky han, déu c6 do tudi trung binh khoang 38-39. Va so
d6 cho ca hai 16p trung nhau kha nhiéu, c6 nghia 13 do tudi khong nhat thiét 1a t6t
cho viéc khach hang nao s€ dang ky va khach hang nao s€ khong.

plt.figure(figsize = (14,12))
sns.distplot(banktelemarket["age"])
<AxesSubplot:xlabel="age’, ylabel="Density (Ty trong)™>

Density
&

40 &0 80
age

Hinh 3.18: Biéu db ty trong khéach hang c6 hoic khéng diang ky & tudi 38-39



49

fig = px.box(x = banktelemarket["y"], y = banktelemarket["balance"])
fig.show()

[ LN ]

]
[ ]
[}
20k I
0 A
yes

no

Hinh 3.19: Biéu d6 ty trong thudc tinh s du caa khéach hang

Tuong tu nhu tinh nang do tudi, ngay cé tinh niang can bang ciing khong dong
g6p nhiéu vao tinh ning muc tiéu. Thudc tinh thoi luong anh hudng nhiéu dén
thudc tinh muc tiéu (vi du: néu thoi luong = 0 thi y = 'khong'). Tuy nhién, thoi
luong khong dugc biét trude khi thuc hién cude goi. Ngoai ra, sau khi két thuc cudc
go1, bién dich y hién nhién di duoc biét. Do do, dau vao nay chi nén dugc dua vao
cho muc dich chuin va nén bi loai bé néu muc dich 1a c6 mot mé hinh du doan thuc
té.

Ching ta biét rang ching ta s& khong thé dua tinh ning ndy vao cac md hinh
cudi cung cua minh, vi o rang la chung ta mudn tao ra mot md hinh du doan thuc té
c6 thé dugc st dung. Tuy nhién, chung ta chic chin sé& trién khai mot mé hinh co
ban véi tinh ning thoi luong chi dé xem mic d6 anh huong cia tinh nang nay. Vi
vay, cung voi do, chung ta hily xem xét so dd hop cua tinh nang nay.

plt.figure(figsize = (14,12))

sns.distplot(banktelemarket["duration"])

<AxesSubplot:xlabel='duration', ylabel="Density (Ty trong)™>
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Hinh 3.20: Biéu dd ty trong thudc tinh thoi luong ciia khach hang
Tir biéu d6 trén, chiing ta c6 thé thdy rang, thoi luong (thoi gian tiép xuc cudi
cung) cua mot khach hang co thé hitu ich cho viéc du doan bién muc tiéu. N6 duoc
mong doi bdi vi nd da dugc dé cap trong tong quan dir lidu rang truong nay anh
huong 16n dén bién muc tiéu va chi nén duoc st dung cho muc dich chuén.
fig = px.box(x = banktelemarket["y"], y = banktelemarket["campaign"])
fig.show()
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Hinh 3.21: Biéu dd ty trong s6 lwong lién hé cua dot
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fig = px.violin(banktelemarket, x = banktelemarket["'pdays"],

y = banktelemarket["y"], color = banktelemarket["y"])
fig.show()

no
<> H yes

yES <>—c

[} 200 400 600 800

Hinh 3.22: Biéu do ty trong sb lurong lién hé cua dot
fig = px.histogram(banktelemarket, x="pdays",
color = banktelemarket["y"], nbins = 15)

fig.show()

35K H o
30k
25k

20k]

count

15k

10k

5k

0 200 400 600 300

pdays
Hinh 3.23: S6 ngay troi qua sau khi khach hang duoc lién hé 1an cubi
Chuing ta c6 thé thay rang s6 ngdy troi qua sau khi khach hang dugc lién hé 1an
cudi tir mot dot trude d6 (sd .99 co nghia 1 khach hang chua duoc lién hé trude do)

la tir 3 dén 6 thang thi kha ning cao la khach hang dang ky tién giri c¢6 ky han.
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khach hang duoc lién hé nhidu ngay trudc hodc hoan toan khdng lién lac thi khach
hang dang ky tién guri ¢6 ky han s& it hon.
fig = px.histogram(banktelemarket, x="previous", color = "y", nbins = 10)

fig.show()

B no
W oy

count

100 150 200 250

previous
Hinh 3.24: S lugng dia chi lién hé duoc thyc hién trude dot nay

So luong lién h¢ dugc thuc hién trude dot nay va cho khach hang nay hodc
tinh nang trudc d6 khong phai tot vé bién muc tiéu.

Bwéc 3: Tuong quan cac tinh nang

plt.figure(figsize = (16,14))

corr = banktelemarket.corr()

sns.heatmap(corr, annot = True, cmap = "Oranges")

plt.title("Pearson Tuong quan ctia cac tinh nang", size = 15)

Text(0.5, 1.0, 'Pearson Tuong quan cua cac tinh nang')
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Pearson Tugng quan cla cac tinh nang

age

vk}

balance

06

day
\

duration
'

- 04

campaign
\

-02

pdays

- 00

previous
\

i i i
age balance day duration

campaign pdays previous
Hinh 3.25 — Méi twong quan dén bién muc tiéu
Pdays va tinh nang truéc d6 c6 muc do twong quan cao 1a 0,45. Kiém tra xem
c6 bat ky gia tri trung 13p nao khong.

banktelemarket[banktelemarket.duplicated()].sum()

age 0.0
job 0.0
marital 0.0
education 0.0
default 0.0
balance 0.0
housing 0.0
loan 0.0

contact 0.0
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day 0.0
month 0.0
duration 0.0
campaign 0.0
pdays 0.0
previous 0.0
poutcome 0.0
y 0.0

dtype: float64
Budc 4: Xu ly trude dir ligu
# B0 cot lién hé vi né khong anh hudng nhiéu dén tinh nang du doan muc tiéu
banktelemarket = banktelemarket.drop(columns = "contact", axis = 1)
banktelemarket.head()
from sklearn.preprocessing import LabelEncoder
labelEncoder = LabelEncoder()
banktelemarket['y'] = labelEncoder.fit_transform(banktelemarket['y'])
banktelemarket['marital’] =
labelEncoder.fit_transform(banktelemarket['marital'])
banktelemarket['education’] =
labelEncoder.fit_transform(banktelemarket['education'])
banktelemarket['default’] =
labelEncoder.fit_transform(banktelemarket['default'])
banktelemarket['housing'] =
labelEncoder fit_transform(banktelemarket['housing'])
banktelemarket['loan'] = labelEncoder.fit_transform(banktelemarket['loan])
banktelemarket['poutcome'] =
labelEncoder fit_transform(banktelemarket['poutcome'])
banktelemarket[*"month"].value_counts().sort_values(ascending =
False).head(20)

may 13766
jul 6895
aug 6247
jun 5341
nov 3970
apr 2932
feb 2649
jan 1403
oct 738
sep 579
mar 477
dec 214

Name: month, dtype: int64
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banktelemarket["job"].value_counts().sort_values(ascending = False).head(20)
blue-collar 9732

management 9458
technician 7597
admin. 5171
services 4154
retired 2264
self-employed 1579
entrepreneur 1487
unemployed 1303
housemaid 1240
student 938

unknown 288

Name: job, dtype: int64 , ,
# Nhan toan bo tap hop cac bién gia cho tat ca cac cdt phan loai

def one_hot_encode_top(df, col, top_6_labels):
for label in top_6_labels:
dffcol+'_'+label] = np.where(df[col] == label,1,0)
banktelemarket_new = pd.read_csv('C:\\input\\bank-full.csv',

sep=";", usecols = ['job’,'month])

# Md héa cho cdt cong viéc

top & labels = [x for x in banktelemarket["job"].value counts().sort values(ascending = False).head(6).index]
one_hot_encode top(banktelemarket, "job", top 6 labels)

banktelemarket.head()

age job marital education default balance housing loan day month duration campaign pdays previous poutcome y wb—ﬂﬁ:;
0 58 management 1 2 0 2143 1 0 5 may 261 1 -1 0 30 0
1 44 technician 2 1 0 29 1 0 5 may 151 1 -1 0 30 0
2 33 enirepreneur 1 1 0 2 1 1 5  may 76 1 -1 0 30 0
3 47 blue-collar 1 3 0 1506 1 0 5 may 92 1 -1 0 30 1

4 33 unknown 2 3 0 1 0 0 5 may 198 1 -1 0 30 0



# M3 hdéa cho cét thdng
top_6_labels =
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one_hot_encode_top(banktelemarket, "month", top_6_labels)
banktelemarket.head()

[x for x in banktelemarket["month"].value_counts().sort_values(ascending = False).head(&).index]

age job marital education default balance housing loan day month duration campaign pdays previous poutcome y jo b—g)‘ﬁ:;
0 58 management 1 2 0 2143 1 0 5 may 261 0 30 0
1 44 technician 2 1 0 29 1 0 5 may 151 0 30 0
2 33 entreprensur 1 1 0 2 1 1 5 may 76 0 30 0
3 47 blue-collar 1 3 0 1506 1 0 5 may 92 0 30 1
4 33 unknown 2 3 0 1 0 0 5 may 198 0 30 0
# B6 cdt phdn Logi cdng viéc ban ddu va thdng
banktelemarket.drop(columns = ["job", "month"], axis =1, inplace = True)
banktelemarket.head()
) . . . . - job_blue-
age marital education default balance housing loan day duration campaign pdays previous poutcome collar
0 58 1 2 0 2143 1 0 5 261 -1 0 0 0
1 44 2 1 0 29 1 0 5 151 -1 0 0 0
2 33 1 1 0 2 1 1 5 6 -1 0 0 ]
3 47 1 3 ] 1506 1 0 5 g2 -1 0 0 1
4 33 2 3 0 1 0 1] 5 198 -1 0 0 ]

banktelemarket.info()

<class
Inted4Index:

B to 4521

Data columns (total 26 columns):

# Column

=] age

1 marital

2 education

3 default

4 balance

5 housing

& loan

7 day

8 duration

9 campaign

1@ pdays

11 previous

12 poutcoms

13 v

14 job_blue-collar
15 job_management
16 Jjob_technician
17 job_admin.

18 Jjob_serwvices
19 job_retired

2e¢ month_may

21 month_jul

22 month_aug

23 month_jun

24 month_nowv

25 month_apr

dtypes:

int32(19),

MNon-Mull Count
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null

45211 non-null

intea(7)

"pandas .core.frame.DataFrame’ >
45211 entries,

(=]
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Tat ca cac cot phan loai dugc chuyén doi thanh cot s6

# Sap xép lai cac cot
banktelemarket = banktelemarket[["age", "balance", "day", “campaign

, "duration”, "pdays", "previous"

, "marital”, "education",

"default”, "housing", "loan", "poutcome”, "job_management"

, "Job_blue-collar”, "job_technician",

"job_admin.”, "job_services", "job_retired", "month_may"

, "month_aug", "month_jul", "month_jun"
, "month_nov", "month_apr", "y"]]

X = banktelemarket.iloc[:, :25]

y = banktelemarket.iloc[:, -1]

Tach tap dir liéu thanh huan luyén va thir nghiém

X _train, X _test, y train, y_test = train_test_split(X, y, test_size = 0.2)
print("X_train: ", X_train.shape)

print("X_test: "', X_test.shape)

print("y_train: ", y_train.shape)

print("y_test: ", y_test.shape)

X_train: (36168, 25)

X_test: (9043, 25)

y_train: (36168,)

y test: (9043,))

clf = DecisionTreeClassifier(random_state=0)
clf.fit(X_train, y_train)

y_pred_train = clf.predict(X_train)

y_pred_test = clf.predict(X_test)

acc_train = accuracy_score(y_train, y_pred_train)
acc_test = accuracy_score(y_test, y_pred_test)

print("P0 chinh xac cua dir liéu dao tao: ", acc_train)
print("Do chinh xéac cta dir liéu kiém tra: ", acc_test)

Do chinh xac cua dir 1iéu dao tao: 1.0

Do chinh xé4c cua dir liéu kiém tra: 0.8673006745549043
Co thé thiy ciy quyét dinh

plt.figure(figsize = (18, 16))
tree.plot_tree(clf)
plt.show()
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Hinh 3.26: Hinh dang cay quyét dinh
Hoat dong sau khi cit tia

# Sir dung k¥ thuat cost_complexity pruning dé cat tia cac nhanh cia cay
quyét dinh
path=clf.cost_complexity_pruning_path(X_train,y_train)
# bién duong dan cung cip ccp_alphas va impurities
ccp_alphas,impurities=path.ccp_alphas,path.impurities
print("Gia tri alpha ccp :",ccp_alphas)
print()
print("Tap chat cdy quyét dinh :",impurities)
Gia tri alpha ccp : [0.00000000e+00 1.10502298e-05 1.10508868e-05 ...
2.93801166e-03
9.06406604e-03 2.57927731e-02]
Tap chét cay quyét dinh : [0.00000000e+00 5.52511489e-05 1.10505583e-04
... 1.62249556e-01
1.80377688e-01 2.06170461e-01]
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# Ldy ccp_alphas Lam mdt trong cdc tham sd trong DecisionTreeClassifier ()

clfs=[] #cé Ly trir tdt cd cdc mé hinh tgi ddy

for ccp alpha in ccp_alphas:
clf=DecisionTreeClassifier(random_state=8,ccp_alpha=ccp_alpha)
clf.fit(X train,y train)
clfs.append(clf)

print("Ndt cudi clng trong cdy Quy&t dinh mdi 13 {} v& ccp_alpha cho ndt cufi cing 13 {}"

.format(clfs[-1].tree_.node count,ccp alphas[-1]))

# Hinh dung diém ddé chinh xdc cho tdp hudn Luyén va thir nghiém.

train_scores = [clf.score(X_train, y_train) for clf in clfs]

test scores = [clf.score(X test, y test) for clf in clfs]

fig, ax = plt.subplots()

ax.set xlabel("alpha™)

ax.set_ylabel("accuracy™)

ax.set_title("Pd chinh xdc so véi alpha cho bd dao tao va thl nghi&m")
ax.plot(ccp_alphas, train_scores, marker="'0', label="train",drawstyle="steps-post")
ax.plot(ccp_alphas, test scores, marker='o', label="test",drawstyle="steps-post™)
ax.legend()

plt.show()

B chinh xac so vai alpha cho bé dao tao va thd nghiém
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Hinh 3.27: B0 chinh xac so véi alpha cho b dao tao va thir nghiém
Néu chung ta danh ddi d6 chéch va phuong sai can bang, chung ta s& chon
diém d6 s& c6 do chéch thap (sai s6 huin luyén thip) va phuong sai thap (sai s thir

nghiém thap). O dy chung ta lay diém d6 ¢ gia tri alpha = 0,001.
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3.2.2. Két qud mé hinh dw doan
clf=DecisionTreeClassifier(random_state=0,ccp_alpha=0.001)
clf.fit(X_train,y _train)

plt.figure(figsize=(14,10))

tree.plot_tree(clf,rounded=True,filled=True)

plt.show()

N[d] <= 8075

gini = 0.493
samples = 3945
wvalue = [2200, 1745]

gini = 0.462 gini = 0.43
samples = 2432 samples = 1513
value = [1550, 382] value = [650, BG3]

X[d] ==162.3
ini 58

qgini = 0.
samples = 1036
value = [367, 669]

gini = 0.841
samples = 277
wvalue = [186, 91]

Hinh 3.28: Két qua m6 hinh cay quyét dinh
O day chiing toi 6 thé cat tia cdy phat trién vo tan. Hay kiém tra lai diém do

chinh xéac

accuracy score{y test . clf.predict{(X tesit))}

B.899488250975=24a1

from sklearn.metrics import roc_curve, auc
y_score = clf.predict_proba(X_test)[:, 1]

fpr, tpr, thresholds = roc_curve(y_test, y_score)
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fig = px.area(

x=fpr, y=tpr,

title=FROC Curve (Auc = {auc(fpr, tpr):.4f})’,

labels=dict(x = 'False Positive Rate', y = "True Positive Rate'),
width = 700, height = 500)

fig.add_shape(

type = 'line', line = dict(dash="dash"),

x0=0, x1=1, y0=0, y1=1)

G &+ ORXA MW
ROC Curve (Auc =0.8308)

P False Positive Rate=0.4560811
) True Positive Rate=0 8829686

True Positive Rate

0 0.2 0.4 0.6 0.2 1

False Positive Rate

Hinh 3.29: Két qua md hinh d6 chinh xac cay quyét dinh
auc = 0,83 c6 nghia 1a c¢6 83% co hoi dé mé hinh ciia chling t6i c6 thé phan

biét gitra 16p tich cuc va 16p tiéu cuc.
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Cit tia lai

# Sir dung diéu chinh siéu tham s6
from sklearn.model_selection import GridSearchCV
#from sklearn.grid_search import GridSearchCV

grid_param={"criterion":["gini","entropy"],

"splitter:["best","random"],
"max_depth":range(5,15,1),
"min_samples_leaf":range(5,15,1),
"min_samples_split":range(5,15,1)
}
grid_search=GridSearchCV (estimator=clf,param_grid=grid_param,cv=5,n_jo
bs=-1)
grid_search.fit(X_train,y _train)
GridSearchCV(cv=5,

estimator=DecisionTreeClassifier(ccp_alpha=0.001, random_state=0),
n_jobs=-1,
param_grid={'criterion’: ['gini’, 'entropy'],
'max_depth': range(5, 15),
'min_samples_leaf": range(5, 15),
'min_samples_split": range(5, 15),
‘splitter’: ['best’, 'random']})
print(grid_search.best_params_)
{'criterion’: 'entropy’, 'max_depth": 11, 'min_samples_leaf': 13, 'min_samples_split":
5, 'splitter': 'random'}
clf=DecisionTreeClassifier(criterion = 'gini‘, max_depth = 4,
min_samples_leaf = 1,
min_samples_split = 2,
splitter = 'best’)
clf.fit(X_train,y_train)
plt.figure(figsize=(20,12))
tree.plot_tree(clf,rounded=True,filled=True)

plt.show()
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Hinh 3.30: Két qua m6 hinh cay quyét dinh sau khi cit tia
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y_pred = clf.predict(X test)
accuracy score(y_test,clf.predict(X test))

B.808785618157601832

y_score = clf.predict proba(X _test)[:, 1]
fpr, tpr, thresholds = roc_curve(y test, y score)

fig = px.area(

x=fpr, y=tpr,

title=f"ROC Curve (Auc = {fauc(fpr, tpr):.4F})°,

labels=dict(x = 'False Positive Rate', ¥y = 'True Positive Rate'),
width = 78@, height = sea)

tig.add shape(

type = "line’, line = dict({dash="dash"),

X@=8, xl=1, y8=8, yl=1)

G @+ Hxa
ROC Curve (Auc = 0.8259)

P False Positive Rate=0.3561061
)| True Positive Rate=0.8344434

True Positive Rate

0 0.2 0.4 0.6 0.8 1

False Positive Rate
Hinh 3.31: Két qua mé hinh do chinh xac ciy quyét dinh 82%
auc = 0,82 c6 nghia 1a c¢6 82% co hoi dé mo hinh cia chiing ta c6 thé phan biét

gitra lop tich cuc va ldp tiéu cyec.
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3.3. So sanh md hinh Hdi quy Logistic va Ciy quyét dinh (DT)

Hbi quy logistic 13 mét trong nhitng k¥ thuat may hoc dugc st dung nhiéu
nhat. Uu diém chinh cta no 1a két qua rd rang va kha ning giai thich mdi quan hé
gilta cac doi tuong phu thudc dia 1y va doc 1ap mot cach don gian. Tuy nhién, no
cling ¢6 mot s6 nhuoc diém chinh 1a kha ning giai quyét cac van dé phi tuyén tinh
con han ché.

Cay quyét dinh thuc hién mot nhiém vu rat giéng nhau, chia nho dir li€u thanh
cac nut dé dat dugc sy phan biét téi da giita dwong va am, cac nat cia cdy quyét
dinh chon nhiéu tinh ning ciing mot luc.

Biét rang cay quyét dinh tét trong viéc xac dinh cac mdi quan hé phi tuyén
tinh gifra céac ddi tuong phu thudce va doc lap, chiung ta co thé chuyén ddi dau ra cua
ciy quyét dinh (cac nut) thanh mot bién phan loai va sau dé trién khai n6 trong mot
hoi quy logistic, bang cach chuyén doi timg loai (cac ndt) thanh cac bién gia. [5]

M6 hinh hdi quy logistic va cdy quyét dinh trong mé hinh trinh bay 13 gan
nhu twong dong v4i nhau. Nhung mé hinh hoi quy logistic tét hon chut it khong

chénh 1éch nhiéu so v6i mé hinh cay quyét dinh.

from sklearn.linear model import LogisticRegression

from sklearn.metrics import accuracy score

clf = LogisticRegression({random state=8)

clf.fit(X_train, Y_train)

y_pred train = clf.predict(X train)

y_pred test = clf.predict(X test)

acc_train = accuracy score(¥ _train, y_pred train)

acc_test = accuracy_score(¥_test, y_pred_test)

print("Dpiém chinh x&c cua dit 1iéu dao tao: ", acc_train)

print{"Diém chinh x&c cua dit liéu ki&m tra: ", acc_test)

results = pd.DataFrame([[ "HGi quy logistic', acc_test]],
columns = ["M&6 hinh', 'D§ chinh x&c'])

pigm chinh xdc cla dir 1iéu dao tao: ©.8934603651846937
piém chinh xdc cla dir 1idu kiém tra: ©.8985238565877961

results

Mo hinh  Bd chinh xac

0 Hﬁiquylugmﬂc 0.890523
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## Decision Tree

from sklearn.tree import DecisionTreeClassifier

classifier = DecisionTreeClassifier(criterion="entropy’, random_state=8)
classifier.fit(X train, y train)

#Predicting the best set result
y_pred = clf.predict(X test)
acc = accuracy score(y _test, y_prad)

y_pred = clf.predict(X train)
acc_train = accuracy score(y train, y pred )

accuracy score(y_train,clf.predict(X _train})
results = pd.DataFrame([[ 'Decision Tree (Cay Quyét binh)', acc]],
columns = ['M& hinh', "3 chinh xac'])

print("piém chinh xdc clha dit liéu kiém tra: ", acc_train)
print("Biém chinh x&c cla dit liéu kiém tra: ", acc)

pigm chinh xdc cla dir 1i8u kiém tra: ©.88896732138908732
piém chinh xdc cla dir 1i8u kiém tra: @.8857679973468135

results

Ma hinh B4 chinh xac

0 Decision Tree (Cay Duyét Binh) 0.835768

So sanh Mo hinh Hdi quy Logistic va Cay quyét dinh (DT)
Bang 3.2: So sanh 2 m6 hinh

M6 hinh Do chinh xac acc

Hoi quy Logistic 0.890523

Cay quyét dinh (DT) 0.885768
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1. KET LUAN

Trong nganh ngin hang, t6i wvu hoa nham muc tiéu cho tiép thi qua dién thoai
14 mot van dé then chét, dudi ap luc ngay cang ting nham ting loi nhudn va giam
chi phi. Véi mdi ngan hang déu c6 nhitng thé manh riéng va nhitng san phAm mang
tinh truyén théng nhu cho vay va huy dong tién giri thi mdi ngan hang déu ¢ nhing
chién lugc vé san phidm riéng cling nhu vé thi trudng va nhitng chién lugc
marketing cho nhitng san phadm mang tinh truyén théng dé cé sy khac biét nham gitr
chan khach hang cii va 161 kéo khach hang méi. Do d6, hoat dong tiép thi ngan hang
clia em chi xoay quanh vé san pham tién giri dbi v6i nhitng khach hang cii va khach
hang méi day tiém nang deé tiép thi.

Két qua thir nghiém cua em trén tap dir liéu bank-full.csv véi 45.211 khach
hang dua vao cac thudc tinh c6 do tuong quan cao nhu cong viéc, tinh trang hén
nhin, nha & va cic khoan vay cua khach hang dé xdy dung 2 mé hinh hdi quy
logistic va cdy quyét dinh dua trén 80% dir liéu dao tao va 20% dir liéu kiém tra.
Két qua md hinh du doan khach hang tiém ning cta 2 md hinh chinh xac dén 89%
va 88%. Pay la két qua du doan rat kha quan d6i voi viée tiép thi san pham tién giri
ngan hang.

P chinh xac caa M6 hinh Hoi quy Logistic 1a 89% va Cay Quyét dinh la
88% tuc 1a gan 90% rat kha quan.

M6 hinh hoi quy logistic va cay quyét dinh gan nhu twong doéng véi nhau.
Nhung mé hinh hdi quy logistic tét hon chut it khong chénh 1éch nhiéu so véi mo
hinh cay quyét dinh.

Viéc ding mé hinh dy doan tap di lidu Ion véi két qua du doan cua 2 mo
hinh trén gitp cho viéc tiép thi qua dién thoai ciing d& mat thoi gian vi chi can dua
vao két qua dy doan khéach hang tiém niang dé lién lac qua dién thoai dé tiép thi san

pham tién guri ¢6 hiéu qua hon.
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Bén canh d6, két qua nghién ciru hoan toan cé thé sir dung duoc ¢ Viét Nam
Vi tat ca cac truong dir liéu cua bo dir liéu déu 1a nhitng tiéu chi dé ngan hang dua
vao dé dé lién lac véi khach hang.

Hoi quy logistic 1a mot trong nhiing k§ thuat may hoc duoc sir dung nhiéu
nhat. Uu diém chinh cua n6 1a két qua rd rang va kha ning giai thich méi quan hé
gitta cac d6i twong phu thudc dia 1y va doc 1ap mot cach don gian. Tuy nhién, nd
cling ¢6 mét s6 nhuoc diém chinh 1a kha nang giai quyét cac van dé phi tuyén tinh

con han ché.
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