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Abstract

The research of customer’s purchase behavior and customer’s value has become the main way to
improve bank’s income and optimize the marketing strategy. This paper studies the relevant data
of customers’ purchase of fixed deposit products of a commercial bank to predict whether cus-
tomers will buy this product. SMOTE algorithm and Label Encoding were used to process the data.
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RFECV and GBDT algorithms are used for feature selection, and important indicators affecting
whether customers buy are obtained according to the importance of features. Decision tree, SVM,
GBDT algorithm and Stacking algorithm were used to study whether bank customers would buy
time deposit products. The results showed that the prediction effect of Stacking algorithm was
better than that of a single model.
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1. 518

BB 25T PR B, A AL R SE St BORBOR . 5 HAR VAN, ML ARAT Ay — Rl Ay
M, HIhRE RN B A R AR e O R B I R X 58, AR R B A . 7
MVARAT f& PLZEE AR BT 55 9 DL O AR 4 T e T SRl 55 1 sh ALK, A2 ML AR AT (0 2 08 ok
R[] BATE P MGEHAT A R BRI, T, FEmRIT B R T BOy T ERAT AL E B SR ) T B
. £ 2019 £F, FKAIHI[2]55 8 R SR 5 BP f I8 X 4RAT 2 7 BEAT TN, 45 R WoR BP e 2%
RTINS 4T . 4E 2021 4, ERT[BLELEZAERH S GBDT (B ELR T FLidnt % F1 o 5 2 1T W ARAT
PR AT TN, 45 R EoR GBDT kMM MR il . ASCEFELLUUEM . SVM G ENL) S GBDT
BENRIR oy, VLB IIH ARGy 3e4%, FT Stacking SLVE0TERAT % 7102 11 2 T SE 58 WA i

HEATBISE.
2. iR
2.1 BERNA

ARSI At FE 0 B8040 2 T SR s U ARAT 5 A 0™ il FOAR S B, BRI T AL [X Rt o 4RAT
HURE R T s P Y BRI R AT B AR 3, AR RS, ARAT AR SR % P HEREARAT I € A K
PR RN PR S S SRARAT e I . BB S SIS S, W] ORHRAT I 5 A O
AHEZH T, RIEE P TG EEREES A O™, RS E ARG RTINS AT Bl
REBATIOGGE . BRI 25317 MR, MEATPRE S5 ERGESIK SR, HRE N
WU . 18 MHAKIESR, Br T ID ShR%ECSh, 6 9 MR R T MELMAE, fRSMH y BoRKk
FURTIMSE T2 b, yes FoRIER, no TR AR Wk 1 PoRs:

Table 1. Variable names and types

F 1l LEAMRAR

lE=) TE4 Bl et
0 Age (FE#%) LA
1 Job (BHIK) R
2 Marital (SSURIRIL) R
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Continued
3 Education (32 #( & /K-F) IR
4 Default (2 5 A iE 201 3%) T RA
5 Balance (f4E K /- 1)°F- 35 4 %) AT
6 Housing (& 7574 13 55 593K) IR
7 Loan (& %545 /N ASEEK) R E
8 Contact (5% 1977 1) IPRAE
9 Day (fitJa— KRR ) (J1%5)) HELRA R
10 Month (& fa — BRI ] (H 1)) IR
11 Duration (55 — Kk R IIAC FiRT H#) T AR
12 Campaign (TEAUGEBNF, 5% 7 S ik E) AR
13 Pdays (¥ _EXiE S n — KRR E S, R TEZA) HELRA R
14 Previous (fEASXIG BN Z i, 5% ) 32 iftid 1 I#) B
15 Poutcome (= —RIESNHI45 ) R E

PR R AR ob) b e 2 M7k, il E R SRR WAL A 2, e
B SRV DLSGRAREY N . 5% P B & 177 2K (Contact) G35 #2 2l FLTE FH ] 8 Fiih - B fa — OKIBC R K AC IS
K (Duration) 2 5 AE A UCE S Bt 5% 7 ia — RSN T 2K E (AL AD). B IRIIESh 4SS
(Poutcome) /& 45 7 _E XK E BTG, 287 R T A I K v A 3 it o

2.2. BEETAMK S

AT B AT AT, MRS AR AT IR R ST, W SRR A B T s AR O R

42 R TIECSVER B MR TERAL, BB EERTR, 2P TSR 4094 ¥ 5% &)a
— RTINSy 258 7, BB K 2 B0 7 ont 0™ o EEBUBOGER Y, AN AR EARAT AU 4
BRI REA BRI E R . KPR EESRE —RIKRE S, &£ T2 AMRMER-1, &
NEIZE PRGN AR, BT ERBARNE .

Hil 1 Argn, ESR TSR R, DR S R 7 ST R o5 A T % N
K 82.44%, W1 A SR MR AR 73, I Ay s AT E BT S A S ). AR D BEEK
Jrin s AAER VGRS RA BRI ANBCE AR, HA B 55 SR AN EL 64.24%, A 1E 5 VTR
NHL 35.76%. 1 WA 155 DUk N BF UL SE A, 2% RE A A2 58 A ™ B o

Table 2. Characteristics of continuous variables
F= 2 EET24E

age balance day duration campaign pdays previous
mean 40.9354 1357.5550 15.8353 257.7324 2.7721 40.2488 0.5917
std 10.6343 2999.8228 8.3195 256.9752 3.1361 100.2135 2.5683
min 18.0000 —8019.0000 1.0000 0.0000 1.0000 -1.0000 0.0000
max 95.0000 102127.0000  31.0000 3881 55.0000 854.0000 275.0000
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Figure 1. The communication mode of customer contact and the proportion of people who have housing
loan or not
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Figure 2. The proportion of whether customers have personal loans and whether they buy time deposit products
B2 BEPREAENMARREREUIERFEAR~RIARSLE

HIF 3 WAL, FEMLUGE SRR RS S IR, A 18.3%NE S5 T LIKINESD, JFE EIK
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Figure 3. Ratio of the last activity result and the number of people with education level
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Figure 4. The proportion of different occupation types of clients

E 4 BPRER B A K SEE

2.3. BIWAR S FHERRE

TERIRIBAR ST, 2 RIEPR I BUEAREUE, BIUFRPRISURIRGL, divorced FRREBSAS, married 3
TN EAE, single IR HLEY Y T 7 (A AR I ZRBEY , FRATT 1 58 7 208 2 AR bR I BUE AT B A A AL 3
FEIX Bk Af ] LabelEncoding gt 7 2H B d EAT HUEAL, fE %A A2, AR — N
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TESERRI AR T, KE o o SRR H A ARG 1 70 RBOR RN TP a1
SRR RO B 2, P T EE AR AT P AT (AL B, LB MY 4 KA . SMOTE
(Synthetic Minority Oversampling Technique) & A\ T.& /b RFEA I 73, RIBEHLE AT 2 R B AT
WG HiZ RE LS55 IS, SMOTE A& RHZHE I ek o B (10 R J5 38 32 B i i 78— 2e 7 B LRI
(19 /NI A H AR OB R AR SRR BISPETE  H T, RS S B T N R REACEAT S 1], BT DART DAAE
—EFESE bl o R AR I FE LA (4]

TERAEAE T, 88.3%% A EFIM L Z ™, R 1L.7%H % 7 B L% i, BT W, 1%
ARG HAE), BRI RER, Fit, ERAIIZR R, &2 A S AT P
feAbEE, X Bk SMOTE Bk HHT PAT AL, 7340 B f5 BRSSP0 Si% i NS5 %
BB T N e 101, s A BE 2 5, A BIEGIREAS 17,900, FEIFE Ay 17,900,

BT BAR NG R, BT R B R 450 1) J U2 (R AR AL 7R 43 R FE A BRI 0
HRR/DIRHE. EIXH, EFAH RFECV HEM GBDT ML THAEIESE . B8 IFHFFIETH BR (recursive
feature elimination, RFE) & —F 48 24 fiE 2% [A] rh i AR AR B B o s, e e B A A A, s il e
REAIE 7 [a) rh A8E 2R OF il 3 22 B2 I (K I RR AE DA S BT RRAE 2 0], BRI FEERE. 8 X5k
(cross-validation, CV)H TPl Il 2Rt R RY AE B 85d IR, v DAE— @ fR % i/ d 4, ] L
A FR RS R SR BUR AT fE 22 178 2405 S8 [5]. RFECV ZEBEATAF AR eI 1 B0 IR & 23, — 206 5
FIEE R, SPRFER BT VR, 59— &2 IR E, (ERMEG, A8 IGHIE, R fE
MRFIERCE . QSR D RHIE 20 B AR RE PR, B A 2 B BRATATTREAE o 366 VARRAE V4 o AN P I PR 25
FEAH 245 1) ok 2 2 S IR (R BE TR IR T4, 2 S50 GBDT Y 34738 A H 5 I R A VE A - GBDT
HE R TR I EER—R, BRE T 24895 (Bagging) 52 71% (Boosting) (1) S48, 1 Firedman 7£ 2001
SRR, RERTHRME T S, R SRR B UE 0] 6], GBDT Ay F Et LA 77 = A 2 A4
S50, T DETE BB R U A R AR R ZE BT B GR, mRAASR 0r KAR RN
FNGRI 55 7 a4 H 45 RAAT I BRAS B S 2 (0 73 R A5 3, 2R E i o A AT A AR A ) 23
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Figure 5. Feature importance of GBDT algorithm
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¥ GBDT LT AR NME R R BB, 303 5 T R L F R AR AR B AT R MR .
TV R, DG RLFE AR AR S R K, BZ AR bR 2,

TEIE 5, BEALFRFRORIRRR, HARPRATX BT 5 59 1 55 —80 AR RIRRFIE B 2P I(E .
F AT AL, BT — KR R A s (Duration) (O HFAE B ZE V(B AR, 3R BB S8 AR5 AR B i S ma B K
Je 15 1F 3 5¥k (Housing) « B 2 %5 7 (1977 2 (Contact) . b — I 51 145 5 (Poutcome) %o W5 258 A7 e K 1 5%
Wi, AR AT A I 25 SR AT AR, R 5 SRR N B T Rk BRI S % WA R, RS
PRI RO5TH, PG EIIE T 90%H & B it B sl iR IC R I FR bR 2 AL 0% (Default). 7E
RUGERNZ R, 5% 38 MR A (Previous) S AR 2B AT fEm,  BIZ PR S E L0 A% ' 5
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Figure 6. Feature selection of RFECV and GBDT algorithm
[ 6. RFECV 5 GBDT B A4 EIF
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3.1 REKRE

2B B AR I o 75 T SEARAT 1) 5 B = i, BT DU — A A0 8. FEAL 8827 T M SR A B0
Hr, RSB BENLARAR(RF) SCREFIEML(SVMY), B B2 TH R S (GBDT) &5 SyA BE i LA p — 532K vl i,
WA CARR R 22 2 2 0], AT DAAR R A1 U 28 ) A, XS BRY A ok o 2 ) A AR A R . ST
CA IR, AT A T AP AR R TN ) IE AR, Stacking SV U2 AR il A 22 L (R BV 2

Stacking #& Wolpert - 1992 4F42 H (19— Fh S il ST ML AR 2% 2] i, e R IR A B 4R I 2528 1
BRI WIGE 238, UIRIBZANTIEE H: AR5 58 1 2B B TINEE Rk 5 2 2R S 2 NN
FRAEEAT 2R, 19 RRATINEE 3, ISR I HERG B, DIz AR 2 (7] TEIE BRI 2 o) i,
—MRERIERE R AR U7 M R, R FORVIG S ) BRI ERE, AR RoRY)
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ik, FEEBIFEARNGRAEAN B, SRR . SYM M GBDT 1E A Stacking 5k IR14: 2 31 4%,
Stacking B2 NG Z NIRRT, PRI ZA R A E IR N, —REDL T, IR
R AR . AN 22 ) R R BN, @ R T iy R EE, T RS T A
MRS EAEE, e 2 NEETT U2 AR EZ G MENEE, BRI EENRE, e
DHER=.

3.1.1. REH

R S 4y R AL U A IUE L —, ORI R R A AN e, x b (alE Bk
AR, TR RIS, FHEM. @ISR E SR I AR AL PSR, JF Hid A
INERLE B RSN R R R o SR, 8 I A8 SRS R Ao i o DR SKEp g A — 2R3
Hedle 7y BIAS R (L A 8] -

312 B4RE
AR 1 0 RS AR T — L U — BB B, R O B8 52—

BB SR BB, R O R B T A L R HL0]. AV A A O 592K

P, BARIZHREA, (G LR S STV AR T LA ELBERS 4 ST AEPEIET B, K

TSRS A, SRR G T (R A AR R R

3.1.3.SVM H3%

SCRHFTRURAESEH ST BIR I3ER . DA P B MBI A SRR HL 2 51 5, it
BB B S BURLEH, SCRE SR RIS MUK R M . SVM LR TREL) R — R B 05
Sk, EEATMRR AR, M T BHRAMMRLE, ERR NSRRI, Bk
(K199 2 LRI FUAT RLIFROVZ A RE AR TUIRERE 2RO R FRR AT VAT RISy TSP 2.

R TR R 5 UL S0 R A S SR KM IR TR L, S B
BB L 4 BB O A\ 2 P WA B R 4 2 S R AR P 4, A A R b 1,
TR 7 P R O SRR AR S 6T, AT PSR A I FFR[10].

3.1.4. GBDT ¥3%

GBDT SRR —F, A F— Ml SO EA LA, 2 (LRSI BB 1, HhBE
BRI m A58 508, T RIAIEAL A N — BRI, R KB T
MR R, SR T ) L H L AR [11] . GBDT SMATEAL IR £ R A 425 5 A
IR LRIV, ISR, R

3.2. &R

MRAEEE R SRR T S IEMBRL )5, SEHREIEATRI . BN 80%/E NIIZREE, 20%1EHN
MAREE . ISR RIAY, I ALY (68, BRI PPN PR AR E Q055 3 BTvR .

¢ 3 AT, Al B 4[] ) e dim . SVM FI GBDT S B 2R i, IHERGR . A [0 5 Fl-score
fER UL, GBDT Syl 2545 B LAY (1) 1 RE A 47

PARSERS . SVM Il GBDT BV NI 53 2545, 1848 A IR G4y 254, 81 H Stacking B2t 4T
YIZRAERY, % 3 %0, Stacking BiE VI BRI HER R . A R A Fl-score LLHAN > KA
s, U5 AN BRI LL,  Stacking S92 B 4 HOTRIICR -

IR 2E W SEARAT AR i s AL, MR R P R T, WARAT AR TR . LR
FUME, BT TAEE SR ag it fE v, mr DR IR 78 38159 1) 21 B R 2R L AR DAk 5 P (100 K ] R
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XTI SETT BEEARMRI 2 7 T DTSR RS2 ) 2 P HEFRARAT 77 i, IXBEA AT IR, ik 1 4RAT
TARE TR, b E BRSNS . MEATT S, B e fFR, B SER
7 WE 7 i AT RETE BRI 1, 4R T A, SR RAT WS

Table 3. Model evaluation indicators

= 3. HELTNERR

| TR PRI CIE F1-score
bk AEIlE 0.7984 0.80 0.83
TR SRR 0.8461 0.85 0.86
SVM 0.7841 0.78 0.81
GBDT Hik 0.8556 0.86 0.87
Stacking &k 0.8736 0.87 0.88

4. B

B A POE R R, AMITEH &S, BB s 50 AETEGR, DUCE & T
T it (R I GBI D S il (1) o B AR S5 A B R R, AT 4 I B 22 A R e
ITEEL, AREIEFITIE A Rl I — 3= e FETXFEIER, KT R0 SR 5 A s
HI=EATERIIG, BRZHE PIEFAEE, RADHMAREPIEFET. AHH SMOTE Hik
SR P AT AR TR T, B RR

1) S EHE v BT AT AR, TR OSSR, 5 AT RV IER, LA S sl 1y ATV
BAEMNNGEGR ZEE KT s B2 e P00 S 58 WA a0 nT BevESE K —2 . 76 TAE 5T, &+
L 24.86% (1% P IR N EE,  16.24% K% P IERM B 51, 13.07% 007 P (I ER MY A 5 451,
XERE ARG, WAL, 27 4 A A Reik #0058 JHAE 30 o

2) {#i/H Label Encoding %4> 84 & AT 9l 5 BEATRHIEILE S, RYSFFAEEENE T A, B 5 —KEER
[RIAZ LI i (Duration) (1 4FAIE B8 ZEMEAE B K, 3R BHIZ AR AR X AR A B R0 e K o A2 75 13 5 B3 (Housing) «
R % 17 A\ (Contact) . — VR B 45 SR (Poutcome) W ARZSAE A BRI SEI, 8452 5 A i 4id 3¢
(Default), fEARVIHZNZ R, 52 283t RS (Previous) W br B H A semd, BI& PR SHEL D%
AR P S 5 RITGENNER, ERRIENZHT, 5% PBRREZ DA 2 5K IEE)
R

3) IR LS AT, R 14 MRS T ISR, ER kA . SVM 5 GBDT Skl
AR, M Stacking HER B — IR Fh A 5 0 TN R bE s — AR R O RO S, HERR RN
0.8736, A% 4 0.87, Fl-score [F){E N 0.88.

BB

AL MR S8 A, R L oK B AR S e O S, SRR 0 5 PR B, Ao
(08T, ITCRA I Z AN T KR S A5 B B H AWt B, 38 2R 0 A — 2R A PR 1)
L5 R, SEAATRERA SRR, LRI S RO R SR A F D
EE&WH

2K B AR 5410 H (11961039)
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