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Abstract: 1t is important for modern businesses to understand the purchasing behavior of their customers
and to understand how often each customer will use their services or products in the future and how much
profit those customers will bring to the businesses. With the rapid expansion of digital business in the
recent years, it becomes easier to collect information on individual customer purchasing behavior, leading
to the increased attention on leveraging such information to predict future customer behavior in the field
of customer relationship management. Customer lifetime value and customer churn are the key concerns
for the prediction of future customer behavior. Since the prediction of customer lifetime value encompasses
the prediction of customer churn, those tasks have a strong relationship. Future purchasing behavior, which
influences customer lifetime value and customer churn, is strongly related to latent purchasing patterns and
preferences. Multi-task learning with neural networks is known to be effective for extracting such latent
features in a data-driven manner and efficiently learning multiple related tasks. It is also well known that
multi-task learning with neural networks can improve the overall task accuracy by extracting latent features
commonly required for different tasks while learning different tasks with a single learner simultaneously. In
this study, we propose a method for predicting customer lifetime value and customer churn by multi-task
learning with multi-layer neural networks. In multi-task learning, the modeling of each task and the inte-
gration of the weights for task losses have a significant impact on the prediction accuracy. Therefore, we
propose a method that models churn prediction as a partial task of CLV prediction while controlling the
weights of each task according to the learning progress to improve the prediction accuracy. We demonstrate
the effectiveness of the method through experiments using real life data.

Keywords: customer lifetime value (CLV), customer churn, multi-task learning, neural networks, RFM
analysis
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BYIWCTAY Y P ERBEBR LI —HT, UHEELEO T3
EOMWBEBERPGAAT S, OO 2 F % BN, Kz
D1VEL TR E e L, SHHOBEFEHRE b LI
THEARIICHBIT S CLV BX OB 2 Fill$ 5. AT —
ZI2iE, EEOSRN RN 2R TR E LT eRFM
BELZFAME SR T — 7 X OERL, 20+ 1 )%

HBRRIEA R FREAR
tEE t+1EE t+2EE
ThYv bEF BREBET—42 R - CLVERR
eRFMIEEREH

3 FEBRT—% kv POE

Fig. 3 Overview of experimental datasets.
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DT =P HEEDFEMREE Ny — 2R THE#RE LT
BEAJDIEE 7 7 T T & OWEAS L HROMEA S % i
L7z, SO+ 2FEOERDP S HIA T E %S CLV B
FUOHEROFEmAZE L7, 2nENoRIcHi: eRFM f7
TEAS 6 KIC, JEEEH T ) Y47 RIT, AROWAT — 5 0%
12 RICDEF 65 RILE b, MREKT — 712DV TIE,
7= F FRAMITTRFE D IR FATER DG 2> 5 AAFHE R 5l
HTT)VOEREZOFFHRBT LI LD TER WV, 22
T, BT =¥ty b5, BEREE & ATFEESREKLE %
5L LYy ) I E VLA, S, H
WEBOH 7T T)BTT— IR 256 55512, %5
WOHTFT)DET TRy T v 7 LTTF— Y%
WZATyy—=Hr 7)) v 7 EFAEOTHRETHY, 7—
Y OMLTHE FOMBEIZ R, F 78S RO N
oM 6 UL EOW 1A H ZFEDOA TR E LT
5. B4 REETIVNDANT =5 D% TIVaiRT.
kb, FEEBT— 7 ZFHFNICERLL SN TN S,
4.1.1 FHARETOBER E CLV DEF
KWFRTROE) TT v b 74+ — 2V FADL—HFIF
TAYT Y NEBPRMICHETAZ LN TELY, £ D
Z—HFRBAICFH 2 R0 57215 T, FOBERIZBERNT
Hb. ZOFEEETIE, LERFAI 2 VEETHERK, 2w
LIMKIREIZ L B LTV B 720, AiF TIIEER & Tl
IO 1 FERICEETESSEN SN 2o B LT 5.
CLV 138G 2 OB AEICD o TH 7263 & %
B, HEMIRETELF— 7 OMIRESN TV
O, TNLEHLOFANLVEZEZ LD TR 1 4F
o CLV & L7z,

4.2 EFISM

KIFFE T L72REE 7 — % % BE, EHEOIRE TR
L, CLV & eRFM f8iED VL HIL L72b D&k 1 12
RY. AFREEE CLV OKE SNEIZS DD 7 Vv —T 1255
L7z, CIVIZOWTE, Z V=TT EICRELREND
D, EAIATCIZON THREBEBEMICKE L ->THY,
T—=8 O BALND. woplEE HILEEREE & A AP
FOMTOEI ROKREL, BKOFINIIEEZIRET
BHHEZ NG, —)TCLVHFRKREWTIV—THTO
FEII/NE L, CLV FHINOFEEIHS IS VW EE 2
Shn. PHBE ST CLV 0% 5 7 )V — TR clds

eRFMIEIR BAEHNTIY BAR

. Y7bozT |BRER&| - - - | 7rvvav 1488 (20AR]| - - - [120A8
1 1 1

WEID | Recency
A00L 31
A002 6
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Fig. 4 A sample of input data.
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£ 1 EET— 5 OHFIOH
Table 1 Preliminary analysis on experimental data.
, HEFHEEN HEEH FHEESE REEEHT T FEAE EEERE
e cLv , \ - , : . ) Bz
(Recency) (Frequency) (Monetary) .\Stores) (Tenure) (IP. Time)
BER 0.00000 0.45463 0.01378 0.02279 0.00612 0.52847 0.29125 28,800
0.00405 0.20989 0.01444 0.01373 0.00694 0.65421 0.33652 5,760
0.01430 0.16102 0.01688 0.01548 0.00730 0.67664 0.30960 5,760
£7%F 0.03157 0.12439 0.01883 0.01879 0.00714 0.69230 0.28109 5,760
0.06657 0.11094 0.02221 0.02821 0.00918 0.70011 0.25979 5,760
0.26979 0.10704 0.03059 0.05574 0.01636 0.70409 0.23302 5,760
=& 0.03863 0.29864 0.01718 0.02459 0.00775 0.60697 0.28763 57,600
F 2 CLV/BERCTW  FEERHER
Table 2 The result of prediction for CLV and churn.
*ARFEBRD Wang HOFETIE RBELFEML TN D
5 O B DOBAFIIAZ T R (95%) & 779
P E gl
fxy a7 S E351f cvFH R
MSE R2 F-score Accuracy Precision Recall AUC
YUINZRY Za—FNhFy b 0.00742 =000011 0.26834 =0.00558 0.73237 =000341 0.76106 =0.00161 0.83256 +0.00350 0.65604 =000701 0.84313 =0.00095

Ty FIaERY BEEE 0.00819 000011 0.19346 =0.00398
Y FINER AVRT 4y ZERE - -

IVINRARY FYHLTFLAb 0.00754 £000011 0.25731 =0.00466
RVFARY  Za—TFNFy b 0.00742 000011  0.26923 =0.00485
TIFERRY  Za—FNFv b Wangb®FiE* 000748 000011  0.26356 =0.00517
RIFRAY  Za—FNFv b RZEFE  0.00728 +0.00010 0.28304 +0.00425

0.76869 =0.00113
0.78594 +0.00109
0.77317 =0.00178
0.77157 +0.00181
0.77119 =0.00170

0.83281 =0.00118
0.86755 +0.00086
0.85652 =0.00092
0.85484 +0.00099
0.85443 £0.00095

0.81780 =0.00155
0.77540 =0.00142
0.75980 =0.00584
0.75904 +0.00632
0.75559 £0.00552

0.72518 =0.00117
0.79681 =0.00131
0.78845 =0.00347
0.78626 +0.00392
0.78875 =0.00335

0.75392 =0.00119
0.78881 +0.00107
0.77735 =0.00107
0.77557 +0.00110
0.77605 =0.00104

WdhbHLDOD, HiFEE &L EEROTFE ETIEIRE LEVE

<, CLV OFHNIIHHTH 5 H3HESHE & AATREE OF
PHNEHE SV nweEEzoND, - FBESESR
BEE GBI CLV AN F D 7 )V — T TR E R ER 20w
LoD, CLV EAio 7V —7Tidgei LTHB Y, CLV A°
KEVEBRBEOTMICZIANTHLILPEZLNS.

SAKIYIZ CLV R BEPCIRAE & cRFM $81E & o> 1213 FEREF
GRS AN, G GEEEERE b L ICIERIE R E TV
AT AHILET, L) EWIEETO TR EEIZ RS &
oMb,

4.3 Ei&

—a—F Ay b7 — 27 OREIZIE PyTorch 2 H L
7. AJEo/ — FEuL 65, HFEOREVE L LT, 64/ —
F&E32/—FOREPHY, 20HIA7HORENE L L
T, 16 /= FOREZAHLTRMEANIZ 1T RICOMIT, 4
AR B L OWBTEEE - Oz )17 5. epoch #d
30, /Ny FHUZ 256 & L, FEOK#EILIE Adam % FE R
0.0l THH L. vIVF ¥ A7 FEEOEALDOMIINT A —
FITERTEBRORR L) FH ORI IR 1% 5 X
I, wint =1, wht=0.05 & L7z, HHEALBIEIL A
D 2 &7 Relu %, #&0) @ 2 @ I XESEMEFH L2, 72
PLERFHORKREIEY 74 FEEEZHHLTWwb

4.4 EEER

%+ 2 2 CLV 7Hll, BEXTHMOREEZRT. A7 54
TRy TNE A7 DGAITFEICRS T, CLV T, #E
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% 3 CLV V=TT L OEFMERE p; LIBTEER 2, OFHHE
Table 3 The average of the alive probability p; and the latent

variable Z; for each CLV group.

HE cLV % By EEH
BR 0.00000 0.05195 0.30769 28,800
0.00405 0.04708 0.56505 5,760
0.01430 0.05173 0.63763 5,760
£ 0.03157 0.05787 0.70097 5,760
0.06657 0.07902 0.73420 5,760
0.26979 0.13920 0.75688 5,760
&fE 0.03863 0.06347 0.49332 57,600

KFPMzmcss - FULTBY, v VFFA7I1E20
ZREFICEE - PHILTWS., &M= a—J V4 b
X CLV Pl TEWVAEEZ /R L TV AD, TOHTHIZE
FHERIEVEEEZRLTBY, RETHEOEREITHE
ATE7. —HT, SVFIAZFEETH-TH, Vo7
VIR FRIVLTLEEVREL 2> TWARTIEL
{, BEMEDODOERMEOETENHMERE S NIz,
HESCT N D W THUIAS IS Tl & A 7 DS FE AR 72
W, FEMOERIIILBEIYNS o720, T 58751
2 M BT RS BVWfizR L7, —2a—F 0%y b
=2y NV E X7 OB FHITIE, Recall 28
FXFAYICIE <, Precision 258 < HBTEB Y, FNR YD H3A

SNDBN, SVFIATFETIIELS bEWEEZRL
TBY, NTUVABLFEHLTWLZ Wy nh., $/27

VT F A7 HTIE, FBEKESEET S T ORE
ICREGRERIASN o7z, BECTFIICEL T, %
27 BRI ED 2 720, TRl REOEBEAIVN S\
LEZENDL. T3 IECLV V0V — 73 & DEAFHER p, &
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Fig. 5 An analysis of latent representation by t-SNE.

B 2, OFPHEER LI LD TH S, WL 2 1%
CLV 205 HEFREROMY W7 fE & 7 b 720, #HAENZ
BEARY 2 — LB S 726 SNBFRSHEEY RTER
2% 555, CIVICHBIL TRELCRoTBY, ML /-ME
P SN TWB EEZOND, TSR p; b EEX
Lz V=T EF L7 N =T TCRELGERDN D L —)
T, ATV =T TIEIEAD R EZOIIh->THBY, B
P HAHERE L TV B EEZ NS,

4.5 t-SNE (Z & 2 REES

Za—F Ay MK o T S 728580, BT
R CLV FHNCEELRBETH L7720, TNOEIEH L
BEDE T X VT = a v RHEBEITE OO EH Y
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LIENTELEEZLONS, ZZCREFHETTHICE
BRI SN TWED, VU 7V y A7 28Tl
ENTIF L END D D D0 H MR T 57280, t-SNE & H
W, RADRNEO#EE 2 KouCIHIb L7z, A5
HrCld 10 3 HIZSEMGEE 2 BRI 1 M%EAT L, 20T A b
T—=8 mfE LT L7, t-SNE @ Perplexity & 50 C
HhH. A5V 7Ny A7 BLURETFEOTHILT —
% %RY. CLVFHllo 70y Mo TEFHRIGHT T
L72CLVORESIEO 7 V=T 2HHLTEBY), K&wn
NEIZAEAS 5 A OIRONTBY, HREEIZOTHL. 7
HERL TR T — 7120w, E55D0FFHEICB T LEE
KT—=%, RAET =9 B HRESIPNTTay bENT
BY, HHNLELNTRIIERTETWDL Z L255p
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L. BICIRETHEICBLTE, AVHIATIEWSZ 0Dt
BB DS E (R IICE T > TB Y, ML
RITVLDEEZEZLNL. [FMKIZ CLV FIZB T, #E
K- EAETT Ty MHGNTE ) NERERILC X 5505
TETCWLEEZLND., —THEAFEHENTD CLV O
KRESZTEDHHNITHRL S 7z 2 RICEROT— 5 6
ZHBIDWEETH > 72, 2L CLV FHBEE S ZF i &
E L ez, HEECILEV DSBS TE 2o
TobEZEZoND, LRELREFLEE VIV I A28 %,
W76, REFFIMSIZTE v MR ) 236 5
728, FEHIEERR T H LR PTIIAAAES 5 CLV 255 7% %
I—HFHEZ LD ELELZRTVOTERWRLEEZ LN,

5. R

CLV OF B IZ oW TIE, METEIROIEELRL
72, NIV NVTFF X7 EEIC BT A Bavesdropping K5
X, PULMEREAH B L2 ER S5NS. —F Tl
LRV TFFA7EETH, BAOMELY LEWEEIZY ~
TVE AR RERERDP R, BEAOMY)REREDN
EETHL I LD EINT, 72 Wang b OFETIETF
HREEEASY ¥ PNV A7 28 % Flalo 72, ZOFEETIREE
R & AR O CIV SRR 254 THh 5 LIEL, &
R AE AW CTAEFEEDOATHRREYFEH LD, L
M LAMZEDORE T — % O CLV 3£ 1 205 015K b %
BHAEELTEBY, L TofMLTwbeELLNE. £
NED CLV A/NELHEL L Z ) T b AEBIZIZAELFL
TV LEEDOFHREDSTICEB ST, FERMICEK
OFAAEEAMET L2 TREMED S 2. JRE T CTlIAEAFE
R ZDETETVIHMARATZZ LT, FEEOMH K
bbb, BHET—F 2NV ARSEETE, K
ENREL otz bEZONL, R TRICBVTIE, ¥ X
7B E D 720, FERTRERAER I o7
N, TUTNE AT FERLDIETVT Y AT EEOREED
Bl o TBY, SVFYATFEBILLUENASLNT
— S CHMRRERRTIZT v ¥4 7 4+ L A b O TR
Moa—I)hAy bx Edlo/, ZRIZIZKEL 3 DD
ReMAEZZONL. 1 2HIZEERKFMICHHEENE TF—%
DEMICL D HETHD. K2 P OMNEE & EFEE
TIREIEEH (Recency) IZRKELERDSHY, #EKIC
ERHHBEHD R EE L TVWAIEZRLTVA, 20
L) BRERICKRELREE G525 AVEBYD 256, B
MR HAER 0 EOBEN RIFMEBE T 7 2o HEH L
BWLFAHTE=Z2—=IF NV Ay bT—=2 LD b, LADA
NF—= 2 ZEBEEHT AT T L7+ LA NDOHFEVHE
FERAWREM G H L. 2 O0HITZ2—F V4 v O
HTHhbH, —a—F Nty MIBEIFELT L L THER
TR BT METEDL—FT, TOFRKMEDSEFEHIC
fah e\, BERTFINIIEINAES % 5 A7 O, Hijb
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HFETORBEMETVELR T VS, CLV Tl v
MRy A2 2FEBRT L) 2 CHEEE 3B L. <
F & A7 FEBIIBTBENTTDY A7 OPALMR Eid—EF
i oo bZ 2 5N 505, BTN B W TIEBFE I
L, TOICHREIRIECE o EZOND. ik
AT — 5 DBROEETH D, AR TIIN 6 HTEOR
BF— YRR, —2a—F )ty FT— 7 DFEET
RIS 2 Hi & 2 1213 T & i3 wnwineg, Hxic
VUTNVEBEETNTHET VLT LA MO TFHFEED
BIF& B, COFRT—5mL Y A7 OHHEN
A TWDTIE LW hEeEZONL, —)f, =2—TF)
Aoy T =7 THi S B ETEN 7 FEBUE CLV R #E LS
M 24 E LT, BBEDL I Ay TF—a VR BERH
FHHNIERATE 2D S 0, WA KR RSO
ARTHWECIERAPHRESNS, 20720, [ETLVO
HEEE], [EERL2%ET7— 58], [£7IVOHBTEE
] #EL5TRAT, EVRAADZ— X |2EDLETHY %
FHEZEIRNT L ENEETH .

6. FEHESHEDFEE

AIFIETIE, —2—TF Ay FT—=2I2L57IVFF A
7EBILY), R ATEMAE & AR A RIS TRIL,
FHRBEZYGET 2 FHEREL. 277y b7+ —
LETVRRAIBIFETFT—F 2V ERICL Y, 7
FTHEOBERMEEHER L7z, SSICPERBERZ T 5
LT, Za—=F0VAy NT—=2FBLT, FRICEER
FFASII ST 5 2 & 2 fERR L 72, A28 CIIRER B
KOFRE A7 HPRAFAEFEMBEO TS A 7 12N EN5
BIZEHL, YVFHAZZa—FVEky NT—2DET
VY T RATo 7208, AROMERE IR ZLET AR LD
YA THHAEL, IWHTHRERZLDEEZ LN,
HRDE ) BEADAT V=) v TRty NT =2 D
HETHE R AL YLy VS E LY, BB CIXEBIN
WCHRET LI ENTER, TR TE B ANEHITT
NTHH LD, —2—F Nty b7 —27 ORrERFE N
T A =5 EOMMEIZ L 5T, ANEROBRIRTFRTEREIC
WL LTRELHE. INHLLTR, AT DM
DERHELT, ArYa—) v BB O%ERNT A —
Yy, 7Y v eko BBtz 4 BRoEETH L. £
72HEER D CLV O PSR IZ T4 TH 5 L idvndszw,
PFEEENLBEOL NVITHREREICL W Ee 5720,
BRT 5 2 L3 LS, EFOM AR HEELE L O
a1, FEEAICHT TRHZOWm I 245121,
ERBETOSUEIROONLEZ EH LW, X654 5kEE
oL, FEYZ7 AL PLRLVTOTHG EFFSTD
& e L 72 BIEN 2B R MRS L ETH S,
HEE AWIRICHZD, ZLOTHF RV THE
TRRF O Z)IMERe A, ERRFoIIT @A, Higr
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