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1 Introduction
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TR =S EYPste & ofrle 13 e g S FrEH R REs &) fal AqEE
<3t R3] (normal-normal mixture)S ©]-8-3+ HFA, Columbo & Jiang (1999)> ~vll& & R3] 3}5}7]
&l ztwk-ztvl 23 (gamma-gamma mixture) 23S o] &3t3ith 5, 54 1] 13] FujgAE

ol
AvpEx s wysistar aAzke] g o] o] dA  (heterogeneity)S THA] AvEEE RFH S}

f

A7 Ag¥ ByEo] nAe v 2 Apdge] dist FHg PeH =& nge=
ANERom o] wiEe IARA Fo EIY(EA Y 3|74, AID, CHAID, CART)Z}+=
TEEE FHo]l £33} (Colombo & Jiang, 1999). Lz} o] AFEL AA| wAIE Sl A

X
-

49l AA4Eete] EnE welsA g A} %zﬂfﬂu}z. whef

Kl
)
]
£

WAL 5 A 59 old@ myEe] F BEFr F bt v FRALS

b g 47l RYER 2% vl 4R




2008 (et =stsl / et=gddtsts] EANSss=Ual

Fulge BAsHL o ARy spIgdSel BEE £ oAb MRS Ex@d
BEME0S] FFol A o] gol g FulEE LF ka7 91s) BGNBD EH 3 Colombo &

>

Jiang®] vl &l
gAstalem ofE AAl Amel A&t #4S T vde ted 2L A

AT 1) FF7|H} v F=T] ko] o | (?UHHJE, T, AbEE, B ?UH%‘?—H)O] v -

53 (monetary value distribution model, °]$=Z CJ &3 0|

o
K
)
o
o

frequency of purchase) % 75 FuWlZ (conditional frequency of purchase)s &% ] &3]
oS3t} 3) BFH7|3 I H|BE7|ME ek Al Al RS E A e Fufgo o]d Aol

o

=
AzbstAl B4 FAEY. ole FF JulEY oldAAdS &8st JidsEY wHAE A
AFrol weh BEol FrjwE
A5 wF7|Ze] SRl =
st o, shEe] g #AF7|re] FuiRlETE 28]
Frastar 13 Fefd g F7FsEsiTh ghH, ol9f e wHoRRY E dAFe Afrt
Wl mAe tfdk ERAvIAY  (target marketing) HMEF B AETE HF7|7He] HAHolE
ARt TAE &89 F dS5S sl
olE f&l =w2 v Zol FAH vk Al 2" M= Al
3o Sl EES s Al 4dolA = 2483 3doA JiTE RES AAl AR

Agshs ATEAe AT Al 58 o] AREEEH APE =2 Al 682 L A9

XE

-
=
l
2
=2
=)
N
rlr
fol
B
~
0%
o
_0|L
38
[P
2
i
il
2
[
H
[
j_g/l
2
o

2  Model Development for Purchase Frequency

2.1 Model Setup and Assumptions

woAel s 159 RE717k 189 WRIAoR FAE Ve R A
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Sk Aol jHA A S t = w71 (<29 1>).
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promotion period non-promotion period
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2.2 Individual Level Model

2.2.1 Likelihood function
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[ 1]x,y @l W& 45 &7
x>0 x=0
y>0 Case 1 Case 2
y=0 Case 3 Case 4

Case 1) x>0, y>0

o oA A FHE T $m A

® tz Oﬂ/\*] —‘?tﬁﬂﬂ :TLHH%‘ g “?‘E (]_Pl)/\le’/\l(fz’fl)
® tx Oﬂ/d X]?jaﬁ ;F_HH% :——-_]— ‘?‘E (1_}71)/\16’/\1(5*571)

® Non-promotion 7|3t % t_ AlFNA FHiE - (l—pl)e_l‘('ﬂ’) .ﬂoe—%(txﬂ—te)

X+

® Non-promotion 7|%t & ¢t AlANA FHjE -k (1—p0))\0e7"0(t”ff‘“)

x+1

il
et
o
!
_
|
=
S—
>~
[9N)
L
i\

o . AAHNA xty HA o

x+y

o hATom, (¢ ,T] 71k B HIT SE p+(1-p, )e M)

x+y’/

WebA Casel19] A SwE 9le) Ang wE Fau

LAy 2ys s Py ltistyseont ot T) = (1= p) (L= py) ™ A A€ 0™ (g4 (1= p)e ™) (1)

bl chest

ol

ase 2, Case 3, Case 42| L3845 F3laL o5

o
&

How 4

LA Ay P> Po [ sty s, T)

2)
=4 (1 t,+(1=1 )t +(1=1)(1-1,)t,) x=1+1.1,+(1-1,)1-1,) [ r r (
=e / / ﬂ'lx(l pl) ' / X|: yA ( y)B]

&,

B B A (T— B B LA(-1)
A=(1=p) M M g+ (Ap)e M) B L p [ M T e

I = =1 if x>0 =1 if y>0
*1=1 otherwise” ¥ |=1 otherwise

2.2.2  Derivation of P(X(t)=x,Y(t,)=y)
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HMEEI S £ 2 S W 1e] wde] EVZE Fo xd L Pl
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+ I P(become inactive after nth purchase)- P(T, <t)
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2.2.3  Derivation of E[X(tl)],E[Y(to)]
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2.3 Model Development for a Randomly Chosen Individual
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FA 11y, 0) = F‘%ﬁ)eﬂ*ﬂ/‘o A0 (8-1)
f(Al | rl’al) — alr1 e—al/\l Alrrl (8-2)
I(r)
1 ag— (N
f(polaofbo):mp0 1(1_po)b l (8-3)
1 a, - 17
f(p1 lal/b1)zmp1 1(1_p1)h ' (8-4)

® Likelihood function L(7,,7,a,,,,a,,b,,a,,b, | x,y,t ,t .t ,T)

x2%e? " x+y?

Case 1) x>0, y>0

L(ry. 1 09,0459, b,00.b, | x, p.t 0,0 T) =

xX+y?

o' e’ T+l (y+r) Blayx+b)| Bla,+Ly+b =D Bla,y+b) (2-1)
LOOT() Blab)Blag,bo) (1, +a,)™ | (1., -t,+4a,) " (T=t,+a,)™"

Case 2) x=0, y>0

“a,"T B 1 b, -1 B b 2-2
L(fb’fi’aosalsaosboaalsbl‘x’y’lxstgﬁt,pry’T) 4 % (y+”b) |: (a0+ Y0y )+ (ao’y+ 0) :| ( )

L0y Bagb) (1, )| (=t +)™  (T—1,+a,)""

Case 3) x>0, y=0

oy n _ 2-3
Loty by | 5oyttt Ty = 40" L) Blat e b 1) Blanx+h) (2-3)
L(n) Blanb)| af(t,+a)"™"  (T—t,+a,) (t, +a)™"
Case4)x=y=0
n To
a a 2-4
L(ry,n,a4,ap,ay,by,a,b, | x,y,t,t,,t,, . T)= : s (2-4)
t,+a T-t, +a,

®  PX(t)=xY({t,)=yla,r,a,1,a,b,a,b)

Case 1,2,4)
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20084 OistatH =& 3
P(X(t)=xY(t,)=ylay,1,a,r,a,b,a,b)

g : 3 . : (4-1)
_ B(ao/bo+]/) r(ro+]/) % ty ‘/+6 B(ao+1'bo+y_1)_ 1- % fr(ro"']) to ]
B(a,,b,) T@ry! \a,+t, ) \a,+t, ¥>0 B(a,,b,) ay+t, ) T T a, +t,

Case 3)
P(X(tl) :x,Y(tO):O|0¢0,1’0,a1,1’1,110,b0,111,b1)

:B<al,b1+x>r<x+n>[ a ][ ; ][ a, j’”+B<a1+1,b1+x—1> 1_[ o ]"imﬁj)[ ; )]' “2
Bla,b) T()x! o+t ) \a+t ) \a,+t) B(a,,b,) a,+t ) T I\ a +t
L] E[X(tl)|ao,ro,al,rl,ao,bo,al,bl],E[Y(to)|ao,ro,al,rl,ao,bo,al,bl]
5717t Eete] BTN e o 2ok
B(a,-1,b,) a, ) t (5-1)
E| X(t)!r,a ,a b |=—= 11— S Flr,b;a +b —1,—2L
I: (1) n,a,a 1:| B(al/bl) [ (“ﬂ”ﬁj 2 1[7’1 17 1 a1+tlﬂ
Al 5713 £ Eere] BNl eE ok Pk
H YUt 15,0, by, 7,8, 8, by 1 |
5 " (7-1)
_Ba,-1b) 1—[ % jzﬁ(%,bo;%wo—l; b ]x ! [ & Jzﬁ[ﬂ,bﬁﬂﬁbﬁ h j
B, b,) 0y +t, ay+ty )| B, b))\ +, o+
o, 2F(a,b;c;z)=; J.Oltb’l(l—t)c’b’l(l—zt)’“dt, (c>b) A 7F¢2 Z718kE4(Gaussian

B(b,c-b)

hypergeometric function)= 2] v g+c},

3  Model Development for Purchase Amount
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A4 B wEEel wel TulFAe scaleo] WIHHE AEE ZA@T 2 4 (9)9)
Auizs a6l we Aolsjer @tk %, olw wAe 13 Ful A FulFNe B
Adow e add wel e SEeld FARAL T wdel 497 WA otk
weh ole ek o] A4l wedH ook sl o] % 8] A (99 scale B 07 AR Aol

Aoz AR 07} Bg3t 2e ArPES et Qo P,

gbv v-1_-¢p0
f(010,¢)=—"—6""e"?
F(v) (10)

_P(uro) [ zexpiap) Y o )1
f(Z|X/u/U,¢/ﬁ)_F(u)l"(v)(¢+z-exp(xﬁ) ¢ +z-exp(xp) ; (b

&, Ao A aDEFE 13 A g e a2 e go] EEdnh

_wo (12)

E(zlx,u,v,¢,p) = 0-1)-c"

4  Empirical Analysis
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[ 2] =¥=9o 4 23
Purchase Frequency (N=16627 Customers) Purchase Amount (N=25584 Transactions)
Parameters Base* Proposed Parameters Base* Proposed
r 1042.0 u 3.3135 3.4549
o 40090.7 v 3.2746 3.3612
a 3.6930 ¢ 49602.67 54024.88
b 7.119 B 0.3610
7 52.3368
a, 1458.26
a, 2.4811
b, 1.6785
4 0.5075
a, 10.5066
a, 2.1242
b, 1.6884
LL -270074 -119534.5 LL*** -241406 -241014

* Fudl o] 3k Base Model> BG/NBD E&o]m o5 o] 3t Base Model Colombo & Jiang (1999)°] monetary value

distribution modelS ©] 8-} T}.

[ 3] NEAFE =425

Purchase Frequency (N=14377 Customers)

Purchase Amount (N=21623 Transactions)

Parameters Base* Proposed Parameters Base* Proposed
r 1262.82 u 4.6348 4.6265
o 52010.45 v 3.5226 3.5332
a 3467.54 o} 73798.97 73394.19
b 6966.03 B -0.0621
r 73.6851
a, 2266.52
a, 2.0049
b, 1.7512
r 0.2984
a, 9.5134
a 1.4289
b, 1.0000

11
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LL -231603.4 -103736.1 | LL#** -215133.3 -215123.1

* FulRlEo] )$k Base Model> BG/NBD R olw| Fujgoo] t)gk Base Model> Colombo & Jiang (1999)] monetary value

distribution modelS ©]-&3}3 T}

[ 4] 3% 449
Purchase Frequency (N=22367 Customers) Purchase Amount (N=36276 Transactions)
Parameters Base* Proposed Parameters Base* Proposed
r 1513.23 u 2.2678 2.2655
o 58098.78 v 3.6517 3.6594
a 3.6932 ¢ 112296.7 111870.8
b 7.6599 B -0.0458
7 75.2346
a, 2124.90
a, 1.5488
bo 1.4130
7 0.6663
a, 27.8107
Gl 0.9964
b, 1.1145
LL -381905.3 -172643.7 LL*** -372006 -371997

* FulRl o] gk Base Model> BG/NBD E&o|™ a5 9] Olgh Base Model Colombo & Jiang (1999)2] monetary value

distribution model2 ©]-& 3} t}.
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Sportswear in Promotion Period Sportswear in Nonpromotion Period
14000 10000
12000 _ zggg O MNonPromo: Actual
10000 0 Promo: Actual 7000 B rJNonPI‘omo:ﬁase
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8000 = Promo: Our 6000 w NonPromo: Our
5000
6000 4000 -
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- 1000 m
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5 Implications
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Distribution of Purchase Rate of Sportswears
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Appendix

A.1 Derivation of the likelihood function at individual customer level
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