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LN ]*ﬁ:lf[! FRE! POUSRAL > A myt my o PORREI T PR R Fﬂ@‘l‘?jilﬂ o T
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I PN 0 5T PO EERRLITT (AT 0 BT (ST (]
ﬂ%'f‘ﬂdﬁﬁ%ﬁﬁ*ﬁ%ﬁ”%‘
NB-87C HL5]57%
L fhf PEIORIET e (ST PR R
AR R #fom 3 -

2 TR R ?E’Jﬁ'?ﬂ@'ﬁé’ﬁ I R RBEr I ] (B EL S Frgl & < 1
(7) ZC 1 1P EENES mu[1-Fa(t- T 2)] > 7 (8) ZCf11 - [ SRR A
o (Om, < [{ EAFFED B RV SR K P O <
3. B I*E%ﬂ Pl I*Ef‘efﬂ! I OB FIEY Fi(myFa(t- 7 2))f Jjﬁ (7 & Aj"
W BB
4. SO 15 Norton and Bass LRI % pp » q=q » “HFALE - [
PR IR (pg) =25 Y (R (qoF A I -
xﬁﬁl@%iﬁ‘l& P B il iy VBRI G o pr R
Y J/””%E:IFLIEJFF‘“@??E‘TE' PN FERREE KRR (] ) o (BT o H
gzlﬁﬁjrﬂui@@ﬁ U] fE-knn [ = ehn it o

B pimp > ama PUISEE - TR B VT LT 25 TR % s ]

AP,
Si(¢) = Fi(t)mi — F2(t = 12) F1(t)mi = F\(t)mi[1 = F2(t —12)] for t>0 (10)
§x(1) = Fao(t —12)[m2+ Fr(tymi]  for 72 (11)
o st&R T ok Fﬁ[![& 57 t HARYE Fé' El

my Fe S U LD T R

my A FIWESY 1 S EHSRTE] S

R 2 8 R sy
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— - (p*a)t
F(f) = A= (12)

1+ ie—(zﬁq)t
p

T MG O e R

Fz(t- T 2):() for t< T 2°

FPAF| N ] SAS TRFHIE > S5 NB-87C HUE] » 55 5 MR iz S5l e
Tt o £ Norton and Bass O > BB [l F A HERAR A5
mmﬁﬁﬁww%wm’%E%ﬁ*%ﬁﬁﬁ@E&MXﬁﬁTﬁﬁ%ﬁWWWwﬁﬁﬁgi
ST o ¢ PR PSR 7 7 7 0= £ S R 0e -

2.3.4 Bass ~ Krishnan ~ Jain (1994) Generalized Bass 151 %]

UHI

o C5 KA ST Bass (1969) FLABRASE | 1| X [ AR5 (bt
ERFRPYRBG T3 F I IR AR ARRIAT ] T e S > Bass (1994)
PP~ [ e 3 F', H@Qﬁw Generalized Bass Model (I'] FF]'TF‘IE"?% ik E5 B
7] Bass Model fiL Generalized Bass Model 19 [t 7] » iy ' 25 %J:%l%:ﬁfﬁ fits
SR L T

Bass it FU 5L A4 FBFOASEI 1o 7~ {5 Siadbe x(T) 55 £ Generalized
Bass Model » [fi[sg ffif = S UzRLAIFT BTGV R [y =1 O SRl L pyras
(fﬂi/[‘f?fﬁ?&?% ; FD PVEI T R Bt FUIE;F%%UFW\ FLA RS EIAA -

F(D)/[1=F(D)] =[p+qF(T)]x(T) (13)

fmwtﬁ%#NWﬁ%

FO) E T R R [ OR R  fe
F(t) 557 t HIBARRFR |5 PO el o e
p ELEIET R
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q BV R
x(t) i SRR
IPN X(T)=1 > F[] Bass L7 P 5]1:7 £ Generalized Bass Model fl i~
AR 7] - (AL T F' PR Bass 1 4 PHHALEIR AL Generalized Bass Model | Uit 71 " |
P NEEESE o Tl e R RS T | f/ﬁﬁUF[ RS EL -
Generalized Bass Model VPRGN G » (7 fif@lfiuas * » 2 7 (g il
Prirble ~ ASLT GREREEy [ | SR podd Fiﬁ?ﬁiﬁgﬁﬁﬁ?ﬂ“%ﬁﬁg*iﬁﬁ’ =P FTH4E§
VRIS e o PAIE= [t 5 PR SRS Bass SUET L VAP AP REREEEAsL
(B SR ] (BRI 97 o

2.3.5 Speece and MacLachlan (1995)

i+ Norton and Bass (1987,:1992) fiy p]*jﬁ?ﬁvﬁlﬂﬂl » R W F“Lf[ |J~F§F#,FIJ| 1
ﬁ‘[aﬁ ?Eﬁ?‘ﬁwi%%f o [HF=73 Speece and MacLachlan (1992) #[! Speece and
MacLachlan (1995)Elflfﬁmltf[l o @}I“j’ [‘“ﬁfﬁﬁiﬂ Rl |%]Tf<ﬁd% B T
qtz;rbép%g?&l'%gp VEREEE o i SR AR R F (1) i3 - pfﬁmg s

1- e-(p+q)
F(t)=| ——|G(p) (14)
1+ie-(p+q)’
p
R @ﬁﬁ[g\%G(Pi) Y =ERL
= (1) — m
G(P) =" exp[’?( P(t)ﬂ (15)

NI A SR [JvﬁfFFF’[IﬁJ] pri P % Efwf#[pﬂ Jr:;j . /Ji I*E*Fﬁpﬂﬁﬁl £
SR PSR 0 P S R iRl -

2.3.6 Mahajan and Muller (1996)
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Mahajan and Muller (1996) ¥ %f’l fl l}?&rj:l]‘ IBM —‘\F’J”F—j'jq%"[ﬁfj;@?~ Rl l:ﬁlh;lg;[_ 3 Eﬁ
£ o R E'}’ﬁ%ﬂ'%l’@km [“[F“H&j‘%"& CE- BN U ﬂjﬁi?f’g[ﬁﬁf
o]~ 2 SRR ﬁ%ﬁrﬁgﬁ Rz ﬁfﬂ[ﬂ4 e PdLFLﬁfj’ Wilson and
Norton (1989)Ffd{1'HY “now or never” JE[[[### £% “now or at maturity” o [
Ihoo R %HJ/F'E?WE%T%E‘J%FI“‘ZHEEJ%E#?“(Ieapfrog) VFRH]E L o T
IBM D“Iﬁv@lﬂ[t i - ;‘;p%ﬁ@gﬁ#pﬁf?“}ﬁ“ :é‘{ﬁ“ e IS

L 5 PRSI S PR g -
L A RS EVS N THE £ 7 DY (R e 3T
3. 93= [RERRIHAFZ I A, -

AR L SE S el Tl a1

Majajan and Muller (1996) i 5ifiy % [’*’?ﬁﬁ’?ﬁlﬁ] MM-96 - ﬁgﬁf@ Norton and
Bass (1L ERSHERIANIART 15 » Iy SR Bass (1969) o314 27
SR NM-96 SR [ Prifl et (3 [y -

2.3.7 Islam and Meade (1997)

Islam and Meade (1997) Fl5 7 LLBR 4 15 o ﬁf,fwﬁ (2~3 {1 1)
$# & Norton and Bass (1987) fLE]f| I%EIV{#{L_FI\HE;F% e *ﬁﬁ [y B3 8y
RO G BET R T [ (O L pUE R q R IR R
FRECIS RS S 20
F ()= % (16)

p;

E 1 p=pi+Ap; > qi=q,+Ap; for i>1

F S Islam and Meade ElfJ%ﬁfTJ > ke T RITH ﬁ]%[’%@?ﬁ'ﬁ“ﬁ
BT O B BB-0X MO PR |

2.3.8 Kim, Seo and Lee (1999)
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Kim, Seo and Lee (1999) ¥ [ 1%L IMT-2000 (International Mobile
Telecommunication 2000)* | = 15je2& = 3ERH[ ™ 55 4]‘ Norton and Bass (1987) 48 5 11fY
% (PRI S 2 TR 3 LIS @%ﬁz TR > AT
FDMA (Frequency Division Multiple Access) » 537~ [ TDMA (Time Division
Multiple Access)Z* CDMA (Code Division Multiple Access) » 57— [* PCS (Personal
Communications Services) ° lfh[ N E{ﬁg'fﬁﬁ (Ypr s P [Op]F 1 Jjale,f‘g'z ,
Eeyp = S e I Hl%}-ﬁj F1ZED > [[l Norton and Bass (1987) 38 5[y 4 [
B T e

[RJF=> Kim, Seo and Lee (1999 5LE]{SH1T -

8,(t) = mF, (min[1,7,]) =m, F(7,)F_, (1 = T,)

S,(1) = [mIE(TZ)E—>2(t —I,)tmyFy (1= Tz)][l —F(t- T3)]

(17)
S3(0) = [m B (1) F o (1 =T)m Fy (e = 1,) +my] [ = By (e = 7))

El H[ , s1(t)|,. ?F 371 [JMAE“[%&F_;FI{[[ = tﬁFFIJ“J 'E“T P FI :ggﬁ_[%fﬁ} grclsrlg@gi,m =C

— (pitg)t
F=| = (18)

1+ ie_(Pl +qp )t
y2

for F1(t-1,)=0, t<1

1- e‘([’l—>z -5t

F ()= (19)

1+ ql—>2 e_(P1—>2+q1—>2)t
p]—>2

fOI‘ F1_>2(t'T 1_>2):O, t<2

2.3.9 Kim, Chang and Shocker (2000)

Kim, N., D.R. Chang and A.D. Shocker (2000) I'] Norton and Bass (1987) [iuf#L
BIRIRLAE > I oh R Moy O SRl S R0 - B3 T il P e
FRGESE > Riop 7T PR (category) VBT RERRIET « SR W et
DR [ R PSRRI 8 BIE R < PRSI o ] FpopT L
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P R PO R AR A TR PO CT2 5 1 1) A
a1 R s U e S IR iR S R S (e (R

2.3.10 Danaher, Hardie and Putsis (2001)

Danaher, Hardie and Putsis Jr. (2001)1?5 bl R gl 2 LT it
BHE = SR A%"E‘W YRGS o VIR rEIJ 7 A /\%@W VSR o ETHE
G LRV B R R p@ﬁ@%mnm NMT900) » #|1'] "+ it

K

I P A TR R

a&

S
H:

\

2.3.11 Bass and Bass (2001, 2004)

Bass and Bass (2001) 19 % [“#ff #6115 BB-01 Model {4t .3 t'ﬁﬁj BT
PRE %E% (adoption sales)@gl?ﬂﬁa% A g[ru (repeat sales) VFEA > = f T

e (SRR [ i 2

Bass and Bass (2004) Tﬂ?%?j%’ﬁﬁgﬂ‘ﬂ/ A HEr 2 %ﬁ?@ﬂﬁffmﬁ s
[ % [ P55 BB-04X Model 4l 54 ¢ 17 B oAk M [ il PRy
VEEUED - BYHIBOE S R DRAM USRS B350 2~ I Fo7] e - =
AR R (R [ A PR RIIRL Y 22 [ 2 1R0) - Bass and Bass [ 5 SRR iR |7 S %
BIPOERIgE - PR e FRRTR0R 1 (P8 AR R TR D EERE S A
=) (U5 - Bass and Bass i 1 [IV 2 [SFERCISLE] o K Bass (1969) JL 74 i FrA6 ]
AL

X1(t)=M;F(t) (20)
FHT Mg LA T8 gt o SRR PR

Fy(t) 1L Bass £ ™ | BIA FHE
- (Pt

F,()= 1)

1+ & e—(pg +qy )t
Py
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HIgS

Xo(t) RLH ]

R A SR
;E:IEIET\ [ﬂ EI Jo

I%FIJAI ﬁ;‘l,f?:gl ’ II[

where,V,(t)

where,V,(t) = M,F,(t) +V,(1)F,(¢)
i

[T Vi) kLU 123~ fJQEfFFﬁ[!IPIEIfJ?ng’,}E‘J-'
Vo(H)F,(t) R LEEST T (N3 If[! P, A& JVpuH |
X, BIFS 2.7 ¢ 7% fh Py 99157

HIZY(16)==(17)=¢ » A7¥” Bass and Bass(2004) fiv % [ pEASLE )| =0
|V, () -V,(DF,..(@).2<G
O \ro.e=6

0 =1
where,V (1) = { (18

0,04V, (VF,(),1<g <G

el

HTOo()=MFy(t) [ BRI =1

Bass and Bass [V % B%ﬁ@ﬁ;ﬂ I@%
I. 7|iJr_}[b gjt Qﬁjgf"th

(Bl jErF' éﬁlglfﬁi
(repeat sales) REA
2 RO ] AR

(adoption sales) 2 E | El [l FF Eﬁj Fél £l
[T P iy
3. [t & - ] PPV EARL PR S R PR e T PR F[[ulsrq#
I/‘&i_] pffux ﬁ@ﬁ Uhgh [~
2B ] [

Fi4% BB-04X Model 2R | H
¥ Fl}f‘j‘:z—x

> NERYIIF RS A - ] FRpY ] ?ﬁf#& =
’:1 s
i

- ] H’F?'E\EFF:'L [l BT o Fﬁ#
HIETRle S ERE] [“’\'IF%’FJI%*HE'J Bass and Bass Frfidt [y BB-04X
23

cre
R

2 My A o SRR RO g
= M,F,(1)
{Xz(t):Vz(t)

“: BB-04X FELEF|

' Bass and Bass (2004) fiv % {SAELEF 1> SFEFETT (A POV Ff[[
{Xl(t) =V(1) =V, () F(1)

frrhs

24)

lﬁﬁ

::Ejﬁ;‘

?f;ffﬁ‘&m

(22)
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Model 3 5 #/ P4 - %ﬁ%ﬂmwﬁ AUFTEERO AL FEBT I BB-
04X H TR S5 S

2.4 T Fi T AE

R AP B ) % (ORI Pk AR 1
]ﬂ?ﬁvﬁF% mﬁlﬁrgpw %Fﬁ , ”FEF@F ~FJ%F'JFIJ7FJI7 7,54% [«szr,{u BIkL
SHEFINZ PO R R AR T R PSR

Y O P A 5Tl 7
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= PR

S PTG S IR AR - R
I

YI:W‘L’J‘ } SAS fie ¥R v 28 P [ZESY% [R5 (Nonlinear
regression) flt¥h R 3 ARV Ik Tﬁ’\ﬂfm” FH | E[AY SAS AL ’%}*ﬂ[ﬁ%&

3.1 F‘é‘t’—’;ﬂ*ﬁ

R R R [ e MR P e AN TER GE
’PJIZIE . Yt?ﬁl@hf "] Norton and Bass [Iv NB-87C 8| & Bass and Bass fiV BB-04X 15t
LA =2 [il AT RS Rl [ 3 N WE%'T% °

F RS 4 rgq—’fﬁsw NTT;DoCoMo ﬁﬁﬂﬂ VEEIReR] > FIRIPE T [
[0 % (O S G S BRORLI s 5 SIS HUL T
o ISHEETE 1 S e R TR - 1 R e
PURIOTEHRE T+ 4T RO P TR 5 - ] S 5 4G
R 5 - B RN AR ]
AT PP RV 2 PR R A
= 5T FEMLEIRLECE Norton and Bass 4% 1987 = Al 2 PSR -
 NB-87C BE]H 1 - f‘,ﬂl FYFY p =2 g HCRLAFITRIFY - Asrkeepsy F IR RLES

i [ERRORE A TR o RO >
PRI ST (O PR O TGRSR R L > PR NB-
87C f5LE] -

" Y FEAREIRL Bass and Bass 47 2004 F FRRY 2 PO PE RS T AN
Norton and Bass (1987) fip4 - I%i@_ﬁﬂl R p == g AR - Aerkeepisy
FIAYRLEG S Eﬁé& [ﬁﬁf‘?ﬁwﬁi RS ngfrrj it Jpzll%}wg\lg;ymﬂu;k’yﬁj 0
552" FEL NB-87C A8 E | ReAS B o fiel g e ==l (9% - =20 g
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PRI 5Y= 15 F R ] RIS S R R BB-
04X (1) 17 -

51~ FERSLRLRL Bass and Bass 7% 2004 & Hr{iv % [ PSR T AN
Islam and Meade (1997) ik - P%ﬂtﬁﬂ[ Fefr p AFIIRIT) g fl A

[ﬁj » F RV E A RLEY o A [—[J;Fg—ipfﬁf;—i¢ RN ARl e =
TSN o AR PR 5 (R ljﬁﬁﬁ TRV IS
PR [P BB-04X (few) LT -

SYPFENBETRL Bass and Bass &% 2004 & F{ 2 (U PBEASE] - %tﬁ
T FRFY p =2 q W AR > bahaepss BTV RLED o e [l E ok
o ASEIROCgISN SESRSA > T i R ST O B i
HIETRIC IS oo T AP W7 BB-0AX (o) #5E] -
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A
FI'4 NTT DoCoMo
2G (PDC) » 3G (WCDMA)
S 1R

v v v v
R iy 2 YRS 2 YRS 2 PR
Norton and Bass Bass and Bass Bass and Bass Bass and Bass
NB-87C Model BB-04X (g) Model BB-04X (1) Model | BB-04X (few) Model
\ 4 A\ 4 A\ 4 A 4
v
2H{HE
(1) Al ey
(2) BLiH ey
() [[|#BEE!
\ 4
A 4 \ 4
LR el s BRI
1. ﬁ'jﬂ I/f[ﬁ ‘ 1. ﬁ@‘ﬁ /3 F' E”
2. SR r| u%ﬂu 2 Iﬁﬁ*f“ﬁ F%ﬂw
Ty
#—f ,E_-jj,‘ I—k 1—: J L
& léﬁmiiﬁﬂﬁ

3 FPHFSR

3.2 FYR[ 1R

RIS R RO IRV TR PR H
(Telecommunications Carriers Association (TCA)) [ ga?_:f——ﬁﬁﬂ f’lzﬁai?h FTA
TCA FH 47 1987 &+ » = Bkl “"TF bET, El¢ﬂ§4ﬁlﬁﬁw§5ﬂ By U R HEJ]+
HH RO RE - ROty ‘Jbﬁaﬁﬂﬁ”wm
s {5
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1 TCA RS 1 B9 S 32 F] R R 7 2l )
F- g R eRI N PRI g = IR 11996 F I e ARE ;fﬁﬁwfﬁf'ﬁfﬁ?l Ak
HE2 TR it’ﬁméh*émf’?ﬁ“JﬁJ“J*’l?rﬂ R
S i uRgit Ut 2 g R N e A A
R A AR o

NN

_ﬁ

YI:TJIZIE’}%TQE‘J F 'i%[’%i% NTT DoCoMo 57— {* PDC ﬁpﬁrq ﬁﬂ—ma’f&' LN
 WCDMA Fxgﬁjﬁﬁfl—ﬁﬁpﬁ PETER] o e ?@TCA m[v[’glflv-”?&[&fﬁlgu
Flﬁﬂ'@ﬁﬂﬁﬂﬁpdlﬂj » [ PDC P [FTE%R F 11996 & 2 FII& ] 2005 # 1 F]% » &
FIEL— W] HFRP] 108 Hpverk] » WCDMA M [FTerR[F 12001 & 10 F] & J?FVE?
EE][ 2005 F 1 F]7HK > & 5[ EL— [ HERM] 40 e o ¢’ﬁlﬁé“rj5’?ﬁ5'JE@%E'}’ﬁﬁ
KAFRE T e Y RIS W 4 5

RS IHRP 1 20055 2 FHIRA 20055 3 5 R AL WIERR] e P4
BIp IR 4 s g s
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0 L e e e e e e e L s s e

| —— PDC 5k gl g —— WCDMA 25 Al H] iy |

' 4 F1 % F{E%H NTT DoCoMo iy f* 15 By Bl RIAHH | gy

28



TORIIR © | W B O R TRV

PRIV TR L

IRl S e e i A

= U PR RRI IR B (R %ﬁ%?@) PR YRR R i e
(RIS R e e e SR s s

= OPRIRASE R R R 12BN [ A PSRRI (R T o Pt
SRR (5 A S5 0 TR A i 4% -

3.3 2HrffET
% RS R 2Rl (Nonlinear Regression) fk > L1 = ffd
SRR T 0 T IR TR AR M)  BEPTIRE (p) ST R (@) AR
AL E PSP RBLETE - 5
" NB-87CAAIHT - 5 FERVAIFTRRE (pg) =L R (q0) 115558 A
[fil > EifE pg =p1 > q=a °
" BB-04X (g) FBIH1>  PPURIFTERE (po) =L R (o) 7 T I <
" BB-04X (1) BEIH 1> 5 PREVAITETTRY (pg) 2L R () $5550 - 1
AETL > ®E pe =p1 > qe=qu
" BB-04X (few) BB~ 5 PR AVAIFTTERE (po) 15590~ FAHIFEERL A
(@) = TF AT EPF pe =pi e

- AR g LRIV E L U R R ET YT SRR SR
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3.3.1 57 LT R U

Kalish and Lilien (1986) @50 v 7 LRI » 10120 o i et Ast
#] F‘@ U
. fHT]% (analogue approach) : 5 L1 ALV ff i T4 -
2. = BIF (subjective approach) : IRl = {12 -
3. A%k (experimental approach) © '] Feéfl El@%%\[*%fﬁlgﬁ’ﬁﬁ’?ﬁ%ﬁi %,}{J{ﬂ}d °

- AR R R SRR PR SR m o ZRRRR

H TS Z b il AT T Job R o 2 Y= - (R 25 R = S ]
iﬁﬁfﬁﬁﬁl > FY I'F'ﬁﬁ“lﬁ\ﬁﬁ (it PPk p 2= (8 q +7 - I Lilien etal.
(1981) FHLp b~ 3k > JLRLA 1

1. ﬁi,?fg‘r:ﬁ'[ m

2. 5% HIFRP BV ErE!

3. ptqli
R x FORE p = q Y g i

m(l — e-(p+q))

. 25)
1+q/p°
tp+ qfiUf - Lilien et al. (1981) 13 HTRIRALR 2245 K AIFTV p+ q T
A 0.66 0 RIS L AIFTREE 05 -
Thomas (1985) ?qur o R E TR 2 ’*Elﬂﬁlﬁﬁ Fr PRI Fﬁ[‘['m’%iy%r

@E‘J%E‘\Tlp‘lﬁlﬁl g IRBFIEAR LR DA T g T T PR e e xﬁi ™
[E157 WIS
1. f%,iiﬁ[ﬁﬂ}d(environmental situation)
fj¥#baditE (market structure)
'€ 1 = £l (buyer behavior)

ol

éﬁﬁn F/\I B % (marketing mix strategy)

5. 8 %@?ﬂ\fﬁj 1 (characteristics of innovation itself)
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3.3.2 F P EIe R O R

R Flfjéfgﬁﬁm = el )~ 4F [T i (ordinary least squares,
OLS) ~ & i) ['Ffmgﬂiﬁ (maximum likelihood estimation, MLE) ~ ZE&44d /[ 1 4

* (nonlinear least squares, NLS)Z™ » #5721~
3.3.2.1 — §&4k -] H3E (ordinary least squares, OLS)

- R E'Jﬁ¢fﬁ|§+?§§ﬁ?@’¢'Jﬂ/%§'r’ U RHT » R TRLET Bass(1969)
BT PR B R o R RS ST RO 1)+ P
(17 (L5 TSR s f%z§é~ﬁJ¥%lrfgrtmmp CREY BT
fﬁ[%ﬁfﬂf?fg;ﬁ R HROASE FpusEE It o Tl R P T R
SR HUeRIRFY SRR - S PO g il P B A
PP TG % (PSR o, PR A ey =
Bass(1969)v lﬁlﬁfﬁ'j{ YIR0)AEZ21)N «

X(i) = [p +%N(r,«_l>}[ﬁ = N(4y) |+ £60) (26)
X(0) = pN +(g = pIN() =L N7 (e an
=a, +a,(NMt_ ) +a,N*(ti - 1)+ a(i)
ST NCT) TR ORARIR™ | * (e 4 8D
(i) * R - F A R
FIFBEEES AT al ~ a2~ a3 FNIHAEEE22) ~ #9(23) ~ 24 (24)fEf:
a, = pm (28)
=q-p (29)
a=-4 (30)
m

WEIp~ q > m I HFH -
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3.3.2.2 & AT I’F‘IE;HEE (maximum likelihood estimation, MLE)

Schmittlein and Mahajan %% 1982 = $E 11 5t A AT | |ﬁ,;ﬁi [‘Ff[ &2 3 ffli"] MLE
PR TR e B AR gL > > 2R PG E B p ~ q > mARYE Y S
(e fff T B = G S PR MO ) ST P U R P
OISR UE SO (SRR By oS S T T
L [HFr = I070(25) ~ 7(26) ~ 7427) :

c(l-e™)

FO == (31)
E(N(T)) = cMF(T) (32)
dE(N(T
% = [ » +$ E(N(T))}[CM — E(N(T))] (33)
F s F(T)= NT) (34)
m

N(T) = T [ @ll#rl AR &

E(N(T)) : N(T). L

M: -~ %ﬁ‘ﬁ%%rll%;

c:i-— fiﬂﬁjﬁ%ﬁll’?‘?ﬁﬁ ~ B EERE  BS

m : ﬂjﬁ)ﬂfﬁcﬁ{ »m=cM

a=i,b=p+q (35)

p

AR EEER=1(30)
L(a,b,c,xl-)=[1-F<T,«-l>]|T‘_i [F(T)-F(T;-D]" (36)

EHpfrox: T llﬁfﬂ T; Ef  BlEFRE B —JEI?‘H%‘%QLEV(InL(a b, ¢, x;)=1(a, b, ¢, X;)
12, by e xS o (FHT R TR A
po b (37)

atl
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q= (38)
atl
m =;M (39)

3.3.2.3 ZES4EHE [ T E (Nonlinear Least Squares, NLS)

FAUBC Schmittlein & Mahajan (1982) ’FFL@[TL?‘F'[H', » Bass F5UE|F (& H |- e ]
7 43% (Ordinary Least Squares Estimation) 1% = éﬁ@ﬁﬁ ,%Eﬁ ; }[ﬁ %ﬁ &4 T]E'E T
VR T SR YT I S P TR PR i
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i p>00q>0- ™ I]74(35) rﬁ[?r
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HH X() - muﬁﬁjﬁ Ak ety -6) [ JIOFR E] S B
i REAR P TE
(LR TR RN IS R - (DAREREE ()91 & R (TIpas
AR~ RIS SR - - - )
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MAPEzlie—"x 100% (42)

nz Y,

O O
Hilte=Y,—Y, > ¥ (FRWER - v, (2SR o0 BVEHIRE -

[ F]5] MAPE FEI fﬁrﬁﬁjﬂ”ﬁt‘}lj/ SV FEYC™ (Martin and Witt 1989) :

MAPE < 10 FEHIES R
10 = MAPE < 20 SRR
20 <  MAPE < 50 g AR
50 < MAPE ST T -
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[ (BB-04X(g) &V SAS #=Y)

/* BB-04X(g) Model */

/* This option causes the macro explansions to be printed in the log. It can be turned
off by using the OPIONS NOMPRINT statement.*/

OPTIONS MPRINT;

/* The periods indicate missing observations. Although illogical, since we know that
before a generation starts, theese values are zero. It is important that these be indicated
as missing, not specified as zero because if they are specified as zero they are counted
as perfect matches in the estimate and can dramaticlally inflate the R2. In the Fit
statement near the end of the program MISSING=PAIRWISE is specified so that the

entire row will not be deleted. */

DATA MODELDATA;
INPUT t x1x2;

DATALINES;
14223000 .

2 4544000 .
34935000 .

4 5298000 .
55652000 .

6 6035000 .

7 6539000 .

8 6946000 .

9 7399000 .
10 7926000 .
11 8391000 .
12 9144000 .
13 9686000 .
14 10151000 .
15 10960000 .
16 11596000 .
17 12068000 .
18 12675000 .
19 13356000 .
20 13873000 .
21 14406000 .
22 15004000 .
23 15470000 .
24 16189000 .
2516674000 .
26 17197000 .
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27 17984000 .
28 18533000 .
29 18951000 .
30 19357000 .
3119861000 .
3220257000 .
3320769000 .
3421252000 .
3521699000 .
3622328000 .
3722889000 .
3823298000 .
3923898000 .
40 24362000 .
41 24663000 .
42 25067000 .
43 25552000 .
44 25943000 .
45 26348000 .
46 26721000 .
47 27123000 .
48 27636000 .
49 28057000 .
50 28548000 .
5129998000 .
5230391000 .
53 30933000 .
54 31576000 .
5532068000 .
56 32639000 .
57 33101000 .
58 33561000 .
59 34218000 .
60 34680000 .
61 35115000 .
62 36026000 .
63 36618000 .
64 36952000 .
65 37321000 .
66 37784000 .
67 38055000 .
68 38438000 .
69 38828000 11000
70 39145000 14000
71 39608000 27000
72 39853000 43000
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73 40093000 55700

74 40694000 89400

75 40951000 105500
76 41083000 112300
77 41348000 114500
78 41634000 127400
79 41789000 133500
8042026000 135700
81 42164000 142400
8242332000 149000
83 42722000 152000
84 42879000 154600
8543036000 191500
86 43531000 330000
87 43944500 421000
88 44014900 478200
89 44138100 534800
90 44338200 658700
91 44408400 785800
92 44377800 1002600
93 44206100 1336600
94 43987200 1625900
95 43853900 1881000
96 43793600 2012900
97 43580400 2321300
98 43283000 3045100
99 42943900 3575700
100 42647300 4010500
101 42250400 4583100
102 41800600 5271700
103 41296100 5900200
104 40874900 6487600
105 40467700 7064300
106 40097700 7569100
107 39415000 8499200
108 38782000 9316600

b

/* This causes html to be generated for the output, which is much easier to read than
the usual listing. You may want to change its locations. */

ODS html file="c:\BB_BB04X g.html";
/* These two macros are the same for all models. The macro for f calculates it as the

differenced cF. Each generation starts at sStart relative to the start of generation 1, but
at 1 relative to itself. */
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%Macro cFmacro(cF, p, q, gstart ) ;
If t < &gstart Then &cF=10;
Else &cF = (1 - Exp(-(&p + &q) * (t - &gstart+1)))
/(1 +(&q/ &p) * Exp(-(&p + &q) * (t - &gstart+1)))
%Mend,;

% Macro fMacro (g) ;
If t = gstart&g Then f&g = cF&g; Else &g = cF&g - ZLAG(cF&g)
%Mend,;

/* The macro is specific to BB04X and there is a corresponding macro for each of the
other models. Not all BB04X varialbes are calculated, only those needed to calculate
any equation that may be estimated. It is assumed that the parameter estimates will be
used in Excel to generated any other needed variables. For convenience, all variables
calculated are specifed for output in the OUTVARS statement later. */

%Macro BB04XMacro(cG) ;
%do g=1 %to &cG;
%cFmacro(cF&g, p&g, q&g, gstart&g);
Yofmacro(&g);
%end, 9
%do g =1 %to &cG; : 2t
%let gplusl = %eval(&g + 1) ofed
%let gminusl = %eval(&g-1); =
cV&g = %if &g =1 %then cF&g * M&g; %else cF&g * (M&g +
cV&gminusl); ;
v&g =cV&g - ZLAG(cV&g)
cU&g = %if &g = &cG %then 0 %else cV&g * cF&gplusl; ;
cX&g=cV&g-cU&g;
x&g = cX&g - ZLAG(cX&g) ;
y&g = %if &g = &cG %then 0 ; %else v&g * cF&gplusl; ;
s&g = v&g-y&g;
%end;
%Mend,;

1

/* These can be changed as needed. */
PROC MODEL
CONVERGE=.000001
MAXITER = 32000
DATA = MODELDATA;

EXOGENOUS t;
ENDOGENOUS x1 x2;

/* These are the initial values of the parameters to be estimated. */
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PARMS
M1 =62121451.1481945
pl =1.15881673051172E-02
ql =6.27113250402666E-03
M2 =62121451.148194
p2 =1.77606263329531E-04
g2 =0.132682323065353

9

BOUNDS 0.000000001 <M1 ;
BOUNDS 0.000000001 <pl ;
BOUNDS 0.000000001 <ql ;
BOUNDS 0.000000001 <M2 ;
BOUNDS 0.000000001 <p2 ;
BOUNDS 0.000000001 <qg2;

/* The variables that are calculated but are not the equations being estimated are listed
here so that they will be output also. */

OUTVARS
cF1 cF2 N R '
X1 cX2 J EHEAS
cV1cV2 = 7 &l
vl v2 4 Varts £
cUl cU2 '“'-:l,: . T P 3
sl s2 |

2

/* gen start times */
gstart]l = 1;
gstart2 = 69;

/* The BB04X Macro reference (the macro will be expanded here) */
%BB04XMacro(2);

/* MISSING=PAIRWISE is required for the reasons discusted earlier. METHOD can
also be GAUSS (your choice, but sometimes one is better than the other). */

FIT / MISSING=PAIRWISE

OLS METHOD=MARQUARDT COVB
OUTPREDICT OUTCOV OUT=MODELOUT ;

RUN;
proc print DATA = MODELDATA;
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proc print DATA = MODELOUT;
quit;
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[f$-= (NB-87C f5E[ SAS FHY)

/* NB-87C Model*/
OPTIONS MPRINT;

DATA MODELDATA;
INPUTt s ¢X1s cX2;
DATALINES;
1 4223000 .

2 4544000 .
34935000 .

4 5298000 .
55652000 .

6 6035000 .

7 6539000 .

8 6946000 .

9 7399000 .
10 7926000 .
11 8391000 .
12 9144000 .
13 9686000 .
14 10151000 .
15 10960000 .
16 11596000 .
17 12068000 .
18 12675000 .
19 13356000 .
20 13873000 .
21 14406000 .
22 15004000 .
23 15470000 .
24 16189000 .
25 16674000 .
26 17197000 .
27 17984000 .
28 18533000 .
29 18951000 .
30 19357000 .
31 19861000 .
3220257000 .
3320769000 .
34 21252000 .
3521699000 .
36 22328000 .
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3722889000 .
3823298000 .
3923898000 .

40 24362000 .

41 24663000 .

42 25067000 .

43 25552000 .

44 25943000 .

45 26348000 .

46 26721000 .

47 27123000 .

48 27636000 .

49 28057000 .

50 28548000 .
5129998000 .
5230391000 .

53 30933000 .

54 31576000 .
5532068000 .

56 32639000 .

57 33101000 .

58 33561000 .

59 34218000 .

60 34680000 .

61 35115000 .

62 36026000 .

63 36618000 .

64 36952000 .

65 37321000 .

66 37784000 .

67 38055000 .

68 38438000 .

69 38828000 11000
70 39145000 14000
71 39608000 27000
72 39853000 43000
73 40093000 55700
74 40694000 89400
75 40951000 105500
76 41083000 112300
7741348000 114500
78 41634000 127400
79 41789000 133500
8042026000 135700
8142164000 142400
8242332000 149000
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83 42722000 152000
84 42879000 154600
8543036000 191500
86 43531000 330000
87 43944500 421000
88 44014900 478200
89 44138100 534800
90 44338200 658700
91 44408400 785800
92 44377800 1002600
93 44206100 1336600
94 43987200 1625900
95 43853900 1881000
96 43793600 2012900
97 43580400 2321300
98 43283000 3045100
99 42943900 3575700
100 42647300 4010500
101 42250400 4583100
102 41800600 5271700
103 41296100 5900200
104 40874900 6487600
105 40467700 7064300
106 40097700 7569100
107 39415000 8499200
108 38782000 9316600

ODS html file="c:\BB_NB&7c.html";

%Macro cFmacro(cF, p, q, gstart ) ;
If t < &gstart Then &cF=10;
Else &cF = (1 - Exp(-(&p + &q) * (t - &gstart+1)))
/(1+(&q/ &p) * Exp(-(&p + &q) * (t - &gstart+1)))
%Mend,;

% Macro fMacro (g) ;
If t = gstart&g Then t&g = cF&g; Else &g = cF&g - ZLAG(cF&g)
%Mend,;

% Macro NBMacro(cG) ;
%do g=1 %to &cG;
Y%cFmacro(cF&g, p&g, q&g, gstart&g);
Yfmacro(&g);
%end;
%do g =1 %to &cG;
%let gplusl = %eval(&g + 1);
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%let gminus1 = %eval(&g - 1);
s cV&g = %if &g =1 %then cF&g * M&g; %else cF&g * (M&g +
s cV&gminusl); ;
s v&kg=s cV&g - ZLAG(s cV&g);
s cU&g = %if &g = &cG %then 0 ; %else s cV&g * cF&gplusl; ;
s cX&g=s cV&g-s cU&g;
s x&g=s cX&g-ZLAG(s cX&g);
s y&g = %if &g =&cG %then 0 ; %else s v&g * cF&gplusl; ;
s s&g = s v&g-s y&g;
%end;
%Mend;

PROC MODEL
CONVERGE=.000001
MAXITER = 32000
DATA = MODELDATA;

EXOGENOUS t;
ENDOGENOUS s cX1s cX2;

PARMS -
ml = 64709132.9597299 & =
pl =1.12561669841943E-02/ ELI
ql = 4.73311832863726E-03| o~
m2 = 2.99273029896702E-04:
p2=pl;
q2=ql;

BOUNDS 0.000000001 <ml ;
BOUNDS 0.000000001 <pl ;
BOUNDS 0.000000001 <ql ;
BOUNDS 0.000000001 <m?2 ;

OUTVARS
cF1 cF2
f1 2
s xls x2
s ¢cVls cV2
s vls v2
s cUl s cU2
s yls y2
s sls s2

b

/* gen start times */
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gstart]l = 1;
gstart2 = 69;

%NBMacro(2);
FIT / MISSING=PAIRWISE
OLS METHOD=MARQUARDT COVB
OUTPREDICT OUTCOV OUT=MODELOUT ;
RUN;

proc print DATA = MODELDATA;
proc print DATA = MODELOUT;

quit;
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