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Application of Duopoly Game Theory to the Pricing of Diffusion
Model for Multi-Generations Products

— Dram Products as an Example
Student: Wei-Shan Lee Advisor: Dr. Ping-Teng Chang

Institute of Industrial Engineering & Enterprise Information

Tung-Hai University

ABSTRACT

In Taiwan, Industries consist mainly in computer peripheral equipments,
fashion clothing and electronic products. These kinds of goods share similar
characteristics, for example uncertainty, sales season and etc. While the product
functions or attributes have not been changed, however due to changes in demand,
these products will have to be sold for lower prices as a result. These kinds of
variety product’s supply and competence, in general, have following two
conditions : (1) Product competence in the same industries ; (2) Product competence
from different industries. A new emerging product is not intended to achieve a high
sales volume; in fact it is intended for a diffusion process. Newer generation
products with enhanced applications and functions will utilize market’s full

potential, hence replacing the older generation products.

Our research searches industry’s competitive information and utilizes relevant
historical data to infer the market demand function of each generation. According
to experiences of enterprise knowledge management system, we utilize
multi-generation model to decide the fittest volume and to confer the speculated
quantity model of oligopoly market for the Game Theory. On the basis of the
Stackelberg duopoly model, we consider the enterprise dynamic competitive
behaviors to setup the mutual reaction function and to decide the fittest competitive
price, comparing with the predictive supply price to choose the fittest pricing
strategy. In order to conform to the practical market situation, we combine with the
industry’s cost structure and revise the market linear demand function to non-linear

one.



Furthermore, utilizing the Multi-Generation Diffusion Model of the Norton
and Bass to explain the technological products take the place of multi-generation
models of spreading. We not only fix the product price and the advertisement
budget values but also view both of them as variables to solve the both situations
by means of genetic algorithms, comparing the multi-generation product’s total
revenue, the best evolutionary generations, and the time to market. By way of
controlling the timing of product to market and considering the profit, the findings
will not only facilitate a better understanding on corporation’s strategies and the
relationship between multi-generation product’s spreading process and its life cycle

but also maximize its overall profit.

Keywords: Diffusion Model, Duopoly Market, Multi-generation Product
Pricing, Stackelberg Model.
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2. Rei ki z B (state space of strategies) > & B H ALY 1% B = f ¥ 47
N2 B 7 HERL RSk e AP (s ) 20.)) sl =1 4

HHWOEEF ARt S0/ A FEME Y B TR s R
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ﬂ’l‘

3. #p % 4 (fitness function) » 2 i ] * fofs) & 7 ¥ Apk? £ =& R
ﬂ?ﬁw&&ﬁﬁﬁ%ﬁﬁﬁw&&»#%ﬁﬁﬁﬁﬂﬁﬁ@%ﬁﬁE
A A R AR g X DT R R g
- P FRHT > ERPLF A eSE BRAMGo a et
Paeilrhffng oo 2Hamdd s
FlF MPFFABHERFIIE 2 REZP > TERTERE MY
T ERE FAEW o 1 B4 B iRl E R 0 £ ‘fgt’ﬁlj‘;ﬁfﬁ;\k i
2P R R B Rvs F B R R o 5 fE4 @ XiStackelberghi Al 4k £ B

PFrs=s'x.xs" P& 77 F2 Lo s > A3 F2 L ks /o

\\\
=hg
o

RS

A

Y
(«&

e

WG RERE S AR %imm@’%ﬁyi%?%s$P%%%&%
FCh AL Kl BB ARG

S AR T LT RS
BEBELEFRT > Bl AR HET i’.fsmﬂmgﬁ\#‘r”v ERRNE- PSR W1 i E
B B Ol R EE TR o T R 2 il 3 B R -

22 FHEH R
NARRERLY £-4 & |

BRE A G ol S F Rl iR T R R LR A
R AR - o B R F Y MR o AR A
B frAd BB A s FHERORE SRS 2E M o
A R RATIE S AT L T s o

=

ﬁﬂ;ﬁ;%»

Fﬂ\
¥R T

>
N

B

!

!

A T . KB RT iy BB ffa;fﬁ-‘f%i“]‘;é,—,\zig\f—r g1 pd 75
E o & L@vﬁ%’}éﬁ”{{)ﬁ;gf—?ﬁ" .
=22l

CHA P EA T R RO RT

W Wﬁmﬁﬁ’ﬁ%ﬁwmﬁﬁﬁ?¥

ﬁﬁm%ﬁﬁﬁ’ﬁ FRpPHASS TR H G e
SHAEFE A HAST R IR .

DR E AT R A BN R R TR R BT R

Aok 20) RFERERAIE SR FEGE RRTELI 6
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CARY A - AR R RFELD PER LG W R A0
AR BT HR BT SR e SR A L LR K
G- o B HRAFOS N AR Je A EE (1) R e (2)
A Fealm s (3) ASEHEBT R (4) Faunid 3z o

£ 2.1 7 3! J’ﬁf_\/w\&‘ﬁ

ERY F e R o
AT 8 2 4 8
B HR (Perfect ( Monopolistic % (lé(;i %Fjl &3 r (zi,/[ljrfo &(;1 T)
Competition ) Competition ) £OPOLY i
EE SR SN SRRY LRSS A Y
A ST i ASRE LR A5 AR - A&
£ P
RN =1 SIS 2 P LA > 2 AT OHFFER ;}%F ‘:;
- R A A N EE kK s
Faind Pt P HENG % e
Pt % pinid LR ST R s
SEA Rt Y o 1
. £ 1 1 1 AR 1
L8 NG 4 ] 4 DR L e
&, RR, TRk F T
e E\# ’ Egr‘% 18 ,4§&,, ‘;‘3’?‘2/1 }\a i/d?, ’ i‘%#’
LS AR, RETE K, R

FTALAR e FF (1988) M fegag @ F %7 B« LA

TOOERASOTR RAGREERILL A LT B
s Ok UIER S R ATH BT L BREAFL AEH R

73 N NIV I q\.;;’nﬁﬂ \fﬂﬁﬂ:ﬁ% feend HiFd ST Rt B

—_—\
44
ETS

222 A &2 oW
RSB OFR S e A FH AR AL &Y
(Product Life Cycle, PLC) BLA KB f2A &8 3 Feh3 ki > 500 5 K vd
H3 s # (Porter » 1980) - Aaker(1996):% 3% PLC & &2 5% & % (experience
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curve) Gt R & AH AR H S LIFEF O RP T P rrauE 2y < ARg
Ansoff(1984):n % PLC LA AR * F K /£ H 2 & & ¥ (demand /
technology) *» Fli (T BA A2 RI A FnE Lo A FE % K EELHFT R

- ﬁ” oo gt - EL P RREFEEH AR BRI AR
v A RN Ry ) o F
3 %

J
‘x
“,% ¥ (strategic business area)
i

%i@ﬂﬁ% SHREY > PP L ASN R AT T XA
PWEED B o EREAJIRIE PR R o P E AN EE
FPFPATTRAAARE A BB LBRB o AN E FIREE
TRECAAABEERE a2 g~ XY - S HP 2 FIY g
AL .

Levitt(1995) 8% PLC o # i LA E + §3L1 2 ch¥ - 4 » @ % PLC 4
%%@%5<%”"W‘*%‘ﬁﬁ>’%QZIwﬁoﬁé@%ﬁ%mx
mﬁﬁ”i&ﬁ&l?mfﬂvﬁh”’\’Tﬁ-a—PLCmfﬁL EABEYSBRE t‘m?
W1 E(4rk 22)-

8y

<

A 5.9 © sew 1 saw

PR
-
B21 A2 6EPe FER
%22 A 53 &3P — 74 {0
4 06 % P K
Fa g K & £ g 2 38 %198

ﬂﬁ xg\lﬁ’]ﬁ:‘g’a ’ ﬁ:"ig{% U aJ'}JE a ﬁ_ . i /}Ek' el vﬁ ‘f | B
By B
ARG FAFBR = g AN AR

[
A
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FEFRREE AR

L Ll RN - i BRFET S R adngil
Aaﬂ».»/gg,l}, | % —;E]—:"'—%Aaﬂ' . a{[ﬂ’“", »
7 4 ﬁi ?T,,jj,*r.wiﬁ.rmjﬁ L AT
L B aldR Pt B{R9 a7
g4 P B % FERzzE O
PRE AL NEERLG NREERET L
= N L R SRS T I Al
BpwT # B2 554w ?

F#L % 7R : Lamb(1998)

AP LT Y A S &3P (Product Life Cycle, PLC) i 5 42 2L 0 3534 &
Ehw feEE Y o o A AL ERY R85 R FRA S
4 e iF

AP RS ST IE A L A

2.3 #HHci-3] (Diffusion Model)
2.3.1 B X #HHcH-A] (Bass Diffusion Model)
é%sﬂ“’m FreEd k- R 1375
A AHA KD FIOLH o RS S SALE E—’Lps§~§‘_4w§;{
;{,ﬁ?%ﬁiﬁeoﬁ 11960 & > FHETIE A T4 3 A BB R L eniE
oo fRm o FHARE Y B Lep EEE A3l > £.1960# d Fourt and
Woodlock %2 1961 # ¢ Mansfield #73 d) endgictici] -

‘-tm-

T A d- 4 B AR R B

g
5 A7

Fourt and Woodlock (1960) i 3% #7 & S-c#ir = > Fo ¢ A+ B q o
T B
R

dN(t)
dt

n(y) bt gk K
N@ : bt f4 7 ¥
miT HER AT Y SR T SRR

n(t) = = p(m—N(1))

ol 2R EL R
p - il FK,R,_?S
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PORCRIRR G PRATE AR L & X & ROl (mass media) T 0 B F BT
RIFTA St A ah o 4R 4 4 ﬁﬂtﬁt B Rt T A A hi K o

\\\

Mansfield (1961) 25 #74& S 2 4 34 B A h 3 (7% 50

dN(t)
dt

n(t) = =bN(£)(m — N(2))

n) - et e X

N © ftihend i

miT HER AT EY X EE o T SRR

bt FRELER

Bass(1969)#7# &\ o dctedl 5 THF P FHieF kL LT F 0 @
& 7 Fourt and Woodlock(1960)£2 Mansfield(1961)#74& ) e & -7 o H XK
ATA B RE Y F X TS @%ﬁ R TR 2 Tom )

G B hiBARY 0 B - h M RIGLEARY VA LS A - L
=

ﬁj’ﬁﬁwf FEAIATE T F R S R e e
ﬂé%?<ﬁ%§*ﬁ*“%§>m%i&%%é§,zi»ﬁ*%ia
rﬁ%‘/%f‘o%s‘ff?ﬁrﬁﬁﬁi ARERZ DR o My R (RS

Bass #cd|& i & cn* 2w A B E A 54 4 Hd M
RTASH KR h BB o TP F MR A 2 - B T A
SERSYEPN R ERBE YR P2 AR
B o i3 Ay - RAEHA SR L EAIRTA &2
AP AR R - A SRR £ R § BREITE & F

FPHZERENE  BUERASH L BRI ASFHRG -

Bass Model 7% i £ & BK 40
L R HRLFMmY 25w
2. WY AT giE R )
3. WRAFRES AT RERG -
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Bass#fic 3] % p % % & S #ic(hazard rate functlons) v ho AP T A
TR oom APFREREY O F o T EIENAT

()
PO = s

=p+qF(t)

Pl): LPERH A % A AtpEE Y sk

fl) ¢ TtPE R BEEER T

FI): PR B it 5

P oth IR R Gk

g IV Gk

Fmid FEE o PRI A fn()V A7 S
n(t) = mf () = mP(t)(1- F (1))

F1pt > Bass B ehgh A5 T oee A

n(t) = P(m— N(t)) +-L N(t)(m - N(1))
m

%= I Pon-N@) 5 85 P8 E R BB ey A g @ LN@m-NE)
m

R ACIRE S BRI X

Bofs fRZLMP A S BN AT =dF (p+(qg—p)F —qF*) 13 hAh 5 * 45 5

1 — -(p+aq)t
F (t) = ¢

1 + q_e—(p+q)t

232 F* FAH
1. Roger (1983)3n 5 4% * Al A PRAEF B A fie » T A% TiHEEE R L T 5 %
Pk A R Ae 22 S

(1) ﬁ"lg%ﬁ‘?—% DA @A}ﬁa:‘ ’ M—20§éf§ii£‘iﬁ%
(2) _E',_;[pﬁ;?r—%( By 208 p-c B2 n
(3) &« m¥ i 3B u-08 B2
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Early Late
Majority Majority
Early o
49
Adopters 34% 34%
Innovators 13.5% Laggards
2.5% 16%
p20  U-0 Z pro

B 2. 2 Roger’s # * J"/w\wﬁ
7 4% & ik Mahajan, Muller, and Srivastava (1990)
2. 293 Roger 2 ,‘é’BaSS’Tﬁ-»—ﬁst_\t‘7&?;&&?55*%??’&?]%‘]2.30
ﬁ—'ﬁ&&\ﬁl‘z:‘%rﬁm% % » Roger » #g ;% ¥ mﬁ'%%w;ﬁﬁ&jﬂ%wﬁs

A8 §1 1 Bass $130 RIATHR ¥ ¥ A STRCE AR -

A
%
Adopters :
Early Adopters Early  Late !
Innovators_-w| 9.5t020.0 i Majority ' Majority .  Laggards
021028 > 1050 1 20.11032.1 ! 29.1t032.11 21410235
T, T" T, Time
B] 2. 3 Bass # * J"/w\w?
7 L &k Jk: Mahajan, Muller 2 Srivastava (1990)
233 %t

%Bass Model? 4 = B 3 & RjFchgdic: p30F B(g) ~ HIVFB(p)E B



R (m) o & FRF B Y o BRI T TR kAR
Te 3 3F ML F R P FB H (Market- Surveys) ~ Secondary
Sources ~ ¥ ¥ F ] ¥ (Management Judgment)% H & 4p B ot £ ¥ 7 3]
B % o
>+ Bass Model » %#c2 #7 7 > f 1980 & i~ i}wﬁ FHE —‘F*fift RIS > it ]
B2 358404 2.3 77 o Sultan et al. (1990) #1950 & | 1980 & 4 % i
215 BpApM 2 F (% 24) > = ¢ § 213 B %% f/* Meta-Analysis * 7% &
T E A P (p) TH2 @5 0.03 ) NPT 52 E L 0.38°Assmus et al.
(1984) 32 % & 4] * Meta-Analysis » 7P % L 2w B A &2 FH -
1. # % % 5 (Research Environment)
(1) A & a8 (Type of Innovation)
CHEEYE WAL ST EY & ¥R e E oo @ A A7
e #-82 3 Value of Advertising Elasticities e
(2) B 7(Country)
2 %ﬁ 1% F o 4 Advertising Elasticities + > 2 ® 7 3F 5 o iz &
g LERE B % o

[Z]
2. H3\ endit (Model Specification)
% Hcefide » (Variables Included) » 058 ¢ & i s fic(4cf £ 2 B )0

sv ~ B2 58 Advertising Elasticities ©

mr

3. % 3+ (Estimation)
Mabhajan et al. (1986); Srinivasan and Mason (1986) % % 7 $#icai® i
o FE N R RS
4. FHLL & * g F(Systematic Effects Include by Reuse of Data)
H@FEL g R E72 ¢ %M pd & (Degrees of Freedom):rific
Bl AR RELEAFIRTRE FE -
Easingwood et al. (1983) ] * % eV 2 K > 11 28 T4~ %24 AR
EAFWETHR O EFEETp g Fl 4 0.000021~0.03297 » g 2 &= ] /i

0.2013~1.67260 -
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2.3 HAH A M T

G 1960s 1970s 1980s
~2Z ~k L T#j;‘;'.
B2 FpAhes #13 T
X2 W X )
i " R &
2_ il 3 f
7SR F TR RY R e B

(Saturation effect)

et

On St o fil*r e TG ERL TR $G
B S E
B ] T > 2 (OLS) (B8 Qi i
AR A H
e
PR T SR
PR RT 2 St
2R
Bt T oa 2R o] T
=
PR T 2 St
2R
Bayesian i+
Feedback Fliters
L EREE; S T¢I 50 PHATHES ¢ Sl i

2B

S PR AL ¢ R W
M2 f BB EEE A
T &

ﬁ:;\lli’fkiﬁﬁfﬂ

‘?‘“
=

EALACE Sl

GRACHCS P Bl e PR S AIRTA S
2. R R pER 2R

L
v




FREESATICG AIRTA

SREAIFTRRACHG B B _—_— ‘ .
ﬁ,'lg?ﬁ%%;fﬂzﬁ ﬁplg?n" AT A&
e B ” R 7
- Word-Of-Mouth 2. § #°
A& i
R

PACH P R e B
Bl WMERA B A
B2 48 apacd iz

s R
A

W%W%Iﬁ 3@
T A

PEEBACHG R AR/ L AL
HAE - kP2 RIATA AR AR B
[EUEiArS T 2

PEFBAE e T A
SEAMR R T

A3

‘fs_\‘7]§'¥'

>

R

iR

FER] Aot )% AR SRR
13 7 13

SR BAT D A
SRS & L
ERE R ERR

2,

ES
e

7 4L % % : Mahajan, Muller, and Bass (1990)
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4. 2.4 #* Meta-Analysis ** i A 2 S8k -
. . R e
1 2 \ > =< _[_ 2.
IFF] E R OAIRTA & @7 Hep FI‘T} & * B p
Griliches 1957 Hybrid corn 30 Corn
Mansfield 1961 1 ¥£|37% & 11
kd o~ 29 T AR
Bass 1969 i % @t A & 12 Rk oh SRR 1
#
i} % @t A &, hotel/motel
Nevers 1972 franchises, 1 ¥ £|37% 9 Corn, #¢ T 418
& and Hybrid corn
WA,
o s s 2
Dodds 1973 3 T A
Lawton 1979 &7 R|FTH & 8
kd o~ 29 T AR
Bass 1980 i 7w A & 6 IR T SN 3
B2 hps i
Heeler [T
and Hustad 1980 " % @t A &( Europe) 37
Easingwood,
Mahajan,and 1981 CAT scanners 1 CAT scanners
Muller
Schmittle: TPy CAT scanners, /4
chmittlein 7 A,

. 1982 8 F i[’f J T AR,
and Mahajan CAT scanners M2 el
Easingwood, 2o TARE A
Mahajan, 1983 i § w4 & 5 TAL S A F
and Muller VS 2 kil
Horsky .
and Simon 1983  Telephone banking 5
Srivastava,

Mahajan, ——y9g5 5y 554 5 14
Ramaswarmi,
and Cherian
Gatignon,
Eliashberg, 1985 " % @t A &( Europe) 55
and Robertson
Easingwood 1987 i 3 @t A &(Europe) 10
Total 213

T &k Sultan et al. (1990)

P
itz SEcRfREAR Y J1 3l A &2 R R 7 F R (Time-series Diffusion

Data) A @ te & fF ¢ TRl ﬁﬁ’iﬁ@ﬁiﬁfw% B HEE F
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Model %#shimtt > ¥ & & & { T4 (No Prior Data Available) * 7 & F
#L(Availability of Data)= f& 5% o
1. # f ¢ F#(No Prior Data Available)

il F R AR T 0 Sl BEE I g 1 ¥ ¥ (Management
Judgment) % &_#g 7 2 % (Analogous Products)z A ¥ :}7%*" ;:*n‘f' o Mahajan %
Sharma(1986)4 * i #ic(Algebraic) Ff2 42/ K3Th S#ic - EBAAL P TFTE &
PRARE= BAPM TR -

(1) + B0

2) A FHE 2P 2 AN ELLTFRR

(3) AR fiEE Y S 2 A B L

ST G BIERARS DB T AN R LR F R SlchE B B -
e BB F M T P PR P

Lawrence and Lawton (1981)f]* ¥ — f&  #cAe B £ j2 B ARE T F & ¢
BEFRETIZ BAMAL -

(1) + B0

(3) hIVFEE PP Ao (ptq)

Lawrence and Lawton (1981)% . A1 #£ £]37% &+ ptq hiE 5 0.660 &}
P&t optgiE s 050 ¥ b % Bass Model 7% #c iz 3+ F Lawrence and
Lawton (1981)p]3# 7 — & & 5% IR ptq #F 13 03-07 2 F - ¥ - 3 6 >
Lawrence and Lawton (1981)# % - & 2 4 & & ch¥ 117 8V & iF o

m (1 _ ef(p+q))

f;’;_ja‘:_iﬁ”%i‘_ZSlz q
[+ (e
p

B T A RFRISE om B BB G2 L

Peak Time : T*=

q
Ln(+
(p+9q) n(p)
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& % ¥ + Lawrence and Lawton(1981)# & 7 — B 4F 9> ;2 (Mahajan,
Muller, and Bass, 1990) -

Thomas (1985)3n 5 $dicenfE 327 ] * 4 £ (Weights)2. » A& T 7
s m frRg A SRt g e

(1) 3% % (Environment Situation)

(2) ® 37 H(Market Structure)

(3) Eﬁ‘“ﬁ 7 % (Buyer Behavior)

(4) # * e % (Marketing Mix Strategy)

(5) #7A & ¥ fx(Characteristics of Innovation Itself)
2. 3 f 2 7k (Availability of Data)

Bass | * # |- L = j* (Ordinary Least Square ; OLS) % 3+ & % #c » & & 2 1
RIEA " ® 5F > A2 Rz -

N(t+1)= N(t) = pm+(g - p)N(t) - %Nz(t)

= n(t+1)=a, +a,N{)+a,N°(t)

I ?"Eﬁfj\ﬁi? Ha,0,% a2 80 4ot pg 2 om 2 BTV g

Schmittlein and Mahajan (1982)3%. 5 OLS i& & pF5 T 71| = B 4> 2L o

() &NO2 NOga Gip i gl it § $RFETE 52 5%
e113 §(Wrong Sign) °
(2) %i8 B Pl ks S 5% 3% X (Standard Error) ©
(3) @ E I Al R B3t oo
&4 F i = Bhar 4 > Schmittlein and Mahajan (1982)#% 21 1 * & < #£ i
(Max Likelihood) 5 34/% 3= % %-%c - {5 § & 7 Schmittlein et al. (1986)F]* 24
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M2 VT 5 S 8iid 8 ohik g5 (Mahajan, Muller, and Bass, 1990) ©

2.4 5 S AT

Bk TR 1969 & BASS & B - E SchiacEal e o Ap M
KIpHTF Genfg it ~ T £ B0 & il Sk > DB A K BFF o
’?Himétﬁ%%’%fiﬁiﬁﬁ FEnALAF e R AR S T
L4 H- A5 5B R RSB R AR BN AR A &

Stk R 3k B o

F

ol
B Qfx |l M

EAE AT E A E {7 5 ¢ 0 Fisher and Pry(1971)% B &) enficd] & &
¥ * > Fisher and Pry(1971) &7 7 #7 B AL £ B eiy % s % pF o E’«“ = R
I FEAEHT AR LZ IR - F ReP2 b3 2 F iy EF L%
B oo
2. dFERBNOREFR MPREN 2T ERAHK
3. BEAEMATHEE NG Hk g FeE A E G AT ik S -

B o ¢ & Pearl’s ;* P|(Pearl’s Law) °

st A AT P AT R S
(I-s) = ¥ & Bt e ik § 5

AR
k: &% ¥
Blackman(1971)R| 4% & 48 7 H & ATHL FAp D F- b3 F e -

m{ a }:a+m

(S-9)

St ATHID B ikF F 11
S:%fiipﬂﬁwghﬂﬁﬁ‘é
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a: ¥ #k

b:EFEILE Sk

Fisher and Pry (1971)&& X% ) 7 254 f§ 8 7 # B3] > @ (P B ehv 3
FHF R 2 Ry
. FEEa fE 5
2. miEfHHERHE RGPS

Norton and Bass (1987) 7 A I #1542 % 5 A {3 Y EL AP A &
R AR E - A 5B RY Aol 8§17 2 DRAM ¥ SRAM j¥_1974
7] 1984 & B chf "2 4 & gy 1T 5 F 3 o

fdy W FTHF 5% 0 Norton and Bass (1987) 7 £ 7 & BEEGK -
1. - @ RIEA S8 % JATHH TS ’f“ g WAR BT B
2. BREABHGATIY P HEE - VT - BAEFTEASOEEE 0 L

B EAfEE A T Y R DR

f
3. - FAATFF TS JERT AP B TIEL LR PG
-~ BRG] ERER  BRAATAERT G LA D PR -

B e
- Bt M SEZARAEY L o TR EES S BPEK G
Fooon m=Mxr s EepTa LR U RRAGESIRHEY $F 40
Lo E R G- RASE AT IEHLE L
S(1) =mF (1)
At BEAER T e R A I E o
S1(t)=Fi1t)mi(1-F2(t- 7 2))
S2(t)=F2(t- 7 2)[m2+F1()m1] (1-F3(t- 7 3))
S3()=F3(t- 7 3)[m3+F2(t- 7 2)[m2+F1()m1] ] (1-F4(t- 7 4))
S4(t)=F4(t- T 4)[m4+ F3(t- 73)[m3+F2(t- 7 2)[m2+F1 (t)yml1]]]
S() P FIE AAFEIEREGH EE o
F(r) @ %1+ A Bt ghen k8 5 o
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LA RBEF- A5 HBITERIAAR TS ot - kT A BRSO E
= = SIRREEYEE SRIES SRR SRR S RRIE R EIE R

o

A
'é%’ﬂ&iﬁ*%~kﬁmmd?%°
B &

g, BT -2 N F e b ’rﬁ-iﬂi%i%

N ‘

R Rk /»OS(t),,Bi‘F'“rz%;,L ?‘;’%i’&j‘gys(t)ﬁquy%gyff 4 7o
Foraz i m F - BASR SN LR RARITN0 $ 2 A AR S]

m
VR MEARIT A S A S HBE e T e, o
= rr,g.p‘i»‘,a’;.‘d;m—r; B3 /ﬁﬂ.}tﬁ;’,"khﬁ—%’lﬂ,%‘;:’k [EIRE AN
Bl BE o BN AR 2 %A S R o @ ) R

x%ﬁ@%@%@-@ggﬁﬁyﬁg—&g;ﬂﬁéﬁW£ﬂ,ﬁﬁ

it A RSB g M R T R T TR A o de
Pooow R R oml[l-F212)] 0 R R ¢ W HEE
[m2+F1(ml](1-F3(t-c3)) o ™ BT € "R & L F 5 F ek ap ik o
- RAFEAIT- RA ST AMEA P 9 FimiFa(t- 72) 30> & 3 B
LERS SR TN S

¥ 443t 974 e > Norton and Bass #-7] 3Kk pi=p * qi=q ° i&# Bk £.7]

B P Bjhn+tn BEIktn B B E MBI feil JorE Rl E (R o
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Norton and Bass (1992) ¢~ 3 » H A AR & K e > 7B
3E7 B HFHEe 2 BPHRIFIAS B W PHEIEAS

Mahajan and Muller (1996) < &% ¥ ¥£34IBM =+ 4| 7 "oehit— R~ &2 5%
NP drm e TR S A L AR E LD - L FEHE s b
- g—’g k] ~5'-'i”—:!§ﬁﬁ)”£$~' \;y%ag’{_biaifp; %qgg;\ FTIF]F « oo F o pLob
B/ R AR Jz? e ) IR BE B 5N (leapfrog) 2. * 7 5 o 1Y
IBM = &2 55 06]0 $u Aﬁw R RER Y VoA kp ot
L% - Rengx® IV apt@sr- -2 Ha ERET e RAE
D RERERY FF R EE R = e E ik LR R
@ﬁ?ﬁﬂ&iim@é§

MR AR E LA ER- AR

Kim, Chang, and shocker (2000):% % £ * & & & f rECERE N SO S
Be €F 3ANZREDFR > a3 SHFLY 2 RV 8 n L AL
Bt FEE AT B8 - A BRD & 5 #4854 & (Categories) » #
ST Ep A R AR A NBA AP RO RA R {5
Rt e ERGRS F F ET (eI2.4) -

>
>

>
>

#*

#

> »oN
3
fu

.~\

o

l

P

CATEGORY C

CATEGORY B

CATEGORY A

SHTVS

B 2.4 MrpusrEaid fE R
F 4% & ik Kim, Chang, and shocker (2000)
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ok Bt G Z AN NAW{ASBCE p s 221} BE &R
LT o A
1 () = 1,34 (S ()" (S ()" (S (1)),
145 (1) = 1150 (S5, ()™ (S5, () (S.(0)) 7,
My, (1) = My (S 1 ()5S, (1) 5(S. (1)) 7",
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# AL %3 P e 48 (Dynamic Random Access Memory, DRAM)
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" DRAM 3 #2318 2 PC3 #5185 #F > PC 12 HFFR 4
DRAM i # £ B 9 0 b el geiRar B E sk > ¢ 45248 ~ B qp
# - DVD z PDAEE-J)J’ R+ A SHmE®A > 74 4o DRAM 5hF &8 >
e 2 {oribant £ 9 E K > DRAM & @ % g PCH 34 L4p 0 o
e FernvRAe o P DRAM%?:T‘»

W3 0k P DRAM - E MEEF FFH LA 0 b2 F RS AUk
o agarr ko 2 d R R TSR R R 0 IV F 4 DRAM
hg KA g B > RN EE R F 2 5 DRAM & & £ 3 i %t 0 1345
iSuppli 77 ALEF 77 02003 # 7 £ # % ik 27k DRAM # 03 £ 8 2 d 4
* #Tiﬁ"i 49% -k 3 5 dptens T R (S 5 R A E P R )ikt £

WId KT LR FEARNFAELE S L A5 23 DRAM 3 35 €
Lehh B AR MY WAk BRI ASRL A 02003 Fib st £
W3 6% 10% > d 3¢ WA SR FEYE RS L 0 $# 25 DRAM
T H e A M p B3 -
¥R T S BEA igéc DRAM ¢ * &

BT E R PCAF G Fe A fr™ » S £ 4 FAgEH - Boa k2

AR R —*ér‘%miﬂi\(% 41) B¢ 45548 - fcizdp 2 DVD %
ASNTEHFRI ARZRAPC Y FHTI A SHERWHT L p
B3 > B2 S DRAM 3 L cn¥ - BERH S Kk o

DRAM x%ﬁ; S E o VRE - P
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FIob o R LA R P AE A EE D 9 50 d 3 L DRAM m
3 & FFE DRAM & BEDAZF 4% IBM- £
Mg HLAE o n H S A % IS (Waffer) R BRI i £

PRI bl A

HELLBHERE S AEHEFE AL B R A BE G LA o
% 4.1 DRAM = 5 * i

DRAM ~ 35 * #E/% (E 7 #%)

2003 2004 2005(F)*  2006(F)  2007(F)
T % 61.7 62.6 64.1 65 65.5
i 33.0 324 30.8 29.1 276
R 2.6 22 22 25 3.1
i 3 0.8 0.8 1.0 1.5 1.8
1E 1.9 2.0 1.9 1.9 1.9

* 1 (F)# Forcasting °
TR %R 1 IDC(R™ #7531 )-2004 & 55 7 3
43 % FZ Kok
B - B F R R MG Rl @G FES
2004 # 12 * DRAM # ¥ % 4g3p 2 ¢ »7}5&211%:{ FLIEE 2 9 (N2 F
S#c; AP K2 G MiTE & DRAM %1~ (£ 42)- 23 DRAM &3
P2 B} DRAM R w3 T8 > B *Y 273t DRAM & F PRI 4o !
BP o RERMLIERMAEEYIS%-
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1. DRAM F X g g 47 &+ i 5

A E

2. 2003 &iﬁDRAM%Hi@&ﬁ A 42933 AF 0 $2002E (118.85 B AT & £
W55.6% > * & 57 H EApHRMN1E - FIZ 2 ADRAMA & £ & T
P2k &_60/0~70/0 °

3. 2004 1~107 >R DRAMBF# A 91 8 9352637 » 211127 2 94%
B2k a0 A4 RAE 0 322003 & & K 50% o
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% 4.2 i E % £ % DRAM % 1

1Q 2Q 3Q 4Q
1992 -10.4% -8.3% -5.3% -3.5%
1993 3.5% 7.8% 8.0% 4.5%
1994 -8.9% -5.9% -1.0% 2.2%
1995 -2.1% 6.9% -0.9% -6.2%
1996 -25.2% -45.8% -40.8% -15.4%
1997 -20.6% 9.9% -16.4% -31.0%
1998 -28.4% -25.8% -18.3% 16.3%
1999 3.3% -20.6% -3.1% 43.5%
2000 -38.7% 3.5% 20.8% -34.7%
2001 -39.4% -37.7% -50.8% -9.3%
2002 - -15.0% -14.5% 1.0%
2003 -15.8% -7.5% 15.4% 3.8%
Average -16.6% -11.5% -8.9% -2.4%

FH KR A ZHFEHES 2004 £ 127 DRAM A %4

i it DRAM A ¥ L3427 2 MY FRAE L2 S 23 57 R

Hcde T

1.
2.

ﬁ%gq%&ituw&mm2i&9$£3%%%’ﬂm}QMBr¥w3% 5% ©
2003 27k DRAM # ¥ 5 29.33 (&%) £2 2003 #£4 » > k¥ o
B4 DRAM ik > Zferng A bt o
72.6/(52.9+80.3+28.5+72.6+172.6) x 100% = 72.6/406.9 x100% = 17.84%
Flptdifp 2003 5 DRAM 3 &8 5 523x10°C) 0 b 24 5%

1996~2003 # 7 DRAM Z F& > 4% 43

# 4.3 1996-2003 # > % DRAM 7 &£ &

YEAR 7 RE
1996 0.17x10°
1997 0.28x10°
1998 0.45x10°
1999 0.75x10°
2000 1.24x10°
2001 2.04x10°
2002 3.37x10°
2003 5.23x10°
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3. BREFFrFRF ATk BT 0E => 15:10:35:40 (48 = 100) -
o# L& L FTSHDRAM § RE > 4ok 440
% 4.41996-2003 # % & ¥ DRAM 7 &£

7 RE (H:10093%)

YEAR
Ql Q2 Q3 Q4

1996 0.0255 0.0170 0.0595 0.0680
1997 0.0420 0.0280 0.0980 0.1120
1998 0.0675 0.0450 0.1575 0.1800
1999 0.1125 0.0750 0.2625 0.3000
2000 0.1860 0.1240 0.4340 0.4960
2001 0.3060 0.2040 0.7140 0.8160
2002 0.5055 0.3370 1.1795 1.3480
2003 0.7845 0.5230 1.8305 2.0920

" DRAM # £ %4142 > %% 1996-2003 & DRAM % 4843+ & 4o 4
45 (29 %% )

4. B & £ DRAM A4t 5 2,700 & 0 B F L EE 2004 E 12
it

# 4.51996-2003 # ¥ & * DRAM i #

VEAR B (HEx:~)
Q1 Q2 Q3 Q4
1996 2273 2103 2427 2519
1997 2700 2295 1962 1982
1998 1636 1019 502 455
1999 1655 1713 2069 1351
2000 2789 2215 2146 3079
2001 1933 1434 1172 1363
2002 2144 2356 1970 1359

2003 2020 1095 648 548
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5. MEapeFeE IR BENBY A B F Radicdo 4.6 ¢

4.6 ~BE AN FE Rk

o 7L

1 P=2031+(7.0x10°)Q
P =2699 + (-6.6x10°)Q
P = 1665 + (-6.8x10°)Q
P=1747 + (-2.6x107)Q
P=2306+ (8.1x107)Q
P =1809 + (-6.5x107)Q
P =2599 + (-7.6x107)Q
P=1921+(-6.4x107)Q

0| N N | B W DN

6. & d Stackelberg FE L 7 > X T EE N BE A ohF Rodk (odk
47)5 F fedndicz AR50 5 g =(a—bxq,)/(2xb) -

247 FERALNBE R F BIH

O T
I g,=-145071429-0.5x g,
2 ¢,=-1709868421-0.5% ¢,
3 g,=-122426471- 0.5x g,
4 g,=-3359615385- 0.5x g,
> g,= -1423456790- 0.5% g,
6 g,=-1330147058- 0.5x g,
7 g,=-1709868421- 0.5x g,
8 g,=- 1500781250- 0.5x g,

7. EIRESHE 2L & DRAM 07 BBEE o 4.8 o
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% 4.8 &+ X DRAM % B

W R (H +:10"9 3¢ )
0.0725
0.8549
0.0612
1.6798
0.7117
0.6651
0.8553
0.7504

n2
g

RNL| AN N[ B |WIN

44 $EiH3ES%

B AN - FoariE 2 o2 | T 3 % (Nonlinear Least Squares)#2 5
Tk~ k> k>~ kE a~brc d@fiss > #* 1 55 Excel 2003 ¢ 112
+) 7_th #i(Coefficient of Determination) f#iF& BRI\ chfa i 4 > B % 40 d
49~ 4 410

% 4.9 SBHIN IR S N MBI SR

S4ciE | k=0.006550 | k,—0.004456 | k,=0.071056 | k,=0.363712
SST 4.69547E+14
SSE 7.50342E+13
SSR 3.94513E+14
R? 0.840198987
Z 4.10 Jpdcfisst IR R a P N SR 4
S #icim | a=0.288174 | b=0.024217 | ¢=0.058463 | d=0.235468
SST 4.69547E+14
SSE 4.46274E+13
SSR 42492E+14
R2 0.904956608

- g 0 H TR EAR S AT Y R iR a4 A o e RAKS o 1Y
AFLORIETHRD T AL A RFIGEA RS § v 4 o
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RA & dopt B3 50 - 2 R AR B F 2 BT - R ARD
IR R A BTG P - 2 R it ’,eFJvaig@ﬁﬁElJ%j\é_rr%ﬁqzﬁ
ﬂﬁo&ﬂ’ﬁm%——Aﬁwﬁs%ér&ﬁﬁigwmjw§&$ﬁﬂ

E?H’@Eféﬁm*ﬂj’iﬂﬁmﬂﬁm% A A
AT RE P RSt R B R L L R (o
B S A dT40 4 Bl ik 1996-2003 # DRAM il 2% 1 > A 4
b B 5 20% ~ 15% ~ 10%) 0 12 A Fliw B 2 R fR e T o b g ¥
FoRRCAREAS DR
Lo R4 MR AR

a. HHHC
404,11 MR 2 S BR T
pis=p0+kl*A7;‘s+k2*Pris qis=q0+k3*A’:‘s+k4*Pris

2,=0.03 | ¢,=0.15 | k =0.006550 | k,=0.004456 | k,=0.071056 | k,=0.363712

F 412 % R iR 1996-2003 & T ~ B & A 2R 20% KRS %

R E 10,886,188,950,345
BoiE i L=8
i 1,441 1,213 1,122 1,295 1,344
B4 400,000 320,000 240,000 160,000 80,000
- A ARz e AT AR RS H A
bR 1 3 8 11 12 17 20 21
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% 4.13 B R%

% it & 1996-2003 # F

ARSI S

4 ¥

—

Fhg 15%Ff2 2 %

R E 15,032,795,367,271
B i L=7
1 1,949 1,949 1,657 1,417 1,431
B4 400,000 340,000 280,000 220,000 160,000
- A ARz e AT AR RS H A
o pERE 1 4 6 9 13 17 21 24

% 4.14 B %

1 ik 1996-2003 & T~ B 2 4

A1 rE by 10% Fof2 % %

B F 17,985,302,043,941
LENTE g L=5
n% . 1,730 1,060 1,097 1,326 866
B2 400,000 360,000 320,000 280,000 240,000
H = + = H Rz ke | R RT L A D A
B OpER 1 5 6 10 12 16 20 21
B 41204135 414 - P PP BT AP F G RE 7

1996-2003 # it RpF > B & L g 4 o)
<A 40128 413 560 A 412 R £
Bt s g o R E I R LS 10% (2 414)R ket WM

—=

#1ga g

Ve s Y
LLL 17 Fe &

C B Ry FRTENg
g L 209 0 TiE T E T R

b

WAL BRARLAARZ G HFARDR LA NN T

EFEF RFE S E o

b. g dchs
% 415 4 B 2 S8R T
Py = p, xe q,. =4, x AP
p,=0.03 q,=0.15 | a=0.288174 | b=0.024217 | =0.058463 | d=0.235468
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304,16 % H 8 1 % 1996-2003 & FHL - 4 4 4

VR hg 20% FefR i &

R E 18,042,473,399,956
B i L=8
B 1,441 1,213 1,122 1,295 1,344
R 400,000 320,000 240,000 160,000 80,000
= - e O - R I - S A B AR SR - I U S
o pERE 1 3 8 9 13 17 18 23

20417 B A% 1 2 1996-2003 & FAL ~ B 4 4

M E g 15% Ff2 % %

R E 18,139,245,391,529
B i L=5
B 1,730 1,060 1,097 1,326 866
R 400,000 340,000 280,000 220,000 160,000
= - e e N - R I - S A B AR SRR B - I U S
o pERE 1 3 7 10 12 15 20 22

30418 4% 1 ik 1996-2003 & FAL « B 4 4 4

ViR b 10% FefR it &

R E 18,235,699,015,093
B i L=7
1 1,949 1,949 1,657 1,416 1,431
R 400,000 360,000 320,000 280,000 240,000
=R - e R N - AR I - S A B AR SRS - D U S
o pERE 1 3 6 9 13 16 19 23

K 4160 417 > 418 v OB P IR R B P 0§ R
1996-2003 # Ffld= ikpF » B 2 %

dMEAF A R 20% > 15% ~ 10% 0 E i i
A 8RS S N TR AT E TG AL R 0 A A o R

EFUAT &5 o A 417 2 418 L 6|0 & 41T R 2 g5 159 0 L5
i o Boid Nlicy RS BRI E P R A g L 10% (# 4.18)& ket o
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2. BRRER LA NKL R
a. HEHoN
20419 PR TRB SR L X NR L RHEAEEE

ok R 223,872,526,135,562

B i L=5
- AR 2,003 2,022 2,016 2,991 1,342
¥- R 2 115,560 152,360 102,820 165,020 360,100
o AR 1,032 1,849 2,930 1,701 2,807
¥ AR 100,330 429,860 382,110 490,010 261,890
RN B 1,509 2,729 2,025 1,635 2,807
¥y R 2 478,740 143,510 490,250 365,710 268,760
Fr AR 2,779 1,577 1,033 2,769 2,471
Fr AR 2 153,680 277,020 159,740 247,490 492,220
EEE) B 2,834 1,993 2,662 2,460 2,547
LR 460,460 345,140 471,070 132,230 377,010
5o AR 2,930 1,487 1,473 2,166 1,988
¥ RR 2 120,130 474,850 422,610 125,820 341,670
- AR 1,577 1,523 2,319 2,126 2,661
¥-RR2 338,280 237,770 129,420 270,280 107,700
NN 1,339 1,421 2,627 2,938
¥FARR 2 182,630 397,130 213,750 144,910 312,180

- RS AR e AT AR f R @R
PR 1 4 7 11 14 15 18 23
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b dp HcHost

F o420 dp Bt TR RE R 2 L IR

L YA

I 81,318,391,633,923

B N L=7
- R 2,410 2,035 2,388 2,347 2,757
$- AR2 295510 356,680 298,120 196,380 311,770
I 2,032 2,675 2,416 2,990 2,115
-8R Z 100,100 283,260 381,300 485,970 300,290
P 2,159 2,709 2,693 2,616 2,515
$ZRAB2 271,530 132,370 242,680 191,260 288,530
P 2,485 2,601 2,284 2,166 2,515
$rBZL 129280 467,420 454,880 430,990 412,990
R 2372 2,084 2,111 2,526 2,355
$IMBZL 240810 216,030 126,730 333,630 434250
R 2,700 2,084 2,950 2,350 2,915
% AR 2 404,880 325,010 177,300 183,050 390,460
IRy e 2,422 2,222 2,720 2,246 2,139
%= RB2 293,050 327,170 443,780 250,310 214,010
PN 2,504 2,058 2,833 2,859
$ARRE 156310 321,130 355,150 135,940 272,630

T PRz gy wAT w AR NIRTIN
R 1 6 11 16 21
j]{Ji,’F‘I» FEda g o i Egy el p q‘lj-;; ;Ei o NI At
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