6 1 Vol.6 No. 1

2003 2 JOURNAL OF MANA GEMENT SCIENCES IN CHINA Feb. , 2003
1 2
(1. , ;2. , 610054)
:F830.59 A :1007 - 9807 (2003) 01 - 0013 - 07
0 [o 1] ,
[12]
(gtream of
( ) embedded options) ,
4
[13]
(flexibility)
(real option chain) . : [14 15] [13]
1 (
, , [16]) . ,
[12 15]
[17]
[1 8]
:2001- 05- 28; ;2002 - 08- 22.
: (QUHKAO4/ 99H) .

(1956 4 ,



— 14

2003 2

7

ic, Angoplagy

(

, (2]

(CT, MRI, PET, SPECT, Ultra on-

Lithotripter)

4767

[18,19]

[20]

( 1F  2FI).

dX; = aXdt + 0 X, dW,
W
Xo, 1Fl  2FI
Xie, Xz > Xm > Xo.Cl
Ce,

Po= Pn+€2€>

1FI
Cl ;
1FI
Cl;

X(t)

1FI
. 1FI
. X() X2
1FI, c®
2FI
1FI
2FI ,
Pr- Ci 2 Po- C{
cl 1FI
1FI cl

1FI, G

Ca 1FI
Pr- C2

1FI, c3
1FI
Pn- Po- C§ 0
1FI, P -
Cu 2FI.

Pr -

c® Sc cuasSca

Po > Ce. 1FI
PT]_ = P0+£ 1€1

N2, V) ,

Cl)

(1)

Xn
Po,
2FI

N 1, V5)
€1€, dW,

Cl ,
Xi1

Cl,
2FI

Pn- Po- CQ 20,

Cl, 1FI

X(1) Xi3,

C&
, Gz

Cl,

2FI

Cl
2FI
cq
Ca Po- CP
Cl
2FI
, Pro- Po-

Prn- Cu 20,



1 e — 15 —
C® <Ci Cu<Cy Cu<cC@ F( X = E[rmx(PTz- Pr - Cul,O)] = (2)
: RO =0
Ci< C+CY Ci<CB+CQ Go< Cu+
_ B
Ca Gz SCa+ Ga Gz SCH +C3 B < F2(X) = A X1+ At 3
c® +cy
CLr-8)-0%2+ J(r-8) - 0% 2P+ 202
1 Bl_ 2 >0
o
Y4 2 2 o2 2
Xz o [r-8)-0%2+ J[(r-8)-032P+20
3 Bz— o2 >1
X R A = 0,Az = Ko(Xp) P2
Xo gerttrtes s i % G(X) = ApXP1+ Agke (4)
REARY jle 1 Fi(X) = A X P+ Agp e (5)
: \ G(X)  Fu(X)
o (smooth-pasting)
XII
G(Xr2) = E[mox(Pr - Cg, Pn- Ca,
! Pp- CR)I = Kk (6)
G(X1) = K + F1(Xyq) (7)
2 G(X1) = Fi(Xn) (8)
Fi(Xm2) = E[max(Pr- Pp- C(L%) , Pr1 -
Cl Cl 1FI P- C8.01] = (9)
1FI 2FI Kio
Fi(Xg) = Fo( X 10
G(X) Fi(X) F(X) . 1( Xi2) 1- ¢2+ 2( Xi2) (10)
dw, (YA Fi(X2) = Fa(Xp) (112)
, : G(Xi3) = Kiz+ HF(X3) +
dVi = UV dt +0VdW, (1- &) Fa(Xia) (12
1FI. : G (X3) = ®Fi(Xg) +
1FI 2FI , n = (1- ¢) Fa(Xg) (13)
Fa(X) X/ V Vi. P = "Ku= Po- G Kp= E[mX(Pr- Po- C§,
F2(X) - nv. 0]; Ks = Emx(Pp - GCi,Po - CR®I;
dp:[i 22 Fo(X) - 5xp'2(x)} dt # = Pr(Pn- Po- C <0); %= Pr(Pn- Cu<
d=u-a, “ o Po- CR); Ke > Kg, Kg > Ky
dp ' ' Ui 2c®).
r. dP= rpdt. 7 (Ag,Ag . A1, Az, X1,
'l 02X F(2) + (r-08) XF(X) - rRa(X) =0 X2 Xa) 8 ( (6 (13),
X=0 X[ !
K 2 (1- #) (Ks- Ki)
Fi(Xp) = Pr(Pp- Po- C§ >o[ E[Pn cB| Pu+ PrCH a + Fal X\2):| Pr(Pn- Po- C§ <0 Fu(xp)

G(Xd = Pr(Pr- Gi 2 Po- %)[ E(Pn- Cu| Pu- Gi 2 PR~ CH) + Fz(X|3):| tP(Pa- Gu< Ry- CH[ (R~ CB) + Fl(xm)]



— 16 — 2003 2
cl, 2FI 1FI; Pl (X0) = 1- P,y (Xo) (14.3)
Kis 2 (Ko - Kg) + (1- B) (Ks- Kg) Xi2.
1FI cl,  2F (14.1)
cl 1F Ky 2 (K - Ko) Po.ty (Xo) = PRy (Xo) + P (Xo)
1FI cl. , (15)
K2 > (1- &) (K- Kg), Kz < (K- Kg) + (1 (i) Ki < (K- Kg) Kiz < (Ka- Kg) +
- B) (K- Ky) Kin < (K- Kg), (1- b)) (Ks- Ki),
X1 Xi3 (6) (9) P%)vtl) (Xo) =
(12) (13 : Kiz > §
(Ko- K) + (1- ®) (Ks- K)  Ku > (Ko- ! for Xu = Xo
|<3) ’ y x|1 xl3 Pr{ T|l,hl < tl’XTu,hl = (16 1)
®  (11) ©® 9 (12 Xal X for Xa <X
(13) , PES), 0 (Xo) =
. Kz > (K- K) + (1- &)
(K- K)  Ku> (K- K) PUT €t Xy = X | o)

Kin < (Ko- Kg) Kz < (1- %) (Ks-
Ki) Kz < (K- K +(1- &) (K- Ki)
6 (13

(6 (11
® 9 (1 1B
3
T,
Xo(Xo < Xp) Xn1 Thy =
Il'f{ S Xs = Xhl} , Xo
( X1, Xn1) (X1, Xn1) Tiim =
inf{s X éE(Xu,Xhl)}, Xn1
(X3, Xr2) (Xiz, Xi2) Ta, e =
if{s X ¥(Xa, X0} Cl  1FI
(2FI ) cl

1FI

Po,i) (Xo) = P{T<ti] Xo, X (Xa,
Xwg) Xy, , = X3t (14.1)

Pi,.t) (Xo) = P,y (Xo) - Pty (Xo)
(14.2)

for Xz = Xu
P{Tmt Tig e Sty Xr = X, X7, = Xia| X
P{ X7, , = Xa| X3

for Xz < Xum

(i) Ku< (K- K)

(16.2)
K > (K- K +

(1- %) (K- K), P@y(X) =0, PRy (X
(16.1) .
(iii) Kn > (K- Kg) Kiz < (K- Ko) +
(1- %) (K- K), PRy(X) =0,P8(X)

PB ) (Xo) =
P T < ta] X for Xz 2 X
Pl Tha + Tig, 2 < t1, X7, = Xiz| Xo}

Pr{ XTIS,hZ = X|3| XO} (16. 3)
for Xiz < Xm
(iv)  Ko> (K- K K> (k- K+

(1- &) (K- K), Py(X) ~0,PEy(X) ~0.

G2
M :é{a EJ , Op :é‘log(xu). 0 =

é‘|09(x|3), by = f;log(Xm) b = é~|09(xh2),

1 1
X1 = olog(Xo), Xo = cI|0§](Xhl) yUuh = X3 - O,
u'1 =by - Xg,wWp = W’1 = b- Og,up = bp- X,

Wy = bp - . [22]



P{Tom < t1, Xy,
1 sh(w VY +p?
V' si(w V¥ +p?
L= Xal X} = el (k- w)]-

sh(y up)
Shwy)

= Xn, Xt

Ly (X1 < X

Pr{ X,

Pr{ Tii,ne + Tiz,r2 < tl,XTILhl

L= Xal X =ep(u- w) -

B2

Xiz| Xo} =e><p[H (Wi - up+ w- W2):| .

1 Sy Ny +U2) S VY 4 9

£
! Y h(wy V¥ +P?) sh(wp VY +p?)
(X3 < X
Pr{ Tiz,s < i, Xn, = X | Xo} =
ol 1wy - ] - £y] L Sl Y 4D Jy +p?
Yo s Wy +p?

P{Tha + Tig,n2 < to, Xr, = Xiz| Xo} =

- U+ U - ]

exp[H (wy

21 L eo(u Jy +1%) si(w 2v+u
V' ep(w Wy +1?) s
(X3 < Xm)
P{Ta < ti] X} = eplH (wi - u)l -
2 1 epu V¥ +4?)
V' ep(w V¥ +p?d

() =5 (e e 410 Y
, (23]
2 3
, 1Kl 1K
, U t2
; 1FI
S
.3

prob

1.0 7
0.8
2 064  PR<T<S)
s 3
=04 ]
02 ]
0.0
00 20 40 60 80 100 120 140. 160 180
E(T,)
(@ (1FI) , 1FI
1.0 1
0g 1 (T<2}
0.6
] P(2<T<5)
0.4
0279
P(T>5)
00 1 .
00 20 40 60 80 100 120 140 160 180
E(T3)
(b) 1FI 2FI
1.0 7
08 3 P(T>5
< 0.6
£
04 E
: \
02
. P(T<2)
0.0
00 20 40 60 80 100. 120. 140 160 180
E(Ty)
© . 1FI

o =0.010 =0.03,r =0.07,r-90
0.06,Xo=1,pp=10M; =1.0u,=1.0,v; =0.2,%

0.5,C.=0.8%5,CH =0.80,cl§ =0.95,c3 =1.85,Cy =

1.75,Cq = 1.70, Cu1—130 Cp =2.625;C§ =1.00,

2FI Cl E(Tw Xt
th = Xhl/ Xo.
2
1.0 e
E P(T>5)
0.8 ]
5 0.6 \
£
0.4 -
027 PQ<T<S)
e PT

0.0
00 20 40 60 80 100 120 140 160 180.

E(Ty)

(@ (1F1) , 1FI



— 18 — 2003 2
1.0 7
3 N\2r<2)
083 P(T>5) 4
0.6
§ 7
=04 3
= - P(2<T<5) ,
0.2 H Z —
0.0 3
00 20 40 60 80 100. 120. 140.(6.0. 180.
E(T3) . !
(b) 1FI s 2F|
1.0 7 \ I,' y
] g
0.8 ﬁfbs‘/mkz) ,
- N,
a 06 3 N
S ‘/ —
0.4 ] 'y
00 1 3 :
00 20 40 60 80 100.120. 140. 160. 180
E(TY '
(c) . 1F

N =0.010 =0.03,r =0.07,r-9d
0.0G,XO = 1,p0 = l.0,p1 = l.o,l..lz = l.O,V]_ = 0.2,V2
0.5,C.=0.825,C{§ =0.80,C§ =1.00,c =2.05,Cy =
1.75,Cq =1.70,Cyq = 1.225, C, = 2.625; C@ = 1.00,

Xh2: X2h]_/ Xo. !

3

[1]Myers S C. Determinants of corporate borroning[J]. Journd of Financid Ecoromics. 1977, 5(2) : 147 —175
[2]Brennan M J , Shwartz E S. Evauaing naturd resource invesments[J]. Journd of Business, 1985, 582) : 135 —157
[3] Andyck R’ S. lIrrevershility , uncertainty , and invegment[J]. Journd of Ecoromic Literature, 1991, 29(3) : 1110 —1152
[4]Dixit A K, Andyck R S. Invegment under Uncertainty[M]. Princeton : Princeton Universty Press, 1994
[5]TrigeogsL. Red Optionsin Capita Invesment : Modd's, Srateges, and Applications]M]. Weatport , Gonnecticut : Praeger , 1995
[6] TrigeogsL. Red OptionsManagerid Hexihility and Srategy in Resource Allocation[M]. Cambridge :MIT Press, 1996
[7]Amram M, Kudilaka N. Red Options: Managng Srategc Invegment in An Uncertain World[M]. Boson: Harvard Budness
School Press, 1999
[8] AllemanJ, Noam E. The New Invesment Theory of Red Options and Its Inplication for Telecommunications Ecoromics[M] .
Bogon: Kuwer Academic Publishers,1999
[9]Bdcer Y, Lippman SA. Techrologca expectations and adoption of improved techrology[J]. Journd of Bocoromic Theory, 1984,
34(2) : 292 - 318
[10] Nar S K. Modding grategic invesment decisons under sequentia technological change[J]. Management Stience, 1995, 41(2) :
282 —297
[11]1Rgagopdan S, Sngh M R, Morton T E. Cepacity expangon and replacement in growing markets with uncertain techrologicd
breakthrough[J]. Management Science, 1998, 44(1) : 12—30
[12] Genadier SR, Weiss A M. Invesment in techmologcd innovations: An option pricing goproach[J]. Journd of Fnancid Eo
romics, 1997, 44(3) : 397 —416
[13]Farzin Y H, Huisman KJ M, Kort PM. Optimd timing of technology adoption[J]. Journa of Ecoromic Dynamics and Cortrol ,



1998, 22(5) : 779 —799

[14]Huisman KJ, Kort P. Sraegc Techrology Invesment under Uncertainty[ R]. CentER, Tilburg, Netherlands: CentER Discusson
Peper 9918, Tilburg Univergty , 1999

[15]Huisman KJ, Kort P. Srategc Techrology Adoption Taking into Acoount Future Techrologicd Inprovements: A Red Iption Ap
proach[ R]. CentER, Tilburg, Netherlands: CentER Discusion Pgoer 2000 - 52, Tilburg Universty , 2000

[16] , . [J]. , 2001, 4(1) : 38—43

[17]Ingersll J E, Ross SA. Waiting to inved : Invegment and uncertainty[J]. Journd of Business, 1992, 651) : 1—29

[18]Keplan R S. Mugt CIM be judtified by faith done[J]. Harvard Busness Review, 1986, 64(2) : 87 —93

[19]Rosenthd S R. Progress toward the factory of the future [J]. Journd of Operations Management , 1984 , 4(3) : 203 —229

[20]Weiss A M. The dfects of expectations on techrology adoption: Sme enpirica evidence[J]. Journd of Industrid Economics,
1994, 42(4) : 341 —360

[21]He Jia, Zeng Yong. Inveding in techrology inmovation: BEnpiricd evidence and modd fitting. Working pgper , The Chinese Unt
vergty of Hong Kong, 2001, presented a the 2001 Annud Peking Universty-Univergty of Chicago Gorference on Capitd Markets,
Qorporate Finance , Money and Banking, 2001 ,

[22]Borodin A N, SAminen P. Handbook of Brownian notiorn Facts and Formuag[M]. Basd : Bir<hauser Verlag, 1996

[23]Bdlman R E, Kdaba R E. Numerica Inverdon o the Laplace Trandorm[M]. New York : American Hsevier Publishing Cormpa
ny , 1966

Impact of speed o innovation arrival on innovation adoption timing: Case o
two generations of future innovations

HE Jia', ZENG Yong®
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Abstract :This paper redizes the concept of treating the adoption of techrnology i nnovetions as a sequence of rea op-
tions nore conpletely by introducing the second generation of future innovations. The ol utions to the values of the
real options and the triggers to adopt the current innovetion , to legpfrog or upgrade to the future innovation are dis
cusxed in detail . By assuming the firg aswell as the current innovation emerges over the sales recording period , the
relevant probability model regarding adoption timing is gven anaytically. Our numerica illugrations show that while
there is a dgnificant turning point in the impact of the gpeed of technology progress when only one generation of fur
ture inmovation is expected and it emerges over the recording period , the inpact becomes much less non-norotonic
or even norotonic when afurther generation of inprovementsis eqected. This corfirms the intuitive and our previ-
ous enpirica reaults.
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