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3.3 R&LD D AMYSE B2 AESA AlYRS

R&D 2 ARQJet B2 AEs4d AURFES 4719 R&D T4+ AAE ALHsH]
Bl BAAS Bty 9t mgoz 1902 E R&D AR AYS ohE
1AolH 0] R&D B ofRe} o]F0] R&D AR olie] wet 13 49} ol
97A]9] 799l $7b mEHLh olgjet R&D AR TAE 1sioF = olfe
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19A19] 9712 Ayh= R&D FA4F f7ol o2t i) A, B7|Y EF R&D FAR_E
8%, ii) AZIGRF R&D FARRE -9, iil) B 79T R&D AR A9, iv) A, B7IYY
5 B2 27)_F ARE Zodel A4 /AR vYm 4 ok T 7Y F Aol g
7190] BEAbskE 9, i, iii)ole R&DOl FARE At 7]¢do] A-AH 02 R&DO
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BE7F DAl HaL, ol 29 ARdsh AR ZRRe] o (payoff)oll F¥=
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Notation Descriptions
at ¢ EE ARl WA
q i 7199 A
b 7HAo| digt Favfe
c i 71999] & Hlg
C R&D F2F 7] A 7199 AJArert
c’ i 71949] R&D Amf A] Aatdrt
cr 1 7199 R&D 35 Al AL
R i 71949 R&D T2t Hl-8-
| i 7149 Adet £ vlg
6 17199 R&D 3 &l tiet j 7199 belief
T i 7199] payoff
P A 714

2 ngods By A4S S8 Al sest d@delsty spgeta

P(e,6;,0;) = —b(q +q;), b>0, 1,j=AB, i=]j (1)
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Ci (Qi) =Gq (2)

o, 7|99 A} ¢ & R&D AF 70 o) 2BAt 9 i7]¢o]
REDO] Zolstel, 1719 AL ReD A A A9 AL o, 43 Al ot
S g1 gk S, plge videl sl ol theel sEs

BEE 7L Sl

o,
I
Y

it
rie,
B
rol

¢’ with probability (1-6)
{ 3)

with probability 6,

=, 719 59 dolA o] Aol 712 Ej(c)=(-6) ¢’ + 6, ¢ °lH:
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34 R&D DAY 54 A2EA Ang 24

338014 R&D FA4 §50 et 27 471A9] Ao thegleh 7h A%
wet Alglet 4 wAAe] Fl9e] meRTt debny] W] o oAk of
77te] 9o taf 7190 B g Bt

) % 719 RS RUD A A9

o] A= i, 71 Bt el R&D AdF ofFel el & 4= §ick ol i=

—

719l sl 6, o] EEE R&DOl BRI beliefg 7ML A1 FHHE ji=
719l Hisl g ¢ gHE= R&DOll AERITh= beliefS 711 = Z-Folth AFdst
A Cournot Model& #-8oh= 4%, & &2 A7]ol ARl B2 sk ¢

A\(4)9h o HHo] Aitaro] EEHTHEE

alal
i

g (; )_3b[at = (3¢ —2E;(c;) + E;(c)]
sy 1
g ( )_Bb[at =3 —2E;(c;) +E;(c)]

2
1
2
;(3C —2E(¢)) + Ei(c))]

qj(Cj )=3 [

. 1 1
qj'(c}_):%[at_E(BC:'__ZEj(Ci)"'Ei(Cj)]

olof sidsl= 7I9s 71l B (equilibrium) ©]& 32> Al(5)¢t Ztt. o] ¢
T 719 E5F R&DEF Ardstell FAHE Sb7] wiZell Z4zte] BAF Hl-8-2 Aegh ol

Zrolet.

o
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A= [a —%(3c:*—2Ei(c,-)+E,-(ci>]2—Ri—

7 () ﬁ[at -2 @t ~2E(6) +E, ) R - .
7 ) =%[at —%(3ch ~2E,() +E(c,)F -R, 1,

. 1 1
7rJ-(C}'):%[ozt —E(SC}‘—2Ej(ci)+Ei(Cj)]2—Rj —1;

A3t A4 Stackelberg Models 4-85k= 7%, = ¢ i7]o] WA Ards}

A2 o, FIge Agols AUsE VSt the el As BA4E

ey Lo o _
g (¢')= b [a, —2c, +2E(c;) - E;(c)]
sy Lo oL B

q- (c)= 4b [a, —2c, +2E, (Cj) Ej(Ci )]

a7 (e} )——[a -Ei(c)) +E;(c)]

a5 (¢ )——[a —¢; —Ei(¢)) +E;(c)]
ole] sfFsk= 7195 7r] B (equilibrium) ol& FF2 A(7)<F 2t A(5)2t

P2 R&D T H§ AMEEE A H[go]  AEEHE SFe

FE A} (Stackelberg Follower)E, SL+ AE2k(Stackelberg Leader)E 2]7]3Itt.
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« 1

”iSF (CiH):E[at _2CH +2Ei(cj)_Ej(Ci)]z _Ri - Ii
. 1

p (CiL):@[at —-2c, +2Ei(cj)—Ej(ci)]2 -R -1

i

* 1
7TJ-SL (C?):%[at _C;-I _Ei(Cj)+Ej(Ci)]2_Rj -1

) 1
ﬂ'?L (CjL) =%[at —CjL —Ei(c))+ Ej(Ci)]2 -R; -1

i

ARAsE DAA 1710l =3 (Monopoly)she -, & =A] i7]ARE ARiete]

EAShs %e] 23 e A(s) 2k

* ¢ H _i _9aH

g (") = b [o—2¢7]

G (6) = [ 20! ®
q;=0

a0 wE A19e) olge A9)eh AThIdel Ae, AYs FAE 8
SL71el Al whE e1o](profit), Hl8(cost), ARISH T2 M8 gloH R&D

E22 sig7lo] 1 ulgo] WAlsisch

. 1
T (CiH ) :4_b[0‘t _2CiH ]2 -Ri—1;
. 1
7 (cF) :4_b[at —267 =R -1, (9)
T =—Rj
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Atdel DAl T 71 B ARISE BAE ek ¢
drole old 7IdE AES AU dev mWEb F 71 2R R&GD FA

Hl-gRE EASHAl a1, 11 gk A (10)7 2ok

, = Abandonsh=

{72': =—-R
. (10)

i & iil) & 5 T 7199 R&Doll FA15t 3¢

17192 R&DYl F41 714, j7192 R&D FAME 271§ 7|holet ofd, j719-2
i719o] AAZ R&D A3F=A AARE & & glod i7]19o] ¢ 9 FEE R&De]
Brolnt. Wb 7192 j719e] ATl Hisy
P AEE JERAA QA 71 vIddel disl & AEE VI e
HI T A EA A 9]

]
Cournot Model= A-85l= H9+= A (11)2} gol Aol itdo] ZE2HTHH=2

ox
:
2
)
rir
oy
®,
5
uf
N
N
X
K
o)
rr

HI A A A (Asymmetric Game)©| FJHTE AFAS}) TAlofA

L

=3

. 1 1
q (CiH):%[at _E(3CiH _ch + Ej(ci)]

ey~ Ly —Liaet -
qi(ci)_sb[at 2(3Ci 20j+Ej(Ci)] (11)

. 1
qj(cj)zg[at —2¢; +Ej(Ci)]

19



ol dfgst= 719E 7t B (equilibrium) ©]a X
REDS AJSE o] SRS ak1, 719 Aislolit SA1E o] fRe] zhztel

£7} uge Tefet olg oltt

A(12)2, 71892

. 1 1
p2 (CiH):%[at —E(BciH -2¢,+E; ()P -R -1,

. 1 1
T (CiL) Z%[at _E(3CiL _2Cj + Ej(Ci)]2 -R -1

. 1
721-(CJ-)=%[04t -2c; + Ej(ci)]2 -1,

Atdst dANA Stackelberg Model:& A-85H= %= R&Doll FAIE i7]d0]
A &2 (Stackelberg Leader)7} == 7892t R&DOll FASHA] 2dd j71940] A=At
H= A7t dARith A 7)ol APt B 9] XA

e A13)%
Arh(is2 #5).

g (¢ )— [at_ZCiH +¢;]
g™ (ct )_ [at—2ciL+cj]
(13)
9 (¢ )— [at—3cj+2ci”]
q; (¢ )— [ a, —3¢; +2¢;]

71939] Ea} Ao what R&D FAF Hl8a AFdS

20



sL* 1
" (CiH)zz_b[at -2¢ +Cj]_Ri -1

. 1
ﬂ'iSL (CiL):Z_b[at _2CiL +Cj]_Ri -1

* 1
i (ciH):E[at -3¢, +2¢']-1,

N 1
ﬁfF (cr) :E[at -3¢, +2¢1]- I,

Ardel Ao A Stackelberg Model:2 4-8&5k= 73-% &5 R&DOll FAFoHA] At
j71o] ALt Bl= 790 4 iR Al(15)1 B (F52 IX).
SF* Hy _ 1 2 H 2 E
a0 (c )_E[at_ G +2Cj— j(ci)]
. 1
QiSF (CiL) = E[at - 2CiL + 2Cj - Ej ()] (15)

SL*

a;

1
=2_b[at _2Cj + Ej(Ci)]

(") = %[% -2¢ +2c, —E,(c)P-R -1,

(e = ﬁ[at — 267 +2¢, —E;(¢)I -R - I, (16)

]

« 1
st =%[05t —2¢; + Ej(Ci)]2 -1,

EAste 290 A7 QS H(17) 2rh

21



qi*(CiH )= Zib[at - 2CiH 1

N 1
o (CiL) = Z_b[at - 2CiL] (17)
q;=0

o wE 71l olE2 A(9)2 Brhi719e 87, R&DeF Adet B BAE

312 rskrlol] Akl wHE: o) (profit), 18 (cost)o] ZAIGHA] ghirk.

*rH _i _ Hy2 _
7; (G )_4b[at 2671 -Ri -1,
* L _i _oelP_Rr 1
mi (¢7) = b [ —267 1 -R -, (18)
72'?20
Ardst Sl j719de] =4 (Monopoly)she A%, & R&Dell BA6HA] ¢t

1R ARgsloll SASRE 290 24 AMKES As) 2o
qj(Cj):%[at_ZCj]
o o2 7199 ola-2 A(19)2F Zth R&DOT FAE 7199 49 R&D

B8 Al=sliof sHAIRh Ardstel BARE SHAl edsklel Aatell mE o] ¢f(profit),

H]-8(cost) o] EAISHA] b=t

22



(19)

Agiet BRI 719 BE AIeH B2 E75He 49, & Abandonshe
Aol ofE |UE AFS WUSHA SRtk webA RED SAYE 7] B gl

WS =AL, T g2 A (20)7 Z-

iv) 7 719 25 R&D FAF 279t A%

o] Bt F 7IY BEF7F R&Doll FASHA @dmo i ZARke] 71E Aatdrio]
ol P E (complete information)E 7HA|Zl Qoial ZPYSITE P EA |9
Atdel GAIA 27 & Cowrnot RelM] 7199 oy, Y & 7]l
Stackelberg Leaderd wje] o]&, ﬁSF*% i7194o] Stackelberg Followerd we] o]-&,
7" = Monopoly AolAel 7] ol&, z/” & Abandon e 7]1Y49]

olxolgfal ot 1 e A (21)7} Ak

23



* 1
nl =%[05t —2¢,+¢,T -1,

ol =i[at -2¢+¢,I* -1,

' 8b

7 = L g, 36+ 20, -, 1)
160

M* 1 2
A YRS (O
A" = plec]

NPV, =Vi—li—Ri=%—li—Ri (21)

34749 W85 aofotd, 197 R&D 374 DAl a7t 22A Arjlet S}
A AR 7ol a8 gl dFe vkt wEbM, 184 R&D B AR
Z¥zke] Aol wiet 29 A Atelsh Bab Aol AT & Qe RE Aeel W9

ES
71959 ol ¥E ZEoH. o AolMe FAIER] AL Haol A4

e AsH AROIAY Faeh 9719 NS Fste] AZE Tei
WIS Aol Al eprEge BAT Zolh © uebl Adst
AN Aol NERE el tlRt A A% Steld ReD F w9

714e] 22 kel Hhel ukE Aol
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41 F32 A

88 Wgs0] & 20 AXE] Y, of

deA AdRde] Ade I g

1 91
% =

Parameter Values

a, 17.5
b 1.5

CasrCa 7

CsCa 6
Cy 1
Cs 2
R, 41
R 48.5
6, 0.2
(7 0.3
u 1.25
r 0.1
k 0.13
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2 Y2 AESA e Aldrdgelng FAsks AAelA R&D FAl Higt
A1 (present  value)E =0t $olA HdY AW (backward induction) o2
HolloF gttt webA, 28l ZF 7199 R&D B AR BEAIEHEO ol&
e Aokl I groeRRE ARISE BAF Aol o] FEAY 2w (Subgame
Perfect Nash Eugilibrium)& 2H=th o9 R&D F2F @AA 9] XE W3S

271 95 971219] R&D FAF 2 el disl F2Ad e

O
=

O
N

oL

i}
7S &I

22 19791 E R&D T4 2F Waldds HEHAL, 28 A= 719
AYF R&DeOl 15 lou, AdA o g R&Doll ARt 99 Agal dAlofA
A°t BOl 7lde EASIAHE olwl, ZF FEAYY WAty el FEAY

S Aol "iside zet Aoz otk

H

a9 20l FA EAE o9 HEAQ gFEe 719 A% YU 2E
AIstE 7181, The Slo] A 4-07F o T A, B RE ARIsle] Skt
SR the Slo] A 4e0t W 9] dElds A, B BE AR £AS
wele ol A9 A9 94
Aot ReD Adstale] R slE Alistsis o] A7 Wolzle

ol oln] R&D FAb HlEE A=ochal, Ae EFdAde Al TPl

14
=
X
rr

H2 Z2A R&DOl FASHIAH

FHAH7] fzoltt ol olf= Qlste] Ax A sl AdekE ArIsHl "
719 BO dHolde= 7124w 71 A EAA R&DOl FARSEZIOl, HIE
AR AEReEA A= & 5 AR TeF 5 7]9do] ol ARiSkE sl Hotd
2 Zojtt. web B ES A o=

Aste @7lske A4S Wtk ol 719 R wef ok sle] A 4t
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ol B9el AIslel FAste] ol
wet T2 Az AlE itk the she] A Sk ol B9l £ s1Y B
st s olole @)t 47 ¢v) el Adet FAE oI5 Bk, §)
£ BEAY

Wal#d 4 (2161, 40.00)7 (-41.00, 0)°l5] Cox, Ross and Rubinstein

2
il
i

i
o,
Hir

o
)
R
)
i)
K
o,
=,

e
R

rlo
_l

BEol REAL 43 # (-25.52, 24.24)
oFRFg oz RE TEH Frolrh

et 22 WRler R&D FAF 2 AF 7l ©E 97FA] B ZZof diy
Ariet B4 dAClM ] BEAY e e RS 3 X)) A, B BF
R&Dol| EARE A9, T 719 BF R&Dol| 5ot FEAY 49 Fho] (41.57,
34.12)0]1, ATF AFE B9 (276.06, -44.05), BIF Al59t A-$- (-37.27, 227.92), 5
At A9 (12.75, 20.84)°]tt. AT R&DOll FAFE 7% R&Doll -85t FEAY
A Fhol (276.06, 0)oltt. BRF R&DO FAgH ¢, AFshd FEAY

ol (0, 227.92)c]ar AwfiskA (0, 91.16)°]th. A, B7|9 2% R&D A& E7|sHH

e

HAdd 7 (1.46, 65.62)7F Hct,
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4.2 9= B4
Thokst A1 Asol|A o] T 7191e] R&D U AR Exlol tigt A opAge
HEA 5] 9Ja] He A A £ o o sl wE AY|dT BrIYo

R&D T2+ ZAol| tiet @A 7FAl(present value)©] Ho}S ZH2}

2ol HEriltt.

a8 3, I8 49}

120 :
K
N
100 | W
s
air 5
80 | &I
ra
-
60 | 3
= A 1/
—I/N
40 ) NI
L7 -=N/N
20 -7
0 E‘_, : INpUES ]
T \/0/ °
I i m v v VI
-40 P
a9 3 AR $=a.0] Hglef] o2 A7|He] R&D 77 tigt dA7EA]
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300

£ 7HA

250

200

R&D FAH F 2Fof| o

150

100

50

-50

a7 391 I 40K Aol Sa Wgle] WE AZIYT B71Ye] RGD Aol
gt @4 7125 Uitk 2k 7199] R&D £4 e £ 7199 B4
me} gelalie], S M £ap Weke] @A) /e Akl BARIACE 7t 719e]
A4 B2 Qe J1E0R A 88 F 67149 WeIE s 4 Qlok

A WA FA(DelE Ao 487t UR Hold % 719 BE R&DO
BA51] Fe Aol Al Aolth, 7|BHoR $071 How YroaRE I

9l o] AL AW, ol R&DE] FAF vl 1 A s HE TS
u) R&DE] 77} JrE oz ek 2 ojulgict,



oA (DM A a0t o A= AN ATiHer dA
AgolM 71&2 945 71 BYIYe] R&DO E3HIA7MA] A45EA R&DO]
S FEE A far ofoh wh, JgHoR d5% Y A9
AFolMe THF R&DO FARSIA] ¢rom Atert 7L 7] whie] ARistE
stelEle folg AFZI7E 42 2 A f80)7] diEe] R&DE FAHOR
EAste] 71EZoAe] B9 FRE B olaS skl & Zo|ot. wEhA
A A HoA 71&Hor I53% A7|9t R&Doll FA15HY, B719S R&Dol| £41514]
917 k.

Al Hg HAIDoNNE ol &5W4lw @ (Pure Nash Equilibrium)o] E2js}2]
e tolth wEhA, sk A &olAl 2H ] oapEAol g7l whEe] 7
7199 oA AL AR S 7] 7P e AP 2.0 Helolth

vl 4 HIV)AE F 719 2% R&DO Fxfsk= Zlo] &9 oxpAAolt,

AP 87t ofF S5l A= @AIRE R&DE T2 Blg} I =24
A A 87t ol e EABP] el o] AR EE dA Ve
FHE 7H B7IYol R&Del FARH Hu. olE AsiHEgtE o, A7|H2 Tef
R&Doll F2FsH2] Al =1 7lezer v deoHl Hil, A 8% oFF
St A2 ofyr] wiEe Bel @A R&De| FAlel= Aol FZHo| mHE 4
ol

A A HLA(V)olME G4 vl #iA HeA(IV)e ni7x 2 @A 71e4 915
7HD BZIde] A&Aer O 98 TRVl flsl BAE &Aoot W A9
WolME ol R&Dl FAZ olf7h Aidem At o, o= Hx A

ZQ7t Q7] wiRe] @A) 7|&ee Higow Aslolw olgo] ZASEL, R&D
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Fao] wiga Auel di Bedge Tefduste W, odle R&D EAE
EASe o] b olgg Adsisie Wael] diolt. wbd o] WeldAe

222 719} By R&Dell FAlsHA Hrt

apzjep oA WA FAVD = A o7t S26 271 mEel F 7Y BF
S &Y Zoli, webA ol Hdislst] fIs R&D FAE Sl Batdrie
HFH= F(ncentive)o] AT, ool wet F 7|9 EF R&DO| FAlsk= 7|

300

7HK|

=
e

250

=3
il
zZl

200 | 0
uF
i
o — —R&D £}
od

150 - T EXt 27|

100

so | e
0 .- o - AE 29
2-" 13 14 15 16 17 18 19 20
I I

-50

O™ 5 B7IgEE R&D FAE S wfo] Fap 2] tikt A7

a9 s F 7190 AW A% Seld ReD FAE Tefshe o] ohel,

[B4]o1M = AAH e22] o 7], = B7IYT R&D FAE & 4 e el
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40
20 ///
0 )
Al EE2|
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a9 7 A 22 e] Hste] e B7]49] R&D Al tigt dAIZHA]

a9 67 2™ 7olME APES] EStEA wo] Wglel mE T 7199 R&D %
Atst el digh A oAbEAS wlarA o] f15) AZId B7Ide] R&D
T2l dig @A 7HA (present value)©] #SFE HERAEE ol Z 7]4e] R&D
A 7 o71de] B Aol wet gexed, 58] A £ dere] A

7HlE Al BASK b 719 FHA Fab dEre VIR AP 2244

woll me F R vhs 4 3
A oA MA(D A 22d40e F 7Y 25 R&De| FAkshs 2]

Holct, chat, Al BEAMel el el T oW WD AR
2oL REDFEACIAE 7146208 958 A74d0] R&D FAE Trlshe
7ol o] kAol Hek. ol Aol Bl AT A Jled FA
AZ1900] AP ol@L W17 ofRl9IAY] tRolc, F, Al BEHIAo] AWSE
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ne

5 1. A, B7IY 2% R&DO FA5= -5

a) AFAst @AoA Cournot Model& A-8ol= 74-9-2] A

Max 7, (0, s C5 65)

=Max (1-6;)(e ~b(a,(c}) + s (¢ —c;) d,
+ 0, (e, —b(qu () + a5 (c) —ct) .

Max 7, (0, s |C5.65)

=Max (1-6;)(e ~b(0,(C}) + s (¢ ) =C;) Ay
+ 0, (o, —b(q, (L) + 0, (c5) —cL) g,

Max 7 (05,0 C5' 6,)

= l\/]qax (1-6,)(e —b(a,(ch ) +9s(Cs ) —Ca ) s
+0, (e, —b(q,(ch) +qs(c) —c) g

Max 75 (04, Gg|Cs . 6,)

= l\/(quaX (1-6,)(e —b(a,(ch ) +9s(C5) —C5) Gy

+ HA(at _b(qA(C/IK) + qB(Cé) _Cg) Os
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b) AFASt GAOIA] Stackelberg Model= 4-85t= 7472 4 (B7F &t 739

I\/(!?X ”A(qA’qB|C;|7HB)
= '\/LAaX (1_ 98)(at - b(qA(C;') +0Qg (C:) - C:) Ja

+ 05 (e, —b(0,(Ck) + s (C5 ) — €1 D

|V(|1aX ﬂ-A(qA1qB|Ck’HB)
= I\/quax (1-6,) (e, —b(ga(cy) + g (Cy ) —C,) 0,

G b(qA(Ck) + qB(CIB:) - C/k) Ua

N(I}aX ﬂB(q;(CH)1qZ(CL)’qB‘C:’eA)
= h/(!ax (1-6,)(e, —b(a,(cy) +a5(c5) —¢5) Gy

+ O (o, —b(0(C1) +0g (C5 ) — C5 )

Max 7z (0, (6 ), 04 (). G, 6,)
= |\/(|an (1—6,)(e —b(g,(Cc,y) + g (C) —C5) U

+0,(a, — b(qZ(CAL\) +0p (Cg) - Cg) Us
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M= 9 AZYE R&DO SASH 9
a) ArAeF dAloA Cournot Model> A-8ol= 73¢9 4]

NA?X ﬂ-A(qA’qB|CH)
- NJ,?X [, —b(q,(c,) + s —Cy 10,

IVA?X ”A(qA1qB|CL)
= Nlax [o, —b(a.(c.) +dg —c ]a,

I\/(I]aX ”B(qA’qB|0A)
= h/lax (L-0,)(, —b(g,(c,) + 0 —Cg) g

+ 0, (e, —b(g,(c. )+ 0 —Cg) Ug
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b) Atdst TAIOA Stackelberg Model

I\/(!aX ”B(q;(CH )’qB‘CA =Cy)

= Max [, —b(a,(cy) +ds —Ca1ds

|\/(!|aX Ty (q;(CL)’qB‘CA =c.)

= Max [, —b(q,(c,) + 95 —C5105

|\/(!|aX ma(da(cy )’q;‘CA =C,)

=Max [, ~b(g,(Cy) +dg —C,1ds

I\/(!aX ﬂ-A(qA(CL)’q;‘CA =C.)

=Max [, ~b(0,(c) + G5 —C. 10,

S AHQ.

=2 10

42
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c) A3t dAIOIA Stackelberg Model <& 28

N(!ax ”A(qAan|CH)
- I\/A?X [e, —b(a,(c,) + 9z —C, 1
N;?-X ”A(qA1qB|CL)

= Nlax [o, —b(a.(c.) +dg —c ]a,

Max 7z, (0, (1), 03 (€.): s Cs. 62)
= Max (1-6,)(er, —b(g,(c,) +9s —Cg) g

+ HA(at _b(q;(CL)—'_ qB _CB) qB

43
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Abstract

R&D and Commercialization Investment Strategies

Using Game Theoretic Real Options in a Duopoly

Minhyuk Sur
Department of Industrial Engineering
The Graduate School

Seoul National University

As technology competitiveness is an important factor which determines the success of
companies in the global competition situation, technology R&D has received much
attention. In order to maximize their profits, competing companies decide whether to
invest in R&D and commercialize products. Generally, because R&D and market
demand have an uncertainty, firms tend to consider defer-option, which has a trade-off

with preempting a market.

In this paper, we modelled the problem above using 2-stage game theoretic real options.

On the first stage game, the competing two firms decide whether to invest in R&D
simultaneously. On the second stage game, the two firms decide whether to
commercialize products. In this case, the profits of the two firms are affected by the
outcome of the first stage game and real options is used to consider market uncertainty.
Through this modeling, we can analyze strategic decisions of R&D and
commercialization of two competing firms. Numerical example and sensitivity analysis

explain which decision-making is optimal in the competing situation.
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