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DEFEELLS. oL, ME[DB| 1, HEESTES
#R (14) OF T, WHTORMICH T2 HEESHERK
LT3R — b7+ UAEM (DAY - AyP)BEERLE
5. BFEIZDOVTHRROMRAITZS.

ZZT, R (13) idRA ¢t =0 TOE w(0) OEICEFL
BNZEREBLLS. chud, BEIEAILICEONM

*2 ZhioHt (PB, [PS) ORMMBETH S 2 L13, K& (2) TR
ns.
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FRERNRLO>TVTSY, robust BAMMBITABILER
BRL T3 19,

/e, ZOMER, MRICBIIAYY L5 —E(t) =
W(T) —w(t)] - F(T) e §5 Ay - K=t 71 UM
BELTLERTES, £EL, Au¥ - 50O
13 CARA BRZHABK C(E) = exp[v€] ® CE 2N 5.
ZZT, v — oo &LEE, [DB] IZEAT D super-hedging
FEICRET S BRI TICBNT, RUTHRZLAL (e
W(T) < 0 &735730)) EWSHMOTT, B0 TOR—
7+ U A ik w(0) #HBA(TS. IO super-hedging &
Eid, ERERHOHAOTTOX T a EKER/N/ BRI
P8 [PB-NAJ, [PS-NA] ORMEETS 3 & &4 51T
W3 (FlxiE, El Karoui and Quenez? Zf8).

PE& D, KL i FR %813 7= SDF #EME PB),
[PS] 12, CARA MBABKTAY Y - L5 —%HELE
ANy Y - R— b7 x4 EAREE DB, [DS] ICRHETD
EMBALMNIR . TZT, LT 2 RicE&EIhikn:
% 11c, WHFE [DB], [DS] KBB4 7 3 SHMBIEH
OHEXHERRELREE v 13, KL SREBO TR A & 134 1 A5
BIRICHS. #-oT, KLERBOTR AR, 723>
DEF, RENSERTISNIAZMITHR) X7 OBRER
BTLMRTE2. 21, EME[PB), [PS] TORRE
#RX (10) 13, MxtfERE [DB], [DS) i23 W T, Lagrange
R B T HECESTREAR (14) IKBERD 3.
INED, BERSFKBRHET TO CARA RBEAKEAVE
DABRKCPEENS MR T I, BBEREZHRY
KERTDBREMNZ NI &M -,

(2) mEtESRY

AH TR, ZIETTERLINLEEOBREEENEE
WY 2. BEMICIZ, [0,T) MOME [PB], [PS] % DP %
BMID2HETHERM BT BBEERGFEEE L, TOMK
ERHONITS. IO LTHRESERGEHETD &I,
UTD2D0ORBENHZ : E 1L, 723 ik OHRK
KRERAIRTHS ; 5210, EMFE PB], [PS] &Rt
& DB, [DS] O&Sflitt & EHT2MERD. ZD55, #
FIZDWTIIEMS (a), HBFIIEHE (b) T, ThEMHT
5. ZFEL, RERBEICOWTOMTIZRFOEN &R
TH2D, LT TREFHREIIDONTOHRRT 5.
(a) xM=E

MR [PB| OB BABIKEUTOLIICERTS :

To(t, Z) = minC(t A(T))——'H(t A(T)), st. (10).

(19)

IT, RWEMIE Ta(T, Z) = F(T,Z) TH Y,
co.nm) =87 [{DFD], o

_pr [AT), AT)
H(¢t, A(T)) = Ef [ T A(t)] (21)
&L DPREZAWVTR (19) 20 - BETHE, XU
F o HIB(Hamilton-Jacobi-Bellman) ##BX %85 :

To(t,2) = g EF [an(0) { 210 o) + 70 }] (22
s.t. BT [dp(t)dX (t)] = 0 (23)

ZZT, dX(t) BX (4) TERINDEREEONER,
I5(t) = T(t) + dIp(t) THB. iz, dy(t) HEATOR
TEHENS SDF OFLRTHS :
A(t) + dA(2)
AR)

Bt TORMOEER (23) 13, EBERHEK (10) 2 DP
NWTBHIETE2THLND (FERIMNRABR). 22
T, [ [PB] 0&BERHE 2HNt=0,T TOLEHBX
N5k, EBM BT REESEONRIICIE, BRE
&b E/- DP MRTHLHENHZAUCERI N

mBRERER (23) ICHT B Lagrange ' % B(t) € RN
L niE, HIB A8 (22) OR#tEEHL D, Bl SDF
R dnh(t) IKDWTOLAT® Logit REH/5 :

exp [-7{Z5(t) - Bp() o) dZ()}]
E? [exp [ {Z (t) - Bx(t)'o(t)dZ(t)}]]
Z T, Lagrange REDOBREME Op(t) HUT OHERXDOMRK
ELTHESNS

dn(t) = (24)

(25)

dnj(t) =

(t)dZ(t)} - dX(t)]] = 0.
(26)

R (25), (26) &, (3) HTHA T a B HEIZHENT

BELQGHERLT

(b) xtrYE

WXt [DB] OB HEEBKELUTOLSICEHT S :

ET [exp [—v {ZZ (t) - B*(t) o

Is(t,Z) = max.
B(t2) = e )

- %mE:’ lexp[—y (W(t, T}, (27)

s.t. W(t,T) = F(T) — [W(T) — w(t)], and (14).

R, MEHI Ja(T, Z) = F(T,Z) TH%. DP K=
EROTHR - BETHE, UFOHIB FBA%#5

Js(t, Z) = max
dw(t)}]].

ZIT, Jg(t) = Je(t)+ dT(t) THB.
HERSFR R (14) X T 5 Lagrange E % dn(t)
ETB. Z0EE, HIB HBR (28) OBEESELD,

- ~InE7 [exp [ {5 0) -
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Lagrange REDOREME dng(t) BLY, B#ER—FT7 3
ZAHWE By (t) KOWT, ERETESNRR (25), (26) &
FAUHEORMESNS. THLTELNERE, JF@)
2 I (t) cEa g, R (25), (26) LEMETHS. X
=, I(t) & J(t) ORGSR ER Ip(T) = Js(T) = F(T) T
B5. Zh&v, M [PB] & Wi FEE [DB) ORI AE
REXBNT—HTIENMHSMCINE

(3) 7WIUXA

F[EE [PB|, [PS] 3 L URx$FERE [DB], [DS] ¢ H#IBENK
13, (1) i (a) TEHS 1D EEMR Cp(0), FFMH Cs(0)
LIRRASB. LML, ZNSORMEOREFIHTZET, +
Ty a D OEFERE, REMEERERDDENTES. &
BT, TOANZZXLABLUKBEHESEERED. T
ZTORER, RITHED TRLEBDOERRADIBDT
b0, UTO 2 ATENTWS. £7, SDF 2HERD2
FRETHDED, T/ a M fERVBREINDZ AN L
REHBMICERLOTV. KIZ, B4ETRIRRETN
T 2MEANDURNES THD. LLFTR, BFOE
% [PB) M 5% 7 a ik 2 BT 5 HeExRT. Wi
I, BLURFE[EICDONTD, BIERKROLETHEEN
ROENZ/, TITIREIRHEEKRTS.

7 a > ORFME Ca(t) 1&, EME PB) 0o
{dns(t)} LVEETES. R, AT a L EROE
#RX (11) 2DP MR L THSNBUTOERBRLVHASHT
H5

C(t) = EP [dn(t) {C(t) + dC(t)}], C(T) = F(T). (29)

®oT, AT a UEBOES R, £7, FE[PB] 2
M=, TOM {dny(t)} BRVTA TS 3 ViR EHET
3, EVS 2BREOFHEICHETES. TNSOFMEIR, »
Thd, FEORKMSMTTEEICEE TS LT, BRANC
M IEMNTED., TORMELUTTHERLELS.

%9, M PB| BUTFOFME TR &M TES. &R
B (t,2Z)IKBNT, ROBMOBEEBINK T (¢) 25 &
LT, HIB 18R (22) 2MiTIE, YRE OB E#BIK
Is(t, Z) #&5h5. ZCZT, HIB H8R (22) 13, SDF
E® dn(t) BLU Lagrange T B(t) DWW T ORI
MR (25), (26) ZEANTHEI ZENTED. Zh&D, &
HEBM OMIERY: Ip(T, Z) = F(T,Z) N S5ERMICE
HROFEERVEBET L TREEM T EMNHKS.

KiZ, A7 a Uit Cp(t) id, DP St/ 3
SRR (29) LV EETES. AEKICIL, ME (PB) T&
57§58 SDF £M® { dng(t)} %, #wsk#: Cs(T, Z) =
F(T,Z) 05, BRENCR (29) IKRAL THETHIE, £&
OBRNBIFBF T a ik {Ce(t)} MBS ND. Rk
DOFEERFIIONTHRDERIE, RFMERRDSNS.
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(8) #F7av - TIREEDER
ARRFEERETIR, UEA T3 0BEINTDONSEE
2, TOSENLZREIEENEVEDED LTEROAMK
Ho5NE., I3, EREFREOMIEIIA S a#
M [PB-NAJ, [PS-NA] K LT, FMti@ToREK
FE*ERT 20 OREROEEDHNEZL SN0
TH5. BETHE, FREFHEE, A7/ a fEkE—
BICRETB ZLICEABRLAVWRDDIZ, #LMNTHTE
RTTHEIRiE % - REMBICETE, RBREETEILTH
BRLUEREZTADFELEAD. #-T, EFEEAL
ZHET, REOYMGBELERME (ENPV: Expected Net
Present Value) &%, SEWATBEHREL/-&B/VT I - F
Tra BREAVWTEShIEA T 3 VEROELES,
HLMVBEATHREOTREEMRICETERETES. AX
i, ThSORRFETROEA TS 3 Ml FFE
TES NSO LR (FR) OAIIC 5588, €047
T a REPTCWMBIIN DS - BEICHLTHTED (B
TED) OREAMNKRLLZNEHETES.
FFEDOIRRFERI, £BOF T 3 ViTEAERAA
REETHD. bESA, FFREOFFIIMAT, @HOF
T a VIR U ENREZENRICMATIHT, 7
Ta MR E—BICRODIBELTES. A, S
CORFE (AF) MHMENT, HDOHETF (BF) ABEHLS
i, YA 7Y a AERISE MR (B FME) C—HTD
355, Lhl, T35 ULEENGHICIIEEDON) -3
UMBFEEL, TNENERMICHRRT I LR EROEHE
ZBA S5, TITEREBROEDRW.
4 FAYVAY - AFary

ZZETOSE, MATHERRIZRBRTELTAUD
VeoF T a AEHBRLLS. MEERZDZOR, £
a3 OFAEE (le. 7 a > OAF) M, HERIITERR
TRERETEDRTHD. AETHRETEIA S a D
Fyya- 70—, BATERL T ICRETINT - F
JF(r)=F(1,Z(7)) OH LT3, B22HERAK, DK
FRRREMBICTIEDOEETHD, FFEORRE
RTHOTIRRN. UTTR, 7, £ 2HETRLAM
BDTFT, 7 a BB EEOTHE, EMEE, WxH
BELTEREL, ThENORBEEFEASHICTS.
KiZ, T TROLBBEESFELZFA LA T2 a itk
OXHELHRRT D,

(1) =R

(a) =M=

Ut 7 3 > ORRIFTRER - AT 3 > OFEE
(le. BF) k> THRESNEM, HRETEF T



DERBEMEL, SDF A(T) EAVWELUTORTEREIND :

A(T)

A(t)
AiEic BT, SDF #EMmE [PB), [PS] eheh, +7
TaloOBBE&DYRY Ay PEBICRET B LN
rENz. ZhIZEY, XHTHE, KL SREWHHOZD
SDF #EM& [PB), [PS] 2, * 7 a > HF OHEMTER
ZRRTHEBATHIET, 7AUDY T a ik
DETRERDS.

A7 abOEFRABNTHELT, AT a V&R
B9 580 SDF A(T) (ie. 7 3 flitk) 2BRL, +
T a aBRELLBICHERTERT - 28RTS. 2o
BENERITEE, ®RAMERME (backward-induction)
K&D, LT 2BETHHE L THEEHINS . O % SDF
AT) DFTAHT > 3 2 RB LKL, +7a itk
C(t,m, A(T)) % BAICT 2 MR BB 2 7 (A(T)) %8
T5,;0Q 47 a3  BEaNd, £&® SDF i3 % B
HERTRERSRI 7 (A(D)) 258 & LT, A7 a D OBAME
# C(t, 7 (A(T)), A(T)) % B/NCT % SDF Af(T) %8R
T3, ®oT, A7/ 3 VEHFOTHNL, B# SDF A5(T)
L REHERTHERRD  2RAMICRETOIUTOMELLT
EFRkIhs .

C(t, T,A(T))_E”[ F(r )] (30)

PB-A]  mx min. C(0, 7, A(T)) - %H(A(T)),

T€[0,T) A(T
s.t. (10).

—}, T a3 ORFE, BFEIERE L IHENTERL
TTIBNWTRS - F 7KDL EEHEL, AT 3
>tk E B AT B SDF AY(T) #:8RT 5. ZOFTHIL
UFo&LsiceERfbahns .

. 1
[PS-A] max. C(0, 7%, A(T)) + “H(AT)), s.t. (10).
(b) WP

PIRE [PB-A] DML, UFOLSIcEREING

[DB-A]

1
. . —=InE? —W(0,7,T)]], (31
2% (o325 ME e WO n DL ()

st. W(0,7,T) = F(r) — [w(T) —w(0)],  (32)
and (14).

ORI, ERET IV ERAK CARA BEHABKZERD
F7a VBEIEEROR— R 7+ ) A RAREERRTE
. ZITOMM 0, T MicBRsNE W(0O,n,T) &, *
TarORA «F 7 F(r) ER— b 74+ UFRE (BFD
BERERA) OMTHS.

ERELRR, RFORNMEER, BENRET D EHE
HRTERL ~ 25 LEUATOREE L TERLS
n3:

1P lexp [yW(0, 7*, T)]],

[DS-A]
{ﬁ(t)ltelo T} Y
s.t. (14) and (32).

(@) BExRH
AFHTE, HE, REOTNENOMBEIC DV TRELES
HERT. MEEFAR SEEORNEEICHT 527,
EMEOTNESETHS. ®oT, UFTREMEDS
ERRELUTHTETS.
(a) HEME

T o T, BT ORENRIT R RRR D, REZEM
(¢, 2)} & “HRIEGFETHER &, HRIEFELL
ER SIANTIMECHETSILERT. T, BT
P [PB-A] OREERKEUTFOLSICEBLELS :

Ta(t, Z) = mwe, mmin.C(t, A(T)) —'H(t A(T)), (33)

TE[L,T] A
t. (23).

DP FEZEATHIE, ZoORER, &RE (¢ 2Z2) B0
T, UTFD 2 D00Thh&REHRENICRIRT 5 MEICRE
T3 1) R ETY, T3 oS - 4T eEE
T 5; 2) MUNRER dt ZOHERITEE/FRTS. LT TR,
FhEnst “RiC” Bidhiz & Uk OBl Epaskic oW\ T
ERT .

WEFINTEEINDEE KRE (L Z2)ITBNT, 1) M “R
CBRINZ BORBEBEKIE, UTORICHED :

TL(t, Z) = F(t, Z) — %’H*(t, ). (34)

ZZT, H*t) = H*(t, Z) S ERESRH (10) OTF THRXIL
SN KLERETHD, UTORTEHEIND :

M (t) = max. H(t, A(T)), s (10) (35)

DP FEx#EATHIE, CORBUTOLSKIETES -

H*(t) = max; E7 [—dn(t)In dn(t) + H**(2)],  (36)
s.t. (23).

72U, H*(t) = H*(t) + dH*(t) &Lk, BRERHE

R (23) KDWT D Lagrange ® % B(t) L THik, @

MEORBEERELD, B8 SDF BILER dn*(t) BLT
Lagrange &3 8*(t) K DOWTUTOREHES :

exp [{B*(t)'dX (t) — H** ()}]
E7 [exp [{B*(t)' dX () — H*+(t)}]

dn*(t) = (37)
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E7 [exp [{B°(t)'dX (t) - H**(t)}] - dX(¢)] = 0. (38)

R (37), (38) W, & (3) TRBT B4 7S 3 A A
EIZBWTHWSNR S,

REFTEAFMENDIEE RE (¢, Z) IKBLT, 2) A
GRICRRS N &= ORBEEIIKIE, UTFORICES :

T8t 2Z) = mex. min.C(t,A(T))—%'H(t,A(T)),(liQ)

T€ft+de,T) A(T)
s.t. (10).

DP REE#AH L TBEITHL, LUTOHIBH#ERX:2E5:

73 2) = in 7 [an) {310 an(0)+ 0}, @0
s.t. (23).

ZIT, I§(t) = Is(t) + dZa(t) THS. R (40) 43, Bl
HETHH L HIB 512K (22) LIZESMETHD. #-T,
COMBEORBEERME LD, Bi#l SDF X dn*(t) B&
U Lagrange T3 8*(t) 122 W TR (25), (26) L%/
nEohs.

BEAFEIMBELLTORRA ZETTEHLE
ILIY W, ThEN, MHNTEINBE, HAEHE
NERINZIBPEIINTZ YRO” RE[EBEIKTHS. UTF
TR, T1,78 #ANT, “H0” BBEBKAES RHICD
WTHRRLES. BEEBEKOBREED, (t,2)KBLT,
1) BSBR I N BB,
Ta(t, Z) = I(t, Z), and Ig(t,2)>I}(t,2) (41)
Lisn. MiT, 2) MBRINDBE

Ip(t, Z) =I3(t, Z), and IJ(t, Z) > Th(t, Z) (42)

Elrs. s, BAF@ VIP (Variational Inequality
Problem: ZAXREXEE) L LTRHATES :

Zg(t, Z) = max. {Ié(tv Z)’Ig(tv Z)} . (43)

ZDESIZVIP ELTEHEBRINIBEL, MRETIRE
20 (t,Z2) 2, LT D 2 DOERICHET S B HsE 57 mE

CRETHZENGOSNTNS ©
D' = {(t, 2)|Z}(t, Z) > T3(t, 2)}, (44)
D = {(t, Z)|(t, Z) ¢ D'}. (45)

ITT, D! 2 HERIfTHEE, DO 2/MsiRe ER
(b) FTFME
RFME [PS-A] ORBEBKEZLUTOLSICEHT S :
- . 1
Is(t, 2) = max. cit, v, MT)) + ;'H(t»A(T)), (46)
s.t. (23).

[ B Hu IR W28 ] No.8 (2), pp.81~93, 2003
DP EE%#EATHIE EFicL> TRESNEL DL, D°
25 & L7, AFD HIB X285 :

F(t,Z)+1H*(t,2) if (t,2)eD'

Lt 2) = {zg(t, Z) if (t,2)eD®

ZT,

A

73(,2) = i B7 [dn(e) {~1n dntt) +z30}].@n
s.t. (23).

3) ZAIUXA

AHTid, EFREE/AFMEERE, TOREAVTS
Ty al ik BT HEEMBTD. LKL, MRS
FROBEMNS, T T, BFOEMEERAWREICD
WTOHBRT 3.

MRETHATL a3 DORFEHIX, LUTO2BREDF
HEiC&->TRD 5N : £F, B [PB-A] #R<. KiT,
I THS5N SR SDF EL® {dp(t)} BLUHERTHE
BE D #RNTE SV a B EEETS. BIEERR,
ISRV TNLRMOMTERICEE TS LT, &EXR
BB ZEMNTES.

£9, [PB-A] OMEETRT. HRE (¢, Z2) IKOWT, K
OBRMOBRBEBK IS (t) 2HE5ELT, R (34) BLY
K (40) 5, HRIFFENRTDONIBE L, TENFEND
BEORBMBIK IL(t), I3(t) 2ThTnRDD. ZIT,
Th(t) 23ET 286, ERORBIIDOVTO {H*(t,2)}
ETFDHBELTHEL ERWN. HY(t) DFEICIE, DP 4%
anR (36), BLUBRBEESEHER (37), (38) ZEAWLEE
KSBENBEATES. —F, I3(t) OHEITRIBERER
(25), (26) 2AWS. 5L TRDEBREEBEEOMDOGRHE
R (41) M5, REE (t, Z) PHERITHEBRICESENDINE S
NEREL, Bt OREEBK Is(t) 2RO 3.

KIZ, 7 a itk Ce(t) 1, DP I N/=LUTOR
NOFHETES :

F(t, Z) if (t,2)eD!

E7 [dng(t)CE ()] if (t,Z)eD°’ (48)

Cs(t,Z) = {
ZIT, doy(t), D W, THTH, Bl SDF B{LE, B
SUHFTEERTHD, WTFhb 1) OMELTRO SN
5. ¥, Cg(t) =Cg(t)+ dCg(t) THS. kb, *
T a Ui OKESEY Cs(T, Z) = F(T, Z) N 5EKRE
2 (48) 2FHETHIE, 7 3 Vil {Ce(t)} MBS
ns.

IS DOFNE, il SDF BLE {dng} 3L THEFIfT
SR D! 2 MHT S Step 1, 7> 3 Ml {Cs(t)} %
HETSHStep2 &L TEEHENS. £T, Step 113, LA
TFTOLSICEETHES !



Stepl-l. WHMICBI 2B EHEMKE Ip(T,2) =
F(T,Z) &L, t:=T - dt, I} (t) := Tn(T) £ T 3.
Step 1-2. BRIt IZHBNT, HATFEEZERTIHBAD “R
o RBEEBAK IL(t) 2RDB. =T, I3(t) 2F 5
ELTH (26) 28<. 5L TEASNIE B5(t) 2R
(25) IZRALT, dng(t) 2R 3. ZOHE SDF &
fL® dng(t) BL U IE(t) % HIB HBR (40) ITRA
LT ZY(t) 2Kk 3.
Step 1-3. BRIt ITHBNT, HAEFTHETIRBED YRD”
BOEMERNE (1) := F(t) + 2H*(t) &5 5.
a) Ii(t) > I3(t) DB/E, Tp(t) :=I5(t) &L, (¢, Z)
% HERIfT SR DY 1B .
b) Zi(t) < I3(t) DB/E, Ip(t) :=I3(t) LT 3.
Step 1-4. t=0725KT. 5 TRIINIE, t:=t—dt,
T4 (t) := Tp(t) &L T Step 1-2. .

KiZ, Step 2. RUTOLSICHETHES :

Step 2-1. WMCBI D+ TS 3 UMlikk%E Ce(T, 2) =
F(T,Z) &L, t:=T - dt, C}(t) := Cs(T) LT 5.

Step 2-2. tIZBWT, KRB (¢, Z) PHEFIITHER D 128
ENTWHIE, Cp(t) := F(t). 5 TRIFNIL, Step
1-2. TR/ #&i# SDF BL® dng(t) & CF(t) 2R
(29) IZRAL T Cg(t) ZatH

Step 2-3. t=0R5ITKT. 3 TRINE, t:=t—dt,
Cg (t) := Cp(t) &L T Step 2-2. .

¥7/-, Step 1-3. THWS, BERERKEOHADTFTTO KL
HHRBROBKME H*(t) 13, UTOFHEICLDTFOFELT
BLIENTES :

Step 0-1. #ICHBIT 2 KL 8% H*(T,2) :=0&L,
t:=T— dt, H*H(t) := H*(T) &T 3.

Step 0-2. tIZHBWNT, H**(¢) 5L L TR (38) 2#<
IS5 LTHRLNE B) 2R (37) IKRALT, Bl
SDF ZL® dn*(t) 2RDB. dp*(t) BEL H*(¢)
%, DP M E iz H*(t) DR (36) ITARAL, H*(¢)
2RO 5.

Step 0-3. t=0725FKT. TS TRINI, t:=t—dt,
H**(t) := H*(t) &L T Step 0-2. .

5 MIEF G- EYETTAHED 4l

EETR, BARTRLUERRFEOH DT VERAA
EBRL, BEMEVENICMET D L e HRBTD. TOH
ERRELUTHRETDF T a Uik, FHadl« ERNER
TRAEEE, HM [0, T) NOERORRIC—E® K TR
HTEHA (FTRHELREELTET AU - Ty b
F72ar)ThHB. FR, TOFRMED £ RTHTTIBIC

BIBAT alTHY, TOMBIIRBRFEZANTE
HEh3BENHS. LML, JZTEHEREERICR
L, fEkDSp/VTI - AT a BRiCkORDEND
itk & DR 2 BT 2 =010, REEH# A8 Brown
EBICHESETH. A5, TITR, MOKEELVH
SMZTBEHIC, MURETIETNIHLTUTD 2
DOEBERETS 1 a) UAJERMN2DULHEELRN
(i.e. K=2); b) RETH TSI I N2EREEN, | @R
D “REVNEE” OB THY, TOMEKHIERMA Brown EE
TS, TNSORER, WITNLEFEORENIER
ERTHOTIERN, fIEETTRRELSIZ, AFHEIR
ERBOIV AV BERBIVEREENFET B8 (BR
L) #HATHETHS. AT TR, ZOETNVOREHIER
U, ZFEOEAKRERT

1) EFNORES
(a) RS RETS

| MEORRRE NG| S N2 RETH (e. N=1) &%
X, fEBIREREOBIBIE A MM S(t) LT OB Brown
EBCHS ET S

dS(t)/S(t) = adt + 0y dZy(t) + 02 dZx(t)  (49)
= adt + o dZ(t). (50)
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Pricing of Real Options in Incomplete Markets
Takeshi NAGAE and Takashi AKAMATSU

We present an approach for pricing "real options” in an incomplete market, which bridges the gap between
arbitrage-free pricing and utility maximization analysis. In our approach, the pricing of real options is formulated
as a problem of estimating equivalent martingale measures under Kullback-Leibler information criteria restrictions.
Our analysis reveals that the problem reduces to a dynamic portfolio problem with CARA utility function.
We further extend the pricing method to options with a timing choice (i.e. American option): the problem is
formulated as a two-person dynamic stochastic game, in which a buyer of the option chooses an optimal exercise
strategy whereas an option writer hedges risks due to the option liability. Exploiting the stochastic DP principle,
we develop an efficient algorithm for computing the equilibrium price.
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