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@ KL fERESIID Lagrange B TH Y, TOMHEI,
KLIFHEDOTIRA & 151 OBRICH D Z LICER
Ehicv. ZoZdid, KLIEEREOTR A #/57 #
2 ELTHEZDERIC, xR EIE TR SR T
DERERE y ORY B —F -2 FRTE2Z L%
R LT3,

(4) BUESTHEPI—BHEREREFTAE

ATETE CCm L =0 & RO BRIE, B
- BRI OB, BIUBEFMERITES A I
TEBRTE DR~ —MRILTED. 21T, £F
bid, COBEKREERTHILT, A7V a HED
AR EFERZRRELTOS 2020 KETiE, =
DIREE DT HEF R 2 RE 5. 2OxHE LT
BET 2D, KaAAEHTL2RBEIL U THEE
NEEBEET 5 & 5 RAEhEREES, [0, 7] OFER
R FIZVD T HFRENT & 5HEF] (American put option)
Th 5. #HlxiE, BOT (Build-Operation-Transfer) £
FERERBEIRNICB T, BRAEVRERICERES
RHTHZA I T EBRTEIHEN ZNICHY
T5. KEITE, BOMEELVALNITDHEDIZ
PTFD2o50EEEZEL : 27, BEHBICBNT]
BEOZEEEL, | BRO “REN” RAREED
HBBBIEINTWD LT3, KIZ, HUZAFhREKER
FEOMHE OHFRNED & fEMRE BE DM ORERR
EELHBRENITSOEE n THX BB & T 5.
9l =1 DHFEITFEME (O TIXFTEEMSE) OF
BRI EEME TRER~y P TEIRETELE
BRL, n=00HaRTHEENS TEEMECED
Ny UTHI RNl CERWIRRERDT.

Ba-1 1k, sz LiRoEERE n &, iz EERw
HIEDFEF - BFEMEE Ty LD THS.
FO8ADHBMOA, LMD 4ERDORKNERL LA
RIIFEMEDORES (BF) BSEHF 1 I VI BBRT
& 534 (American option) O{EH, THRID 4 AOH#R
134 A X2 7RIV A (Buropean option) DA%
EEDT. ThThOBEITH>WT, EREEFE - B
FDY R Y EHE y SEEHEOEAT, ARy 28
HBBHEWERERDT. ThENLORE - BF MK
ERHOLTWVS.

ZOBEY, UTFo2 200 L35, E1iZ, =
BHEH (p=1) ZEE LERKD (&) 27> a 5
fliFiEiL, THEOTNTMIEEBR LIAFIERITHL,

Lok, ZoBEEHEROMMEIL, SEBREE L REENRES
T5%y yia - 7u—fRFIOHMFMBEEMEE LT, FH
B L TR BESB .



FeEMEEE
009 European ¥y =10 -----
European y =20 —
0.08 Americany =1.0 ----
American ¥ =2.0 ——
0.07

HHERK

0.5

1 MR & E M ORI & SEAEE

(B Flks, SERMEIIT) BAREHE & 2 o EMIzH 5.
L, REROFERTEMHTEY X2 (le, BER
BT~y VLB R7) 2 ZRIZERELTEY,
N5 PG| EEOERREREEE 8 U R Eig i
RIETEEPEETEI TRV L EFETD. F2
17, FEBSMRERDHEHE lInll 23/ & < fERREDREE v 23K
EFVNE Y, FAMED B FME L TFME & OZEBHEM
T5H. TR, Il B EWIEERERHE Y X7 H
K&, y BREWVIZE, ZOFEHHHY 2
WZxt UTEBB AN U EHR (L IT L) 8
32 LR RBRLTND.

(5) HULELMEERERA & robust BEMAT Fa—

¥

AEE CT/RLE KL BHRESRNT 72 —Fi3,
WA, BEFEERBOELELSTOSETEREINT
W5 robust BIEHIA T o —F L £ OFLLEE
->. Robust 1520 A 7 7 12— 1%, Knight fiRreFENE
(Knightian uncertainty, & % VM “&dHVVEVME”) BB
MEAFRAICER L-ERRE - ) A7 FEHMEOR
WRTNWERE - AT RIEE UTHEBR T b, AE
Tid Knight 5t e DO HAR IS K O robust #i4F
PR7T T —FE ML, $< (6) TThoERAL
T BOR DT & B L O RE LB LB L8 TS
WERBEEBLLD.

AFRIZIT D Knight FERFEEME &1L, FROFHERH
FERMIZEET 2 RRICE N T, FROBROA R
THRE SRV DOEIET. ZOEHRIE, Knight?™ 23,
HERORNE, EERENEITHD IR L, &
RN KRMTH D “(ED) REEE LIZSELE
ZEITHIETD. :

Ellsberg?” i, Knight D RHEEMZ “b L F
M (ambiguity) & FETY, O X 5 AR T CRRERR

1

EEENRY R 7 BT TR DV E VRS
(ambiguity averse) & 725 Z & %, “Ellsberg D™ &I
DU TOLEERIZE > TRLE.

200FABERRETD. HBREIE, ThE
NICFRELHEREGHLET 100 BA-TED,
FAWZODWTHREE BERE 50 @->52oA-
T3 EEMBED. T, BEREICLUT
OHETERET?. PLLEPOBVERY, £
PHEEBICSIOZERSRR S 1 BiLoFE %
BEL, Ahb 1 BuoBREHES. Z05E
(EBAEETEZLDRY &5 5 0FTHHIRER
Bi20 THRITHLEDLT) BBEOEWRENE
ABBE.

-
—

Ellsberg 1%, = 5 L7z® Vv EVMEREEERMDS, von Neu-
mann and Morgenstern?® < Savage®” ® (H—») 8l
HIRERE AV HIHFPHERTIE, Lol AE
BEFRELTHHATE RN I LEFRLTND.

Knight MAFEEME (H\ v iE) FTToOBRRER
BIzxhd 5 %e#iid Gilboa 38 KUY Schmeidler i k- T
fHFohi., BLOERIEIUTO 2 RICEKNINS.
5 112, Gilboa®® 3 & O* Schmeidler’D 1%, Mz FEANs:
FIFEEE (nonadditive probability)*? & Choquet 555y D%
xRV A (CEU: Choquet Expected Utility)
ZEALT Savage? OABREBOHI L THVE
WHERIBEERARATE D LR R LK. B 21T,
Gilboa and Schmeidler’® i, U vFEVERBRZREE
REEEDITERD, LLTOBEE ORISR E Az
maxmin A (MMEU: Maxmin Expected Utility)
B RAVRIRE -

H Q
[MMEU] mgx.rgéré.E [U(W)], st (8).

ELTHLEBRTERZZELERLE. Z2C, QIFEE
BEEEDER (prior, H 5 WIITEBRIFERAE), CiX
F DA (set of priors) X7, [MMEUL 1L, BRER
P DERMINIE (W)} & “BE” i mT 28
LOESQERY, ZOFEEDOT TOHFINGEE KK
LT 5L IITREERE 0 ZWETHZEEERLTY

2 RIEZERE Q & Q EOREK (algebra) F A6 72 B A2
(QF) LxERT. BEP:F 5 [0,1] BUTD 4 >0
Gt

P@)=0, PEQ)=1
ACB=PA)<SPB), VA, BeF
P(4 U B) + P(4 N.B) = P(A) + P(B)

AT &, PILdhadEERIRER L fRTh D,



5. 728, CEULEIRESES C 0T TD MMEU
LEMME 2D I ERMLNTOA (Bl R 3Y) .
R [MMEU] i3, Epstein and Wang®® 1 &> THRE
BOFH~FEE S, & 52, Chen and Epstein®™ 12
J: o TEREE-EEREO A~ L — L&z,
LY, MMEU 7 7o —Fi%, #EE0 - #hEpiaf

-
—

HTOEMEMNOIICEELT, BEEART7 74T R
EROBBRICRB T 5 EEROIT~ L T OEAGHEZ A
FTnwb

&, MEMMEUI ZBWTIED X I IZEE

C BRETH2HE 725, Hansen and Sargent®® <2
Anderson 5 37 233222 L7 Robust HIFHAT 7 u—
¥ (REU: Robust Expected Utility) tX, ZDEREE%
FEROFERNE &, MERAERO “EH” ofsE Ay
TEHTHZ LT, FEHBITHHEENCLRIFVE
BRCLEFRERRED. 207 a—FTiE, &
AEAEUTOL I ICEET 5.

C(P,H)={Q&Q,P) < E}.

TITC, P, ALAOFETHE Ih - R RAREE
BETHD. EQP)FP LESQLEDHDERT Y
FEE—THY, LTOXTERESND.

5QP) = ~H@P) =1EQ[ ga] EP [AlnA].
(11
fAdE Azt (10) 248 L [MMEU] 13, ZEIE
SHHIFE & (54 L OB HQP) T T A% 1/¢ #RL
THABEIC ML /=L T ORRE

[REU]  max. min. EQ [U(W(8))] + éS(Q, P).

EIX I OBEREDBZEBRMBATND . =
T, &1, HVEUVERREEE (ambiguity aversion) & FE
T, RERPEHAERAE P BLTCEORIE 2
HF—ERET AR ENETERALTWSN (HHW
NEBHREP LR LLEEQERSZL~DTH
RAOREX)ERDOTNRTGAFZELHRTED £ 50
BHEE, REFRIIEBVRBREP XERL LTEAL,
oo bl &, REFRIHVAIBFAEDOPT
BREOLOZ{ESRE LTGRE., o, [H&E[REU ©
et 7%, Savage? B> ¥ —{E&: (single prior) £i752

RETFTNEER T — AL LTET, —RIbENE
LRpED.
(6) ABRLDOEEMNITESEROBITRE

RIET TR LW E W EE#ME MR IS L O REU (Ro-
bust Expected Utility) 77 0 —FIZ2WCI, 5%, B

(10) -

BRERZFOGHEOHLT, 2 OHEFTHRD
BHbEs L OELEHNMROERPBALITRDRT
WA, REITTE, ZhOWEICHTHESE L OISR
DFLEM T 2R L, 8T 545 % OUIIHREZ R~
£3. .

B 1o, EEOPERLAEREMITETO “HakRHy”
IP R EEMFIECRTL, v 7 e RFEBDFOLE T
(R EHMEE BT E D) Mty ﬁﬁ%.ﬂ»
i 7 MO E W EERBEE R O R 2 BAR AT
EF A (BLF, CAPM-A: CAPM under Ambiguity) % F3
W, FOEEEOITOMEIBATZDRATY
% 34.35,39,40,41,4) - 1, b OBIFECIE, IN3EAY (Knight
DEWRT) ARELEEICH U TRERNVEKRT S «
HWEWETLITAITEST, BEME TS
h & D puzzle— equity premium puzzle, resk-free
rate puzzle, etc. — ZFMALBE L Z L BRI TH
5. 22T, BEEN REU BERLRBIZHES & &
DOR— b7+ U AERWE [REU] 12, AFRTRL
EFOTE [Pl KR BB EL . &
FE, MAEA[REU] 0FBMRR Q LEEHREP RO
Radon-Nikodym #4y A = BF [dQ/ dP] 1%, K (6) &L
o Logit K TRbINhD. Z0l, EELOREF
D) RIEATH LT, CAPM-A I 520%H
BEMRIEZ AR TEDEAD.

L, EZELDET L [Pg] & CAPM-A L3, &
2R - ZHUTWA OO0, FRFERLOBHB LIV
FARPRE2D IR PLETHD. EFELDET
I, BEEC TV ) OF%F - BFEN, &0
17 a Y RATERNRIRICE D & & OEEMED LR -
TRR%, EHEREEBBIZED Y 27 BFIZESH
TROBBOTHS. —F, CAPM-A L, HHIZBA
THEPBOBREREREZNOBEAL LT “w7 mEY” 1T
REAL, TOWEE - HETHOHEIRE L LT (MK
FEFEL) ETOREME L —BICRET S, &l
FIZTE, CAPM-A IZiZEREFEIIBARIICE B X
T, ME[REU] TRkObdESL, £ED
FHETROOLND Y AT PR LR —ET SRR
720 (Le., [EE [REU] O Q DT T, {EEOEEMS
7% martingale 2725 L IXR LAWY, ZORIKEET
E, EFoo07 7 n—F, BREREE RN
B LTz CAPM-A £T/VORBER X Cafi FEOH
REVSEFHIZHIEALES.

F21, REUBIUEELD KLIFRET T u—
Fix, PHAEEBTDV R EFBICBITAHELNY
A7PECOHRBICLEALED. 8k 2LV

173



A7 MECETIERIIT 74 T ASFIZBWT
EREILIT b TEk. B2, ¢RI X IBERIEB
WTRLEERZAED 2L LTEBBELTE VaR
(Value at Risk)®) 75, BEBe Y 2 7 FE (coherent
risk measure)* %) & L COEHEZHZ SRV &8
AT ENTLER, $ie Y A7 AEIEE R
BENTND #454647,48.49) = 5 - U R 7 AIED
—2& LT, (3) B TR LIHEEMSEAM (CE: Certainty
Equivalent) R0, =N & B~ RE L7z b0 4D
BHEETD. ZOZ i, EELORAR, VAZHE
EORBELEZOHEFELELTERALESZ E%WW
LTWa.

B3, FE, F—AERICBWTYH, ZOHNEN
DS EEA L-Hren J&&) BILTWA., ZhbdD
HENE I, Y —r2EHROBMIC CEU FIE %515
B3 MMEU [RER 5359 28 A L, Nash B0
HE—REL TS, ZH Lz “bnEnEsr —ar
EEHA S — A O EOBEMRIE, #121X, Eichberger
and Kelsey® 72 P TEBEEN TS, UL, XRBT
LTz L 572 REU FE%Z 7 — ABEGRICEA LT

L, EELOMBBYIFEET, REU 7 o —F R
BOMENLTY BN AR, +acEAshTwa
WEIICRZD. TOd), KRTHEAN L REU ®
mﬁéﬁlbt$~A@%ﬂ®%%i,A%®m%%
BER0BEY. &k, BF, TARHESEFICLNT
u,mq$¥&a@%mﬁ%%5ﬂ:ﬁur,ﬁ A
BRERBWEST TR OMAPED LN TS, =
5 LEFROBMEIZH, EROHNENES — LR,
REU 7' — A7 FOSIIISHATE 3759,

Bz, iIF5E, IP XL T, BFRICKT 20 M4
DONEN, BEENEFEIN TS, HESPERER Y
D ERKET, KEHIZ, BEORRBRST —FRED
b, TOREFECHERBCHOEVEREFET D
EEZBNRD. ZOLIRRET COEENR (HD
VM robust 72) BERERBBEICR LT MMEU % REU
Tra-FEEVS I LI, SKHATHD. Fik,
HVEVEEREE R OB, BE OERELRHER D
HTHERA LTIh W KEBRBRS Xy v b - R F
(catastrophe-linked bond) D7 L 2 7 b & 9 5 HEH
B s LTIERATE 5. TLT, BELOWEME
X, 2 b OMBOEEEREDSITCERNFIEDR
BIEATELESS.

4 #FTar-057  EHTEEN
BEZEODREERATEHE

AETR, F - RILD BLUERIL - K2 T
BLEA TS var I 7 - FTXa—FEREHdT 5.
AREZ, UTOLSTEEENS  £7, (1) KBV
TATVar - F770ERNEZIFER~5. &<
@)~(6) Tit, B LTHAT T a VBEERELL
£, 2T A0ERL, BORMNT, 3L OSBRI
DNWTHERT S : Q) THRA TV ay - FI7MBEOE
AL EITRY, ) BT, ZORBEOREMESMt:E
— AR (GCP: Generalized Complementarity
Problem & LCiik$ 3 ; (4) TiE, BEEMOREOT
T, BREtESMEFARKRTT GCP & LTHRET S ; (5)
T, ZOHFRKETT GCP 25 LV /MNRK v 7 R~
DRETEBZLERL, ThEEHLDROEED
EZFERIRRD ;(6) TIEZ DFEEE AW $EEE )
BT, B%IC, (7) T, GCP 77 o—F %M
DR E RN T 2.

() #Foay - IF5o0RKRMEZH

EH SO DD PG LTEERY TN - AT
Va ik, UTOXICERIND bk Z 2 ERAZ
BT DRE (g, XER, BYERRE, &%, MEE
YR L TT7 4= Ry ZMICT 77474 %
EETHIETCHFyya - 7u—fifledar bn—
NTEBHERN. 22T, TO2T4ET L1, D5
EORBFEEZITo TV AREEET. #l2d, &b
UFNRYT AT a LT, HEhEREE

BV, RBEEOHEMIE LT ERTEREER
FIETEARMEZEZLTCALD. ZOBE, HEF
¥#13, [REVER GR, X TER)) & [FELRE
(Y LR WS 200777471 L, EXE
WRTEDRXDPBY T ITAET A REETED)
T arhbBRind L AeEs. TEE AT
Ta VEITEE) L, TOWRICHPLEM (s - =
AN BEISTAHET v a v EITETHIET, &V
<L DEXBEFE (W TIXYZLERD D OREINA) &
W/TED. LT, —EEBEZTERLEZZE, T
REIZET (e, T2 T A ET 42 Y 1D X ~EFET
BYZERFTERY., ZOLSR—EEVDOHA I
SERBEOBRBREREDT, B2 0851, 77
TAET 4 XY RSETH2HoD/—FE&, X9 b
Y ~OFRAV L LUTRBRATES. LTT, 20
RE R B ATy g L LIRS,

—iz, E 0Ty MEERER, FA4IV
TEROBIRLT, FaxREFREEFED, RAHpR



X—) CD\Y:Y%CD

a) BAIHEE b) 2T LigiE
o) S AEIE ) FAINEE

e) Y1 I -5 HEE DECE A PL

© — T SIS

K2 F7va AEEOSE

LOLEHEHRLOPRELTHS. Ht¥, 25 Lk
FHECTR A /A HEMEEE S DI, ey T
W F T a UBREENTEZ. ZhbDY T -
Z 7 a OERFTERBER, Whb, LiRoOBr
T a VEEERAGS DR AN T T L LTHE
T&D. ZOFTVa U EEICEBTAHI LT, #EkE
FREBRKIHRE LTCEFL RV T - 372 o R
, UFO6 2007 IV IZHETED.

NEfFToay —EXIORBREZOVT, %
DEAIVTDHPBIRTCELZATar. B
BREOTELE (e.g., BE., B, 3R, /D, B
E, ) Ickod, BEOUVT AT TVay
BZOHITIVICHEENE.

MEALTLEF T a3y HEEBBREZRTRSZ &
T, FEZHOA T s v 2 BETEDL LD
ZUFABA T a v ORER, B2b) 0k
I, BEOBEN AT Y a VU BSEFICER LT
I 7ELTREENDE. ZOIT I ITHE
ENBATFVa LT, T4 FUASHT
IX Geske®® DEAA T a o BHBTbhB. U
T AT ar0nB T, FiEifRRA T
va 06D g BT Y 3 L (multi-stage
option)’? R ERZ OAT IV IIHEEND.

My HREA Fay BREERTR B, HIHT

EOFA I TOHRELT, BEREOT 7T 4
VT 4 2 BEOBHOFNLBINTE S LD
I OREFATHEIIHL A ORTHHTH Y, Wi
NHAOERPTEEND L AIZMOA TV 3
Vidkbihg. SEEA T Y 3 oS, B-
20) D&, BROBMAT Y a UBBAT
ITAET ARG LET T 7 ELTERSER
5. ZOATIVEHEENDF S arb L
Tix, Margrabe® O%#aA4 7 a2, Stlz®
DE/NEKREA T a VRETFOh5.

V) B A OLBF T ay —ETELHENE, B0
BERREETRI & CHUEETES (e, B
BIREPHHER) bO. A 7 NEF T g
DY, B-2d) 0L 318, 2o (BLL) BT
FFarhbind A I AEE L TREE
nNad., ZoATIVEHEENEF T gk
LT, Dixit5 < Dixit and Pindyck% d& A -
BOBRA T > a v, —HHEIEBERRA Y 3
YRENBTHND.

V) i - AV IIEEERA T ay 1) & IV) OF
AT, TOBEETIR2e) DL HITKEESH
%. Dixit and Pindyck® D& A - #18 - —HHZ 1k
I a R EBIOITIVIHEEND.

V) REVISIEAL T a2 EFEDTI/FAET 4
%810 B2 e (e, OO EERENT
HE) THDHLD., ZoF 7y arofEix
B2 0XoB5%EE£TT7 (£2TCH ./ — FHEIZ
VoI BREFEETDZIT77) L LTRRAEINS.
ZDATAVZHEINDA S a e LT
Kulatilaka®” 2385 b5

IHLTHEENLA S v VBRI LT, &
ELOHRBD IUTOL 3 BT bNE. %
T, BROL I RERDBERFORARY TN -
Fvoa VRN, wWithh, —RR{eAaM:RIRE (GCP:
Generalized Complementarity Problem) & L TH—R
KR TELZ&EHLBMNILE. ZhIZE-T, M
B LR EE BV TEB OO FEEZREL
TWIZERD Y TN - A7 a CRIBEIZHL, Kb —
BRVSRMROT T, BR—E L HEHEEEHSIL
7o EbiZ, ATV a SR, B-2g) iRt X5k
FA I NEBL—RRHIRNT T 7 TREERD “4
Tvay e 7777 BB LT, RiELORVEE -
ST DT O DA EHEE LTz

-10-



(2) ER1E

AT, AFvar I T7BMBEOERILE,
B3 Dk HRpEEEFE ATV a kGl LTHA
Lo, FFvav 7537 - 500, UTF03

O

/

B—®
B3 AFvar 7746

DOREMPLERINDG. B, BEE ATV
VT EERTAT T AT A EAEE N =
{1,2,3,4}, b3V |2 24T a v EE% L=
((1,2),(1,3),(2,1),(2,3),3,4)) &T5. H2iz, B
DF v vz - 7n—RIEESHIEIHBENER
(e.g., &F, 2%, MEKLLS) 2RELEHPeR L
LTERHBNCERL, 2Ok 2ARRA4 7T &
HIRFERBEICHED L5, ZORE, BRI ¢,

4 JREEHEOH TN - SR

WEEHIRAEE SR P(r) 2HY, [0,7] FOREBEE T =
TR AP(s)s € [0,4]} #HET B2 00P TN - R
W,w Ty FPLELOTHD. BEL KBV TR
EEH P(H) = P BRI EN L &, MR At F o
RIEEHMOECEAP = P(t+ A - PI¥, LAT O (BAL
R 0 ) BIRHE & o

a(t, P,n) = E[AP)/ At,

o6 Py = Var[APY A, > TBEM - (12)

FEOMEREKE LTERbahd. bbb, WEEK
D7 uE RBEFELT D Z LI, FREORZ LREEK
WZ2WT, ZOREEROFES ¢ [0, TIXRXN —
R &, FERRRATYXOKREZ 0 [0,TIXRXN —
R EZHEZDZELEMTHS. EELOHETIE, 7
T AT 428, ThbDaRo BRRELD

72— R 7RI, BIZIE, (1) WCE T BHE R IL
EEEICBWT, YUEROBZBEEZIREEH PO)
LT e, NERBSEST (X)) & NEBILEE (V)
D2ODT T L ETF LISV THARBESNS,
a(t,PX) <a(t,P,Y) L\ RE—%|Z 5. B
2, BENLRETAF ¥ v - Tk, EREIR
ETHRETo -, TITAET 2OV BELDLHE
FIRETIER (P2 - 2X M) DO2REEETS.
TOW, BIFIZOWTIE, Bl s TRAT B EATRERL
- OFlEE, FORGBIREINTHNET7 774
T4 n(l) =n, BLUREEE P = PITOVWTORT
S50B% ¢, Pn) L LTERTH. BEIZOWVTUL,
TITAET 4B nb milBVBI 5700 %R
(BLF, G0 #2xEH) £, EHC,n TELS.

ZOVET T, BROEBE AT var - r57m
RAEE) L, B0, T CEHFENORET S X v v
V= - 7 u—RF|OMFEMBLEME (ENPV: Expected
Net Present Value) D¥sfx Rk RbT 5 L5, 77
T4 BT A B (n(Olt € [0, T]) ZRET B, ZHXEL
TorricERbENS :

Pl B[ (0.7, (r01Lo)| o)

max.

{n(Dlee[0,7T)
2T, J(6TinNL,) & B LTI s T4 e
7 W n(s)ls € [, T]) DT CHLASX ¥ v a -
7o —iiFlE, Bis0#BI% p CHL L ETHY B
BAEERMETH ), UTORCTERIND :

I (6T, in() L)

= f ' el {ﬂ(s, P(s), n(s)) — Z 6k(s)C(k)} ds.
‘ 13)

BLI(Pn)] 1, BRI ¢ \IREEZS 3 P() = P MBI S h
TBHZT 75 4 BT 1 n(t) = n PRIREN TV B4
DFCOERGMYHFEETFTH L. N (13) TRV,
K={12- )i TIFACTALEDA LTI 2
THY, BIE () X > TRESND. §i(F) XA
W EkBBDT /T4 ET 4 BEMTRbRILL EIT
DH 1, TNLUHNTO &b 7 NVFEE, Ck)iTED
BRIV A BRAERT.
(3) —MLEmHEREL L TORERFEHORE
ARECII R [P] B M Sk 2 — AR AL AE A4 M R
#& (GCP: Generalized Complementarity Problem) & L

B3 Z OAIRETNAR Y T 7 a LB (1 243, Dixit and
Pindyck!D) 12132 WV TH 5.

-11-



TRETEHIEERED. ¥7, MEP] ORKEHE

AE B[ (T (o) )| @ D).

max. [
(n(s)lselt T
(14)

®9)

= . T
7iP)= max B[ (0T,

{ni

LEHETD. FNTNOEBEBEBEE V,.¢ P) 1%, KL
LEBWTT 2T 4 EF 4 n BBRENTVDEED
TC, T LTI KRETI X vy - 7a—
WD ENPV OFREEZRL TS, LLTTHE, 20
Vit,P) ET 7T 4 €T 4 n OfEELFER. 25 LT
FEENT, TNENOT 7T 4 €T 4 {HE V,(t,P)
1zt L C DP (Dynamic Programming) FEEZEH 35
ZET, FEORRT CORBEBMEZ TR TE 5.
P, TI/FLET 4 | BERENTWDH & E, DP
FRAZEATHIL, TEEORBRER, UTD3 D
MhEbEWVEEEZ L 5T ORERNICRIRT S
FIREICIRETS OB/ AR T 27 0 BT
1 285572 ; QUVBABR Cl, 8> TT7 27 4
BT 4 E2IEETS ;QC); 2XbhoTT /T4
FTAEIWEEETS. XY, 77274741 D
E,

Vi(t, P) = max.{n(t, P, D)A+e P E[Vi(t + A, P + AP)],
Va(t, P)=Cra, V3(t,P)-Ci3) (15)

EFHETAY. BROBRKEEEAOESEILTO X
SR END cEBI1HET /7740874 1 2L
FEOMETHY, ABORAE ABDT 7T 4 €
7 4 fED ENPV OfIcREND. 82, F3HIT
IF4ET 4% 2 b L3 ~EY R 2B O M
(e, EEROMEDP LDV BIBALZSI VL 0) T
Hb. ZOROEDHBLHEDERE, A>0 & LTHE

4, HIB (Hamilton-Jacobi-Bellman) FFEZ
min. {F11(), F12(V1,V2), Fiz(VL,V3) =0 (16)

EE5. IEL, BZOREBERICET R 2 E

L. ZZ7T,
Fpon(Vy) = =L, V(t, P) — =(t, P, n), Vn e N,
Fn,m(Vm Vm) = Vn(t, P) - Vm(ta P) + Cn,m’ V(I’l, m) €L

oz D TR, BEFMREES AR TARbY I, ERAlk
BIEABLTVRREA V. LM REEREOEH
i, EELomE 232208 peEankn

ThHD. L, TRELTE S o ANLEESNERK
DEEFT, UTORTERSINS :

_a a 1 2 &
L,,:E+a'(t,P,n)aP+2{0'(l‘,P’")} 9Pz

L, a0 iE X (12) TREEES 0t R & U
J BN MBI TH B,

-p- (17)

FIERZ, BERlt TT 2T 4 E?/{ 2HBNE I NE

WENR TV BHEOREERMEE, ThEh,
min. (F22(V2), Fo1(V2, V1), Fau(V2,Va)} =0, (18)
min. {F33(¥3), F34(V3,Va)) =0 (19

TREND. BRI, 777487 4 4 BBRENT
WEBAIL, BIEDT T 4 T 4 2R TALNAD
BRIREEN =0, BoEMERMEL, UToOREFEX

Fi4(Va) =0 (20)

LLTHRENS.
Bt DRREPIZBNWT, POTFTI/F L ET 4

BBREINTVENEEFICREL TR Z LI

TEARVED, FEP)IE, LR 4 oOREMERE
(16)(18)(19)(20) %, & T ¢ € [0, T] 3 L UMREE
B P e RICOVTHEZEELFD GCP & LTH
RTE3.

[GCPO]  Find {¥(¢, P)I(t, P) € [0, T'] x R} such that

min. {F1,;(V(t, P)), F12(V(t, P)), F13(V(t, P))} = 0,
min. {Fa2(V(t, P)), F2,i(V(t, P)), F24(V(¢, P))} = 0,
min. {F33(V(t, P)), F34(V(t, P))} = 0,
FauaV (1, P)) =0,

Y(t,P) € [0, T) X R,

TG Ve, P ={V,¢Pn=1,---,4 THD. K
T, B =T IEBVW TR Yy a2 « 70 —0R%
ELRNELTHB7), MHE[GCPO] mfimdthix
UToXTRENS.

VT, P(T)) =0, VP(T)eR, VneN. 1)

(4) FMIEOHRMRE

RARE [GCPO] I3fBATIR A =2 Tz, FDE{ER
EFRODTEDOFPECHERTHILERDDH. KEHT
iE, FOLIRFHEO—DE LT, HEEEIEL AV
T B ERRE B T 5.

9, MR LREEE PR, IS50LHIxX])
HBFET '
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L o S
Vl
j O
Y
AP
i i
SRS T

5 EERE-REEZER EOmRE T

t— £ =iAL, PP =jAP (22)

LEEEUbT B, FLT, ZORFLEDTITFAET 4
% Vi = V@, PYBL OV = (Vjel,--- 1)
CEEBRELL, BOBMERMSE (16) ~ (20) iICBRDI AR
WAHEETE, UTOL 5 ICBBoRLT 5 ¢

LV, P~ LV + MV, VYneNViel (23)

TIT, I= {0
Thb. LM
AT B Bewc a(t, P,n),o(t, Pn) 5
na.

TpLx, A a - 75 7R [GCPO] i, B
TOHBERT GCP & LTEZERS.
[GCP1]  Find {F|i € I} such that

- 1) GO T OB TFES
", TIRTEATHITC, REEEH T v kX
—BiRE

min. {Fl,l(Vi, VY, Fo(v), F1,3(V)} =0,
min. {F;(V, V™), F1(V), Fa(V)) = 0,
min. {F3,3(Vi, Vi+l),F3.4(Vi)} =0,

Fia(V, V) =0,

Viel

ZZT, Vi={Vine N} IE NI KTEFRT t o,

Fo,,()s-LV -MV*" -2 VneNViel,
24

Fon()=Vi-V +1Cop Ymm)elLViel,
(25)

ThBH. ke, o=@ Pin)j=1, 0} 2B
FTH D, 1IZLTOERN 1 Th5 & )72 T k5!
Ny M THD. FE [GCP1] M, = (21)
REER LU TORTREND.

Vi=0. ~ (26)

(5) FIREODMRETRENE & ShEMARE

R [GCP1] 1%, *ﬁ*é&@/ﬁmﬁ#’%‘&:k%b\
(= NxIx]) i, FA—TCHET5 &biffé&)'c#
P THD. £ T, XEHTE, B-60LdZ, =

OFRKTE GCP %, Bid 2 DOREEE— REE 7
S IHEEAZOWTHEL LS. Zhizk Y, [GCP1]
DOfEERDBZ L%, LOVBREO/NEWTTEE R
EDIEFCHR ZEICREFESELRS.

A fEIRA[GCP1] FREIGCPI]

=___

fERBIGCPi(n)]

G%i‘&!::)wcﬁ@

’ /_(B?ff'aﬁl"DL"Cﬁﬁ@

K6 FFvav- T 7MEOSR

(@) ERIZ2LTOHNE

K (24) kY, BE i TRITXHE (BT, [GCP]
LRI I, BRI+ 1| TORBEBER V' 23T
BbiE, V ORZERAEHKLTIMILHEL
BB, DEY, KiBEEV =0 254 THIZ, B
HI1-1 O [GCP] 2T V! 2Rk bhnb.
IO LTRAEZBY 2RL VLY L 2yt
ZIEIZkD 5 2 & T, £TORACBT B REEEE
(Viiell 23tET& 5.
(b) TS IEEIO>VTOHE

L TR NERIE [GCP) 13, &blic, /57
OEEONWTHMTEDS. 7, B 30775748
T4 ADSIIMOEDT I/ T4 EF I HE ;RS
nignizn, Vi, FER

F4,4(V,I_’T1) =-LyV- Mivftﬂ -m=0  (27)

DREL LT, DT 77 4 ©F « il L i3Iz iR
T&B (L, V' BEHTHDHZLEHATTILR
DIC BT E CREALE). KIS, 727747 430
LT 7T 4T 4 4 ~OREVEXFTRETHY, £
DAFE Vi iZ (ZOBETIR) BB TH B, Zokd,
TIFAET 4 3 OME Vy OFERMESE L
T GCP:

[GCPi(3)] Find V; such that

min. {F3,3(V§,I_/J;l), F34(V; ’7;1)} =0

W, WSTIZMRS TR TES. H&BIS, 7774874
L 20T ERLMETLT /T 48T 4 %
gvmzohd. £0ED, TNL220T7 774
7 4 V) i3V EECKELE > TR Y, BTFo
#IZ GCP Off & L TRFHCEHE SN OUNERH D.
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[GCPi(1,2)]  Find (¥}, ¥3) such that

min. {Fu (7,70, Fia(V, V), Fuas, o)} =0,
min. {Faa(Ve, V5 ) Faa (Vi V1), Fas(V, V) =0

TOXII, BEHERITBNT, Vi, Vi, BIUV(V, VD)
FIOEZETRDBEILET, &ETCOTITAET 4D
EZHETE D, EROZFNE TR ~& ¥ 7 HEE
i, Wihh, RAEEOKRTINEL JO4—F—T
LRV LZMETH Y, B3 23X01L, &
TEHEMIMES Z MW TED, Fn, 2O LR E
7T 7BIE~DHIR, BLOYTREEHET S ER
1%, REOREEZHOF A ay - I —BkT
5. TOFRMICONTE, BIL-FR 2 23B&h
7=,

FFar-r 7 7HE[GCP1] 20 L C8E
b5 7RI [GCPI(3)] ¥ & O [GCPY(1,2)] @ &
5 2RI GCP It LTIk, BEEE 4B
BWT, 20BECETIHRAREREIh TS
69,70,71,72,73,74,75, 76)_ %%ﬁ E 5i, :n 6 @%ﬂﬁ@lﬁ,
F38{LBI%K (smoothing function’) 7 7 vt —F D —F&
& LTIRESHK Pengand Lin™ o7 AT Y X A%/
WERBIEABRBE L, T LT, Zo7I Y XA,
EHOMERRTHBORR BT, I RIEOEKEA
BEFERTZET, BOTHENIELERD L
NEZEEFHLDIZILTWAS. ZOFEMITOVWTIL,
Nagae and Akamatsu® %2R Sz,

(6) #rfEEHAI

AETE, REFEOH Y LT WEEFEF &R
T oGl LTRETAIEARA TV a id, T
FREEHTHRBFEEIISUTC, YREROERLD
UL IR FIRE R A B EE B FETH D, UT
TiX, 7, ZOFEZZHOWTHEETARRERL,
HIEIORIETRD - F 7 5 B & OB Bk
o I
(@) BETIRREL T a i

AE TR L THIRBEELNR, UTDO3 5072
TAETADDOBREND LT D T, HROEH
BITONTWARERERT 77 4 €7 1 (A); RIZ, §
EAER L Eh, ERAERIEL THEBRETHEOLNT
PR TWBIERBERT 77 4 ©F 4 (S); &%, #
BOfEEEN, —BOFXF ¥ o Tu—RBRELRN
BT 754 EF 4 (Q). 207 uYxr OBER
ERER, B-TIORTHERS T 7 TRET . b
b, BERERT 7T 4 7 4 b, MRS LL

EEMOWTRAICE D RE bR D L L, BERERS
LUOEHT 77 4 ©F 4 51, HRERICOLER
FEETH D & T 5.

BEEEEITE2 A 2 EHTOHRFE PO T T
INbOTIFAET 42 EETHbDET S, UTF
T, BT 7T 4 ETANOREETIFYyy a7
BN TRAS. 9, HERERRE (A) 5T
RN, MEREBEIR U aal, P) B ORIE T o —
PRAETD. WIT, BEREWRRE (S) 251, 81
Tohd, BABEICH AR ORREEH OB
BREET L. Bk, EHIRE (Q) ik, —EI0F)
7 o—RRELRNE TS,

AETHE, YT WEERREMERTD, bk
DREFBIIMZ, UTOREEZBL. £F, WhRRdT
IT4ETLICBWTYH, MEREE P() OENE
BAUTO P OLOBE LTHEMT bR &
2.

a(t,P,n)y=aP, o(,Pn)=0cP, Yte[0,T],¥YneN.

ZIT, a0 BISOEKTHD. KIZ, EERERR
B A BIOWERIHARIE S O RETEF Yy vz -
Ta—n, FhEh, UTFToXTRIND LTS

mA(t,P)=P-E, ns(t, P) = —M. (28)

IIZT, EEMiE, WIRBFTEOEKTHY, ThE
h, EHERCENHLEREEER, B L0MRYE
KRR OB S OB R R T

TOX Y RRIRAEE L LT, HEHEETRo
ERRETTS. £T, E-81%, MM =0k
JAEERERARIE A OfiEE, UL TORRE
EPO) =Py OREEELTTay bLELDTHD.
B-8 I28 0T, RWER V) HERERT 774 €
T4 DUEERL, MOER Vi =Vs—Cas BIV
R# Vo= Vo—Caq ih, ZhEN, MERIERRES
S OEHREEA~EI D % 7= & & OFATIE (Le. ZEED
EE» LY B2 BAZE Vb D) 2ET. Z0OKF
CBWT, MRERT 77 4 7 « OfifE Va 13, &

@

A

B7 FRREM - EREER - BEoF Ty S50

S ZhEE, P HSE(T Brown EEHZHES Z 2 ERL TV A
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1

Hitik & AR AL
08 r

06 |
04

02 -
0 b

L fol . Pw F . P
0.5 0.55 0.6 0.65 0.7 0.75 0.8

-0.4

8 UIHIEHRTEE P LMEERT /74 €7 4 A OffE

EREOHMECHEHRERMUNZEN LY b HAZRE
BUML LTRENS. TLT, VoM Vg b—EL
T BEE [Py, Pv] THIERRERLD, Va 23V I
—E L TWDHH [0, Po] CiifisR DM (EHbikiE~
DEFTY BITORBZEEERLTWS. £z, Zh
LOERIZBNT, &7 77 4 ©F 4 OED smooth
pasting 5435 X U value matching 45t 19 &7~ LT
WBZ LB,

ZIT, B-8 D#l [Py, Pw] IZBWTiX, BERE
BEETBL DT a BB VAN, 7754 E
TAERICEVBONDMAME Vg, Vg £V bAE
V. bbb, P<EQ2AOREARETIICHE
o7, MROEASMESND. Z0Z L, FE
EED, [Po, Pw] KBWTLUTOTEZ2 L 52 L%E
BELTWD @ & 2 —BEICFERA L 2o Th, &
BOFEOEAIH A TLRMER OB L U
DWTUBREF L 22 HATEECHOI L 2F
K. DX RATENE, BREHTTAERAVEk
B CIIE DR,

wic, B9z, AT 77487 4 ABBRENT
WOBEDEBERT 77 « BT 4 BIRNV—VERT.
ZOBRITHEBICREA B, REEICHEREE P FERD,
LB DOIFY » REEOHELEDE (LP) € [0,T] xR
IZDONWTC, 3 2DHKE—A - ABEDT 7T 45T 4
ZHET), A o S(HERZIEARL) BL VA - Q(FEH#I~
By — WThPRBEE 2205 R LTS, fZXIE,
B@QD 5 R@~ & ERBFENSE LI 54 O RIE
BUTOLIICEHENS : £F, S@QTOREHD
HESIEA > A ThDd, HEROBEASMERESNS.
LT, EREFENA@F THLIAL, RS
B Ao STV BDLS L FERICHERITERMEEN .
—7, WRFENRO» L EO~DBBEW- 1254
FEPOQICBE LB A THRIIMESh, T~

MEEERREERR
(A—A)

os & . PRI |
. FEH B CBREH) ")
(A—Q)
05 s s : !
0 5 10 15 20
9 WRRERT 774 YT 4 A TORIEHE
EEIh5.

(7) AFEOERAM
EECORELZ—RLBHHMET 7o —F13,
AR TRLZ OSSN S, SR, #ism,
HEEHE & ORR L e BFICEATTER. B 1T, BR
FHOGT~ERTIHEOILELE LT, HlxE,
MOPBBLTWE L%, 7744V ATENT S
m—F 2 AW EROMER - HEREST A 7 - 34
Jv e a X NMEBERIFE TS0 masiF b5, Th
LB, WROLILOESVERELHEL, &
BEICRBIT 27 4 — PRy 7R ERRES, THUNE
M A TZTGHEETeblew) & HER1T25 ) LR
—HIRRICIRE S A 2 & ¢, TOKEMHSM4E GCP
ELTHRRBTES. &biT, AXTIIB~RM o778,
EEOCORBFIEL, EROKR) EEoHKORIESE
HERYVRA DD, BEHOSEEEESEEOMKE
ROMBEMERE~EATIZLLTEBRESS.
B2, HHHESF~OBERFADO—>E LT, T
HOBBER BN R EMEICE 2 DEEBLSFREZ 5
N5, (6)ETRULEZL 3IC, FEIEE, REREIS
LT, Z4— R 7ICERABERBIRTE, =0
BIRIZZZRE L AYERFEET L TV a v - 75
TERSED. LT, HEICXARROBER, =
NHEDRBEOLT 7Y a U igER S, LIZLIE,
TEEMBOTHELES. oD, HEZHOSE
EEENCEDITE, 20 LERBEMB~ORELE
BRP OIS T A2 LERHD. ZO LD RBE
BEICYH, £5LOREFIHTERTETSHS.
B2, GCP 77 u—F 2 Rl ESH~SHT
BEEORIEFID—> & LT, EEERT T HA
R 828 R D, flaiE, BEER L —B
HRENORER Y NI—-0%2ELZ, Xy NU—I 210K
~DOZWBEED, —HOWNTE—7 - THRERAIZ
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FETHETEH. T, RBEESLTZ4—F
Ny JHCERER~ORAEZHETA Ry PV —
IRERKACMEEYE LS. T ORBEOREESME
HLEGCP L LTHRRTE S 258 o), 2OHMERMN
BEMREORRE L LI, EFLOMRMRRITSAT
BETHA.

5 BhHYic

AFETIE, [PREET SV RJOFHE - EHMEIC
XTB7 AT ATLENT S o—FOBATREEL
RLTz, FDIDIZ, RO (&R - VTV AT a
VERORMEBREMHB L. £LT, IPEAO
BERBYAEETE 277 BL U EHNRE
BREME — PRROICEB L~ A7 e
VBB R LT2 & OB 20212322, 68) 2imgy
L.

9, FR - BT, BT R, IPAEE
THARFMHEY A7 B RAICEBE L LT, 20
BB I TR~ 0. BIEE, 27 s
EEROEE L R D ERESRML 27 uREZOLLE
LR DA CEREROMNT, REEHSY R
DR EHET 2D OR/NBORELBMLIZET
NEEREL TS, BEIL, ZoBlE, HERTE
DFA IV TBIRGFRERA T a U~ EHGEL, TP
DOEF L RFOENHRITEHEATHICERE LT 1
V=l MHEFEEZEREL TN,

Wi, - BIL P BLIUEIL - R’k 2 i, P
T ABEREORTFMM, FHttl L UEEELE
BLE7veYx7 AR L OCEERREEZT- 7.
O, - BT T, 6k, HeoRBEILIC
RO FENRESL LTI T - A7 a
BOMFHIEEICERL, B sMEEER—ELT
HET A FEEEER LTV, I I TIREShZM
i, BT/ P eRnT—RikEh, ZhETOT
Fo—F TRV Bz bl AT ay - FTT”
ME*RELRSER - o5 Z L &FRBIC LT,

EROTEE, NThb, RED P OEENRY
BRI L OBBREICEREND 3 2O BHKARE
- QR - FTINE DA D T THREMREEE
BOWEETFALERZD  QB2BZTu Y=y MK L
THHER—B LR - ST x5 ELORWN
B Th 3 QEEAICHLERFHERDENICITR X
B B TREOEELEELELOTHS.

EELOFEEFREO V=7 PREATBIZ
i, REEHK (cg, RER, BUREDE, MMEE, &

) RO ReRBRY, He OBBE I LICHFELT DX
ERPDH. FLT, ZOEHICE, KREERICETS
BT — X OWERB L UOSHBLERARTHS.
ZH LT —FiE, FEiL HEEILBERIIFIETH
LB bh3. Fiz, MEOHFREROERIZX
VD, TNETKHAELEDN TV EEEE - 8BER
F—z DEHE - 1L (e.g., TARIC ¥ 7 & FIA L fask
DEIRIEOBRC, BEEBEEHEEE A= 2EF
AEOBEITER E) bAEL 2D 20oh D, LdL,
IPREETAY A7 OFE - EEEVSTHATIE,
9 L5 —F O - BEBEEN - KRATIER
<, FOFEHRPTE bV B LTHD EEEY
o, FLT, FOERO— L LT, HAFEEST
72 EORERBHR DS B RFEHIRHEE N— RITEES
nTBY, “BRET—F ENE L THEVERRV
B TholZ ERETF LN L Y. EBELOWEI,
BhRRYT — & BB - ST ERIIRE L, RBLOE
WESARERETHIHOTHY, T LIRRD
WELXMITZLDOLELLZA.

IO LS “HRTETINLOELE & “EIMRIE &
WIROREERE, TRERUOTS 7 —2 OBH -
B - ORI OF BRI, SELRERERO
REERXZDEERT 774 —Thd. TINEER
BED—DN, KBRR—RAELTDET 74T AR
ThB. TONHFTH, HIENERET VIEE
ENB &, TOEMHZYMEICE LU TEEREIENT
bhbhbd., ZTLT, TOETATEE) LTHHAT
720> “puzzle” R “paradox” NERINDHZ & T, &
LR AEmO—IL - MEAIRALLND. ZH LT
“BHEER D life cycle” &, TIIHETHHREOE
BLRUBEBEOEBILL T, ThHOHE T, B
b, BEASOER - BIMERRER I TN,

IO XS R - B - BREOESEERIT, 18k
TARHEIFCBNCHERShTETRY, BRE
WHERPRER Y N BEBRREORBEX R
T& . AR, 29 LIAMINEREBZANE~
EHETIRLO—OTHD. TLT, TOHEE
BB EAREESEICRIT D “dynamic” RERERE b
ORI, £ LOMENEMTENEZENTHD.

St

AEEHETIICHEY, ZLOF L LOFE RO
T, BEARER - BHEERV . BT, RILRKERE
St R, TS, e ANHERR, 1
RERZER IRETIEEE, FREKFELR ST 24
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W, B RKERER BIaEREE, RRKED
B BRI, ARATRREZSEBVL. T2k
oL CREET 5.

18 T27AF R (BEBE-TTY
a U EH) RIS T S HHE -
EME

ARG TIE, FH DO 20232268 -z bf
(&R VT ATV e VBRI, ThESUEE
MEFEMERIZONWTE, HXTHREE V. 20
AL, ThbDOBHROERIARTICELTIL, B
RUAL - BETEPRERERT XX MRERICE
ET 570, Boi/-fim ECTEBRICHEHATLSLID D,
HEBHTIIO LETXRMIBZBELTNEEL
FRHEHIENLTHD. LT T, EDODITRIC
FiEEbha7%A e, Mol ZEIBRNMLT
B<.

A1l UFIL-FTLa BR
e Dixit, A.: The Art of Smooth Pasting, Vol. 55 of Fun-
damentals of Pure and Applied Economics, Harwood
Academic Publishers, Chur, Switzerland, 1993.

Dixit, A. K. and Pindyck, R. S.: Investment Under Un-
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Trigeorgis, L.: Real Options: Managerial Flexibility
and Strategy in Resource Allocation, MIT Press, Cam-
bridge, 1996.

Miranda, M. J. and Fackler, P. L.: dpplied Computa-
tional Economics and Finance, MIT press, 2004.
Grenadier, S.: Game Choices: the Intersection of Real
Options and Game Theory, Risk books, 2000.
Brennan, M. J. and Trigeorgis, L.: Project Flexibility,

Agency and Competition: New Developments in the
Theory and Applications of Real Options, Oxford Uni-
versity Press, 2000.
A2 R4 TS a3 LR (AF~hiR)
e Cox, J. C. and Rubinstein, M.: Option Markets,
Princeton-Hall, Englewood Cliffs, NJ, 1985.
Hull, J.: Options, Futures and Other Derivative Secu-
rities, Princeton-Hall, Englewood Cliffs, NJ, 1989.
e Jarrow, R. A.: Modeling Fixed Income Securities and
Interest Rate Options, McGraw-Hill, 1996.
Grandville, O.: Bond Pricing and Portfolio Analysis:
Protecting Investors in the Long Run, MIT Press, 2001.
e Wilmott, P.: Paul Wilmott on Quantitative Finance,
John Wiley & Sons, 2000.
e Neftci, S. N.: An Introduction to the Mathematics of

Financial Derivatives, Academic press, 1996.
o Neftci, S. N.: Principles of Financial Engineering,
Academic press, 2004.
e Baxter, M. and Rennie, A.: Financial Calculus: An In-
troduction to Derivative Pricing, Cambridge Univer-
sity Press, 1996.
Nielsen, L. T.: Pricing and Hedging of Derivative Se-
curities, Oxford University Press, 1999.
e Joshi, M. S.: The Concepts and Practice of Mathemat-
ical Finance, Cambridge University Press, 2004.
Bhansali, V.: Pricing and Managing Exotic and Hybrid
Options, McGraw-Hill, 1998.
Schénbucher, P. J.: Credit Derivatives Pricing Mod-
els: Model, Pricing and Implementation, John Wiley
& Sons, 2003.

o Bjork, T.: Arbitrage Theory in Continuous Time, Ox-

ford University Press, 1998.
A3 HEIFAFUR (LK)

e Follmer, H. and Schied, A.: Stochastic Finance: an
Introduction in Discrete Time, Walter de Gruyter, 2002.
Shiryaev, A. N.: Essentials of Stochastic Finance :
Facts, Models, Theory,, World Scientific Publishing
Company, 1999.

Dempster, M. A. H. and Pliska, S. R. eds.: Mathematics
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