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Abstract

The pricing of options is the central problem for research in mathematical
finance. For the result of pricing, the closer to the fact the better. In a financial
market, credit risk events often occur. Consequently, it is more close to the
fact that we consider a financial market model in the presence of credit risk.
Suppose the risky event occurs at random time 7, usually 7 is unobservable.
That’s to say, 7 is not a stopping time with respect to the asset filtration
F = {F,}icr+. In order to obtain a specified pricing formula, usually we need
to make some reasonable hypothesis in financial market.

In this paper, as in Kusuoka(1999)!2 the hypothesis(H) is assumed to
hold: Any F-square integrable martingale is a G-square integrable martin-
gale. This hypothesis is very nature. Where G is the minimal enlargement
of F such that 7 is a stopping time with respect to the enlarged filtration G.
In the sense of this hypothesis,credit risk is called event risk. For European
contingent claims in a event risk setting,pricing and hedging of European con-
tingent claims has studied and solved by Lando(1998)13], Elliott et al.(2000)1],
Blanchet . Jeanlanc(2004)!, Collin Dufresne . Hugonnier(2000). Alex
Szimayer(2005)1') has studied the valuation of American options in the pres-
ence of event risk and solved its optimal stopping problem.On the basis of
their work,this paper introduces and extends the mathematical tools which we
need in study of this model. Besides, we introduce a new derivative security
— Game option and its pricing . Game options are contracts which enable
both their buyer and seller to stop them at any time and then the buyer can

exercise the right to buy (call option)or sell(put option) a specified security
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for certain agree price. If the contract is terminated by the seller he must pay
certain penalty to the buyer.

In this paper, we mainly use the properties of (H)hypothesis and snell enve-
lope to study the valuation of permanent American options and Game options
in the presence of non-hedgeable event risk ; for a given equivalent martingale
measure, the optimal stopping problem of the permanent American option is
solved. As a main result, no-arbitrage bounds for permanent American op-
tion values in presence of event risk are derived, as well as hedging strategies
corresponding to the no-arbitrage bounds.

Key words: permanent American options; optimal stopping time; event

risk; game options
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§1.1 SRTE o

§1.1.1 SRATA = iR

I 20 F 25 4Eep, GRETTI— AT I B RN A i H E
. A (derivative security, HARATAENES, fTAETH) B—MaRi LA
(financial instrument), HAEMKM THEFE LA (underlying) 20, X2
PREASHE WA AT GRIESRA NS A RIBIBCEOTAS: T LA S RG
RIS SESE. i b, TR P LUK T LR i, AR
MES RS . ATEIERFRIRE, FERAIEA P (option) | G
2y (forward contract) . Bt (future) . HHt (swap).

BIBURAT A i iy B B BB EEHICT 1973 BIRTEA HARI S G i it
11325, W T R+ i, IR A BRI (call option) FIE K]
AL (put option), HIREHAAE (holder) FROMHIIAIZLTT (long position),
B EETT (writer) FROFIIAUR) 2675 (short position). FHIIHEHH
RAEHE T 2 B ] DA S — B A A T SEAR A B 7. B BRI A A AU
Fe—Tff g YRS TR] DA SRS B s B A AR 7. LS AR I R R D AT
Yris e (% (exercise price or strike price). G297y H R EIH] H =it
WiH (expiration date or maturity). SEXHI (American option) FJYERAFEE
BOYIN BRI RAAT. WAL (European option) HEEFERIIIH $AT. FHE
SRS, BAIPUR T HEFE 2R AAUH, Ra A e — e BT XM
Al BFARR B SR — KIS LIS 2,

TEH B R — TR R BRI A, B — IR 2 YIS T F 5 <2 HY
DA SREE BE R P A B W RRAE M B R LA 2 T s B S
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A& P ZAEEZE Y. EAEMTERSE G TN, TEIm a2 iR E s
MHRZEEIN (delivery price). TEHAGLIZBMIZ], FREBEUN MIZHTS
TG AIRIPHEXTOr A%, X EWE To 7 AL F] b Tm & 29/ 2 LM =S
ST, BEBIGA—FE, WITE LR N P Z M2 — MEF € B kRt
[ 2 AT A S E B AR B G S & 0 Rl 25T & 20l
TESEGTNAE S, BAEfRiEE, FILAERIAH 2 AinEa i i se 5 6.

R AT) Z AL TR, A RESSER 298 i A AR
S, R W Oy R B St B . FEARE e, —IiFE
TEJUAR NAEA G R @ A2 1 55— 7 SRR, AR R, 7EF—mfiR P, B
— IR R —A G LIS RIRI AR, R mEST, —IorRE—Ft
M —REA SRS AARITHE, AR, BN AR 5 —Fh b M
—EAGHHMAE. AR L, BRIl —MEtra ks,
A EA BN R — R I & LR

SRR TSI RRA AT LR =28 (1) EPREF (hedger).
JINH S EHERE ST E N T B O 220 T B L, A T e 7 R AE A%
Bem, FIFARZSERE A, A AT AP ST E R R B Rt T
IR EERE A - (2) B (speculation). flifiHEH SRR SIEIREIAIR
APt b, SRRSO, SEIREE b i A B A,
A S E LIE SR EIRME R R LS. (3) BRI (arbitrageur). fis
MFEREAZSA TG TE S, Wi s ZERTCREANE, BT X IBRE R
TFE, REBHHIAFEIR T /MEFLZ.
§1.1.2 SRMTEFmIVERENTE

X RATAE A EEAFAEP OIS, — Pl i — RS S W1y H BT
BHHE (self-financing portfolio) AT M &RIATAIES A ( payoff), #
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SR AEIESR B U R TR AIAR T B P U s Y FE0 DT BRI, B AR A BT R
Yrigatss (B, LT Brown 523, Levy ;R try ¥ Mgy shsn
31, FIH Tto SIBARHE— MR TR, 2561507 B 2 AIEE A R A E
SAF, BN TR I SR EIER MR A, XFOERR A TR E
i (differential-equation approach). H—MFRHEEMBUIE (equivalent-
martingale measure) YR (risk neutral) EHMI7IL. HBCA P ERATFITL
A LI — A Z G B R S AT ], IR ECA B i i e 2.
Harrison 1 Pliska(1981) & Delbean i Schwchmermager(1994)!! JiERH, #2524
TAEREE AWM SN BN, TR FIEEFINLZ (arbitrage opportunity).
TR A TERS EMER (subjective probability) JIEE 2 ABaIE (FR
AREAEIEE) FI—MEATH ALY (numéraire asset), SRATAEIESR
PR BRI B8 = i R = IS ZE XU I BE = — B, AT
T AEUEZR B BRI A AT AR A B S AT R B AL BE P BUR TE XU
MR T AR A

§1.2 {5 ARERFI{E AR RE % R I

§1.2.1 (SN

KRR, FRNERRE SRS LREAR, B, WREHERKIRE
Z—. JUHSE 20 AL 80 FAAUILLE, MEELITMERn 2Bk, FRMER
FREAREAB TR I, (5 R 2] A AT GRS 5Tz #5¢
. FEEM—hSMEASEREAET, KOmHXE (market risk) AR
K (credit risk) RAREERY. HpNELRRE MR, LRFEXHATSA KA
e, BAE 2RI ER A T ER FTREYE.
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i F XU S 2R, TEARG 204 F (contractual counterparty) ARJEAT
BYITLH ST FEGAAR ELF LRI TREE. — R, SRE2yhiEE
(T RS T LA I R 8 24 R KT A X o, TS KRN, AR
P, fEERTTg T, H2Y. B, EIEES6s SFH R S RE
SR, 15 IR T AE 2R A & SR, AT BB S B R IIAY
M, AETCME FIRRA SR T, ATE ST AR RN, B, 25k
WSRIRGUE IS R B S, EAERE AN, B aa R,
IR OB S ERIROER, X BRI SRR, RN
R R TR S TG 3 e D A 2 P AR R R XU RE LA
ERARFEr 2T B . B, AT E AR A AT T
HIB LR, BB, ATAEF= AR A B Sl 2 RN, 55=, (5 FAXURA S 7]
BERL AT A A LIRS i B0, ATAEFER AL H B FTREE 2SS S TR
e XA LT R A WAEAER, B, BRI Fmismerse P e e i
S CBHRET ILSLH, AR SEhR I Y.

UK, (5 fTAEIES T AR, 5 AR AR H K, &
KR ) A T LAR 3 P 5 P AT A UESoR A BT A TR R PRI R 4L & VB e 15 F
WU, (5 AR LR RIS 5007 Z [FIT— e & 2, %A 2R RIS
PRATRPEF B ORI TR, (8 B RS R 4R Bl TR P Bl R A R
AR 5 AT AE LR DU FEARR, BME FE A E R credit default swaps ),
SR H AR ( total return swaps ), {FHZEMWHIAN ( credit spread option ) I
{5 R ( credit-linked note ).

§1.2.2 ZAANRARENL REIH

F R MR SR, ST 1974 45 Merton MEEARUE N FERZE

HATFHERERGEER, WA T REE LR 5B TR R PSR G, FI R IRCE
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WHATEN M Z )G, — KSR Zo HARALEAT T AR BBt

PR RAREESE 53 N 2K, SRR AR, S5H L. iy Merton(1974)P
FFR, 4 Black, Cox(1976)5!, Longstaff fil Schwartz(1995)4 Z4&1F & R4
HJ7IE (structural approach). ZMERIRRE, &2 3kIriIvE - B EIRTH
155 MBI —SME MG KIS 237 A i 2. JOTRIARIEE 29 BIR K A7
55 B I R AV A B PR T R SR I SZ B 200 A A R EREAY (firm
value model) FIFEIARAAL (first passage model). HFEHRE GLAARZIEA LAY,
ARG, BMARIMSEHAZKA, GAELTAEL. 2215,
HRAETEL, BT (G292KD7) FrffiRiIaMER (recovery rate) JEELYJ7AH]
HIB 515155 Z o (assets to liabilities) HYRREL BE055 L MPRELYBERS (dis-
tance to default), BAR, Bk (/) BIEBELIEREWRER/D (K) EHARE. &
IRBHBRR A 22 Sk P AR T ATE G AR B 2 Bt gy, BARER, G4
DRI R BINESE, ] DI RRAERN & B ARE ST, T STR& 2207 Pk
TRHAMERA—E R B AL A TR 0155 LR R %L, PR — M EEAA
R85 A SL R — MR AMEREN LI R (stochastic recovery process).
KPRV AR SR A A MMER RN FE AR, E—eBE Bk
TBOTHE— 2 E G, Jonkhart (1979)P1 | Brennan f Schwartz
(1980)% | Mason #I Bhattacharya (1981)I") | Longstaff fil Schwartz (1995)4 |
Nielsen 4 (1997)1 ZEXJrHEIfE T —E HIBFA.

ZEREAL AR, IR B A A R BN =, HREAHMERX
HIAT R A, EARELIRAMEZTIE 20 SR X IR SRR

FRBRYSREERAL (intensity model) MFRATREFEA (reduced form model),
J& Jarrow £l Turbull(1995)F)) Lando 1 Jarrow % (1997)1% Madan 11 Unal(1998)!
PRI, Sl VARG & FRERA. IZERAE RSN G a2k A
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FIW - BTN, EL KRG ARIFROT FTRRIAMEE (recovery
rate ) FFAELRBFURIBEL ARG 0155 iR %L, TR A — MRy
FEHLE AR, 0 Possion 12, Levy if#2, Cox WFMflL. HAuELyidfiny
SREE A\ RIOOiB2yiE. N ATLUREEL. M iRl B, RS
TN BTN {Fit € RYY A2t (HR7ENR R i 2yt
8] 7 TP RA A, (HEeTH KRR
TESRERRA N, h TR ERRREN AKX, KFFEF AL AT
REDUBTRLS T — SRR SRR, Kusuoka(1999)" sh25 T (1) fii%: fE
B F- PO BB G- POrr R XHER G 2d F 7K, EMEHN
WA LERTTE] 7 2 G- SIS R o- RER.  HEEFRE SC R E XA e
. A EIUAEF, X7 AAHYS EERFRAR: & T F RS R
BB S HERME, 1 Lando(1998)13] Elliott et al.(2000)!'4 % Blanchet
1 Jeanlanc(2004)°) #f5%f#H: 7. Collin Dufresne $1 Hugonnier(2000)6 3=
FLRATERA I @ N AEIIRE. - Alex Szimayer(2005)1™ #FFE 1A FF
XU A S LR i A, ASSCHSE =22, SEIUZRREA IS A
A FE R K A SRS AT S XU Game AU E

§1.3 Black-Scholes BJEIEMNIEL

PRI P S i A% Black-Scholes(B-S) fURIRLE N FRIE,
TR e R B ARSI A M
TR AR L TR R S T T KR,

(T SRR TE T 40 F %

(1) 2855 FTLAERHI] LM,
(2) TR v Hy B ELXD A B3] H AT,
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(3) FEUESFARCHP B AT LA B Bl ;s
(4) FESRSZR TR 3 5 A 38 5 9 B
(5) HrRse & r ;s
(6)
(7)

6) WA LZHIRG], I 2 R
7) NMEETRREF LS.
RIZFERTZ] ¢t BIFE20A% S &L Brown 123

dS = pSdt + o Sdw

Hobt o AR T R, o BRI bR,
p Ao EREEL W = (W, i t € RY) RHEHR oo RERAMERZN
(UF, (F)iere, P) Lf9kRME Brown 323 (8K winner 13472) 7, = o(W,,0 <
u < t).

B C BRI S RABBEIEIEATE =R T, R ¢ —RR S
Rt BIEEL B C = O(S,1). His M A — BRI LA TR 2 A
M BRI 2L, AR T % 1= —C + MS.

% C 1 TR, T Tto MEYARRITA:

oC oC 0*C

dC = Edt + %ds + Szﬁdt
dll = —dC + MdS
— (_% - %52222)& + (M - %)ds
_ {_a_c - %52‘;;2 + (M- gg)uS}dt + (M- g—g)anW

BATATLUE I & HIRENLA A RBERT — 30 (M — 95)0SdW . SREA TR
= 95 MRAZAE AT ESERT, MBI HARR T IS HIZIES



A F R 4Gk X E X HAAA Game HAAL G A
ARG R —E 5 EETC BRI R AR . AR 4 & i
TR, ERE L AT LA 2 TE XU IE SR HMN A SRR 4 ek
BOCXUAA, iR 4l 6 i /M, SRl DA SE SR A &
HGRBTCHEANE. NIRRT LS dIl = rlldt B

oC  o* ,0°C oC
Al = (= = 58”5 )di = rildt = r(=C + S =2 )dt

it

oc o ,8°C  9C
o T2 s TS5 TTO=0 (1)

97 (1.1) 3% Black-Scholes A7 kA (1.1) MR B-S AR,
B (1.1) FAEE R (Boundary Conditions) A HME—fE. XF
el BRI 2 1R 2 AR AT PR eI F AU BE AU (the Final Payoff).
R EMIIIT S, SEIIBLER Y Cromax(Sr — K, 0), A BRI
&, FEWBLATIRY Cr—max(K — Sr,0). HRRATAF S EIBIBLATE N
ALY, RO R (11) AR R E R AR,

15 LRMTRIAHE St B, T 1 R, R fETOH
PRI IIRGR, A RTEIRAY. % S, ASLRY, JFRABRHR A = 28 ok
f, WHT BT, (BRI, r, BRALA A 2 TR E T AR
fir, FETHLEE T/ NBE S SRR RR. A E S I TE SR R
#F (Dynamic Hedging), BERALAA RIRRAY. A TRIRIRM AL
ARG B R E AR

Cy=C(Si,t) = e " T E{max(Sy — K,0)} (1.2)

WM, WA ESE TR RO R EHIL S A2
{6, PATCKUAIR © 98l SRR (1.2) Ay g E rI e R Bk e (i
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