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Abstract

In this thesis, we use the “Firm value models” to analyze the Default
Risk, because the Credit Risk always has important effect in risky bonds’
pricing. So we must find a suitable mathematical model to describe the
movement of firm’ s value. There is an assumption of constant volatility in
Merton’ theory. But, the researches show that it doesn’ t accord with the
reality. Somore and more studies concentrate on how to extend this assumption
and calculation.

Not only do stochastic volatility models explyain the basic shapes of
smile patterns, but they also allow for more realistic theories of the “term
structure” of implied volatility. In order to generate a pricing formula
that is appropriate for the case where volatility follows an autoregressive
and mean-reverting stochastic process, a large and growing literature
suggests that this case is empirically relevant; we use the function of
Ornstein—Uhlenbeck process to describe stochastic volatility. At the same
time we can make sure that volatility is posiive.

Now, we must face the incomplete market and have more parameters in the
procedure because of the existence of volatility risk’ price and the utility
functions. At same time, it will make the partial differential equation of
pricing become more complex and hasn’ t any closed—form solution. So we will
derive an approximate solution of this equation as the price formula of
defaultable bond under the incomplete market by using the solution function

1

expansion according to vﬁfz‘Ja;i and the methods of solving Poisson
equations. Then, we will generalize the result to some different payment
functions and the situation allowing bankruptcy ahead.

At last, we use the statistic methods, such as regression analysis and
least—square method to estimate the parameters of the approximate pricing
formula. It ensures that all the procedures of calculation are applicable
and practical.

Key Words: stochastic volatility, fast mean-reverting, firmvalue models,
defaultable zero—coupon bond.
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FEHEEAFIAMFRIFIE T, DEFISHBAR, FRERD SR 1970 3] 1997 4
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UL, AREGTR e B TR AT S I A A . I A P XU
A SRR R A A S, RIS RGNS, AIIARTE —F NAZARSE . ittt
] T BATTRI LGRS RS TR BT S ORI Z2 AR B T LIERTRIY
(iR

J3—Jsi, Litterman 55 1ben(1991)5 R I A S s T 40050,
(EAE NS RIS, Al R MOBER B PRI 2R e e B LR

. oS al i ERYE (Firm value models)
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SR TR, Black A1 Scholes(1973)fEAII 1% THIRGE Hr (KT BITERSCHaifE
FH SR H T OB I35 —20 . Merton(1974) IBE—D ke TAB I B, I
HREAMTHESE. 2 )5, MDEMX = AT 7RSI, KR TiEZREH
PSR, BRI, 4 FTVFZ B A S LSBT AT e, sl .

Hrr, AaERIEIE ] Merton(1974) K EER I J71, IS Za A T2 A7
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1. Sl

1 T B A5 AR A5 95 BB Rl T L e 7 (A — & Merton(1974)
QSRR AHRFFRNHAL . SN R SR E— AR 2. 2 T 0] s
TSGR IS B, e SR e

SRR RBE A R LR TS T Re I T AR B P~ Al Ve 18Ik —
ANAT]: EME AU AR ERAISI AT K, W] DR IR B i -2
5105, FHEGE A BB A F A, RIS A SME V<K, W2 A=,
HLAA T TR EIINE Ve KA. R Black A1 Scholes(1973) ({3 M 55, 1 LA
K HIRh, W RATHSS, BEARAT N AR I ESTTHFT A, RN IR
JRE[R 7= 1) Bk IAN (call option) o IXABAFEAN T F IR AL, WL BEEHTA AH
KNEVGE, IEIBEFREA NI EIER T — & BB (put option) « WAL R %8771
IMEAG T A R RGBS FE NG, IS AT A nT LUK B & BRI 24T
GRCREEE NS . TRA RG] LAV LEL S BRI T K 1)
BERIAR, PATIAS AR A TG V2. BRSO, BATIA K 11
FAFE: D =K —max(K —V,0)=min(V,K)

S HSEIEE O R A FHIME I AT LURIE ) — e LA RIS 2)):

d7V:rdt+anViZ (1.1.1)

XL r BRI SAPR, o, B rEREEsIE . AR V ARGAEA Y%
77, ARV IIRTAE L R A BTSSR . Merton(1974) [RGB, (EXFHMENL R, V
IR AR A S 0 RS A G oC . DRI AT EMBCB R XU o, AN
— ek XEMCE AT VRSSO, WS O,
1543 VRIIE O FIOB. JXFF, DRI ¢ IO P/ (¢, T) AERDERL KA )
it 53 77RE (PDE) 5 HHAR S a7 IR IIHBCEN ARG T

P, T)=P(t,T)-N(d —0,NT —t)+V - N(~d) (1. 1.2)
e, P, T) A5 NIRRT R0 K RJC RS ArZ#+as, i
_In(/P(,T))+ 307 (T —1)
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XAMET LR RS AT TR e s i . il eRBOELA ARk A
TEGS BT AR5 IR —2IR R HEBR T AN EI 2 H SO AR 57
AR A RetE: T HAREA IR, 0 WA B AR A . AR
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SR SR F SR 2 M e 7 2. AN o MO RIS 1R
&, WAt EEER nEERIGE . SRR TR AR R R A
Ty LR R T DL R A BT H AR B H ARG DO R RR L 4RI
TERAURIPA o

i, Gox, Ingersoll 15 Ross(1980)#+ Merton [ /7 E N FH - ) A8 221 F) 245
RS IV, UM e AR SR A S AT 2, IR b B T e >
R o [FIIF, 38 ] sliifsifil, Claessens 5 Pennacchi(1996) MAiifh it (brady) i
77 (TG I T E K RAT, o EBUMHL AR RIS i 6er,
EAVETAIE VISP /S E DI Y ik el (S EAY e

Ho 5 Singer (1982), IYESCHTHELL R orHT T in 2R, A wIRiE 2, 0
e S DA SEAS o ) 2 A S e SR 2R IR AN D533 A FH XU PR o

Chance(1990) 7 Sl AUHEAL A % 5[ 1B A R B AR RS, fdaih: Pib
177 ZISHIRAR R, AT B ) PR 4 2 /N T O ) JE RS 5 IRHFSE 1
EAHTES R AR CAT—80 Rl (5 F RSk, R iR
(I35 TG o

Shimko, Tejima 55 Deventer (1993) {rAEUE A BAEAEY 76 b, (Vasicek, 1977)
VAT RS A 2 AR5 R P o R TSRz v g U523 A7 AL,
JITELZ A L TAH R I E PG S e A2 NIRRT A2

= 0 A R AR (first passage time models)
OB TN TR s A W MEX S, (B 5 A WM EA R EAN R 2
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A ER P ARH e B LTI TR, T LI B2 3030 AN LA A AN R SRR 2 1) o
X772 A e )2 B H TR A= (1 1] . Merton(1974) B v 1) fis = e
FEfF 2R A AR, T S AEANR], ) S TR Ak, RIS H T,
B R 7 5ANTH S N AT G RRe e SR, ISR A . 3— 71
IO 23 I DRSS ARAG BE IR T o DRA G SRER v 2 m AN (E NS 2 e
AT, JF i & i T PuE kgL, IS ATE R N T e I s s, T
e A I R4S — NI T A FIME I AR (25 R AR BRX )

W S TR AL Black 5 Cox(1976)5 13-, Al 6 SEliiifty 8 vl ps s ik
AT TE, ARHE T XL BB 2SR B4R T i i A AN —
SESAE R 2 T IR o ARG A SR T R A OXFEIIACR], B
i3t 55 NIGEIEATR S ST 55, B A7 N il B AT (0195 NAT 55 St Iml kAT
(A 5155 . AEXFIEHL T, RO AL BNV A G, HE AR EA, 0
U o XA H IR BT N 32 A ml B2 (B Bk .

Black 55 Cox (1976) M HUREX R 24 5 A B AN )« HIN TR R E FRITL L o
AT PRAXAN LB — A Fabrek g, FA T

Ve(e)=ke” " (1.1.3)

XL kA SRR HEEARIMESE TV (1) » IBAARpHaiT &
Ml XAMEOLT, A NS ARSIl WL MRS R
FELTRIBEERAT NGB N2 w087 R s I w8 N2 NS LGRS 380 ) I
HIWaeS. T Black 5 Cox fEAAT I M -HisA 6L 5 0™ A, Tl IERTIX
PG A N HE RIS AR, AFXER TR € . SN S A AT ]
(1) SRS R A Ay R RIS AR, S A RIMEAR TOX A5, #AG R
AT T Nk, Black 5 Cox sk T MEI ks it g, [RImHBcse i
SVEESRIRA N, T HAR S A F M E RS .

Brennan 11 Schwartz (1980) BT TR, FFEr THRAT Black 5
Cox (1976) HIRAY, (EAEATRAEIL AT AR TP N ] TIESHELA 5, IR
757 & PDE [C5UE AR
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Vg. BEER (intensity models)

PRI S 5 [ 5 — 2070, R T 548 ml O EAREY SE AN R] R
SR, e FI T IR AR AN & ), AR A R 3 S E T
Yo, JEMs T ARS8, eeRiRre S B ILE A SNTE L
AR, i, BRI G I NAME I TCERI = R ECR R B L 8 R . —
SEIBLY AT RS — ANERA MRS, T s G A e SO —NBkER e AL, B,
AL ATEIE AR EELT . BEE TR B b R AT BRER MRS I e T2y 3, s
N FoR. T BB p LA B2y Ta], BeE G 8 R AL 1 S
IRIEARE, PR RS R AN e, SN TRRNY . JEifn, AATTHRR
J3 S ES e 0 % B R BT I AR IE, A SN & i Sbrtiol.  BAfoRUl, R
i FH IR B RS - AT LU L

1. ALK Qarow-Turnbull) #5284, 2% &—LL Jarrow A1 Turnbull (1995)
ARSI SO TR fe] B BERRL . ABRBTCIB 2 RT3 BAT S /R M R, BRI
FURERE H]— AR BTN o AR I BN AR A m] DA E P A
5 BRERICE S BT TR RS P A S v DGR A S PR S5 A AR TS H K
¢ I FBROMEER A o Ao, AR, AR BRI L, IS
PRUER —IUROIR I, X220 B U AL BR S5 e s S R I . B ™
BRECS INBCE LR A kIR et — IR AR A AR AR 2 A
TRACBFANINBL B TIRA GRS T ELE RBkshfs S, B Aol
o AT, FERSARIEIRREANSE SR nT A3 2002 DU RS AR A Rl AR O %0
T PR PRI, S A] DAEIZAN S T IR IR, FHSLT AR IR I )
T A T RS 7 B

2. AB-22 AT RER (Jarrow-Lando-Turnbull) 2k T SEJIREZ) - A /R AR
() —SBELE . Jarrow, Lando A1 Turnbull(1997) X T ERE ZMER 515 H e Rk
SRR, AT VA B AR R R s ST — AN S RAE BRARAS 23 1) 2 2R n] R g
HMBIRL AT AR
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3. MR, Dok, HALSAHREEEE T LORAL, i Madan
A Unal(1998)f th T — > HATREHL = PR R, RIGEL 50N -

Al) = ¢ (1.1.4)

In*(S/d)
X o d RHEL SWZ45K TRARNE, BdS=0,SdW,, W, brEAiiizs).

ANk d BAEA TG ATLAANE, BE SET d, %R FAEITETT R,
BTl d L0, WS e d NS HBEEL AT GEN . RINME SRR
—ABENAR R, RO TRE, JEE S L A VU

DA, AT TR 7 TE A 1) L5455 P XSS ASERA T —AN MdS, IF e T
— e BRI S. XE A GR TFE LR S T L = ey, AT
PUR A P HA X S T /A7, A w R as el . 2498, X
BRI IR R ALK, AT LERSH] T PIR AR SR 1, IERIHiSCnA,
T IIVE 2 B AR AR R A B O A, sl A .

FIT  2RAMMEER KBRS R AR SR BHEEE

W EpR, AR RIS, S8 T A m P E T2 T AR
HMOEFE TSR IR L, M ORI IR e A m ) {E
R FIEOE -

FEEAH] Merton it (1 28 R E XS AR T b, ABGBE 2 R MBI
IRHEWSAT RN HAG IF SRR AR I E i 25X Black-Scholes 2
o MHIHEBFFERIE™, B TR AU T SE ks (1 )7 se 25, fkdie B-S
23 KIUBAGLEEHER LA RINRER, SRR, HIHREHA. X
LA BB BRI ASE R G ST SRR, RO AL 5E %K,
T2 A EL B E BB A0S BT 5 2 Rl EAT R IRT AR U7 110 5 DA AR AT ]
(K10 MNIMT, FAT AT A EEXT Merton B (1) 4 sl R BCE 11— 2eiidt. ik, AT
=BT, e AR )23 84T LA J LA A5
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Lo EEBEPREAAT AT RIRAT G, BIAEAE IR, iy HARAE
BRI B S e sh AR B o
2. BEPEIRENT R (ARNED A% EERT S A, Bl
HpE TR BRI AR TAIOCIIR R o
3. KRB R SRR ABATIC, RIMAAE “Bal R e Wit
KDL ABEHIBUE TARHEIRES (RS IBGZRIEAT, IR R L4
TAKNZD) NHEER IBUE T HEIRE (DR E) IR 1)
KR BN B-S AXTHIM S S9brai RAT 2, S WA
WA R S A
4. BEAEWTRNE, AR, Bl A B EI R SR
AR, NAIRESERE 7 b JUR R DLl R ot i Jyidee ANIAZiEets
BRI, R SEERER A A A ATV TS, IR 2 Kol
BT, A e e oA T A

—. ksl
Dupire, Derman F Kani(1994)HEH, 1-sh=ZBE % P~k A TR AR S AR .
ds’ = udt + o (S, ,t)dw, (1.2.1)

R = R sh R o (S, , 1) BHINHR] ¢ U= S, ME—RfE » BATTnT AR T
D1 AN, AEANFEFAE T, R Z s AN R AT A R
AT PISEMARCR, AT AE Bl il Ak o, NSRRI 2w E A FE R
SR IR DR A
(1) IR B A AR

a;:gf = udt + o (t)dw, (1.2.2)

i

XAALE YT RS e RATARARK 58, HILE R i Aok
IR A AR, A IBRANRI L. DDA S BAT T R X — 2724 T XU
PG, A EZ IR 2SN B R PE B AN P 2l ] AR AL

12



BEHLE BN AT R A S 4 B e I v 51

ErATNMET RS B AT LR HEARITAR, 0 HE i (E2 R

RGP RAT AN RIS IS A L2 255K, 10 S A A FAH RN M XU B (K ks 2257«
(2) WGP R
s, = udt+5- S dW, (1.2.3)

M n=1if, ERPTEORIE U RIIEE) . T S AR B Ak S s
ZIAIRER, — O n<l, XFELBERAKR, Tk Tk, AHEL E- Mg
M, BT AL B GBS . SRR AT U A AR oA
BIRA D N, RN, ZBE VPG = Uk o SR I KR

UL, SRR SR R R E TR A — DU, e i
S P AT ] OREFEESE T, I BN 5802 R ATRUTIE G, BT
DTaT AR BIARAT AR, PT LA SOk — ORISR (RS e A2 1%
BRR] 54 K18 BB F MBS F N MR A A & o R, FH TR
RGBS T ARIIFEA WS Z USRI B ARG, eI Re 54Kk Lo
R B FX LEAEARAAIE o T LA — 24T S M T AR N 2 PO SR KR Bl 7R 0
FH RIS ) 5 5 T e AT D o
—. BN EA

T2 T TR T, 21O A R EEASAA B0, FrLUR AR
RBHBEHLEE) KR . BB BA Fe B SE sl 2 BRI, Tk
BRI TR R SN AARRE o DRI RAT 175 BRI 5y — A BN L AR R D 5 % 1)
AL o XA ) — VR R A . AESEBR MR EE PO, B LR
{S,,0< ¢ < T} AL M4k Tro AUk R:

dS, =S [udt+0o(y,)dw,]
dy, =a(t,y,)dt+b(t,y,)dZ,

SO AR B CBEES) ERaRR, BNERER, o(y,) &5 INE)
T AN R y, KRB, W, Z, 2 Wiener i FE, 0 WA IAHSCREL
SRR BE P i S DR L IR AR, RO AR I Sl BB AR r Py o 4

0<t<T,<dW,,dZ, >= pdt (1.2.5)
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A LEE, WURIA WIRARCR B IX 45, WK 0 70, T HARSEILSE P8t firks
SRR, — ik e <0, 534k, —H ARRshRbbL, Ak
IR BRI G ASEE 2RI B2 AUk, 12 Merton B FTANEID, X 3AT]
TR TE AT N IHFRA RN BN L) 2L (A e 7
1. Hull F1 White(1987)H H (FIBHA L 2553 ™
ds, =S [udt+o,dW]
{dV, =aVdt+[V,dzZ,
N TR, AU a W, , dZ , AN, B o =0, HkshREA
RGN S5 RS KA RATAT RS A T IS foe, it
I IXURS: PRI R ST B BRSSP o S L SR M TR XU 27 )
1%, EDOE RIS PPAL, IR AT A 2
2. M.Sen il C.Stein (1991) FH%Y:
M.Stein Al C.Stein (1991) JWIT BRI M BAT 2AL B R S H
RO REI AR MG O, #3817 5C TRENLEEN S MIIBCE fr i e R, LUK
NGRS AT “JRR” TR RIRCR, IS T AL Hull-White
RS AR o XSO R A ol AR 15 FH XS DA 0 2 R (AR Al )
RIS G R
{dS, =S, [udt +0,dW]

0<t<T,<dW,dZ >=0,V, =0’ (1.2.6)

t

0<¢<T,<dW,,dZ >=0 (1.2.7)
do, =o(m—o,)dt+ fo,dZ,

PeshHAEH A Omnstein-Uhlenbeck 205 (fajfk OU A%, A H B[R
SR, BTN, AR dW,, dZ, ARG, B =0, NI nl A3 A )
KSR AT BT 10 LA FARA TR R O BB A 4 R S S
WAHADHIEIZ Ak (HRIEHIXAMRER S HUINEN S a . B m AEHIE
2 10 HL DAL RIRTE A B T E L) i B2 300, Schobel AT Zhu 7 1998
EISCEE R T UL RGN, RV o 70, (HLL BN B 8% o A6
FAR OU iR, DIl o A n] RERIEL, M2 S SEAIAT o
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3. Heston f5i7!:
Heston (1993)H ] — g I FAERBA LB a5 3 H RS AL AT
AIRIRRAY FVFIBE SN S BBl Z R RATREADG . IR TR
ds, = S,[udt+[v,aw,]
{th =a(m~V,)dt+ B JV,dz,
S, o = [V, BN Heston F8 HGH B T BN AR %
IR A & OV EAS BRI 2R, (EAH N RIE R BB DSR2/ AE P T7
AR R [ Fourier A Hn] LIS RIMEZ /A1 A, IXAEI AT LA BT . 240X
FRBER RS AN A5 RS PG I, A5 SR, WiRAEE I S a2,
ZRERER G PR TR R g IRA A, SR, XM s fe
LA TS EORZ, Rl sl XS A T A AL T AHE 1. [z XA
Jii%, Bakshi, Cao Al Chen(1997)%4 13 i BRI AL S BRI T B P o
4. ARASATR T 7 B R
[FJ4F, Heston i&45 Nandi #2th 17— DA B EH AT 707 % (Generalized
Autoregressive Conditional Heteroskedastivity, GARCH) B Btk A sk ithik e sh 2 b
MUzsh. #ln, GARCH(L1)
{Sm =S, A+ u+o.)

2
0t+1

0<t<T,<dW,,dZ, >= pdt (1.2.8)

2 2 (1.2.9)
=w+ ¢o, + b€,

X ol I AE RS, eARR T SRl iR R SR E R A
ATJEARAINr | GARCH(L 1) B I SN TR R B AT AL TR i (G
R IR R T TR 5-KRT GARCH A8 e, BRI S 30ik™)

do? =a(m-o?)dt+ B,07dZ, (1.2.10)
AR —#F AT, GARCH (1, D i 8,0 2 IRET BV, -
5. B AR AT LA BRI —7p 2 =400 (the 3/2 model):

do, =ac,(m—0,)dt + $,02dZ, (1.2.11)

IR R, AMBEIRIFERT AR 2P AR RS ATt iy HL el A
e Je AR BRSNS, FRABE = 5 RUSAT A IR AR AR T o SR
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