MNAMES F=T5 Chinese Journal of Applied Probability
B 201446 H and Statistics Vol.30 No.3 Jun. 2014

ET D8 HE VasicekFIZFEFERIFICDSEMN *

XA MEW EFE
(" IR AN SRR S5 A5 B B, i, 201620; 252 FOREEM R DA L S BhuG, B#E, 200433)
(G LR N AR, i, 201209; 1 BIWEKENABER, B, 200433)

=
AR SCHIEFECDS I RE A 17 85, e v 8 B 310 1) 2 JRURG R e U, SC b P 43 B4 Vasicek i R AR %)
T ) SR ARG, S ) (RS 2R B AT R AR, 45 T B L SRR AR S KU 5 5 (A b, e LAk 15
F|CDSHIN .
KEIR: B Vasicek R RIEFiF5, YA CDSEM.
ZRHES: 01752, 0211.

il

§1. 35|
1.1 EHEAEBRENEREN

15 R RIS A2 4 R AT I T I ) = 2 XU 2 —, G 5 A Y R DU 4 R A 7 L A e 11
. J B IS FE L B (credit default swap) £ RISk, T ERE
KA AL, CDSTEAR PR 8 3145 F A — Bl B AT AE TR (2, BB (S B2
Wt SR gk, — SR 2 IROP JE AN 2 8 A5 N\ ATTTRD AT, 40 58 B 0% fa HIURITIRRN AL 5 55 1
B, A NATTIA TR B B R AT A it 76 25 AT SR D {8 1 ) S R 260580 1 DR 0 AU, A G XU
S DRI, TR BN SR AR R, R E I E AN e AT IR N H B AT

CDSHIEMN FEA PRI % —RREMWINE, 71— RRAM I L. it IriExT
AR B P UGS B, KOS LB M AR R, RS AR A R A
WA B Ly R AMEAS &, TR, FH— AN A ki R Sk 1 im i £ S0, B 200 215
eI R A B — Rk I % AR, El T B R B AN LR R AR MR E 1, BTEA, AHLEE
SERACREAR Y, AR ST A AL A S B A LAY AT SECDS IR E AN 1]
.

X i 24 5 BE BEAT AR, SINIE LB AN E NI, N I 2R B — A R I AR R E 1
BEMLEE 1. Jarrow 1 Turnbull (1995), Duffie # Singleton (1999)%5 H T #H M (4518, J5 K

K AR A (11271259) HF R T34 (11326170).  H [ #4554 5 554L T _E % B (2014M551297) 1 E i
HERHIEIHBIH (13YZ125) %),
AC20134E1 H 21 HU R, 20144E5 H 19 H USRI 0.
doi: 10.3969/j.issn.1001-4268.2014.03.003



258 N FANEZE STt B=1+%

Lando (1998) Kt B BICoxid B . 53 5b, Duffie, PanfliSingleton (2000) 7 IR
O3RN T 1 b U St SR B Y. AN A S — M BEALILAEN = {M}iso =
{INXe) b0, LA E XA

t
—inf{t: [ \ds> B, 11
T m{ /0 s } (1.1)
SR S B, M P2 B
t
Plr < H{X}pcecn] = 1 —exp (= [ Ads). (12)

HPX = {X,: 0 <t < T}RFREERE. TRFFWIH.

1.2 D4 VasicekF| RiZH

43 BU4E AT BHIE 3)) B - i K olmogorov{E Hilbert 2% [] 1 & SCFIA 5T, I 44 A Wienerh%:
2. BT o B4 A BE B B FARE, KR SR, T &Rl v 2 R R
B R PR FBE 1) AU R K SR A e, R L 4 0 4 A1 B 3 (SR O 1 A B 7 4 i )
M —ANER A B T A, SR S Hurst FE 30T # 1720, 5 B4 A Wis sh BEAS & 5 /- w] R it
T2, AR B, FrUd, ATAGE AL G BENLE 23 B EAT @B, Lin (1995) K f& T 40 5L
YA B3 B B AR KRR 0 B8, {HRogers (1997) & BLHTX Fh AL 40 BEAS B 37 () S mb i 3 40
HERAFE BRI 2. J5 K, Hufll@Ksendal (2003)7EDuncan, HuffPasik-Duncan (2000) 4
A1 LAWick B A FE Ak 14 43 B 4k A B IS S 6 Sty b, SR o> Bl e e i B RJE T
H > 120 RS, FF3E T AR BRI 1T T SRl iTsn B B 4k i 1 %t R 4
LT 72 TR B.58 & 10, Xl 9 FLAE 4 b 5T i) L A g T RS BS BEA. A SO %
FEHurstf 3 H € (1/2, )R, BATAINAE B Hgs i R 5 SCRTE B, VERIE LT 2 0
HuM@Ksendal (2003).

EX 1.1 Bf R — REAME. WR|f = /R/Rf(s)f(t)gb(s,t)dsdt < oo, M4
BAIES € LE(R), Hbg(s,t) = H2H —1)|t — s|* 72, Vt,s € R.

RY 12 (BAMHE) BG =Y [ g.()dBY" € G, G R T LG H OB

n=0 JR"™

LRSI, WGKRTFH = o(By(t),0 < s < ¢S &R E A
E:(G] := E[G|F/T] = Z_:O - 9n(8)X{0<s<tydBE", (1.3)
1 0<s<t

ﬁq:'X{ogsgt} =Q -1 t<s<0. N TN, ?Jiﬂ‘]ﬂ%ﬁia?yxm.
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EX 1.3 () HREHUEFE{M (¢, w) beso & KT IR IE B, a0 st =& e,
M(t) € G*, Wi EES[M(t)] = M(s), Vit > s, WIRATFR{ M (t,w) }1>0 LR,

EX 1.4 (DE4EAIZE)  ®(Q,F,P)ye— MR, H e (0,1)2 M3,
HAHustZ ¥ONH 10 B4 A BIg 2 o — A ES M & d # By = {Bu(t) : t > 0} =
{By(t,w):t>0,w e Q}, HiFe:

(i) Bu(0) =E(Bg(t)) =0, (t > 0);

(i) E[(Br(t)Bu(s)] = (* — s* — |t — s[*'T) /2.

b 13RI AFRATTASHEUE B A G T s 2

EE 1.1 WO

(1) Bu(t)=208, t

(2) ¥ f € L3(R), We(t) := exp ( /O f(s)dBu(s) = |f(s)xqo<s<ty|3/ 2) LIS

t
(3) ®f € LLA(R), WX (1) = / F(5,w)d B (s) ALk,
0

R 350 AT A ot B S A R , JT AR I Bl R AR [ e A, IX RS
IR, A B, R R 2 A B S R A, BRI, AT DU 2 B e A BiE
ENRAIRAN RARMLRE. o, B, FIFEMAIZEREZS (2012) W1 5T 1 70 F 4k Vasicek Ml A
AR A RRASABGE O 7] B A R AT AT 5, 5800 T 0 B4k Vasicek M ZAH AL

drs = a(b—rs)ds + odBg(s), (1.4)

HA{By(s) : s > 0} &0 XHiAn Wiz zh, FIRZIE 1737 K, o2 briEZ, FIRZ)m FEHLE
IR, ZEOFR AR PP KOT, SEaRoR IR TR, FAF R H
MBI 24 7P E SR A Bp RS, A a0 B

rs = b+ (ro — b)e ™ + ge / edBy(t), (1.5)
0

E¢mﬁﬁﬁ~ﬂ$W@mwﬂﬁyﬁﬁﬁ%%%ﬂ&%/immmaWMﬁﬁﬁﬁJ@
K0, 7591y ocreny 20 BUE, r eI AD+ (ro— b)e ™, F7% 0% 200 x o< pcny )
(19 TE A BB

A IRV RO A 2 0 b, BRI S T U 5 B 5 O o 5 e T £
FI, 0T BHCAR, BTG AR % B TG 12500, F T TR A 22 B 5 1
B A 20K F HECAL, B REMAIZE 2 (2012)

I 1.2 LLP(E T35 B E T T MU LB Ce et 200 418, 18218 6 S
B T 1355, 1175 R 2 4 B VasiceloFL B, 117 SR (14 A0, I
W% B0 A XK

P(t,T) = ¢ "t BEDTART) (1.6)



260 N FANEZE STt

#

=%

Hrp

A(t,T) = (b - 3U)B(t,T) + Ho? /Ts(2H1)B2(s,T)ds - (b - 50) (T — 1),

a " a

B(t,T) = 1(1 — e~ (T=t)),

a

§2. NEERFHIEM

DavisfiLo (2001)3& H T A Qi B!, B Ly sm B e. —AaaldEd )G, KA A
13 £ 5 FE 2 A BRER, X & O A BB B A REREREY. J5 5K, Jarrow A Yu (2001)F H]
X AL YRR SR 2 1 52 S % T IRN IR KUK, B 1 T T4 — MR I L B8, JHTETT )
F 2 /& Vasicek R ZR 1E L T XHEFR FACDSHEAT 7. #f, HaofYe (2011a, 2011b) i —
AT R 2 RS BOI AR, B2 5% F 14 A IR AN BT, 45 T 27 MCDSHY)
Pk, ok, FATEAE O T 70 BRI 36 R B8 5 B4k Vasicek B 2% R i 53 FICDS I &
i 1] .

HATH B RPN T MGG, A - WERANR, AN 5 AE A F AR A AR B,
Jarrow M Yu (2001) 1554 A R HELA R 5 2 W0IRES L =A O, L mEZ T

M = ay + agry, (2.1)
M ) BRIELHOBUR A2 A Bl R DRGSR &, AT
)\tB =0by + +bory + b31{TA§t}7 (2.2)

Hebtay, ag, by, by WIERL, 1a o FommERREL b3 AN, AP KT ORISEEL. T sk R
Rt 2= A S, FRATASIIE B 45 A R 5138, P15 7] 275 Jarrow Al Yu (2001).

SIFE 2.1 REARRATIE{E A1 T, B H AT Z B i, fisiZ mERL, bl
Wz B, LB, LR NG, To RS2 Ay, RS % B G A

Vi(t,T) = 8P, T) + (1 — B1)E, [exp < - /tT(rs n Ag)ds)}, t<T. (2.3)

ATV B T S A IR 2 M — B 2 RS . AT P A A R 0L, 24 ] AL
BRI RATHAE NI . B H AT %R B 62, foriimiE . vl s i, B hios
(IS 20, 2R ] 4350 A4, o8 AR EEANS, AP, AT E ek T R A - M A
LR M F B AR E T A3, AT e,

EIE 2.1 B TTIAR I 2 S B4 Vasicek AL, AR AL BIVIEZIRRENY AP
A (2.1)F1(2.2), WK B %N IE, AFIA. B¥IAREL), AT ARAT G LEL Z 05
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A
1 1
VA, T) = exp <_a1(T_t)_(1+a2)a(taT)+§|f1(5>T)X[O,T]‘i_§|fl(5aT)X[O,t]’i)u (2.4)
N T BRAT IR TR 2 A% A

VE(¢,T)
o~ (Grtba)(T=0)=(b2+ Da(t.T)+ (1 f2(5,T)xp0, 13~ F2(D)X10,013)/2 o= (br-+b3)(T—1)

T
></ o (@1=b3)s+8(t,s,T)+(|f2(s,T)x[0,1) Z=1f2(s,T)x(0,s] i""g(qu:T)X[O,s]|z5_|g(u751T)X[0,t]@)/zds
)
t

(2.5)
Hrp
a(t,T) =b(T —t)+ (b;?ﬂo)(e“T —e ™), B(t,s,T) = —(bo + Da(t,T) — asalt, s),
fils,T) = =(1+ )2 (1= eT), fols,T) = =(1+ 1) (1 — e (T7)),

g

g(u) SaT) = (1 + bQ) (]. — e—(z(T—u)) — aQE(l _ e—a(s—u))‘
a

a
T
E%:éﬁﬂc:/rﬂ&ﬁ?@&@ﬁhmﬂ@mﬁmﬂAEﬁ%ﬂﬁ%ﬁ#wa
t
A s S

vAeT) = Bfow (- [ o atas)]
T

—al (T*t)E —
o exp as +1 / reds
t[ ( (a2 ) . )]
e—a1(T—t) E, [eXp(—(CL2 + I)Rt,T)],
AT BRAT I T2 535 LE6N 21k Ay
T
VB(t, T) = E {exp ( — / (7“3 + /\f)dsﬂ
t
o b1(T—1) Eq[exp(—(by + 1)Rt,T —b3(T — TA)1{TA§T})]
= e T fexp(—(by + 1) Ryp)Egfe * T Mirrzm),

HAS(1.2) AT

T [e's)
Et[e—ba(T—TA)l{-rAgT}] = (/ +/ )e_b3(T_8)1{S§T}d(l—e_al(s_t)_‘”Rtvs)
t T
T 0o
_ / eb3(TS)d(1_ea1(8t)aQRt,s)+/ 1d<1_e*a1(5*t)*a2Rt,s)
t T

T
_ eb3(Tt)+b3/ o= a1(s—1)—b3(T—s) a2 Ry s 4
t

T
_ e—bg(T—t)<1 by / e—(al—b;),)(s—t)—amusds),
t
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T
VB(t,T) — o (b1+b3)(T—1) (Et[e—(l-i-bz)Rz,T] + bS/ e_(al_b3)5Et[e_(1+b2)Rt,T_(12Rt,5]dS>.
t

MEVARL, T)RVE (¢, T)IIFRIER, AT, SRR AR P K. A

T T s
Rir = /(b+(r0—b)e“5)ds+/ Ueas/ e“tdBH(t)ds
t t 0
o [T
= a(t,T)+/ (1—e_a(T_s))dBH(s),
a Ji

RNE [e-(Ha)Rer] SRR A s 1.1 g (2) R 5 045

Et [e*(1+a2)Rt,T]

(14a2)a(t,T)—(1+az)(c/a) ftT(lfe*a(T*S))dBH(s)]

m

= Efe
= o (Ita2)a(tT)+(1+a2)(0/a) [ (1—e=(T=)dB (s)
', [e—(1+a2)(a/a) Iy (1—67‘1(T75>)dBH(5)]

_ o (Ha)a@ D)+ (s Txio. ) B =11 (5T)xp0.2)/2.

vt
E, [e-(taz)(o/a) [ (e (T=)dBy (3))

= Efelo H=T)ABr()]

_ elfl(szT)X[O,T]li/zEt [ef(;‘r fl(SvT)dBH(S)*lfl(SvT)X[o,T]|§>/2]

_ e(‘fl(svT)X[O,T]|§s_|fl(57T)X[0,t] (2;))/2+fot fi(s,T)dBu(s)
[F)

Et[e*(1+b2)Rt,T] — o~ (IHb2)atT)+(1f2(s,T)xq0,1) 5~ f2(s T)xp0,13) /2

A L

Et[e—(1+b2)Rt,T—a2Rt,s]
= E [e—(1+bz)(a(t,T)+(a/a) ST (1—e=o(T=w)d By (u))

. o—a2(a(ts)+(o/a) f;(ke—a(s—u))dBH(u))]
_ BT (14b2)(0/a) [ (1—e~T=0)dBy (uw)+aa(o/a) f§ (1= ~))dBy (u)

E, [om(102)(0/0) [ (1=e= 2T =By () —az(o/a) [§ (1—e*=)aBy ()],
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Fsrp
E, [om(HH2)(0/a) ] (1me=T=0)aBy () o—oalo/a) [§ (e~ ()]
= Efeli+h)o/a) [2(1—e=a(T=0)dBy (u)—az(o/a) [ (1—e~4(=))d By (u)
B, [em (b2 D(e/a) [T (1—eme T )dBa )]
= E [e(1+b2)(a/a) Jo A—e=*T=)dBy (u)—az(o/a) [5 (1—e~*=*))d By (u)
6T 11120 Tx0,01)/2).
o
E, [e(1+b2)(0/a) Jo @=eeT="))dBy (u)—az(0/a) [; (1—e~(~")dBy (u)]
oy fels 9ws B ()]
—  olg(wsTxqo,13~la(uws.T)xp0,013)/2fy 9(us,T)dBr (u)
T EA
EyJo—(1H02) R —azRe.s)
Bt T)+(| f2(,T)x10,1 15~ 1f2(5.T)x(0,5113) /2
o~ (14b2)(0/a) [ (1—eT=1))dBy (u) +ax(o/a) (1~ ~1))dBy (u)
E, [e(HH2)(0/0) 5 (=0T =0)dBy (w)—a (o /a) [ (1=~ By ()]
oBs D)+ (1 f2(8,T)xq0,71 3 =1 f2 (5. T)x (0,51 [5+9 (w5, T)x (0,51 5 =19 (w5, T)x(0,1113) /2
KU E=ANEEAVA®R,T), VB(t, T)ENE 4518, O

§3. EHNS5FIFRMBXITCDSHIEMN

B AFCHA AR AT R B ZF, SR HANT. N THBAE, AFCH5A
A BZAT — MBI H AT (T < T)E TR, A0 AR BRRE A . & FHEAFCH
A F BE MBS, — B ARATET R R AEEL), AR BIMER AR AEL FEIAFC
AR . AR BB L ER 5 MRS AR EAN DS, CDSHISE T AFICARAELL), SiFHIRAT
AT ARICDSHISE 5 K A 7 BRI fg K AE B L. BEEA R ARAT FIFR SR HE{E N 135G, (B
FN0. AFCHAFBEMA RS Ne, #HAFIARAEEL, AR BB AFC 13573,
HANTIAREL), AT BT ATC 0F7t. HEERFEBE, A CH A7 BE WA R %
TEORT ZIF B &5 T A 5] AR AEIE 20 A T B4 AR ORI AT AEORT ZI A8, H BR3RATTAT A
B EICDSHIMN A W

— rydu
o= E[1{7A<T1}e fo d 1{TB>T1}] . (31)

E [ /0 Nl Tud"ds}
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EIE 3.1 BT IGFIRIRMN 4 Vasicek F R AR A7 A& BRIE L5 N
)\24 = aj + aary¢, )\tB = by + bars + b31{7-A§t}'

IR SR F ¢ %) A 7] ARVA B B R A B4 AE, WCDSH H %K

B _ o~ (a1+01) Ty —(1+a1+b1)a(0,7) +[g(w,s,T1)x[0,7y) 13 /2
o= V0T e - (3.2)

T
/ P(0,s)ds
0

VB(O ) = e—(b1+b3)T1—(b2+1)a(0,T1)+|f(s,T1)X[OyTl]\2/2_’_b3ef(b1+b3)T1

|

T
x/ o (a1—63)s+5(0,5,T1)+(1f2(s,T1)x[0,1y) iJF‘g(U,S:Tl)X[O,Tl]‘i)/QdS.
t

MERRA:
T
E[Lracmye™ P ]
/Tl fs g d ]
E e Jo rudugg
L
T
E [1{TB>T1}67 fOTl rudu] —E [I{TB>T1}1{TA>T1}e7 b Tudu}
T fs B
E / e Jo Tudtdg
), }
T T
E [e_ b TUduE[l{TB>T1}|‘Ft v ‘F%*H —-E [1{TB>T1}1{TA>T1}G_ b rudu]

73 :
/ E [e_ Jo T“d“] ds
0

T
VB(O, Tl) —E [E[1{73>T1}‘Ft V F%*]1{7A>T1}ei Jot rudu]

T s
/ [ ,fo rudu] ds

(0’ Tl) Ele ru-l—)\B)du]

T
/p
0

VB(0,T1) — E[lpasrye
T
P(0,s)ds

b1T1*(1+b2)R0,T1 —b3T} 1{TA<T1}:|

0
VB(0,Ty) — e~ (@ t0)Ti=(1+a1+01)a(0.T)+lg(ws,Ta)xj0.1y /2

T
/ P(0,s)ds
0

HrpvEB(0,1y), P(0, s)7 50 i B2, DR E #1295 3. O

Y
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Pricing CDS under Fractional Vasicek Interest Rate Model

Liv YonGgHUT'®  HAOo RUILI*®  WANG SHOUBAT!
(*School of Business Information Management, Shanghai University of International Business and
Economics, Shanghai, 201620)
(2 Post-Doctoral Station of Applied Economics, Fudan University, Shanghai, 200433)
(3 Department of Applied Mathematics, Shanghai Finance University, Shanghai, 201209)

(* Department of Applied Mathematics, Shanghai University of Finance and Economics, Shanghai,
200433)

In this paper, the pricing problem of CDS with the interest rate risk and contagious risk is investigated.
The interest rate satisfies the fractional Vasicek interest rate model. We model the firm’s default intensity.
We derive the pricing formula of risky bonds when the default is correlated with interest rate and get the
price of CDS.
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