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Counterparty Valuation Adjustment Calculation
Model of Multi-counterparties Credit Default
Swap
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China)

Abstract: A multi-counterparties credit default swap (CDS)
was investigated. Under the reduced model framework, single
factor cox-ingersoll-ross(CIR) and inversed CIR models were
used to characterize positive and negative correlation of the
default rates among the counterparties and reference. The
counterparty valuation adjustment(CVA) calculation model was
obtained, which was expressed by a system of coupled non-
linear partial differential equations. With this model, CVA
was calculated by an iterative numerical algorithm. The
results were analyzed correspondingly, which indicated the
dependence on the parameters of the CVA, and a comparative
study was made with the results of the standard single-name

CDS.
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Fig.1 Cash flow of the multi-counterparties credit default swap products

1.2 RBXHINFHE CDS AR CVA T H&ER
i r HERBAR,U AL T CCR &L
LG FHI 4 CDS FHNHE.V A% 18 CCR IE
LG X FHHL CDS MHNE.A Fns i (=1.2,
DA FIREA M. IR CDS 3277 B (i=1,2)5EF
AT HEL LI R R (Sla) K e (RUT
—U7). W TE ¢ B2, R CCR I9Z 53T CDS
AN ESR
V) = Et[LT(l —ROX el tbags — SV (AL S, -

=23

s 3 ] s 3
iy SIJ (s— £, DA e otiad sy,
FAYE 3

—1

HE[J A 1=EL] (s ) | re=r  i=2"1R
MR, R T BRI 5 X F- 1) CDS; At HHHER P~
FEATHIENGE[ « TRZHEIE;S, h e i 25137
A AR A AT FEAEE; & CCRME
5 X T CDS & Mt -
U = 3 skl Q—RoxeTorinbads —

i€ (1,2} ‘

2 (A - S, e—ﬁi G4 du + StJ

;> [

(s—



146 [ 5F K 2% % A KRB %

LRV

tia )A? e—ﬁ (rquA;JrAi)du dS) _
T . s i3

J (R,U— U Haie fioutiidag].
t

Hri .Ut =max{U,0}, U =min{U,0},r NI
FIZ.
W 22385 % F CDS 4K CVATE ¢« N ZIHY
fhME R
CVA(®W =V —UW o)
1.3 BEF CIR =8
(D 2RGMNFH5SFH AR Z BB LAMCHER
EHXEIE
FIEFI R FREDREN. 2 H A AEA 55
Gy X F- iR A Z AR AE e . ZE R = #8443 B CDS 1Y
R R, BRI T FRIE R E M AT E R
HEM. FIREACRBNENEHR W EGIBTT. B
MM EREBE T ERENRERER. FTLUAH
r. RANIEHE TRV R GRS EF . £ G=1,2,3)
MR A "B ARA T EEE R G X H
Y= T S o i
J;{} = b7, +C1,8z1
A= by, ‘|—C2,3z2 2
A? = by, "‘Cs,&%
K0 Fle; BBRIEGFELIH e, 5 FIBE M
ST RS AR
R BRI TR IR, 15 (=1,2,3)#Bh
CIR it F23K ), B
dr, = ko (G — r)dt + o0 /. dW?,
dg = k;(0; — B dt +o; /B AW
Hr i 0 Mo SEIERIFEIF I 2 Feller %
4 26,0, >0 s Wi ZAEE AT BIARHEAR Bz 3 (=0,
1,2, 3).
(2) BXHMT-H5BH N A Z AR N
FARAFIE
WAE% I8 S %5 /) 538 5 Xt T 2 Al (i 2 2 1
AEIR Y o B2 W81 22 5] 22 6 PR 2 B 52 e 2 T Y. 9
FIEA I AL G=1,2,3) R IE RS .
1 _b

Az - r, +C1‘8}
/1? = %"’Cz,@? (3
/13 = b7, ‘|—C3,8§

Forp b Mo PR AESUR G RRE R 8 (i=1,2.3)
FANEMST R BEPLE R, Xk, A AT Z RS
AR IEAESE, T AL, A7 23505 AF Z Al ik 240

KN SR,

(3) —AZGMNFEZH R T Z B K EAHR
YR IEM KT A — DB F5SFH AR Z B E
LR AR ETE

WEEBSH ARG LHMNFZAREAF IE
FHSRH , A SRR » IR WA AR R R X — >
A o X TR R TE , 55— R B, WEBHBUE -

Azl = %"_Cl,&l
Azz = bery +Czﬁ¢2 )
/\? = byr, +Czﬁ?

Hor b, 70 e, ¥ R3R 70H B MIRERIR B (i=1,2,3)
AL ST P BENLE R, IXAE, A7 FIAY Z i Yy
AHSRMEAEARSE  Ar FIAT Z ] B 55 2 4H et 2 SR A

BREOPEHEORK A A 1/r 3L, HA CIR i
TEEEI%L, 1 2R CIR 33725 (inverse CIR process,
ICIRD.

2 1REKfR

ARCHBRRR 7 R B AR LR MR, oG
SR P28 M R) R 7.
2.1 BB IR AR
2.1.1 BT CIR EEIRIEIE
ST HEF CIR AR5, 0] LIX CVA H
HOHATRME 7. WA (D, R A TR0
¥ Eﬁl:e*ﬁ(/\iﬂiﬂt)du] il Ez[JSAi ot Gl do du] 2%
R, AR (O AKX B R A T 1k sk
BT H AR GHI B, (DE[elde]
(ADE [T st FH 2 (D oo 9 2. a] LAl
KA T H R 5 5 B2 1Y Cauchy [BJE P(Fst5us2)
= E [l ], Hort b B
P . OP | o, I*P
Ja—tﬂi(@» —8) 35+ 58 5y
{P(ﬁ 9t;u9x) |z:u - exﬂ;. (5)
PR Ay 77 72 (5) A 5 51 T 45 My D). R 77 7 oR
A(thl)%ﬂ B(t91') 9@’?%’

P(‘8’ s t;u,x) — eA(z,x)JrB(z,x)ﬁ

Hf
Altyz) =— 2,

o;

1n[ (P —2d,) e - (2d; — glx) & 2™ ]
2(dy —dy) ’



E1#

Bl FEXHNFEREL LRGSR 147

B(t.x) — % .

(Px — 2d)dye 4 + (2d, — Gt )dye L
(x —2d,) B0 £ (2d, —Fx)e %D

di = (e, — Vit +26%R) /2,

dy = (e + il +26%) /2.
2.1.2 HHEFR CIR #HEMIEE

B R (3) ~ (4) fROA % B E ik R
E[e:0vrtnt] AR A0 T AT 128
ELfCr el Grraton )&, 30mT BUE i 72 {0<< r <
<, 0 <t < u} BERMB HUOD.w =
ELfGoeli e, Horha,b B8, £ R
FE PREK
Hywo—n 2o, 20

(ar—l—rﬁ)H:O, (6)

H @ ot5w) [ = = f(r).
B5 BRSCERLO T O s B e T A3 5 2 (6D YRR «
H(%’t;u>: TV Y e—(x000v1+x0u2+v1v25(2))(u—t) .
Vo F — ) —alu—t,
{”uut%(ﬂrz —p ) F(/;_’_—Vlz)exp[— 1€ G 7
2 —du—)
@(,u—VZa,u—l—l;mL» ,

77u—z Vv

2
H( ,t;u) = g T e—(x000v1+x0v2+v1vzao>(u—t> .

'+
exp[— € 4“7 e
2 —d (u—t)
_ . u—te
& (s ”ZH”‘H’Q]—%—M )

2
H(r,t;u) = g U’y e*(x000v1+/c0v2+v1vzao>(rt> .

1 _ vp—pr—2 F(E_Vz +2> .
{#}: (ﬂrt lJl) I\(Iu_’_ 1)

exp I:_ r"]rt e*d(u*t) :I .

®(#—VZ+2’#+1;M)}

Wt V1

:/H\:EP: D(E,v32) = 2 SN
k=0

k frd see
TN (O =8¢+ D

($+k_1>9k> O,(E)O == 19V1 - (\/IC% —|—2aa§ -
ko) /0% svy = <— (eoBo — 6t /2) +

— Geollo — 4/2)7 + 2668 ) [ s =

—2d/ (G5 — 1)) ¢ = kol — by »

d = ko ‘|—0%V1 = ZC/O% — 1

2.2 1REBVHGIELR 1 o) R B
KR DOERINTFER:
U =a W, () +a,W,: (1) —

W E |:JT (R,U— U o Gl ds]—
aE, [JT (R,UT—=U A efﬁ Ay 7, )du ds] D)

Her, Wi () F1 W, () 7] L5 AL P(F,t;u,0)H
Hf ()t R ETE R, T 5 — AR etk &4
WEEFI A Feynman-Kac 2SR5 , 15 B AL Pk 13 4
.

Iy 1, 9’y N
9z +20'(2)V 97’2 +Ko(60 7’) 9r+

L pp NI
5 0i — T i(ei —B) ==
ie%?g)( 508 agHr " & ag)
W22y =21 Ry @Wy +a; W, —
airyi _a2y2)+— (Cl1W1 +a;, W, —

aryr —azy2) Iy |=r = 0.
11 22 1 T (8)

dye 4 15 Py BN
BT +20%7’ E + 10 (G r) ar+

1 oo 9y (p— gy Y2\
2, gt 55)
AEF+B+ry, = 2Ry (@ W, +a, W, —

ayi _a2y2)+_ (Cl1W1 —|—a2W2 —aiyr —

azyz)_)yz |t=T = 0,
T . .
Heb y, RHIHEE, U RU—U e srmss),

i=1,200%%, B B—MEE AL R B 7 72
2H 2R IRV R, X A IR RRAR A B X0, TR AT
BEATRUE R M. BP—TE3Z 5 Xof T MU B £ 4% )
R SR AR A — 2R A Lk O i o0 D7 R AR B 8K
TFIR IR RR e » FOSC s e SCHRR L7 TREPA.

3 BESH

AL 2. 2 WRHABAINEN & 25 X F
(g CDS 5298 CVA TR, BRI E
B2 R TR A i i AR LR TR N B SRS B 3 T it
LR BT AR CRE R T R AR B — R M T R A
IR 5 2. 2 A8 A B PR L SRS Rt A
RN AR AR SRR E , i — &
M RAEEG BRRRTR E 5 (O LU, FEMARE U
AL 8 X R EUE AT e © BAEE AR
At LA BB E 5 @ 546 AR 8 AU (X 1%t
ZRGMTF CDS FAM CVARIRM; QO ZREL
LG IF CDS H4H CVA 55 AMMMER; @



148 B K % % HCE R R BD 42 %

S L2 G T AR CVA R, 0.0281

I 55 CVA HET AL, . ggij
223 o B AN W B BUBGE AT - B o0k
T=5,R,=0.8,R,=0.8,At=0.5,5,=200 % = 0.020f

B0 ,a1=0.5,a,=0.5,b=3,c1=5,b0,=2.¢; 30-018‘

—2,by =203 =26,=0. 15,6, =0. 0345, =0, 05,7, = %2213

0. 03,8 =0.03.:=0,1,2,3,;=1,2,3. e 0.012+

3.1 BEF CIR R ER gggo o
& 2 #1558 1 BB R LB E n=5 8F, UM JL TT05 1.0 15 2.0 25 3.0 3.5 40 45 50

PR AR B T IR S R AR PR BIA
AR ALH B CDS 1 CVA A B RCE.

0.040-
0.035F _
# 0.030
®
£ 0.025
&
% 0.020
& 0.015 ‘ ‘
T -— - EARREL =1
0.010 —— EARIREL n=3
—o— BRARIR L n=5
0.005 1 1 1 1 1 1 1 1 1
05 1.0 1.5 20 2.5 3.0 35 40 45 50
LR T/

E2 CDSHEXTAHSHR THXE
Fig.2 The relationship between CDS price and T

K 3 R 4 230 B T & 235 R F 84 CDS
K CVA EHE AT r, AR T BRA.
HEX 5T CDS G4 CVA fH5 5 A R IEA
*, BFE T XT8N CVA 3R BUR. X A8
LA AWIRRBA AT 22 5 X T 20 M A] BE MRS K, i

0.050
0.045| 7

4 0.040 .

iy

g 0.035 P

= 0.030} /

o #

= 0.025¢ .

H+, e

& 0.020f .

g 7

5 0.015 .
0.010F -

0005 1 1 1 1 1 1 1 1 1 1
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11

MEr

3 CDSMMEXTHEr HIXE
Fig.3 The relationship between CDS price

T
*

and interest rate r

AR 1/4F

4 CVAXTAEHRTHXER
Fig.4 The relationship between CVA and T

CVAHARIIE K. & 25X T CDS 548 CVA
(ERSKIEVINSY -P W kS PN PEUE STl
B AR B CVA {238 A Ao af
& ER BB CVA BN, RZIFA.

B 5 B &2 53T CDS 4K CVA Y
FAZITH B M B, ZEIMRMEN KRR, FLLH
XtF- CDS G4 CVA {5558 5 % F 2 6] (15 241
KA IEARSE. BIANRAZ 5 % Z BB AH SR —
B A 22 5 % T3 200 2 32 5 33 -3 i 49 ) X
R, i H CVA 4R,

0.0491

0.048F
0,047
0 0.046
4
B 0.045F
= N
T 0.044
& 0.043F
K N
g 0.042
i 0.041

0.040F

0039 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0

A Gy I 2 T 44 A IEAH DG L ) R 3
5 CVAXTXRSGHFHHIEMRKLGRENXE
Fig.5 The relationship between CVA and correlation

coefficient of counterparties

Bl 6 BR&EL 53T CDS 5451 CVA fHLL
BAr#er) CDS ity CVAH SR G M FMSEARIZ
] By 8 9 A DG Z BRI SC R, EATTERBE S 32 2 X F
5225 R 2 8] 15 20 R0 S M 4 3 RT3 KL X A8
Gt FE MBS\ A B AT Gerkig K, M CVAE
WMWK FNEINEEZ SN T 55 AR ZIN
BRI K, FEZ 5T CDS 41 CVA
E teAR#ERY CDS B CVA {HE/N.



E1#

Bl FEXHNFEREL LRGSR 149

F1 CVARREBESERABZEMXE
Tab.1 The relationship between iteration difference
of CVA and the number of iterations

HERRE n=2 n=3 n=>5 n=6
BREWU,()—U,—1()) 0,002 03 0.001 26 0.000 59 0.000 55
3.2 BEFK CIR EEHER

K7 BRE 5N T CVAES &AL
Ht B, F1 B, ZARAMXHERABIE TR B
TTELFA R, CVA B/, X B 24— 738
Oy TR AR T BB R B — i R G X F A
(AT BB B2 KA, 5H CVA (B

0.08

0.07+
0.06
0.05-
0.04r

0.03

FH DA i (L 4/ A

o AR B A TS AL
—o— AR & Z R T
1 %‘mﬁégﬁﬁﬁéq 1 1 1

0 0;5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 5.0
AT 555 LR 2 R4 (¥ IEAH M L] 23
B6 CVAXTFXENFSSEFLFELHNIERRL
LEBIREEIX R
Fig.6 The relationship between CVA and the positive

e
=

f
=]
=]
3

0.01

correlation coefficient of counterparty and the

reference company
0.040
% 0.038
~
2 0.036
=
@ (034

0.032

R R A

0.030

0.028 L1
0 05 1.0 1520 25 3.0 3.5 40 45 5.

A2 5 o 2 T 44 (¥ SR A Ak A R 3

B7 CVAXTFREMNFZAFEHGBEXLLGRBHAR
Fig.7 The relationship between CVA and the negative

correlation coefficient of counterparties

K 8 &L oxF M4 CDS G241/ CVA
fELA R ARHE CDS (9 CVA H5Z X FMBH 4w
Z IR B A AR S Z [A] B SK RR.

ATy M FH 5 2% 00 7 8] 24 SO R
. & 225 M F R4 CDS FAK CVA {HREE 5L
oy ¥ F-5 575 ) ) Z 18] ik 2900 AL 1 R T IR/N

M T3 vl ik 400 AT RE 1R O, 32 5 % T 1 i
LY AT REMEREAR , . CVA BB/
-- - SRR AR RS A

—— T HMF—AER
KK AL

& 005 —o— A GRS
Eg : A2
o 004

0'01 1 1 1 1 1 1 1
0 0510 1520 253035404550

G TF 55 I RS A 1 SAE SR HL ) R 4
8 CVAXTXBMFESSERMEZEEFELAN
GAXIL G REHIX R
Fig.8 The relationship between CVA and the negative

correlation coefficient of counterparty and the

reference company

MWAL G X F 5 5% A FIRIFE A —IE
— B, HEZRZGX T CVAHMEZ SN T 55
s A Z 18] 55 2 Sk B3 R BIE % ]
TR R REMEIY K, 38 5 3 F-i 2] Bt M K AR (R
SRFEAL, H CVA B/

METHE H£2385 % F 1 CDS S5r#E CDS #
e . 78 RBAE 28 5 % 18] 3 2 HH e P — 3
FrfE CDS 524K CVA R Z X 5% F CDS &4
1 CVA {HE R, Rtk £ 32 5 % F- 7T LA AR XU 5
MRS F-55% N Al AMHEAN BB, 25
X CDS S291 CVA {AR] BB K.

4 ZEig

ARIWRT & LM THLA KB4 CDS B
CVAHIIGE. Bl % L5 T HEH N
Z A B A B KA, 23 BIR R T =R A W B A T4
BT CVA Wit EEL 25 A 2R 53 TS S %
NRIZE R B AE RN R EMRHEE; — 125
XFH5SH N E Z W A S IE A T 75—
NG FE5SH xR Z MR A P A e
MR ; S XM FEESH RN R Z MK EAHR
P AR IS IE. ENTHTH R R A EAL R ik
st 75 72 BRVBUBL A R 2R 3K, T8 ad — ISR BE B
REGIEATIE A T —BUEES R AT JF B4
REGIRAER B4 1 CDS Iy CVA H#EAT i L 85
Pr BBILA T 4R



150 Rl ¥ k2 2 WE KRB 2B

LRV

(DA 5% T 525 /3wl 18] 7 29 AR & E
i, 238 5 % F15 F i 4 5 (CDS) & 2 H3E 5 %t
TFAEE R (CVA PR UER CDS 1) CVA {HERRE
22 5 % F 52 7% 4 A 8] i 20 e M R R TS K
BT 238 5% 1) CVA {H LLARHER CVA HEZ/).
B 2532 5 % £ 5 2% 4 6 (6] i i 29 80 2 IEAH G HYT,
AHSRAEHE I I IXURSE , 15 232 5 3o T H A XU

(DG F5 S/ ) 6] 1 2 KA E R
HEt, 2325 % T CDS & 41 CVA {EHFtR#E CDS
B CVA HEFFEE 22 5 W F 55 % N 5l Z A 448
KA 3G KT B 25325 X% F 52 %0 F Z [H)
T 24 UM G A DG4 R A XU

(DWZ 5 X F 5275 43 m) 8] (1535 L AH e M —
IE—5 ) CVA (B EL R 0 T g CVA (BB K 1T
FUER CVA I L ANER R 70 CVA HZE R, B
MG FH5 BN w2 654 FUME S, 53 i
AR 3E 5 %o T4 AR KUK » T 573 fim TE AR SR 1932 5
Xof TR 3G XU

Frigt: B # Anis Ben Brahim —& & 5 X & 4544
w, I FER BT 2R ER.

S E 30k

[1] Pykhtin M, Zhu S. A guide to modeling counterparty credit

(E#E 57T M)

(11 ZME, Rk, BMARE. 2T ANSYS mE45 ke ik
BhRERZ N A1 RYHA, 2008, 8(3): 37.
LI Xingguo, CHEN Ligiang, ZHAO Dongyin. Stress analysis of
shallow cut-and-cover tunnel based on ANSYS load structure
[J]. Mining Technology, 2008, 8(3): 37.

[12] JTG D70—2004 AbghgiEBIFMMELS]. b= [s.n. ], 2004.
JTG D70—2004 Code for design of road tunnel[ S]. Beijing:
[s.n. ], 2004.

risk [J]. Global Association of Risk Professional, 2009, 37:
16.

[ 27 Alavian S, Ding J, Whitehead P, et al. Counterparty valuation
adjustment (CVA) [J]. The Annals of Applied Probability,
2008,18(6):2495.

[3] Brigo D, Pallavicini A. Counterparty risk pricing under
correlation between default and interest rates[J]. Finance and
Stochastic, 2009(9) ; 29.

[4] Brigo D, Pallavicini A. Counterparty risk and CCDSs under
correlation [J]. Risk, 2008, 3(2); 84.

[57 Brigo D, Capponi A. Bilateral counterparty risk valuation with
stochastic dynamical models and application to Credit Default
Swaps[J]. Risk,2012,7(2):141.

[ 67 HuiLi. Double impact on CVA for CDS: wrong-way risk with
stochastic recovery[J]. Annals of Combinatorics, 2011,1(3);
211.

[77] Wei W, Jiang L S. One fact CVA model for CDS with
counterparty credit risk within the reduced form framework
[T]. International Journal of Financial Research, 2012,2(2),
68.

[ 8] LIANG Jin, WANG Tao. Valuation of loan-only credit default
swap with negatively correlated default and prepayment
intensities [ J ]. International Journal of Computer
Mathematics, 2011, 26: 35.

[97 Ahn D H, Gao B. A parametric nonlinear model of term
structure dynamics[J]. Review of financial Studies, 1999, 12
(4, 721.

[107 Duffie D, Filipovic D, Schachermayer W. Affine processes and
applications in finance [J]. The Annals of Applied Probability,
2003, 13(3):127.

DL GEREGERERERLEREGEREREGEREGEGEREGE R GE RO GERE G RGO GES

[13] K@%, ANSYS 12.0 $7p4r TR SSM FH M. Jbat.
H [l 3E HY R AL, 2010,
ZHANG Zhaohui. Thermal analysis of engineering application
handbook for ANSYS 12.0[M]. Beijing: China Railway Press,

2010.
[14] GB 50366—2005 HJF AR R 4t TR ARMELS]. 465 [s.
n.1,2009.

GB 50366—2005 Technical code for ground source heat pump
system[ S]. Beijing:[s.n. |,2009.





