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With the intersection of market and credit risk, the first contribution is to
derive the analytic formulas of the Credit Linked Notes (CLNs) and the
leveraged total return CLNs issued by an Special Purpose Vehicle (SPV)
or the protection buyer. The second contribution is to prove that the values
of structured CLNs issued by an SPV are higher than the ones issued by
the protection buyer. When the credit quality of the reference obligation
and protection buyer becomes worse or the leverage effect is higher, it is
a superior solution for the structured CLNs issued through an SPV. Third,
the empirical results of credit spreads do not incorporate the correlation
coefficient of spot rate and market index into their regression models and
show that they are positively correlated with the volatilities of spot rate and
return on market index; however, we find that the relationship among
them depends on the sign of correlation coefficient of spot rate and equity
index market. Finally, using the differences in the maturities of the note
and the reference obligation as the proxy for basis risk measure, we
demonstrate that the purpose of the SPV is not used to eliminate the basis
risk but the credit risk of protection buyer.
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1. Introduction

Special Purpose Vehicles (SPVs) are business entities
formed for the purpose of conducting a clearly-specified
activity, such as collecting a specific group of accounts
receivable or credit risks and so on. When investing in a
project or financial instruments with well-defined risk
and return, many investors may prefer the isolated and
uniquely identifiable nature of an SPV to a more
diffusely defined corporate form. Currently, SPVs are
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applied for the asset-based securities and similar
financial products, such as collateralized debt obliga-
tions, mortgage-backed securities and structured Credit
Linked Notes (CLNs).

According to 2002 survey by the British Bankers
Association (BBA), credit-linked obligations are seen
to be the second hot product followed by the credit
default swaps, with 22% of market share by 2001 and
26% of market share by 2004. Besides, by the end
of 2006 the size of global credit derivatives market
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will be $20 trillion and BBA predicts that at the end
of 2008 the global credit derivatives market will have
expanded to $33 trillion.

In practice, the CLNs can be issued either by the
protection buyer or by an SPV. When the issuer is an
SPV, the proceeds from the noteholders are used to
buy high-quality collaterals that are held by the SPV.
Hence the valuation of the note is only related to the
credit event of reference obligation. Otherwise, when
the issuer is the protection buyer, the proceeds are
held on the balance sheet of the issuer as cash and
hence the valuation of CLNs depends on both the
credit events of reference obligation and its buyer
(the issuer), and thus is different from the ones issued
by SPVs. Consequently, the motivation of this article
is to price structured CLNs such as the CLNs and the
leveraged total return CLNs that are issued by an
SPV or the buyer himself. Meanwhile, we also
provide the fair fee charged by an SPV when issuing
the structured CLNs. The fee is determined by the
price difference of structured CLNs issued by the two
entities.

Structured CLNs, such as the CLNs and the
(leveraged) total return CLNs, are one type of
credit derivatives that can be used by the protection
buyer to hedge against the credit risk induced by
some reference entities and invested by noteholders
to link to the reference obligation, which is of
noninvestment grade or illiquid. The payoff of a
CLN is linked to the credit event of reference entities.
If a credit event occurs, no further coupon payment is
paid. At the termination date, the noteholders receive
par value unless a credit event occurs, in which case
they will be redeemed immediately for the credit event
payment, which could be the nominal amount multi-
plied by the recovery rate of reference obligation.

The total return CLN could be also structured by
incorporating the leverage factor. For a leveraged
total return CLN, the payoff is linked to both the
market price and credit event of reference obligation.
For instance, if a financial institution issues $5
million nominal of a 5-year leveraged total return
CLN and the reference obligation is a zero coupon
bond with $25 million nominal, then the leverage
factor is set to be five. The actual coupon payment
also equals five times the coupon value. The coupon
payment ceases immediately if a credit event occurs.
Furthermore, at the termination date, the investors
receive an additional payment called capital price
adjustment. In this example, the payment equals five
times $5 million nominal times the change in the price
of reference obligation.

There have been few studies of structured CLNs.
Hui and Lo (2002) use, by extending, Merton (1974)
corporate bond pricing model to value CLNs by
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incorporating the asset value of the reference entity as
an addition variable. However, due to the unobser-
vable parameters such as firm’s value, their pricing
methodology is difficult to implement. Another
approach is the reduced-form model in which default
time is a stopping time of some given hazard rate
process, and the payoff upon credit event is specified
exogenously. Hence, the probability of default in the
next time partition is determined by a specified
hazard rate. This approach has been widely consid-
ered by Lando (1994, 1998), Jarrow and Turnbull
(1995, 2000), Duffie and Singleton (1999), Jarrow and
Yu (2001) and so on. Jarrow and Turnbull (1995)
uses the analogous cross-currency framework to
evaluate the financial derivatives with credit risk by
assuming a hazard function that is independent of
spot interest rate. However, Kao (2000) documents
that the interest rate level and the Russell 2000 index
return have significant explanatory power for change
in the credit spread index level. Campbell and Taksler
(2003) demonstrate that the idiosyncratic equity
volatility can explain about one-third of the variation
in yield spreads. Janosi et al. (2002) find that the
default intensity depends on the spot interest rate.
Huang and Kong (2003) indicates that high interest
rates and steep yield curves are usually associated
with an expanding economy and low credit spread,
whereas the higher interest rate volatility is usually
associated with wider credit spread, especially for
high-yield bond indexes. They also discover that
a higher equity market index return will reduce credit
spreads, and higher equity volatility will signif-
icantly widen credit spread. Athanassakos and
Carayannopoulos (2001), Batten et al. (2005, 2006)
and Batten and In (2006) indicate that relative credit
spreads returns are negatively related to both changes
in interest rate and changes in equity return.
Therefore, the hazard process is dependent on spot
interest rate and market index; and Thence
CreditMatrics, CreditRisk™ and KMV methodolo-
gies cannot be consistent with those empirical results,
given their assumption of constant interest rate.

To incorporate the state variables such as spot
interest rate and market index into the default
intensity function, Lando (1998) uses the doubly
stochastic Poisson processes of default that allow the
hazard function to depend on state variables. Jarrow
and Turnbull (2000) assume that the hazard function
is dependent on the interest rate and index return
volatility. Recently, the default model is extended
to the multivariate underlying asset case to value a
credit swap of the basket type. Duffie (1998) provides
the valuation of a first-to-default type claim that
depends on the first default time of a given list
of credit events. Kijima (2000) and Kijima and
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Muromachi (2000) consider the joint survival prob-
ability of occurrence times of a credit event under the
assumption of conditional independence to value
the default swaps of basket type.

We assume that the protection buyer can comple-
tely transfer the credit risk of reference obligation to
the noteholders via the structured CLNs. Conditional
independence between the default times of protection
buyer and reference obligation with respect to the
filtration generated by the spot interest rate and
return of the market index is also assumed. In this
situation, the first contribution of this article is to
price the structured CLNs, such as CLNs and
leveraged total return CLNs, which are issued by
an SPV or the protection buyer, respectively. Further,
in practice most of the protection buyers issue the
structured CLNs through the SPVs. As a result, the
second contribution of this article is to demonstrate
the best timing for the structured CLNSs issued by
SPVs instead of protection buyers. In addition, we
also derive the suitable fee that the protection buyer
must pay to an SPV for the purpose of issuing the
structured CLNs. From the numerical analyses, we
investigate the characteristics for the credit spreads of
structured CLNSs directly issued by the protection
buyers. Meantime, the empirical results, such as Kao
(2000), Campbell and Taksler (2003) and Huang and
Kong (2003), neglect the effect of the correlation
coefficient of spot rate and market index, and they
show the positive relationship among the credit
spread, the volatilities of spot rate and return on
market index. However, we demonstrate that the
relationship among the values and credit spreads of
structured CLNSs, spot rate volatility and market
index volatility depend on the sign of correlation
coefficient of spot rate and equity index. Finally, the
important sources of basis risk in credit derivatives
discussed in the literature are the differences in the
maturities of the hedging instrument and the refer-
ence obligation. In addition, Azarchs (2003) indicates
that issuers could not eliminate basis risk by issuing
credit derivatives, thus by defining the differences in
the maturities of the note and the reference obligation
as the proxy for the basis risk measure, we find that
the value of an SPV is not an increasing function
of the basis risk measure, but is positively related with
the default intensity of the reference obligation and
protection buyer. Therefore, we demonstrate that the
purpose for issuing the structured CLNs through
SPVs is to hedge the credit risk induced by the
protection buyer but not the basis risk.

An outline of the article is as follows. In
Section II, we introduce the trading economy. In
Sections III and IV, we derive the analytic formula
of CLNs and leveraged total return CLNs,
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respectively. We present the characteristics of the
structured CLNs in Section V. Summary and
conclusions is presented in Section VI.

Il. Setup of Economy

Let the uncertainty in the economy be described
by the filtered probability space (2, F, P, (Ft)£0)~
We assume the existence and uniqueness of P, so
that bond markets are complete. Let t* and
stand for the default times of the protection buyer
and reference entity and given as

T
ri:inf{t:/ k’(XY)dsin}, fori=AorR
t

where we assume that the construction of the doubly
stochastic Poisson processes of default (also called
a Cox process) with an intensity function A‘(X,),
(X)), is a right continuous with left limits R%valued
process and represents d state variables underling the
evolution of the economy, such as the spot rate,
market index, credit ratings or other variables
deemed relevant for predicting the likelihood of
default. E; is a unit exponential random variable
which is independent of state variables and A’ The
default time can be thought of as the first jump time
of a Cox process with stochastic intensity process
A'(X,) and are conditional independent with respect
to the filtration generated by X under P.

Some empirical studies, such as Kao (2000),
Campbell and Taksler (2003), Huang and Kong
(2003), Batten ez al. (2005, 2006), indicate that credit
spreads are negatively related to both in interest rate
and equity return. To describe the dependence of the
default process on the state of the economy and
incorporate the empirical results into our reduced-
form model, we introduce the enlarged filtration F by
setting

F,=F'vF!vg!'vpt

where F7 =o(r(s),0 <s < 1), FI =0(I(s),0 <5 <)
and H=o(ljuy.s <1), i=A4 or R 1l is the
indicator function. r(z) is the spot rate at time ¢. I(¢)
denotes a time-f market index such as the Standard
and Poor 500 stock index. As a result, F/p Vv FL,
contains complete information on the spot rate and
the market index. In an economy that evolves
according to the filtration F’, Vv F¥., it is possible
to select a nonnegative, F'. V F%.-measurable pro-
cess A, and satisfies [y ATr(s), [(s)lds P-a.s. for all
t € [0, T*]. An inhomogeneous point process can be
defined, using the realized history of the process A’ as



230

its intensity function. Consequently, the conditional
distributions of 7' are given as

P(ri > t|F"TK \Y Flp) = exp(— /I Ai[r(s),l(s)]ds>
0

t €0, T

Hence, by the law of iterated expectation, we have
t

P> 1) = E[exp(—/ Mr(s), I(s)]ds)], t €0, T
0

Let p(z, T) be the time-¢ price of a zero coupon bond
paying one dollar at time 7. Y(z, T) is the yield-to-
maturity of p(¢, T). B(t) corresponds to the wealth
accumulated by an initial one-dollar investment at
short-term interest rate r(¢f) in each subsequent
period. Therefore,

(. T) = expl—y(t. T) x (T — 1)] = E(% Ft) and

B(t) = exp < /0 t r(s)ds) (1)

We assume that the point processes governing default
for the spot rate and market index is

W) = fir(w), Z(u)]

1(u) B(u)
s = 1o 75) ~1o¢ (55

Jarrow and Turnbull (1995, 2000), Lando (1998)
and Jarrow and Yu (2001) assume the hazard rate
function is linear when modelling their hazard rates.
Thus this article follows their framework and our
lincar hazard rate function admits the following
representation:

M(u) = vl + M) + Biz(u)

_ [wg 8 1og(%)] X + By log(%)

where

= A + Ayr(u) +ﬂi10g(%>, fori=Aor R
2

where 1) is the spontaneous default intensity of entity
i, A measures the sensitivity of entity i to the level of
spot rate and B, represents the sensitivity of entity 7 to
the excess return on market index.

Lando (1998) uses the doubly stochastic Poisson
processes of default that allow the linear hazard
function to depend on state variables. Jarrow and
Turnbull (2000) assume that the linear hazard
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function is dependent on the interest rate and index
return volatility. Jarrow and Yu (2001) model the
linear hazard function is only affected by the interest
rate. Hence, we extend the model of Jarrow and Yu
(2001) to incorporate the market index into our
hazard rate function. Note that, Jarrow and Turnbull
(2000) uses index return volatility to capture the effect
on credit spread, but we consider the return of the
market index which can describe the level of market
index return and index return volatility. We also
assume that the stochastic processes of r(z) and I(¢)
are given as follows:

dr() = [6(1) — a(D)r(2)]ldt + o, d W (3)
di() _ 1
T r(t)dt + o d W, “4)

where 6(7) represents the long-term equilibrium
value of the process; «(f) is a nonnegative mean
reversion speed; and o, and o; are the volatilities of
spot rate and return on market index, respectively.
W' and W' are Brownian motions with respect to F,
and satisfy E(W/W!) = p,dt, where p, is the
correlation coefficient of spot rate and market
index. The assumption of normality for hazard
rate function allows the derivation of closed form
solutions, such as expression (5) below. One of the
disadvantages of this assumption is that the intensity
function can be negative. However, in lattice-based
models, this difficulty can be avoided via the use
of nonlinear transformations, as in Jarrow and
Turnbull (1997).

Let vy(z, T) and vg(t, T) be the prices of risky zero
coupon for the protection buyer and reference
obligation, respectively. §4 and 8z are correspond-
ingly the recovery rates of the protection buyer and
reference entity. Therefore, it is noteworthy that
under the setup of equality (2), the valuations of risky
zero coupon bonds v4(z,7) and vg(z, T) are presented
in the following theorem.

Theorem 1:  The prices of risky zero coupon bond for
entity i, i= A or R, admits the following representation

vl 7) = plt, D[& 1y (1= 8) exp(—xa(T— "

A+ A
l( + l)O_Z(t’

— MY, T(T - 1)+ 3

T)

LT=0 s (T

4 18761 6 ﬁlz612

) T
~( o [ (7= b D) |

i=AorR ®)
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where

o2 (1,5)= Vt[ / Sr(u)duj| - / (s du

T
b(1.T)=—0,D(t,T), D(1,T)= / exp(—[®(s) — D(1)])ds

@(l):/ota(u)du, a(u)=exp[—a(t—u)]

b(t,T) is denoted as the volatility of default-free
zero coupon bond, and V (-) is the variance conditional
on F,.

We prove Theorem 1 in Appendix 1.
If the recovery rate is zero, we can rewrite equality
(%) as

_ vl T)
=1 —csi(t T—01]<1
p(t 7 { >t}exp[ esi(t, T) x ( )] <
i=AorR

where c¢si(t, T) is the credit spread function of risky
zero coupon bond of the entity i and is defined as
follows:

R . T—t ; 2 )\’i 2+)\’i
esi(t, T) = [AB—FMY(LT)—( 4)’3'0’ - ‘)2 ‘
(1,1 (T 1o}
T—1 6
(1~|—)J

,3101,0»1/ (T — w)b(u, T)du]

If B;=0, the credit spread function reduces to the
result of Jarrow and Yu (2001), in which the hazard
rate function is only affected by the level of interest
rate. Thus cs{(t,7T) is the generalization of Jarrow and
Yu (2001).

Next, we discuss the properties of the credit spread
function. Using the chain rule of differentiation,
we have

desit,T) i .
m—)\.l, l—AOrR
acs,(lT)_(l—{—k )ﬁ,or/ (T— wb(u. T)du,
apl]
i=AorR
desi(t,T) (1421}

do2  2AT-1)o?

) T
X |:_)"llaz(l’ T)+ﬂialpr1/ (T—u)b(u, T)du:|,

i=AorR (6)
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desit, D) __(T=0fi  (T= 0"  (L+2)Bipn
do? 4 6 20/(T — 1)
T
/ (T —uw)b(u, T)du, i=AorR
{
(7
Under the restrictions that
M>0,8<0, —1<aj<0
we have
acsi(t, T) acsi(t, T)
e =" s

As a result, a higher correlation coefficient of spot
rate and market index or lower yields of default-free
zero coupon bonds are associated with the wider
credit spreads of risky zero coupon bonds.
Furthermore, if p,;> 0, we have

acsi(t, T) -0 and Bcv,(t T) ®)

do? do?
Equality (8) coincides with the empirical results such
as Kao (2000), Campbell and Taksler (2003) and
Huang and Kong (2003). Or equivalently, under the
case that p,; is nonnegative (usually corresponding to
an expanding economy or recession), since the hazard
rate function is an increasing function of the
spontancous default intensity and negatively sensitive
to the level of spot rate as well as to the excess equity
return, we can obtain that the credit spread of risky
zero coupon bonds increases as the volatilities of spot
rate or the volatility of return on market index
increase. Hence, the characteristics of credit spread of
risky zero coupon bonds match the empirical results
for credit spreads.

However, the equalities (6) and (7) may be negative
if p. is negative. As a result, the correlation
coefficient of spot rate and market index plays an
important role in the relationship among the credit
spread, spot rate volatility and market index vola-
tility. Nevertheless, the empirical results, such as Kao
(2000), Campbell and Taksler (2003), Huang and
Kong (2003), etc., do not incorporate the correlation
coefficient of spot rate and market index into their
regression models and then they may ignore the
possibilities of negatively relationship among the
credit spread, spot rate volatility and market index
volatility. Consequently, for further research, we
suggest that the dependent variable p,; should be
included in the empirical regressions to more exactly
capture their relationship.
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Ill. Pricing Model for CLNs

In this section, we first derive the analytic formula of
CLNs when the issuers are respectively an SPV and
the protection buyer. Then we provide the fair fee
that the buyer should pay to the SPV for the purpose
of issuing the CLNs. Let 7 be the maturity date of
CLNs. C, is the coupon payment' at time s, s € [£, 7]
and M is the nominal principle. §4 and 8z are the
recovery rate of reference obligation and the issuer,
respectively.

CLNs issued by an SPV

If the note issuer is an SPV, then the proceeds from
the noteholders are used to buy some high-quality
collateral that is held by the SPV, thus the valuation
of the note is uncorrelated with the credit event of the
protection buyer who owns the reference obligation.
The payoff structures of CLN is as follows: (1) For
coupon payment, if the reference entity does not
default at the coupon payment date s, the payments
are C,. Otherwise, the payment is zero; (2) For the
principal, if there is no default prior to time 7, the
payments are M. If there is a default event prior to
time 7, the credit event payment §zxM is paid
immediately at default time t*. Therefore, the
valuation of the CLN equals

T
Cspy(?) = E|:/[ l{TR >X}Cs%ds + I{TR N T}%
B(1)

+1i

t<rR§T}w R

M
F

The analytic formula of the CLN issued by an SPV is
provided in the following theorem.

Theorem 2: The analytic formula of the CLN is

T
/1Cm@@GﬁJﬂ&+MP@TWKLﬂ

T
+rRsrM / p(t,5)Gi(t,s)ds + ARSg M
t

Csev(1) = / ! (1, $)Ga(t, 5)ds

+,BR5RMftTp(t, $)Gs(t,s)ds if TR > ¢

(SRM if TR =1
0 if t® < ¢
)
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where

Gi(t,5) = exp<—,\§(T— 1) — MYt 5)(s — 1)

AR+ AR
i 1(2+ 1)020’

(s—1)°
6
/ S (s =)b(y, s)dy> = exp[—csgr(t,5) x (s — 1)]

(10)

is a credit risk adjusted discount factor induced by
spontaneous default intensity of reference obligation if
the issuer is an SPV and

(s—1)
4

s)+ Broi

+ Bror — (L + 1) Bropi

R
GZ(ta S) = Gl(t’ S) X |:f(t7 S) - %b(t’ S)z - ﬁRUhOr[

f D(u, 5)(s — y)dy]
!

is a credit risk adjusted discount factor induced by the
sensitivity of reference obligation to the level of spot
rate if the issuer is an SPV and uo(t,s) = E/[r(s)] =
fit,s) — f; D(u, s)b(u, s)du - G3(t,s)  represents  the
credit risk adjusted discount factor induced by the
sensitivity of reference obligation to the excess return
on market index if the issuer is an SPV and is defined
as follows:

206 _
G(t,5) = G (1, 5) X ["’(320[—1 — Brl(s — 1)]

+(1+ 28010 / b(y, s)dy}
t

A detailed proof is sketched in Appendix 2.
Using the chain rule of differentiation for G(z, s),
we have

3G (1, 5) 0G (1, 5)
=—(s— DGt 0
P (s —0Gi(1,5) <0, 30
dcsp(t,
= (5= Gy (1.5) 2R
8IOrI (11)
G \(1,5) dcsg(t,s) 0Gi(t,s)
80'3 - (S Z)Gl (Za S) 80_,2 5 80’;
0 t
= (5= )G (1,) EEEY
do

1

"' We use continuous time to calculate the accrued interest payment instead of discrete time, since the credit event may happen

prior to the coupon payment date.
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Hence, the discounted factor is decreasing functions
of spontaneous default intensity of reference entity
and p,;. In addition, if p,;>0 in view of the equality
(8), we have

0G (1, T)

0
7G1 1) <0 and
do? do?

<0

This means that under the case for p,;>0, higher
volatilities of spot rate and market index return and
default probability of reference obligation are usually
associated with wider credit spread and lower credit
risk discounted factor as well as the values of CLNs.
However, particularly, if p,; < 0, the equalities (6)
and (7) may be negative, which is different from the
empirical results for credit spreads, and then the
equality (11) may be positive. Meanwhile, it is also
apparent that

Ip(t, $)Gi(t, ) _

Ty = HAE— DG <0

As a result, we conclude that higher yield of default-
free zero coupon bond is likely to be accompanied by
the lower values of CLNs.

Issued by the protection buyer

If the issuer is the protection buyer, the note value

T

Cpp(1) =

84Cspy(2)
0

is related to the default intensities of both the
protection buyer and reference obligation. To show
its payoff structure, for the coupon payment, if both
the reference entity and the protection buyer do not
default at the coupon payment date s, the payments
are C,. If the protection buyer defaults prior to the
coupon payment date s but the reference entity does
not, the payment are § ,C;. Otherwise, the payment is
0. For the principal of the CLN, if default does not
occur prior to time 7, the payments is M. If the buyer
defaults prior to time 7 but the reference entity does
not, similar to the case of the common bonds that are
already in default, the default payment 8 4M is paid at

T
+ )\{Q(SRM/ p(t, S)[(SAGQ(I, S) + (1 - SA)GS(Z, S)]dS
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time 7. Besides, when the reference entity defaults
prior to time 7, two additional scenarios should be
discussed. First, if the default time of reference entity
is prior to the one of the buyer, the credit event
payment 8zM is paid immediately at default time £
whether or not the default time of the buyer is earlier
than the date. If the first to default is the buyer,
the payment 8,8zM is paid immediately at time 7%,
then the value of the CLN is as follows:

B(1)
B(s)

B(t
BE;dS-f— 1{14>T]l{IR>T)

T
CBP(Z):E[/ 11A>v1{rR>v}C - ds
t

T
+/ 1r"<v 1(1R>s8A
t

B0y 50

B <A<yl (er > 7y B(T)BAM

B(1)
+ Let 5 oy ljpcore MSRM-F Lipt<erylpcr<y

s

The analytic formula of the CLN issued by the
protection buyer is provided in Theorem 3.

B(1)
B(tk)

Theorem 3: The analytic formula of the CLN issued
by the protection buyer is as follows:

Csp(t, 9)[64G1(t,5) + (1 — 8.4)Ga(t, $)]ds
+ Mp(t, DIS,G1(1. 1) + (1 = 8.0G(1. ]
+ )»(I)Q(SRM/ p(l, S)[(SAGl(l, S) + (1 — (SA)G4(I, S)]dS

(12)

T
+ﬂR8RMf P(L.9)[84Gs(t,9) + (1 = 84)Ge(t,5)lds  if o' > 1, T8 >t
t

iftd <t tR>t
otherwise

where

Ga(t,s) =exp (-(x{; +F A8 (s =) — A+ Y (1 s)(s—1)

AR DA+ AR 424
+( 1+ 1)(2+  + 1)02(1’”

(—l) (s— )

(Br+Ba)oi +

—(1 +A{‘ +Af‘)(ﬂR+ﬁA)omﬂ

X /S (s —u)b(u, s)du)

(Br+Ba) o
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is a discount factor induced by spontaneous default
intensity of reference obligation if the issuer is a
protective buyer, and

Gs(1,5) = Gs(t,5) x [f(z, §)— Ml)(r, 5)?

—(Br+Ba)o1p:1 / ' D(u, 5)(s — u)du:|

1

is a credit risk adjusted discount factor induced by the
sensitivity of reference obligation to the level of spot
rate if the issuer is a protective buyer. G(t, s) expresses
the credit risk adjusted discount factor induced by the
sensitivity of reference obligation to the excess return
on market index if the issuer is a protective buyer and is
displayed as follows:

20q__
w[_l — (Br+ Ba)(s—1)]

Ge(t,5) = Gs(t, ) X [

+(1+ 284+ 2Nao100 / b(u, s)dui|
t

We prove Theorem 3 in Appendix 3.

It is apparent that equality (9) is a special case of
equality (11) by substituting 84 = A5 =A{ =0. Or
equivalently, a CLN is free of credit exposure for the
protection buyer if the issuer is an SPV. Moreover, we
can rewrite Gy(t, s) as follows:

Gy(t,s) = exp[—(x{)’ s — 1) — MY (8, 5)(s — 1)

32
(s 4t) ,31-10'%

M 4217
1+ 1)0205

T

s)+
(s—1’

L

Brot — (L + AN Broipn

X /S (s — u)b(u, s)du]
= exp[—(csu(t, s)(s — 1)] (13)

where  AH =24 + AR M =0 + AR and By = B+
Br. In view of (2), the default hazard rate function®
A" (u) of entity H defined in this way is indeed
the sum of A%uw) and AR(u), where uelt, T

>The default time of entity H can be explained as the minimum of ¢
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Hence, we have

oG
4(1‘.’ S) = —(5s — 1)Gy(t,s) <0, i=AorR
oAf
G y(t desy(t
4(’S):—(S—[)G4([,S) (’SH(:S) <0
aprl aprl 14)
0Gy4(t, s) dcsy(t,s)  0G4(t,s)
=—(s—1 t
L = =
desy(t
— (5= 0Gy(r.5) L)
dog

Similar to the case for a CLN issued by an SPV, the
discounted factor is increasing with spontancous
default intensity of the reference entity, spontancous
default intensity of the protective buyer and p,,.
Additionally, if p,;>0, we can see that Gy(t, s) is
decreasing functions of spontaneous default intensi-
ties for both the protection buyer and reference entity
and the volatilities of spot rate and return on market
index. However, it is possible to obtain the opposite
outcomes when p,; < 0. Moreover, it is also clear that

%: —(1+ A (s —1)Ga(t,5) <0, i=AorR

Consequently, this in turn shows that higher yields
of default-free zero coupon bonds are also related to
lower values of CLNs no matter who the issuers are.

Fair fee charged by an SPV

In practice, the CLNs can be issued either by the
protection buyer or by an SPV. When the issuer is an
SPV, the proceeds from the noteholder are used to
buy high-quality collateral that is held by the SPV.
Otherwise, the proceeds are held on the balance sheet
of the protection buyer as cash. Thus, when it comes
to investing in CLNs, many noteholders may prefer
the isolated and uniquely identifiable nature of an
SPV to a more diffusely defined corporate form such
as the protection buyer. Since the SPVs play an
important role in practice, when financial institutions
who own the reference obligation issue CLNs
through SPVs, it is imperative to determine the
values or fair fees charged by SPVs with issuing
the CLNs, especially for accounting purposes. Given
the pricing formulas in equalities (9) and (11), the fair

4 and t® and hence entity H is the first-to-default

contingent claim. The readers can refer to Bielecki and Rutkowski (2002) for a full treatment.
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fee charged by an SPV with issuing a CLN is equal to
equality (9) minus equality (12) and is presented at
the following corollary.

Corollary 1: From Theorems 2 and 3, the fair fee
charged by an SPV issuing a CLN, defined as SPV,,,
is given as follows:

(1—5A>/T

SPere(l) =

(1 = 384)Cspp(t)
0

From Corollary 1, if G(t,5)>Gu(t,s), Gx(t,s)>
Gs(t,s) and G5(t, 5) > Gg(t,s), we can see that the fee
charged by an SPV is always greater than zero. In
view of (10) and (13), G4(t,s) consider both default
risks of reference obligation and protection buyer,
but G,(¢,s5) only consider default risk of reference
obligation. Hence, it is obvious to obtain that
G1(t,8)>Gy(t,s). Alone line as spot rate and index
are positive, it can be shown that G,(¢, s) > Gs(t, s) and
G5(t,8)> Gg(t,s). Therefore, we conclude that the
appropriate fee charged by an SPV with issuing the
CLNs is a positive amount.

IV. Pricing the Leveraged Total
Return CLNs

Issued by an SPV

For pricing the leveraged total return CLNs, we
assume that the maturity date of a leveraged total
return CLN is 7, L is the leverage factor, LC; is the
coupon payment at time s, s € [£, 7] and M is the
principal amount. In addition, v*(#,, U) is the price at
time ¢ of a risky zero coupon bond that pays one
dollar at time U and issues by the reference
obligation, where 1o <1< T < U < T*. t, is the launch-
ing date of the leveraged total return notes. Similarly,
if the issuer is an SPV, the note value is uncorre-
lated with the credit event of the protection buyer.
For their payoff structure, if the reference entity does
not default at the coupon payment date s, the coupon
payment is LC,. Otherwise, the coupon payment
is zero. In view of the principal amount, if there
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is no default prior to time 7, the noteholders receive
the leveraged principal, which is defined as the sum
of the principal plus the principal multiplied by
both the leverage factor and the return on the price
of risky zero coupon bond of reference obligation.
Otherwise, the noteholders receive the leveraged

Csp([a S)[Gl ([’ S) - G4([9 S)]dS
(1= 8)M p(t. TIGI (1. T) = Gl 7]
+(1 - 5A)A0R8RM/ p(t,8)[Gi(t,5) — Ga(t, s)]ds

T
(= 80M8M [ p(0.91Ga(1.5) ~ Gs(r. s

LT
+(1 - SA),BRSRM/ p(t, $)[G3(t,5) — Go(t,5)lds  if T4 > 1, TR > ¢

iftd <t R >1¢
otherwise

principal immediately at time z*. Hence, the valua-

tion of the leveraged total return CLN is as follows:
! B(1) B(1)

TC N=FE lirs gLCy—=d 1i.r —

spv (1) [/I (R > s} Bo) S+ Lgrs ﬂB(T)

VR(T’ U) - VR(Z()a U)
g [M<1 T R, 0) )]

B(1)
t<tR<T) m

SRP('(Ra U) - VR(Z()z U)
(1 S h
The pricing formula for the leveraged total return
CLN issued by an SPV is shown in Theorem 4.

+1;

Theorem 4: The analytic formula of the leveraged
total return CLN is

T
/ LC,p(t, )G (1,5)ds + M{ (1-1)
t T
[p(z, DG\ 1)+ / P DEG(1,5)
+1RGy(1,5) + BrG(t, s)]ds]

L
+ W |:5Rl7(la NG41(t,T,U)

+ (1 =8p)p(1, V)G (1, U)

T
+ / 5 k0t )R G (1,5, U) + 2EGi(1,5, U)
t

TCspy (1) =

if R >1

+ﬂRG9(taSv U)]dS }}

Srp(t, U) = vR(t0, U)\ .
M(1+L (0. 0) ) if tR=1¢
0 if tR <t

(15)
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where

G+(t, T, U) = exp [—x{f(T— ) — Y(t, UY(U — 1)

2
— R )Y T(T -1+ (-9 Broi
LG - (T -1’

6

t
7 (1, T) +
X ﬂRO'l +kl pi1(t, T, U)

+ Bro1pa(t, T, U) + A Broi ps(t, T)j|

is a credit risk adjusted discount factor induced by
spontaneous default intensity of reference obligation if
the leveraged total return CLN is issued by an SPV and

Gs(t,s,U) = Gq(t,5,U)

« [w, 9+ f "o, )b, U)dy

M sy !
- 7[)([’ S) - ,BRUIPrl [ q)(y7 S)dy:|

is a credit risk adjusted discount factor induced by the
sensitivity of reference obligation to the level of spot
rate if the leveraged total return CLN is issued by
an SPV. Go(t, T, U) expresses the credit risk adjusted
discount factor induced by the sensitivity of reference
obligation to the excess return on market index if the
leveraged total return CLN is issued by an SPV and is
defined as follows:

Golt,5,U) = Gl 5, U) [ G011 _ (s — o)
+ o101 /‘Y b(y, U)dy + delprl /S b(y, s)dy}
T
(1. T,U) = / by, UYb(y, Ty
T
(1. T.U) = —pur / (T— )b(y. U)dy, p3(2. T)

T
o [ (= 2pr. Ty

The detailed proof for Theorem 4 is given by
Appendix 4.

By virtue of (13), if U equals 7, we obtain
G/(t,T.,U)=G(t,T) and thereby G4(¢,7,U) is com-
posed of decreasing functions of spontancous default
intensity, the interest rate volatility and the volatility
of return on market index when p,;>0. Conversely,
the relationship among G5 (¢,7,U), spot rate volatility
and market index volatility may not be consistent
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with the empirical results when p,; < 0. Meanwhile, it
is also apparent that

ap([7 DGS(Z’ Ta U) o
AY(1, T) o

ap(la T)Gl(l’ T)
0Y(t, T)
=1+ AT -0Gi(t,T) <0

Therefore, we can document that higher level of yield
of default-free zero coupon bond is associated with
lower values of the leveraged total return CLNs
under the condition of U=T.

Issued by the protection buyer

Similarly, if the issuer is the protection buyer, the note
value is related with the default intensities of the
protection buyer and the reference obligation. For the
coupon payment, if neither the reference entity nor the
protection buyer default at the coupon payment date s,
the payments are LC;,. If the protection buyer defaults
at the coupon payment date s but the reference entity
does not, the payments are § ,LC,. For the leveraged
principal, the following four cases should be discussed.
First, if there is no default prior to maturity date 7, the
noteholders receive the leveraged principal at the
maturity. Second, if the reference entity does not
default prior to maturity 7" but the protection buyer
does default, similar to the case that risky bond
defaults, the noteholders receive the amount equal to
leveraged principal multiplied by the recovery rate of
the buyer at the maturity. Third, if both the entities
default prior to maturity 7" but the first-to-default is
the reference entity, the noteholders receive the
leveraged principal immediately at time t”. Finally,
if both the entities default prior to maturity 7 but the
first-to-default is the protection buyer, the noteholders
receive the amount equal to leveraged principal
multiplied by the recovery rate of the protection
buyer immediately at time t*. In brief, the payoff of a
leveraged total return CLN is as follows:

r B(7)
TC[ZE/ITASIRXC—d
PB() {t {1 > s} > B()
’ B() 4
+/ Lot oy Lk o g L84 Cy o2
el B G d
B(t
+1{rA>T}1(zR>T}T(T))
vR(T, U) — vR(19, U)
M1+ L
X[ (* (i, 0) )]
B(1)

~|—1{I<r/t<7~}1 TR>T}B(T)5

vR(T, U) — vR(19, U)
x [M<1 +r vR(1, U) )]
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B(1)
t < tR<T} WR)

SRP(TR’ U) - VR(Z()’ U)
) [M<1 tr vR(10, U) )]

B(1)
+ Lpacomy Ly < orepy WR)SA

SRP(‘L'R, U) — VR(I(), U)
. [M<1 T R v )]‘F}

We provide the analytic formula of a leveraged total
return CLN issued by the protection buyer in
Theorem 5.

-+ 1{.[.4 >TR]1{

Theorem 5: The analytic formula of the leveraged
total return CLN is as follows:

T
/ ()AL G1(t,5) + AT Ga(t, 5) + BrGA(1, s)]dsD +
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leveraged total return CLN is issued by a protection
buyer.

Gll(ta S, U) - Gl()(t, S, U)
y [Mo(;, 9+ / b(r, U)d(r, s)dy

i >
_717(19 S) - IBHUIPI'[/ q>(ya S)dy]
t

is a credit risk adjusted discount factor induced by the
sensitivity of reference obligation to the level of spot
rate if the leveraged total return CLN is issued by a
protection buyer.

G (1, T,U) means the credit risk adjusted discount

factor induced by the sensitivity of reference obligation

to the excess return on market index if the leveraged
total return CLN is issued by a protection buyer and is

T
/ LCp(t, s)[(1 — 8.4)Ga(t,5) + 64G1(2, 5)lds + M{(l -L) (P(t’ DI = 8)G4(t, T)

T
+ 84Gi(t, )] + [(1 - aA)/ p(t,$)[A§Gat, s) + A7 Gs(t,5) + BrGo(1. 5)]ds + 8.4

vf‘(t%U) <5Rp(t’ D1 = 84)Go(t, T, V).

+84G7(t, T, U)] + (1 = 8p)p(t, U) x [64G1(t, U) + (1 — ad4)G13(1, T, U)]

TCpp(1) = r R R (16)
+ Sr| 84 / p(t,9)[1§Gr(1, 5, U) + 1 Gs(t, 5, U) + BrGo(1, s, U)lds + (1 — 8.4)
t
T
/ p(t, )EGro(t, s, U) + ARG (1, 5, U)
t

+ BrG1a(1, s, U)]ds:|>} if ' >t6tR >t

5,4TCSPV(I) lf 4 <1, >

0 otherwise

where shown as follows:
_ _AHir _ o (s—t

G(t, T, U) = exp[ M (T —10)— Y, U(U —1) Gua(t,5, U) = Gro(t,s, U) x [ 1(2 )[_1  Buls—1)]

— (= DY TXT 1)

T—Z)2 AHz_)‘H
( 4 ﬁHO'%—i_( 1)2 ! 0'2(1‘,7")
T -1y

I o T U)

6
+ Buoip2(t, T, U) + liHﬂHmpz(l, T)]

induced by spontaneous
reference  obligation  is

is a discount factor
default  intensity  of

+ oo / b(y.5)dy + o0, / b(y,s>dy]
t t

G;3(t, T, U)=exp |:—k§(U— 1 — XOA(T— 1)

— MY, UYU —t) = MY (6, T(T — 1)

(T—1)
4

2
ﬂAU%+(U4 )

2
IBRU[
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A2 44 R\2 | 1R
GO =AM )2 M oz(t,T)JrL )2+)“ o’ (t,U)
U—1) T—1)}
G Bt + B

+ (1 + 2 o1 (1, T, U) + (1417
Bao1pa(t, T, U) + A{ Baoip3(1, T)
+(1+2)Brorpa(t, U)

+ 7 Brorps(t, T, U) + BaBroi ps(t, T, U)]

is a discount factor induced by spontaneous default
intensity of reference obligation if the leveraged total
return CLN is issued by a protection buyer. Being
different with Go(t,T,U), Gio(t,T,U) reflects that
the reference obligation still survive after T, yet
G13(t,T,U) represents that reference obligation is still
alive after U.

U
a6, U) = —puy / (U — y)b(y, U)dy
T
,05(Z, T» l]) = _prI/ (U_ y)b(y’ T)dy’ ,06(1‘, Ta U)

T
=/t (U= (T~ y)dy

The detailed proof for Theorem 5 is given by
Appendix 5.

By virtue of equalities (15) and (16), if we assume
that 84 =Afl =l =pB4=0, it can be seen that
equality (15) is a special case of equality (16),
i.e., the leveraged total return CLN is free of credit
exposure for the protection buyer since the issuer

L

TR0, 0)

TCSPViee(f) =

(1 —=384)TCspy(2)
0
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is an SPV. Meanwhile, without loss of generality,
if we assume that U=T, we obtain Go(t,7,U)=
Gy, D) =G T.U),  Gut.T.U)=Gs(t,T)  and
G (1, T,U)=G(t,T). In addition, the relationship
among the spot rate volatility, the market index
volatility and Go(z,7,U) or G3(¢,T,U) is similar to
the case of Gu(z,7). In addition, it is also clear that

ap(t, T)Gl()(la T7 l]) _ ap(t, T)G4(la T)
Y (1, T) Y (%))
(1, NGy3(1, T, U)
o aY(t, T)
= (14 (T = )Gu(, T) < 0

Hence, the higher yields of risk-free zero coupon
bonds are also correlative with lower values of the
leveraged total return CLNs no matter who the
issuers are.

Fair fee charged by an SPV

In practice, the leveraged total return CLNs can also
be issued either by the protection buyer or by an SPV,
and it is important to determine the values or fair fees
charged by SPVs with issuing the leveraged total
CLNs. Given the pricing formulas of equalities (15)
and (16), the fair fee that the SPV charges with
issuing the leveraged total return CLN is equal to
equality (15) minus equality (16), as presented in the
following corollary.

Corollary 2: The fair fee charged by an SPV with
issuing the leveraged total return CLN, defined as
TCSPViee, is given as follows:

T
/ LCp(t, s)(1 — 8.0)[G1(t,5) — Ga(t, s)]ds + M{(l — L)1 —364)

T
X [G1(1. T) — Galt, T)] + (1 — 6.1) f Pt 9[G(1,5) — Ga(t. 9)lds
T ' T
ISV / (6, )Gl 5) — Gs(t, s + Br(l — 8,4) f Pt 9[Gs(t.5) — G(1,)|ds
521 = 8.0p(t, TNGH(t, T, U) = Grolt, T. U] + (1 — 82)(1 = 8.0p(1. U)
T
X [G1(6, U) — Gua(t, T, UY] + (1 — 8.0600 8 / (NGt 5. U) — Grolt, s, U)lds
T
(1= 8,88 / (. 9NGs(t, 5. U) — Gy (6,5, U)ds]

T
+(1 - 8A)8R,BR/ p(t, 9)[Gy(t,s, U) — Gia(t, s, U)ds]} iftd >t ™R>1t

iftd<t, R>t

otherwise
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From Corollary 2, similar to the case for the
CLNS, if G7(Z,S,U)>G1()([,S,U), Gl(t,U)>G13([,S,U),
Gg(I,S,U)>G11(I,S,U) and G9(l,S,[J)>G10(l‘,S,U), we
can see that the fee charged by an SPV is always
greater than zero. Since G(t,U), G4(t,s,U), Gg(t,s,U)
and Go(t,s,U) are the values that consider only the
default event of reference obligation, but G(z,s,U),
G13(t,s,U), G1(t,s,U) and Gis(t,s,U) are the values
that consider both the default events of reference
obligation and protection buyer, it is reasonable that
the fair fee charged by an SPV for issuing the
leveraged total return CLNs is positive.

V. Numerical Analyses of Structured CLNs

In this section, we investigate the properties of the
CLNs and the leveraged total return CLNSs, which are
correspondingly issued by an SPV or the protection
buyer. Besides, we also demonstrate the appropriate
fee that a protection buyer should pay to an SPV for
issuing the CLNSs or the leveraged total return CLNs,
and then show the appropriate timing for the CLNs
and the leveraged total return CLNs issued through
an SPV. Finally, we examine the properties of their
required yields (or credit spreads).

CLNs

We assume that the principal amount is AUD
40000000 and the maturity date is 2 years. The
coupon rate is 5%. If a credit event occurs, no further
interest will be paid at the coupon payment date. At
the maturity, the noteholders receive AUD 40 000 000
unless a credit event occurs, in which case they receive
the amount equal to the recovery rate §z multiplied
by the principal. We assume that o =0.0254, §,=0.3,
(SA 204, )\./]4 = )\.{z = —001, ﬂA ZﬂR—OOS and the
initial term structure is flat and satisfies p(¢,7)=
exp[ —0.05 x (T —1)].

Characteristics of the CLNs

We report some numerical values of the CLN by
varying the different levels of spontaneous default
intensities, spot rate volatility, market index volatility
and correlation coefficient of spot rate and market
index in Exhibit 1. From Table 1, the numerical
results demonstrate that declining the spontaneous
default intensity of reference entity AX and p,; may
rise up the values of the CLN, which is issued by an
SPV. Since the higher level of spontaneous default
intensity of reference entity is associated with wider
credit spread as well as higher default probabilities,
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Table 1. The values of the CLN issued by an SPV
X
Prr oy o, 0.01 0.03
—0.5 0.2 0.02 98.5024 96.6495
0.05 98.5101 96.657
0.5 0.02 98.7328 96.9003
0.05 98.7729 96.9226
0 0.2 0.02 98.7328 96.8825
0.05 98.7317 96.8819
0.5 0.02 98.4955 96.6422
0.05 98.4932 96.6403
0.5 0.2 0.02 98.716 96.8648
0.05 98.6908 96.8414
0.5 0.02 98.4886 96.635
0.05 98.4763 96.6236

Notes: This table reports the price of the CLN as functions
of spontaneous default intensity, interest volatility, market
index volatility and correlation coefficient between interest
rate and return on market index. The numerical results
show that the value of the CLN, which issued by an SPV,
is a decreasing function of )L(’f and p,;. In addition, the
values of the CLN is a decreasing function of the volatility
o and the volatility o, when p,;>0. However, if p,; < 0, we
find that the relationship among them may be negative and
is different from the empirical results.

which make intuitive sense, it results in lower values
of CLNs. It is noteworthy that when p,;>0, the
values of the CLN are decreasing functions of o, and
o, Consequently, higher spot rate volatility
and market index volatility widen the credit spread
and increase the default probability. This result is
consistent with the empirical results, such as Kao
(2000), Campbell and Taksler (2003), Huang and
Kong (2003), etc. Nevertheless, if p,; < 0, we can see
that the values of the CLN are not definitely
decreasing functions of o, and o; The numerical
results indicate that p,; is an important factor that
determines the relationship among the values of
CLNs, interest volatility and market index volatility.

In Table 2, when the issuer is the protection buyer,
the properties are similar to the ones issued by an
SPV, as mentioned above. In addition, since higher
levels of A{ increase the default probability of the
protection buyer, it is conceivable that the values of
the CLNs are also negatively correlated with the
spontancous default intensity of the protection buyer.

Appropriate fees charged by an SPV
for issuing CLNs

When the issuer is an SPV, the proceeds from the
noteholders are used to buy high-quality collaterals
held by the SPV, and hence the CLNs are free of the
credit exposure of the protection buyer. As a result,
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Table 2. The values of the CLN issued by the protection buyer

&)
Prr o o, (0.03, 0.03) (0.03, 0.05) (0.05, 0.03) (0.05, 0.05)
—0.5 0.2 0.02 96.0811 95.5284 94.2257 91.7464
0.05 96.1370 95.5890 94.2809 91.7993
0.5 0.02 96.3029 95.6249 92.7029 90.2948
0.05 95.6483 94.1643 92.8435 90.4297
0 0.2 0.02 96.0392 95.4892 94.1857 91.7081
0.05 96.0350 95.4851 94.1817 91.7043
0.5 0.02 94.4029 93.9291 92.5049 90.2009
0.05 94.3981 93.9245 92.5006 90.1967
0.5 0.2 0.02 95.9984 95.4501 94.1257 91.6697
0.05 95.9330 95.3874 94.0827 91.6093
0.5 0.02 94.3031 93.8334 92.4071 90.1071
0.05 94.1487 93.6854 92.2583 89.9644

Notes: This table reports the values of the CLN, issued by the protection buyer, as functions of
spontaneous default intensities of reference obligation and protection buyer, spot rate volatility, market
index volatility and p,;. The properties are similar to the ones issued by an SPV. Moreover, the results
also show that values of the CLN are dereasing function of the spontaneous default intensity of protection

buyer.

Table 3. Fair fees charged by an SPV with issuing the CLN

&)
Pri o; o, (0.01, 0.01) (0.01, 0.03) (0.03, 0.01) (0.03, 0.03)
—0.5 0.2 0.02 2.4213 2.974 2.4238 4.9031
0.05 2.3731 2.9211 2.3761 4.8577
0.5 0.02 2.4299 3.1079 4.1974 6.6055
0.05 3.1246 4.6086 4.0791 6.4929
0 0.2 0.02 2.6936 3.2436 2.6968 5.1744
0.05 2.6967 3.2466 2.7002 5.1776
0.5 0.02 4.0926 4.5664 4.1373 6.4413
0.05 4.0951 4.5687 4.1397 6.4436
0.5 0.2 0.02 2.7176 3.2659 2.7391 5.1951
0.05 2.7578 3.3034 2.7587 5.2321
0.5 0.02 4.1855 4.6552 4.2279 6.5279
0.05 4.3276 4.7909 4.3653 6.6592

Notes: This table reports the suitable fee for an SPV by the differences in values between an SPV and the
protection. We find that the fair fee is as a function of spontaneous default intensity of reference obligation
and issuer, interest volatility, equity index return volatility and correlation between interest rate level and
a market index. The numerical results show that the fair fees charged by an SPV is increasing functions

of o, AR and A{.

from Table 3, it is obvious that the price differences
between the values of CLNs issued by an SPV and the
protection buyer are definitely positive. These results
explain why investors prefer the isolated and
uniquely identifiable nature of an SPV to a more
diffusely defined corporate form such as the protec-
tion buyer.

In addition, the fair fees charged by an SPV
are also increasing functions of A%, Ay and o, then in

some circumstances such as inferior credit qualities of
the reference obligation and protection buyer or
higher uncertainty in the equity return, the higher
fee should be paid by the protection buyer to an SPV.
An immediate implication is that it is better to issue
the CLNs through an SPV under the circumstances
that the credit qualities of the protection buyer
become worse or the return on market index changes
dramatically.
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Credit spreads of CLNs issued by the protection
buyer

We define the required yield of a CLN as the coupon
rate such that the price of a CLN is at par. From
Table 4, as expected, we can see that the required
yields of the CLNs are increasing functions of AR and
)»6‘. Meanwhile, with the positive p,;, the increment
of o, and o; may urge the required yields of the CLNs
to go up. In addition, from the pricing function of
default-free zero coupon bonds as defined in equality
(1), the yield to maturity is equal to 5%. Hence, the
credit spreads of the CLN are equal to the required
yields of the CLN minus 5%. It is apparent that the
credit spreads of the CLN are also positively
correlated with A8 and A{.

When p,; is nonnegative, the credit spreads of the
CLN are positively correlated with o, and o; and are
consistent with the empirical evidence. When p,; is
negative, however, the credit spreads may be nega-
tively related with the volatilities of spot rate and
market index. These results demonstrate that the
correlation coefficient of spot rate and market index
plays a crucial role in determining the relationship
between them.

The leveraged total return CLNs

For leverage total return CLNs, we assume that the
principal amount is USD five million and the
maturity date is 3 years later. The actual coupon
rate equals leverage factor multiplied by 6%, where
the leverage factor is set as five. The coupon payment

Table 4. The required yields of the CLN
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case immediately if a credit event occurs. At the
termination date, the investors can receive par plus
capital price adjustment. Capital price adjustment
equals leverage factor times USD 5 million times the
change in the price of the reference obligation. For
simplicity, we assume that «=0.0254, §z=0.3,
Sa=04, 21 =1R=-0.01,84=Br=-005 and
the initial term structure is flat and satisfies
p(t, T)=exp[—0.06 x (T —1)].

Characteristics of the leveraged total return CLN

We provide some numerical values of the leveraged
total return CLN by varying the different levels of
spontaneous default intensity, interest rate volatility,
equity index return volatility, correlation coefficient
of spot rate and market index, leverage factor and the
basis risk measure (the difference in maturity between
note and reference obligation) in Table 5.

From Table 5, we discover that values of the
leveraged total return CLN, which is issued by an
SPV, are decreasing functions of A and the basis risk
measure(U — T), but have positive relationship with
leverage factor L. Because that the higher levels of
spontaneous default intensity of reference obligation
as well as difference in maturity of the note and the
reference obligation respectively result in higher
credit risk and basis risk, the values of the leveraged
total returns CLN are lower. Meanwhile, the higher
leverage factor means higher payoff of the reference
obligation, and hence the values of the leveraged total
return CLN are higher.

A& A
Pri o, o, (0.01, 0.01) (0.011, 0.03) (0.03, 0.01) (0.03, 0.03)
—0.5 0.2 0.02 6.9940% 7.7634% 8.9189% 9.2323%
0.05 6.9834% 7.7531% 8.9079% 9.2256%
0.5 0.02 6.9635% 7.7318% 9.1374% 9.3713%
0.05 7.7432% 8.8993% 9.1328% 9.3698%
0 0.2 0.02 6.9953% 7.7856% 8.9403% 9.2397%
0.05 6.9956% 7.7895% 8.9411% 9.2407%
0.5 0.02 8.8245% 9.0623% 9.1379% 9.3803%
0.05 8.8441% 9.0645% 9.1398% 9.3915%
0.5 0.2 0.02 6.9865% 8.0295% 8.9192% 9.2414%
0.05 7.0221% 8.1184% 9.0196% 9.2491%
0.5 0.02 8.8713% 9.1053% 9.1487% 9.3957%
0.05 8.9057% 9.1187% 9.1599% 9.4026%

Notes: This table reports the characteristics of required yields of the CLN. We assume that the initial term structure is flat and
the yield to maturity is 5%, the credit spreads are equal to required yields of the CLN minus 5%. The numerical results show
that the required yields (or credit spreads) of the CLNs are increasing functions of AKX and A{. They are also increasing
functions of o, and o; under the nonnegative p,;. However, if p,; < 0, some of them are negatively related with o, and o; and

difference from the empirical results.
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Table 5. The values of the leveraged total return CLN issued by an SPV

C.-C. Chang et al.

AE
Basis risk
Lr1 L measure (U—T) or o, 0.01 0.03
-0.5 1 0 0.2 0.02 98.213 94.836
0.05 98.351 94.869
0.5 0.02 98.325 94.921
0.05 98.768 91.547
10 0.2 0.02 82.293 73.772
0.05 78.612 70.722
0.5 0.02 75.257 67.066
0.05 75.763 63.738
5 0 0.2 0.02 147.225 126.988
0.05 147.301 126.974
0.5 0.02 141.812 122.23
0.05 141.962 122.202
10 0.2 0.02 85.359 84.381
0.05 81.223 76.253
0.5 0.02 78.171 72.508
0.05 76.121 67.273
0 1 0 0.2 0.02 98.154 94.778
0.05 98.036 94.77
0.5 0.02 98.027 94.687
0.05 98.001 91.486
10 0.2 0.02 82.269 73.68
0.05 78.496 70.465
0.5 0.02 75.134 67.053
0.05 75.089 63.697
5 0 0.2 0.02 147.202 126.973
0.05 147.185 126.957
0.5 0.02 141.752 122.215
0.05 141.741 122.141
10 0.2 0.02 85.341 84.329
0.05 81.176 76.179
0.5 0.02 78.12 72.49
0.05 76.046 67.259
0.5 1 0 0.2 0.02 98.035 94.659
0.05 97.917 94.651
0.5 0.02 98.004 94.528
0.05 97.884 91.365
10 0.2 0.02 82.150 73.561
0.05 78.377 70.346
0.5 0.02 74.977 66.934
0.05 74.865 63.577
5 0 0.2 0.02 147.091 126.854
0.05 147.083 126.838
0.5 0.02 141.633 122.096
0.05 141.630 122.022
10 0.2 0.02 85.222 84.205
0.05 81.057 76.060
0.5 0.02 78.001 72.331
0.05 75.924 67.140

Notes: This table reports the values of the leveraged total return CLN as functions of
spontaneous default intensity of reference obligation, spot rate volatility, market index
volatility, correlation coefficient of spot rate and market index, leverage factor, and the basis
risk measure (U — T'). The numerical results show the values of the leveraged total return
CLN issued by an SPV is a increasing function of leverage factor and decreasing functions
of A{f and basis risk measure. When p,;>0, the values of the leveraged total return CLN are
decreasing functions of o; and o,. However, similar to CLN, when p,; < 0, we also find that
the values of the leveraged total return CLN may be decreasing functions of o; and o,.
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When p,;>0, upward o; and o, will sink the values
of the leveraged total return CLN. The outcomes are
consistent with the prior empirical results. However,
similar to the case for CLN, we also find that the
values of the leveraged total return CLN may be
decreasing functions of o; and o,, if p,; <0, this
experience reflects that p,; is also an important factor
for the relationship among the values of leveraged
total return CLNs, interest volatility and volatility
of return on market index.

From Table 6, as expected, it can be seen that the
properties of values of the leveraged total return CLN
issued by the protection buyer is the same as the ones
issued by an SPV. In addition, increment in Ay is
relative with the declining values of note. This is
because that the higher levels of A{ is associated with
wider credit spread and higher default probabilities,
it is reasonable that the higher spontaneous default
intensity of protection buyer results in lower values
of the leveraged total return CLNs.

Appropriate fees charged by an SPV for issuing the
leveraged total return CLNs

From Table 7, we find that the value of the leveraged
total return CLN issued by an SPV is always larger
than the one issued by the protection buyer. The
results are consistent with the market practice and
explain why in practice the leveraged total return
CLNs are usually issued by an SPV. Importantly,
it also shows that the fee charged by the SPV
increases with the growing A, A{, o, and the leverage
factor. Hence, it is better to issue the leveraged total
return CLNs through an SPV under the circum-
stances that the credit qualities of the reference
obligation and protection buyer become worse, the
short-term interest rate changes dramatically or the
leverage effect is higher.

In addition, it is obvious that the relationship
between the fair fees and the basis risk measure
(U—T) does not have a constant tendency and this
implies that the main purpose of the SPV is to hedge
the credit risk induced by the protection buyer but
not to hedge the basis risk.

Credit spreads of the leveraged total return CLNs
issued by the protection buyer

From Table 8, the numerical results show that the
required yields of the leveraged total return CLN are
increasing functions of spontaneous default intensi-
ties of reference obligation and protection buyer
and the basis risk measure. Likewise, the difference
between the required yield and 6% imply the credit
spreads of the leveraged total return CLN. Hence, the
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higher levels of spontancous default intensities and
the basis risk measure result in higher credit risk
and basis risk, the required yields or credit spreads
of the leveraged total returns CLN are lower. Similar
to the case for CLN, we also find that the credit
spreads of the leveraged total return CLN diminish
progressively as o; and o, raise up, if p,; < 0, hence
this reflects that p,;is also an important factor for the
relationship among the credit spreads of leveraged
total return CLNs, interest volatility and market
index volatility.

VI. Summary and Conclusions

In this article, with the intersection of market and
credit risk, we first derive the analytic formulas of the
CLN and the leveraged total return CLN, which are
issued by an SPV and protection buyer, respectively.
The suitable fee that the protection buyer pays to an
SPV with issuing the financial products such as the
structured CLNSs is also provided, which is an aspect
that has not been discussed in the literature.

From the numerical analyses of structured CLNs,
we find that the suitable fee charged by an SPV is an
increasing function of spontaneous default intensity
of the protection buyer, thus it is better to issue the
leveraged total return CLN through an SPV under
the circumstance that the credit qualities of the
reference obligation and protection buyer become
worse. Meanwhile, for the leveraged total return
CLNs, the fees are not definitely increasing function
of the basis risk measure. As a result, we conclude
that the purpose of the SPVs is to hedge the credit
risk of the protection buyer but not the basis risk.

It is noteworthy that the correlation coefficient of
spot rate and market index plays an important role in
determining the relationship among the interest rate
volatility, market index volatility and the credit
spreads of the structured CLNSs. If p,;is nonnegative,
similar to the empirical results such as Das and
Tufano (1996), Duffee (1999), Kao (2000) and Huang
and Kong (2003), upward the volatilities of spot rate
and return on market index may prompt the
accession of credit spreads. Nevertheless, the credit
spreads may be negatively related with volatilities of
spot rate and return on market index under the case
for negative p,;. Consequently, our suggestion is that
the empirical regression models for studying the
characteristics of credit spreads should incorporate
the correlation coefficient of spot rate and market
index into the regression models as a control variable.
This model can be extended to price the credit
derivatives issued by an SPV and the protection
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Table 6. The values of the leveraged total return CLN issued by the protection buyer
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)
Basis risk measure
Pr1 L (U-1m) oy oRr (0.01,0.01) (0.01,0.03) (0.03,0.01) (0.03,0.03)
-0.5 1 0 0.2 0.02 97.7225 94.7915 93.1315 90.1885
0.05 97.7255 94.7945 93.1345 90.1935
0.5 0.02 97.8275 94.8975 93.5385 90.8975
0.05 97.7455 94.902 88.3395 85.4735
10 0.2 0.02 81.1875 78.8585 72.2165 70.1035
0.05 76.7605 74.5805 68.8005 66.4195
0.5 0.02 73.6295 71.3475 65.3825 62.5785
0.05 73.7025 71.4725 61.665 58.9865
5 0 0.2 0.02 127.4085 121.1495 100.2395 93.5825
0.05 127.4175 119.1375 99.5595 91.8955
0.5 0.02 124.2025 117.7535 98.2665 92.3865
0.05 124.3015 115.6505 96.5465 91.6585
10 0.2 0.02 82.5485 81.7235 81.1315 76.0105
0.05 78.3695 75.5485 71.5635 66.8495
0.5 0.02 75.9485 74.2145 69.1835 65.7505
0.05 74.6255 71.9035 62.9785 60.4565
0 1 0 0.2 0.02 97.6380 94.7160 93.0360 90.0450
0.05 97.3810 94.5960 93.0210 90.0310
0.5 0.02 97.4420 94.7052 93.0270 90.0270
0.05 97.3550 94.5410 88.1940 85.3280
10 0.2 0.02 81.1760 78.6360 72.0690 69.9110
0.05 76.6670 74.4290 68.6320 66.2680
0.5 0.02 73.5670 71.1502 65.3110 62.4030
0.05 73.4030 71.0240 61.5480 58.7320
5 0 0.2 0.02 127.4050 121.1350 100.1160 93.3400
0.05 127.3230 119.1360 99.4180 91.6510
0.5 0.02 124.1430 117.5890 98.1056 92.1440
0.05 124.1290 115.4752 96.5080 91.5110
10 0.2 0.02 82.5350 81.6650 81.1140 75.9972
0.05 78.3680 75.4480 71.3460 66.7250
0.5 0.02 75.6350 74.1940 69.0023 65.6240
0.05 73.5584 71.6270 62.7940 60.3670
0.5 1 0 0.2 0.02 97.4989 94.5783 92.8979 89.9070
0.05 97.2429 94.4579 92.8829 89.8931
0.5 0.02 97.3039 94.5670 92.8889 89.8899
0.05 97.2169 94.4429 88.0559 85.1902
10 0.2 0.02 81.0379 78.4979 71.9279 69.7729
0.05 76.5289 74.2909 68.4931 66.1299
0.5 0.02 73.4249 71.0121 65.1729 62.2649
0.05 73.2649 70.8859 61.4099 58.5939
5 0 0.2 0.02 127.2799 121.0149 99.9779 93.2019
0.05 127.1849 118.9982 99.2799 91.5129
0.5 0.02 124.0049 117.4509 97.9670 92.0059
0.05 123.9989 115.3371 96.3699 91.3729
10 0.2 0.02 82.3969 81.5269 80.9761 75.8591
0.05 78.2299 75.3099 71.2079 66.5869
0.5 0.02 75.4969 74.0559 68.8252 65.4859
0.05 73.4171 71.4866 62.6559 60.2261

Notes: This table reports the characteristics of the values of the leveraged total return CLN which is issued by the protection
buyer. The numerical results show that the properties of values of the leveraged total return CLN issued by the protection
buyer is the same as the ones issued by an SPV. In addition, the value of note is a decreasing function of spontaneous default

intensity of issuer A{.
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Table 7. Fair fees charged by an SPV with issuing the leveraged total return CLN
(6 24)
Basis risk measure
Prl L u-17) oy o, (0.01,0.01) (0.01,0.03) (0.03,0.01) (0.03,0.03)
—0.5 1 0 0.2 0.02 0.4905 3.4215 1.7045 4.6475
0.05 0.6255 3.5565 1.7345 4.6755
0.5 0.02 0.4975 3.4275 1.3825 4.0235
0.05 1.0225 3.866 3.2075 6.0735
10 0.2 0.02 1.1055 3.4345 1.5555 3.6685
0.05 1.8515 4.0315 1.9215 4.3025
0.5 0.02 1.6275 3.9095 1.6835 4.4875
0.05 2.0605 4.2905 2.073 4.7515
5 0 0.2 0.02 19.8165 26.0755 26.7485 33.4055
0.05 19.8835 28.1635 27.4145 35.0785
0.5 0.02 17.6095 24.0585 23.9635 29.8435
0.05 17.6605 26.3115 25.6555 30.5435
10 0.2 0.02 2.8105 3.6355 3.2495 8.3705
0.05 2.8535 5.6745 4.6895 9.4035
0.5 0.02 2.2225 3.9565 3.3245 6.7575
0.05 3.4955 5.2175 4.2945 6.8165
0 1 0 0.2 0.02 0.5160 3.4380 1.7420 4.7330
0.05 0.6550 3.4400 1.7490 4.7390
0.5 0.02 0.5850 3.3218 1.6600 4.6600
0.05 0.6460 3.4600 3.2920 6.1580
10 0.2 0.02 1.0930 3.6330 1.6110 3.7690
0.05 1.8290 4.0670 1.8330 4.1970
0.5 0.02 1.5670 3.9838 1.7420 4.6500
0.05 1.6860 4.0650 2.1490 4.9650
5 0 0.2 0.02 19.7970 26.0670 26.8570 33.6330
0.05 19.8620 28.0490 27.5390 35.3060
0.5 0.02 17.6090 24.1630 24.1094 30.0710
0.05 17.6120 26.2658 25.6330 30.6300
10 0.2 0.02 2.8060 3.6760 3.2150 8.3318
0.05 2.8080 5.7280 4.8330 9.4540
0.5 0.02 2.4850 3.9260 3.4877 6.8660
0.05 2.4876 4.4190 4.4650 6.8920
0.5 1 0 0.2 0.02 0.5361 3.4567 1.7611 4.7520
0.05 0.6741 3.4591 1.7681 4.7579
0.5 0.02 0.7011 3.3170 1.6351 4.6341
0.05 0.7871 3.4411 3.3091 6.1748
10 0.2 0.02 1.1121 3.6521 1.6331 3.7881
0.05 1.8481 4.0861 1.8529 4.2161
0.5 0.02 1.5521 3.9649 1.7611 4.6691
0.05 1.6001 3.9791 2.1671 4.9831
5 0 0.2 0.02 19.8111 26.0761 26.8761 33.6521
0.05 19.8981 28.0848 27.5581 35.3251
0.5 0.02 17.6281 24.1821 24.1290 30.0901
0.05 17.6315 26.2933 25.6521 30.6491
10 0.2 0.02 2.8251 3.6951 3.2289 8.3459
0.05 2.8271 5.7471 4.8521 9.4731
0.5 0.02 2.5041 3.9451 3.5058 6.8451
0.05 2.5069 4.4374 4.4841 6.9139

Notes: This table reports the fees charged by an SPV as functions of spontaneous default intensities of reference obligation
and protection buyer, interest rate volatility, market index volatility, correlation coefficient of spot rate level and market
index, leverage factor and the basis risk measure. We find that the fees are large to zero and hence it explains why the
leveraged total return CLNs is always issued through an SPV. The numerical results also show that the fee is increasing
function of Ag, )»6‘, o, and leverage factor. In addition, the relationship between the fee and basis risk measure does not have
a constant tendency. It implies that the main purpose of the SPV is to hedge the credit risk induced by the protection buyer

but not the basis risk.
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Table 8. The required yields leveraged total return CLNs
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AR
Basis risk measure
Pr1 L (U-T) oy o, (0.01, 0.01) (0.01, 0.03) (0.03, 0.01) (0.03, 0.03)

-0.5 1 0 0.2 0.02 7.5521% 8.9971% 9.1431% 10.1401%
0.05 7.5520% 8.9970% 9.1424% 10.1400%
0.5 0.02 7.5515% 8.9969% 9.1419% 10.1399%
0.05 7.5519% 8.9968% 10.4090% 11.7990%
10 0.2 0.02 13.9450% 14.9832% 19.4890% 20.6510%
0.05 15.6430% 17.0950% 21.5120% 23.3650%
0.5 0.02 18.5980% 20.2507% 23.8593% 25.6430%
0.05 18.5550% 20.5458% 25.8099% 25.9890%
5 0 0.2 0.02 3.4210% 4.4580% 5.9820% 8.0410%
0.05 3.4150% 4.7670% 6.2680% 9.8850%
0.5 0.02 4.4060% 4.9490% 6.8780% 9.7270%
0.05 4.4020% 5.0310% 7.9530% 9.8863%
10 0.2 0.02 13.6510% 13.9370% 13.9451% 15.6834%
0.05 14.9880% 16.1570% 20.0457% 23.3520%
0.5 0.02 15.9861% 17.2256% 21.1550% 24.2260%
0.05 17.1134% 20.0312% 25.7950% 25.8267%
0 1 0 0.2 0.02 7.5591% 9.0041% 9.1651% 10.1721%
0.05 7.5597% 9.0053% 9.1667% 10.1731%
0.5 0.02 7.5595% 9.0042% 9.1664% 10.1739%
0.05 7.5599% 9.0061% 10.4110% 11.8000%
10 0.2 0.02 13.9470% 14.9852% 19.4910% 20.6530%
0.05 15.6450% 17.0960% 21.5140% 23.3670%
0.5 0.02 18.6001% 20.2528% 23.8613% 25.6450%
0.05 18.6370% 20.5878% 25.8120% 25.9910%
5 0 0.2 0.02 3.4234% 4.4586% 5.9890% 8.0430%
0.05 3.4370% 4.7873% 6.2700% 9.8870%
0.5 0.02 4.6580% 4.9494% 6.8821% 9.7290%
0.05 4.4085% 5.0316% 7.9570% 9.8883%
10 0.2 0.02 13.6530% 13.9490% 13.9791% 15.6954%
0.05 14.9993% 16.1630% 20.0477% 23.3540%
0.5 0.02 15.9902% 17.2311% 21.1670% 24.2980%
0.05 18.5152% 20.0410% 25.7980% 25.8291%
0.5 1 0 0.2 0.02 7.6401% 9.0841% 9.2251% 10.2221%
0.05 7.6340% 9.0850% 9.2244% 10.2220%
0.5 0.02 7.6355% 9.1246% 9.2669% 10.2619%
0.05 7.6340% 9.1189% 10.5320% 11.9100%
10 0.2 0.02 14.0270% 15.1072% 19.6110% 20.7730%
0.05 15.7652% 17.2160% 21.6340% 23.4870%
0.5 0.02 18.6501% 20.3138% 23.9813% 25.7450%
0.05 18.6770% 20.6678% 25.9320% 26.1110%
5 0 0.2 0.02 3.5434% 4.4590% 6.1090% 8.1630%
0.05 3.5370% 4.7678% 6.3905% 10.0070%
0.5 0.02 4.5180% 4.9498% 7.0023% 9.8490%
0.05 4.4743% 5.0319% 8.0770% 9.9983%
10 0.2 0.02 13.7230% 13.9990% 14.0541% 15.8064%
0.05 15.0603% 16.2370% 20.1677% 23.4740%
0.5 0.02 15.9987% 17.2476% 21.2870% 24.3181%
0.05 18.6561% 20.0466% 25.7990% 25.8316%

Notes: This table reports the characteristics of required yields of the leverage total return CLN. We assume that the
initial term structure is flat and the yield to maturity is 6%, the credit spreads are equal to required yields of the CLN
minus 6%. The numerical results show that the required yields (or credit spreads) are decreasing function of leverage factor
and increasing functions of spontaneous default intensities of reference obligation and protection buyer and basis
risk measure. The relationship among spot rate volatility, market index volatility and the credit spreads is dependent on the

sign of p,;.
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buyer itself. It is useful to determine the value of an
SPV for issuing the credit derivatives.
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Due to the fact that the conditional expectation is
clearly 0 on the set {t' <}, we obtain

P(t" > T|F'. v F. v HY)

=l g P(t" > T|F} v F v H)
- P(d>T|Fn Vv FYL)
T2 p( > d|Fr v FLL)
exp(— fOTAi(u)du>
exp(— fot )J(u)du)

T
=iy exp(—/ )J(u)du)
t

(A2)

= 1{r"> 1}
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Therefore, we have

Vi, T) = 8ip(t, T) + 15 o (1 = 8)E

T
[exp(—f [r(u) +Ai(u)]du) F,}

Substitution of the linear intensity A'(u) = A+
Air(u) + Bilog[I(u)/ B(u)] into (A1), we obtain

| T
V(e T) =8 p(t, T+ L (1 = 8)E {exp (_ [/ (r(”)

+)J +)Jr(u)+,3,log|: (u)i|>duj|> F,}

B(u)
=8p(t. )+ 1w = o(1 — 8) exp[—A{(T — D]E

folC[f (o
ol j2])o]

Let Xi=—["(1+i)rdu and Xo=—["§
log[I(x)/ B(u)]du. In view of (4), we have

()
X = /ﬁ, [B }d
(1)
_/[ ﬂi(log[lg((?)} ; ,(u—t)+01/ dWﬁ)du

—Bi log[B((t)):|(T— H+ zﬂiof / (u—t)du

—,3,-01/ / dWidu

()
= —pBilog [B(l):|(T—t)+ ;3,01/ (u—t)du

—,3,‘01/ f dudWi
t v
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Q)

= ~e]

](T—l)+ ,3,01/ (u—t)du

T
~ B / (T — W'

Without loss of generality, we assume that
I(t)=B(t)=1, we obtain

P

Bio? — o / (T — W'

Furthermore, by virtue of (3), the process of spot rate
satisfies:®

T T
/ ru)du = —Inp(t, T) + 0.5 f b(u, TYdu
T
— / b(u, TYAW",
T
w(t, T) = E,[/ r(u)du:| =—Inp(t,T)+0.5

f b(u,s)*du = —Inp(1, T) + %02(1, 7)
t

o1, T) = V,[ / Tr(u)du:| = / Tb(u, T)*du

(A3)

where E,(-) and V(-) are respectively the conditional
expectation and variance with respect to F,, respec-
tively. Hence, we have

Vi(t, T) = 8ip(t, T) + 11 = y(1 — 8;) expl—1i(T — D]E,

[exp(X| + X»)]

3 Under the time-s forward rate curve, the spot rate is given by the following expression:

r(s) = ft,s) — fs D(u, $)b(u, s)du + /S D (u, $)AW (u)

t

b ([ pe (Ala)
=flt,s) + / D(u, )d W' (u)
Integrating Equation Ala from time 7 to T has:
T T T 2
/, Fs)ds = /, A, $)ds + /t @d
T ps T
—l—/ / d>(u,s)dW(u)ds:f ft, s)ds (Alb)

Tp(t, s)?
+ / .

For a detail expression, see Jarrow and Yu (2001).

ds — /T b(t, s)dW (u)

Since p(t, T) = exp(— fle(t, s)ds), Equation Alb can be rewritten as: ftT r(s)ds = —Inp(t, T) + ftdes—

Il b, )dWr ).
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=8p(t, T) + 1z = o (1 — &) exp[—Ay(T — 1)]
1 1
X €Xp |:Et(Xl) + E(Xy) + 5 Vi(X1) + 5 Vi(X2)
+ COV,(X] 5 Xz)i|

= 8ip(t, T) + iz (1 = &) exp[—ap(T — 1)]
(r t)

x exp[—(l + 2 1) + B’

(1+ 1) (T 1)

2([ T +— ,3,01

+(1+ )Ll )BioCov,

x[/rmmma/ZT—vmw%wH

(A4)

where Cov,(-, -) are the covariance conditional on F,.
As a result, we have

Cov; |:/T r(u)du, [T(T— v)d Wl(v)i|

T T
Zwa{—f M%TMWW@H/(T—VMWRW}

+

T
t
Combining the last equality with (A4), we obtain

Vi, T) = 8;p(t, T) + 1 (i » o (1 — 8:) exp[—Ay(T — 1)] exp

[ smnpte. 1+ e

T—1) T—1)> A
+( 1 ) ﬂi0'12+%ﬂ120%_(1+)‘11),3i07pr1

/T(T— u)b(u, T)du]

=p(t, T)[8i + 1z > y(1 = 8;)exp
(—Aé(T— 0y T+ A

T—1)?
T2 g2

(T-1)
4

2
(1, T) + Bior +

. T
— 1+ D)oo / (T— wb(a, T)du)

This completes the proof of the Theorem 1.
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Appendix 2
Proof of Theorem 2: We define that
: B(t) B(1)
=F Lir ——ds+ Iz —M
CSPV(Z) |:[ {tR > s} B( ) + {tR > T}B(n

B(t
+1<er <T}B((,3)5RM‘ :| =Ip+1p+1Ip

To compute Iz, using the law of the iterated
conditional expectations and the fact that the default
times are conditional independent with respect to
F%. v FL., we have

_ T B(1)
Ig _E[/; Lk 5 3y C B()d |F]

T
:E(EU 1,R>SCB(I)|F' vF’va;‘vH{*]dsF
t

B(s)
T
=E<E[/ L= C. B(’){F’ v FL VHR:|d.S Ft)

" B(s)

)

- B0)
= 1“”>”EU, B)

Since that

exp[— /S AR (u)du]ds|F,

(B1)

er>f

B(1) R
" Bis )exp[ /t A (u)dui| >0

using Fubini’s theorem again and substitution of
equality (2) into (B1), we have

T X
Ip = 1(,R>,}/ Cﬁ{exp(—/ |:r(u)+)ng+)\fr(u).
e i | o)

T
1oy [ Cooxplafi(s =1k

{exp(—/ [(1 + AR)r(u) + Br log[B(( ))Hdu> F,

T
= I(TR > 1} / Cx eXp |:—)\.(I;(S — [) — (1 + )\,f)/;b([, S).
t

F,}ds

Jas

2
s—1
+( 4) ﬂRO‘%-i-

3 s
+ (S ; t) ,3%?(7? - (1 + Af)IBRO'IprI-/. (S — U)b(u, S)du]ds

1428
( +2 D (1, 5)

T
= I(TR>,}/ Cyp(t,$)Gi(t, s)ds
t
Following the similar pricing procedure, we have

B(t
Ip = E|:1{TR > T}B((T))M‘Fz} = ler s yMp(2, T)G1(2, T)
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To compute Iz, note that conditionally on
F'. v FL., the density of the default time is given by

Jers) = (r <s|Ff v F7.)
a A
= |:1 - exp(—/o )\R(u)du):|
=R _[ AR (uyd
(s) exp[ /0 () ui|
Therefore, we obtain
B(1)

133 = E|:1{1<1;R<T} B( R)(SRM|F :| = 5RME

B() | .
(E[l{,qksﬂ 3R |Fo v FL v H v H,R}

t
=8 M E<1[tn - exp(/ AR(u)du>
0
B@) ..,
Hucan il et )
> B(1)
= Iyr >t}8RME|:/(; l{t<s§T}%

X exp(/l AR(u)du>ﬁR(s)ds F,]
0

)

T
=lprs ,}BRME{ f AR (s)
X exp[— /‘Y [r(u) + )»R(u)]dui| ds|F,

T
= L >,}5RME{/ [/\{f + Af
t

x;<s)+ﬂRlog[B(( ))}

X exp(— /S [)L(}f +(1

+ Br 10g|:B(( ))]du:|ds F,)} (B2)

We divide (B2) into three parts as follows:

|

+ AR)r(w).

T
I = Lo gSRMAE f exp[—A{(s — 1)]
t

E{exp(— /S (1 + 2B)yr(u)

+ Br log[B(( ))i|du F,)}ds

T
Jp = lyr s ,}SRMAf/ exp[—Ag(s — 1)]
t

E{r(s) exp (— /\Y 1+ kf)r(u)
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ot g o)

T
Jgy = lir > s SRMPBr / exp[—A8(s — 1))
t

{10g|:B(( ))] exp <— /t 1+ )»f)r(u)
i)

Similar to the pricing algorithm for /z;, we have

T
Jp1 = 1{rR>r))»§5RM/ p(t,5)G1(1, 5)ds
t

To compute I, assume that

=— fls (1 4+ A®yr(u)du,
X, = — [} Brlog[I(u)/B(u)]du and X5=r(s).
Given that (X, X5, X3) is a tri-normal distribution,
we have

m = E(exp(aX) + bX> + cX3)|F))

= &Xp (al"l’Xl + bI’LXZ + 956

2aboy,x, + 2bcoy, x,
+2acoy, x, + azog(l + 172(7)2(2 + Czaf(3
2

where a, b and ¢ are all real values.
Also, we have

0

m
e le=0 = Ei[X5 exp(aX) + bX3)] = (/LXs +aoy x;

+box,x;) eXp (a,uxl + by,

2aboy,x, + a*oy, + b0,
+ 2

Hence, using the expression (B3) with c¢=0,a=b=1,
wi=E(X), 07 = Var,(X;) and o;;= Cov/(X,, X)), for i,
j=1, 2, 3, we obtain

T
Jpr = lr > [}SRMAff exp[—kg(s - l)]
!

exp |:—(1 + Af)u,(t, s).

Y 1 R\2
(S 41) IBRUI ( +2)\'1)

—(1+ Af),BRo,p,.,/ (s — u)b(u, s)dui|

3
s—1
R

+ o*(1,8) +

X |:E,[r(s)] —(1+ kf)COV, |:r(s), /S r(u)du]
—Bro,Cov, [r(s), f "= wyd W’(v)ﬂds
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where
=9 [ o
b(u,s)du
+ f " (u,5)d W (1)
po(t,s) = EzEV(S)] =f1,s)
- /t " (u,)b(u,5)du

Var,[r(s)] = / ' O (u,s5)du

t

Cov, |:r(s), /S r(u)duj| = —/S D (u,8)b(u,s)du

- /S b(u,s)db(u,s)

b(t,s)’
=

Cov, |:r(s), / Cs—wd WI(v)j| — Cov, [ / b5 d W (1),

1

/S (s—w)d Wl(v)i| = prI/S D (u,5)(s —u)du

Hence, we have

T
Jp = 1{IR > [}(SRM)\{Q/ {exp |:—)»(I)€(S —1)..
t

(s — 1)

= (L 2p(t, ) + == Broy
1 4+ AR)? s— 1)
4 LFAD" 5 D) az(t,s)}Jr( < ) Bro7

—(1+ Af)ﬁRGIp,.I /S (s — u)b(u, s)du]

b(t 5)2

[Mo(f 5) = (1+2)
— BrO1011 / D(u, ) (s — u)du} ds

T
= ljr > SRMAR / p(t,5)Ga(t, 5)ds
t

Similar to the pricing algorithm for Jg, let
Xi=— [+ ARrGdu, Xa = — [} prlogll(u)/B(u)]
du and Xy = log[I(s)/B(s)], and given that (X, X5, X4)
is a tri-normal distribution, we have

am
dc c=0

= E/[Xsexp(X) + X))]

= (.U«X4 +oxx, + UX2X4)

ail + 0’12\,2 + 20y, X2>
2

X exp (uxl + ux, +
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Consequently, we obtain
T

Jp3 = 1jzr » f}5RM/3R/ exp[—Ag(s — )]
t

2
— 1
X exp |:—(1+/\f)u(t,s).+(s 4) R0
1+ Ry + 1)’
T 2 4 O e

—(1+ 1)Brorpu / (s — wb(a s)du]

[E, <log [ ;((S))D — (1 + AB)o;
x COV,[ / F(u)du, SdW’(u)]
(u 1(s)
_ /3RC0V,< 10g|:B—:| [m:D]ds

£ 102 53
B(s)
I 1 1
ZIOgI:B((tt))i| 5 1( —t)———a,(s 1)
COV,( / r(u)du, / dW’(u))

= Cov, [ / b d W (). / d W’(u):|

= COV|:/S (s —u)d W"‘(u)}
=—pu /5 b(u, s)du

Con [ e s o e 1)

=Cov, [ / o(s —u)d W (u),

s S 20a_ £)2
o',/ dWI(v)i|:U?/ (s—u)du:al(s2 )

Hence, we have

T
Jpy = l{fk ~ ,}(SRMﬂR/ {CXp |:—)\§(S — l).
t

2
-1+ Af)u(r, s)+ (s 1 0 ﬂRof
(1+2157 (s—1’

+ 5 o“(1, s)} + 3

where

x Bro7 — (1 + A)Brorpr

/ ' (s — u)b(u — s)dui| x [@

[—1 = Br(s — O]+ (1 + A)o1p1

/ b, s)du:| }ds

T
= o 3M i [ p(1.9)G(09ds
t
This completes the proof of the Theorem 2.
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Appendix 3

Proof of Theorem 3: We first define that

T
Cpp(t) = E|:/; l{rA >s}1 R > s} gglgd

g B(0)
+/ | R §4C——
. {r 3} {th > s} (A) B()
B(t
+1{rA>n1{rR>nﬁ
B()
+ Licra<mylier >”B(T) aM
B(1)
+ I{TA > ‘L’R}l{t<‘[R<T} WaRM

B(1)
+1[t/1<TR}1(,<TR<T} B( R)(SASRM‘ :|

=lci+1Icx+ 13+ Ics + Ics + Ics

To compute /-, by using the law of the iterated
conditional expectations, we have

' c B0
Ion =E| | lpisgliprsg d|F}
“ U ol =0 G

B(t)
:E(/r C, “BGs )E[l s gliprs g

|Fo v Fh v HE Y H;’]ds|F,)

T
= E(/ Cilipas g exp|:/ A (u)du }gg

E[ljpt = glpgr = g |[Fop vV Fhy v H,R]ds|F,)

T t
= E(/ C‘YI{IA > [}I{TR > 1) exp|:/0‘ [)\.A(Ll)
t

+)‘R(“)]d ] I;El; [1 ™ > 5)

X Ligr = | Flr v FIT*]ds|F,)

Since that the default times are conditional indepen-
dent with respect to F’, v F1., we have

T ¢
Ict = lpa s gligr s z}E</ C; exp|:/ A (w)
‘ 0

+1%(w)ldu ]BE; P[c* > s|Fh, v F1,]

P[tR > s|Ff, v F’T*]ds|F,>

()
=1l El| ¢,==
{4 > 3 R > 1} [/t B(S)

exp<_ / AW + AR(u)]du> dle,]
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By virtue of (2), we obtain

T
B(1)
Ict = ljpa s g lige >z}E|:/I Cs%

exp(— /S () + AR(u)]> ds|F,}

T
=t yler >z}/ Cyexp[—(A§ + 1)
t

(s — l)]E(exp[— / ' [(1 A 4 AR)

)+ (B + ﬂB)IOg[ ;((f)](u)]du] |F,)ds

T
= gt > plir s t}/ Cyp(t, 5)Gy(t, s)ds
t

The proofs of Ips3, I, I3 also follow the same idea
as I and I, thus we have

ICZZE /Tl A<,1 R .8A ()dS|F
. {tA<s} H{R > 5} B()

T
=EU 1o 984 C BE;d |Fi|

T
B(1)
—F 1,z | Y} S|F,
[[ {tR > s} Mt > s} ACB()d|

T
— Tprs 4 / Coplt, $)G1 (1, $)ds
t

T
— et s g lier > 404 / Cyp(t,5)Gy(t, s)ds
t
Ics = ljpa = g lier s g Mp(1, T)Ga(1, T),
Tes = Vi s g lgr s g6 Mp(2, DG1(2, T) — Ga(2, T)]

For I.s, we have

B(1)
1(‘5 :E[I{TA>.[R}1 ,<TR<7]8RMB( R)lthI
B(t
:(SRME[E<1{TA>.[R]1{I<TR§T}B((IZ)|FT* FIT*

F[)
t

:(SRME|:1{TA _— exp(/ AA(u)du>
0

B(t) | .
E(l{IA >TR}]{1<YRST}m’F’T* \/F}* \/H;z)

vH! va‘]

|

t
- SRME|:1 (1> 1 ek >  €XP ( / A (u) + AR(u)]du>
0

B(1) }
F,

E(l{IA >TR}]{1<TRST}W|F’}* \/Fg—*)
t

= SRME[I (4> Lk = €XP ( / A (u) + XR(u)]du>
0
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’ B(1), 4, . r < " )
x‘/I/S B()A()A()exp /A(u)du

exp<— / AR(u)du>dvds|F,:| =1lp1sylirs )8R ME

2 ([l
x[/ 36 ))» (s)exp /[)» (u)+ 2" (w)]du )ds|F,

B(1)
:l(rﬂ4>t]1[rR>t]8RME{/ B( )[)\0 +)\R (S‘)

+Br log|:B(( ))]] exp—(/ [AA(u)

—|—AR(u)]du>ds|F,}

=Joa+Ja+Ja
where

J(jl El 1>[}1 1R>,}(SRME

{/ BEt; o ex p[ /s[AA(M)+AR(M)]dLl]ds|F,}

T
=1t gl ers ySRMAE / P(1,5)Ga(t,5)ds
13
Jer=1pas yligrs j0RME

B(1) ., » S 4 R }
{/ B )A (s)exp[ /[A (w)+ 2 (u)]du]dle,

T
=1t gl er s SRMAR / p(1,5)Gs(t,5)ds

B 1
JC3 = 1{1-4 >f)](rR>f)5RME{f Bgt;ﬂ 1 g[%}

exp [— ./S A )+ AR(u)]du:| ds|F, }

T
o gl 32 MBr / P(6,5)Ge(t,9)ds
t

Finally, the process of derivation for /¢ is similar to
Ics as follows:

Icg = |:1{.L.A<1.R 1{7<‘5R<T} B((lz) S46rRM|F, ]
- 8A8RME[E<1[rAgrR)l{t<IR§T)
B(1)

B(<F) F’]

T
= Ly > )840 RMAS / p(t,$)Gi(t, 5)ds
t

Py Fv v )

T
+ 1k 5 48 48R MAY / p(1,5)Ga(1, 5)ds

t
T
1 dabeMBa [ p.)Ga(r.5)s
t
T
—1pa s gl = 848 RMAS f P(1,5)Ga(1, 5)ds
t
T
—Tpr s gLk = g848R MAT / p(t,5)Gs(t, s)ds
13

T
— lpa s glyr > r}SASRMﬁR/ p(t,5)Ge(t, s)ds
t

This completes the proof of the Theorem 3.
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Appendix 4

Proof of Theorem 4

BO ey 2O
By T DB

[M<l +LvR(T, U) —vR(to, U))] 1yt

T
TCSPV(Z‘) = E|:/ {th > s} LC
t

vR(ty, U)
B(1) Srp(t®, U) —vR(19, U)
B(rR)[M<1 R D) )]'F’]

=Ip1+1Ip2+1p3

To compute Ip;, similar to the pricing procedure of
Ig,, we have

T
E[/l 1k = o LG, ﬁg’; IF, ]

=lprsy / LCp(t,5)G (¢, s)ds
t

Similarly, for computing I,, we have

R
T L | A
(D1)
where
(T U) E[%((SR (tR<U) + ][rR> U))lFT]
= E[ggg[&z + (1 —3r)

E(ljgr s oy |[Flp vV Fhy v H’;)]]FT]

e
E[B(U)[‘SR =0

Lizr > 1y exp(— /;U AR(s)ds>] ‘FT]

We divide (D1) into two parts
. B(1)
o TB(T)
=1jr s g (1 = LYMp(t, T)G (1, T)

| B(t) LM E[B(T)
=T B(T)vR (1, U) | B(U)

;
(Bn+ =0t mex (= [ #%ns) )i
T

[ s
vR(10, U) B(U)

oo ([ ool

Ibi :E[l (1 —L)MlF,}

Jpp=E {

J

|:5R—|—(1 —68gr)
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To compute Jp,, we also divide into two parts

o LM  B(1)

(Ligr > 13| Flpy v Fly v HY)|F, ]

LM

= VR (10, U)‘SRl{rR > 1) exp[—X{f(T— 1) — u(t, U)

— e, ) + Broy +

4 2 2

(r )

(1, T) +———PBro7 + 1o (1, T, U)

+ Broipa(t, T, U) + AL Brops(t, T)}

LM
=—— 45zl Z,
VR (to, U) Rlr > gp(1, T)

exp[—k{f(T — )= Y, U)(U—1)

2
A () C R A
R 3
L0 =M 1y Tt

x (t, T, U) + Brorpa(t, T, U) + A{ Broips(t, T)}

~ g 0 DG T V)
[ LM B
Rz = [R(, 0oy

Ao ([ [ on]
3

xp(—xé*(U -1

1 R
I{TR>T}|FrT*VFT*VHt)

LM(1 — 8g)
=l R, 0y

)"{{(1 + )”{z) 0'2([

— 2R Y(, UU - 1) + 5

.U)

+(U—t)2 RCED

4 :BRO'I + 6 ﬁ%{o—%

U
— (14 WB)Brarpn f (U = )by, U)dy)

LM(1 — 8z)

= lpr sy V(1. 0) p(t, U)Gi (1, U)

(T-0’, 02(1,w+(kf)2
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Ips—E 1,<M% [{(1 )
+LM75}:5((;R’J)J)] F[.}
0’
(B 5rp(tk, U)
_E E(B(TR) [(1 — M+ LM~ }

- I R
1{t<rR5T}‘FIT* vV Fr, VHT)

y

_ B(r) Srp(s, U)
_E{/I B0) [(1 — DM+ LM R(io. U)]AR(S)

exp|:—/ AR(u)du]dlet} =Jps+JIps
t

T
Jp3 = E[/ (1- L)M% (x{? + 2Rr(s)

+ Brlog [;(( ))])exp[— /S )\R(u)du:| dle,}

T
= lgro y(1 — L)MA§/ p(t,9)Gi(t, s)ds
t

T
+ Ljgr 5 (1 — L)M)»f/ p(t, 5)G(t, s)ds
t

T
L (1 — L)MBg / P(t,9)G3(t, $)ds
t

LMsg B(f)
JD4=E[/I . Il})%( U)()L{H/\fr(s)

+ Br log[B(( ))D exp [— fs AR(s)dsi|

= Kp3 + Kps + Kps

where

T[T LMsg BQ) x
Koy = E[/z vR(1, U)%p 5 Oy

exp|:— /S AR(s)ds] F,.]

T
LMSz _p
=1 Ao p(t, $)GH(t, s, U)ds
(R>t}/t (5. U) o P(t,9)G7(1, 5, U)

T LMy
Kps= | —— AR —Ris = 0)E
D4 /t VR (19, U) 1CXP[ o (s )] {V(S)CXP

(—[ / " dut f ’ F(u)du
+ [ mtos| g o] o




The valuation of SPV by issuing structured CLNs

Given (X,, X1, X5, X3), we have

m = Elexp(dXy + eX| + X2+ gX3)|F1]

=exp (dux() +epy, +fix, + gy,
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(D2)

n 2deay,x, + 2dfox,x, +2dgox,x, +2efox, x, +2egox, x, + 2/g0x,x, + oy, + oy, + [ 0%, +82<7§(3)

where d, e, f, g are all real values.
Also, we have

om
% |e=0 = El[X3exp(dXy + eX) + fX2)] =

(x, + dox,x,

+ eox,x, + fox,x;) €Xp |:dMX0 +epx, +fix,

n dz(f%(o + 32()’%(1/[20—%(2 + 2d€(7)(0)(1 + 2df0')(0)(2 + 26{/(0’)(] X2:|
2

where ;= E/(X;), o7 = Var,(X;) and 0;=Cov/(X;,
X)), for i, j=1, 2, 3.

The pricing mechanism for moment generating
function can be seen in Hogg and Craig (1970, p. 114)
or the Appendix of Janosi et al. (2002). Hence, using
the expression (D2) with g=0, d=e=f=1,
X = —ftU rydu, X, =— [7 ARy du, X2 =— [} Br
log[/(u)/B(u)]du and X5 =r(s), we obtain

T
LMS
Kps = lprs r}/ WOI;/)A{Q exp[—kg(s — 1) —u(t,U)
t b}
R (s— 1) , ot U)
— A, s) + Broy +
4 2
)\R
+( é) o (1, )+( 0’ Bror 4+ AR pi(t,s, U)

+ Bropa(t, s, U) + A{ Brorps(t, S)]
X |:,uo(l, s) — /S D (u, $)b(u, U)du — —b(u s)?
t
— BrO10:1 /S D(u, 5)(s — u)du:| ds
t
=lrsy /TlfMiakap(t, 8)Gg(t,s, U)ds
+ VR(10,U)

Similar to the pricing algorithm for Kp,,

T LMsg
Kps= / R, U)ﬂRexp[ A(s—0)]

{log[ B(( ))} exp(—[(xf /, pdu + f[ " Hudu
o[ g |, )}

Given (Xo, X1, Xo, Xy, let Xo:—f[Ur(u)du,

= — [} Afrdu, Xy = — [} Brlogll(u)/B(w)ldu
and Xy = log[I(s)/B(s)], we have

T
LMy .
Kps=1, OR g exp| =2 R(s— 1) — u(,
D5 {R>t}f, vR(tg,U)'BR P[ o (s —1)—pu(t,U)

a*(t,U)
2

(s—1°
4

—Af (e, )+ Broj +

OO 2 g 6=

18 llol(trsrU)

+ Bro1pa(t, s, U) + AR Broips(t, S)]

y |:af (s2— 1) -

[ 00+ 2t [ 0. 9a]as
t t

= Br(s = D]+ o101

T LMsg
=1 —_ t,8)Go(t, s, U)ds
oo [ e Bt )05, U)

This completes the proof of the Theorem 4.
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Appendix 5

Proof of Theorem 5

B(1)
B(s)
B(l)
B(s)

T
TCon(1) = E[ / Lot =y len oy LG, 2
t

T
—}—/ l{qu} ‘[R>S8ALC
t

B()
=T B(T)

WR(T, U) = vR(15, U)
[M<1+L (10, 0) ﬂ

+lycmonligrsn

B(t) R(T’ U) - VR(t05 U)):|
B(D) [ (1 T R, 0)

+ 1{-[/4 >T}1

B(1)
+ 1{1'A > 1R} 1{t<rR<T} B( R)

SrP(tR, U) — vR(1, U)
[M<l +L vR(1, U) >i|
B
R _ R
5.4 [M(l R ;1520 l;)(lo, U))}

=1Ig +1p + I3+ Iy + Ips + I

Using the same pricing procedure of Appendices 3
and 4, we have

T
Ipr = 1ga s pligr z}/ LCp(1, 5)Gu(t, s)ds
t

T
Ipy = 1ga o yligr s r}/ 84LCsp(t,5)G (1, s)ds
t

T
— s glgr = ,}/ SALCp(t, s)Gy(t, s)ds
t

C.-C. Chang et al.

B(t
Iy = E|:1 sl TR>”B((7))
VR(T, U) = (19, U)
[M+ R ] F,]
=Jn+JIm
where

Jer = E| Lyt = pylie = (1 — L)Mg((% F, }
— s oy ler o (1 = DMp(t, TIGa(1, T)
B By LM  [B(T)

T2 =B Lot 0 gy gy, wE[B(U)

U
(81{ + (1 — (SR)I{TR > T) exp(—/ )LR(S)dS) FT
T
l{rR>T}|Fr“

We divide J, into two parts and obtain

K [ B() LM {B(T)(SRI(TR>n

L= D B Ry, 0) | B(O)

gl

B LM B(T) (182
=N BT R (0, 0) | BO)

=lpasylprsy R(t U)P(f NG(t, T, U)

KEZ :E{ 1{

U
X 1z 5 y€Xp [ - / )LR(s)dsi| FT.) Lk > 7y Ft.:| ]
T
LM
=lps gl z)m(l —p)p(1, U)

x Gi3(1, T,0)

Finally, the proofs of Iz, Igs, Ige also follow the
same idea as Ip3 and is omitted.
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