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Hazard Process Set-up

Terminology and notation:

1 The default time is a strictly positive random variable τ defined on the
underlying probability space (Ω,G,P).

2 We define the default indicator process Ht = 1{τ≤t} and we denote by
H its natural filtration.

3 We assume that we are given, in addition, some auxiliary filtration F and
we write G = H ∨ F, meaning that Gt = σ(Ht ,Ft ) for every t ∈ R+.

4 The filtration F is termed the reference filtration.
5 The filtration G is called the full filtration.
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Martingale Measure

The underlying market model is arbitrage-free, in the following sense:

1 Let the savings account B be given by

Bt = exp
(∫ t

0
ru du

)
, ∀ t ∈ R+,

where the short-term rate r follows an F-adapted process.
2 A spot martingale measure Q is associated with the choice of the

savings account B as a numéraire.
3 The underlying market model is arbitrage-free, meaning that it admits a

spot martingale measure Q equivalent to P.
4 Uniqueness of a martingale measure is not postulated.
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Hazard Process

Let us summarize the main features of the hazard process approach:

1 Let us denote by
Gt = Q(τ > t |Ft )

the survival process of τ with respect to the reference filtration F.
We postulate that G0 = 1 and Gt > 0 for every t ∈ [0,T ].

2 For any Q-integrable and FT -measurable random variable Y , the
following classic formula is valid

EQ(1{T<τ}Y |Gt ) = 1{t<τ}G−1
t EQ(GT Y |Ft ).
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Forward Credit Default Swap

Definition

A forward CDS issued at time s, with start date U, maturity T , and recovery δ
at default is a defaultable claim (0,A,Z , τ) where

dAt = −κ1]U,T ](t) dLt , Zt = δt1[U,T ](t).

An Fs-measurable rate κ is the CDS spread.

An F-adapted process L specifies the tenor structure of fee payments.

An F-adapted process δ : [U,T ]→ R represents the protection amount.

Lemma

The value of the forward CDS equals, for every t ∈ [s,U],

Ŝt (κ) = Bt EQ

(
1{U<τ≤T}B

−1
τ Zτ

∣∣∣Gt

)
− κBt EQ

(∫
]t∧U,τ∧T ]

B−1
u dLu

∣∣∣Gt

)
.
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Valuation of a Forward CDS

Lemma

The value of a credit default swap started at s, equals, for every t ∈ [s,U],

Ŝt (κ) = 1{t<τ}
Bt

Gt
EQ

(
−
∫ T

U
B−1

u δu dGu − κ
∫

]U,T ]

B−1
u Gu dLu

∣∣∣Ft

)
.

Note that Ŝt (κ) = 1{t<τ}St (κ) where the F-adapted process S(κ) is the
pre-default value. Moreover

St (κ) = P(t ,U,T )− κA(t ,U,T )

where

P(t ,U,T ) is the pre-default value of the protection leg,

A(t ,U,T ) is the pre-default value of the fee leg per one unit of κ.
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Forward CDS Spread

The forward CDS spread is defined similarly as the forward swap rate for
a default-free interest rate swap.

Definition

The forward market CDS at time t ∈ [0,U] is the forward CDS in which the
Ft -measurable rate κ is such that the contract is valueless at time t .

The corresponding pre-default forward CDS spread at time t is the unique
Ft -measurable random variable κ(t ,U,T ) that solves the equation

St (κ(t ,U,T )) = 0.

Recall that for any Ft -measurable rate κ we have that

St (κ) = P(t ,U,T )− κA(t ,U,T ).
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Forward CDS Spread

Lemma

For every t ∈ [0,U],

κ(t ,U,T ) =
P(t ,U,T )

A(t ,U,T )
= −

EQ

( ∫ T
U B−1

u δu dGu

∣∣∣Ft

)
EQ

( ∫
]U,T ]

B−1
u Gu dLu

∣∣∣Ft

) =
MP

t

MA
t

where the (Q,F)-martingales MP and MA are given by

MP
t = −EQ

(∫ T

U
B−1

u δu dGu

∣∣∣Ft

)
and

MA
t = EQ

(∫
]U,T ]

B−1
u Gu dLu

∣∣∣Ft

)
.
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Martingale Measure

Define an equivalent probability measure Q̂ on (Ω,FU) by setting

dQ̂
dQ

=
MA

U

MA
0
, Q-a.s.

Lemma

The forward CDS spread (κ(t ,U,T ), t ≤ R) is a (Q̂,F)-martingale.

The forward swap measure corresponds to the choice of the pre-default swap
annuity A(t ,U,T ) as a numéraire.

Definition

The probability measure Q̂ is called the forward swap measure.

L. Li and M. Rutkowski Market Models of Forward CDS Spreads



Forward Credit Default Swaps
Credit Default Swaptions

Market Models for CDS Spreads

Credit Default Swaptions
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Credit Default Swaption

Definition

A credit default swaption is a call option with expiry date R ≤ U and zero
strike written on the value of the forward CDS issued at time 0 ≤ s < R,
with start date U, maturity T , and an Fs-measurable rate κ.

The swaption’s payoff ĈR at expiry equals ĈR = (ŜR(κ))+.

Lemma

For a forward CDS with an Fs-measurable rate κ, for every t ∈ [s,U],

Ŝt (κ) = 1{t<τ}A(t ,U,T )(κ(t ,U,T )− κ).

Hence
ĈR = 1{R<τ}A(R,U,T )(κ(R,U,T )− κ)+.

A credit default swaption is equivalent to a call option on the forward CDS
spread with strike κ. This option is knocked out if default occurs prior to R.
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Credit Default Swaption

Lemma

The price at time t ∈ [s,R] of a credit default swaption equals

Ĉt = 1{t<τ}
Bt

Gt
EQ

(
GR

BR
A(R,U,T )(κ(R,U,T )− κ)+

∣∣∣Ft

)
.

Recall that the probability measure Q̂ on (Ω,FR) is given by

dQ̂
dQ

=
MA

R

MA
0

=
1

MA
0

GR

BR
A(R,U,T ), Q-a.s.

Proposition

The price of the credit default swaption equals, for every t ∈ [s,R],

Ĉt = 1{t<τ}A(t ,U,T ) EQ̂
(
(κ(R,U,T )− κ)+

∣∣Ft
)

= 1{t<τ}Ct .

The forward CDS spread (κ(t ,U,T ), t ≤ R) is a (Q̂,F)-martingale.
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Brownian Case

Let the filtration F be generated by a Brownian motion W under Q.

Since MP and MA are strictly positive (Q,F)-martingales, we have that

dMP
t = MP

t σ
P
t dWt , dMA

t = MA
t σ

A
t dWt ,

for some F-adapted processes σP and σA.

Lemma

The forward CDS spread (κ(t ,U,T ), t ∈ [0,R]) is (Q̂,F)-martingale and

dκ(t ,U,T ) = κ(t ,U,T )σκt dŴt

where σκ = σP − σA and the (Q̂,F)-Brownian motion Ŵ equals

Ŵt = Wt −
∫ t

0
σA

u du, ∀ t ∈ [0,R].
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Market Formula for Credit Default Swaptions

Proposition

Assume that the volatility σκ = σP − σA of the forward CDS spread is
deterministic. Then the pre-default value of the credit default swaption
with strike level κ and expiry date R equals, for every t ∈ [0,U],

Ct = At

(
κt N

(
d+(κt ,U − t)

)
− κN

(
d−(κt ,U − t)

))
where κt = κ(t ,U,T ) and At = A(t ,U,T ). Equivalently,

Ct = Pt N
(
d+(κt , t ,R)

)
− κAt N

(
d−(κt , t ,R)

)
where Pt = P(t ,U,T ) and

d±(κt , t ,R) =
ln(κt/κ)± 1

2

∫ R
t (σκ(u))2 du√∫ R

t (σκ(u))2 du
.
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Notation

Let (Ω,G,F,Q) be a filtered probability space, where F = (Ft )t∈[0,T ] is a
filtration such that F0 is trivial.

We assume that the random time τ defined on this space is such that
the F-survival process Gt = Q(τ > t |Ft ) is positive.

The probability measure Q is interpreted as the risk-neutral measure.

Let T = {T0 < T1 < · · · < Tn} and let ai = Ti − Ti−1.

We denote âi = ai/(1− δi ) where δi is the recovery rate if default occurs
between Ti−1 and Ti .

We denote by β(t ,T ) the default-free discount factor for [t ,T ].
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Notation

We consider a stylized forward CDS starting at Ti and maturing at Tk .

The pre-default value at time t ∈ [0,Ti ] of the defaultable annuity equals

Ai,k
t :=

k∑
j=i+1

ajG−1
t EQ

(
β(t ,Tj )1{τ>Tj}

∣∣∣Ft

)
.

The pre-default value at time t ∈ [0,Ti ] of the protection leg equals

P i,k
t :=

k∑
j=i+1

δjG−1
t EQ

(
β(t ,Tj )1{Tj−1<τ≤Tj}

∣∣∣Ft

)
,

where δj ∈ [0, 1) is the constant protection payment if default occurs
between Tj−1 and Tj .

The pre-default forward CDS spread equals

κi,k
t =

P i,k
t

Ai,k
t

, t ∈ [0,Ti ].
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Bottom-Up Approach: Forward CDS Spreads

For i = 0, . . . , n − 1, the one-period forward CDS spread with start date
Ti and maturity Ti+1 equals

κi
t := κi,i+1

t =
P i,i+1

t

Ai,i+1
t

, ∀ t ∈ [0,Ti ].

For i = 0, . . . , n − 1, the co-terminal forward CDS spread with start date
Ti and maturity Tn equals

κ̂i
t := κi,n

t =
P i,n

t

Ai,n
t

, ∀ t ∈ [0,Ti ].

Note that κn−1
t = κ̂n−1

t .

Lemma

The following equalities hold, for i = 0, . . . , n − 1 and t ∈ [0,Ti ],

Ai+1,n
t

Ai,n
t

=
κ̂i

t − κi
t

κ̂i+1
t − κi

t

,
Ai,i+1

t

Ai,n
t

=
κ̂i+1

t − κ̂i
t

κ̂i+1
t − κi

t

.
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Bottom-Up Approach: Martingale Measures

1 The process Â0,n
t := GtB−1

t A0,n
t is a positive (Q,F)-martingale and thus it

defines the probability measure P̂0 on (Ω,FTn ).
2 We define a family of probability measures Pi for i = 0, . . . , n − 2 and

P̂i for i = 0, . . . , n − 1, such that κi is a (Pi ,F)-martingale and κ̂i is a
(P̂i ,F)-martingale.

Q
d P̂0
dQ−−−−−→ P̂0

d P̂1

d P̂0−−−−−→ P̂1
d P̂2

d P̂1−−−−−→ . . .
d P̂n−2

d P̂n−3−−−−−→ P̂n−2
dP̂n−1

d P̂n−2−−−−−→ P̂n−1 = Pn−1

dP0

d P̂0

y dP1

d P̂1

y y dPn−2

d P̂n−2

y
P0

dP1

dP0−−−−−→ P1
dP2

dP1−−−−−→ . . .
dPn−2

dPn−3−−−−−→ Pn−2
dPn−1

dPn−2−−−−−→ Pn−1
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Martingale Measures

1 We obtain the following family of the Radon-Nikodým densities, for every
i = 0, . . . n − 1 and every t ∈ [0,T0],

d P̂i

d P̂0

∣∣∣
Ft

:=
Ai,n

t

A0,n
t

=
i−1∏
j=0

κ̂j
t − κ

j
t

κ̂j+1
t − κj

t

,

dPi

d P̂0

∣∣∣
Ft

:=
Ai,i+1

t

A0,n
t

=
Ai,i+1

t

Ai,n
t

Ai,n
t

A0,n
t

=
κ̂i+1

t − κ̂i
t

κ̂i+1
t − κi

t

i−1∏
j=0

κ̂j
t − κ

j
t

κ̂j+1
t − κj

t

.

2 It is now not difficult to derive the joint dynamics under P̂0 of processes
κ0, . . . , κn−1 and κ̂0, . . . , κ̂n−2.
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Top-Down Approach: Postulates

We are given a filtered probability space (Ω,G,F,P) and we postulate that:

1 The initial values of processes κ0, . . . , κn−2 and κ̂0, . . . , κ̂n−1 are given.
2 For every i = 0, . . . , n − 1, the process Z κ̂,i , which is given by the

formula (by the usual convention, Z κ̂,0 = 1)

Z κ̂,it = ĉi

i−1∏
j=0

κ̂j
t − κ

j
t

κ̂j+1
t − κj

t

, ∀ t ∈ [0,T0],

is a positive (P,F)-martingale and ĉi is a constant such that Z κ̂,i0 = 1.
3 For every i = 0, . . . , n−2, the process Zκ,i , which is given by the formula

Zκ,it = ci
κ̂i+1

t − κ̂i
t

κ̂i+1
t − κi

t

Z κ̂,it , ∀ t ∈ [0,T0],

is a positive (P,F)-martingale and ci is a constant such that Zκ,i0 = 1.
4 For every i = 0, . . . , n − 2, the process κi is a (Pi ,F)-martingale, where

the Radon-Nikodým density of Pi with respect to P equals Zκ,i .

L. Li and M. Rutkowski Market Models of Forward CDS Spreads



Forward Credit Default Swaps
Credit Default Swaptions

Market Models for CDS Spreads

Top-Down Approach: Postulates

1 For every i = 0, . . . , n − 2, the process κi satisfies

κi
t = κi

0 +

∫
(0,t]

κi
s−σ̃

i
s · dÑ i

s,

where Ñ i is an Rki -valued (Pi ,F)-martingale and σ̃i is an Rki -valued,
F-predictable, Ñ i -integrable process.

2 For every i = 0, . . . , n − 1, the process κ̂i is a (P̂i ,F)-martingale, where
the Radon-Nikodým density of P̂i with respect to P equals Z κ̂,i .

3 For every i = 0, . . . , n − 1, the process κ̂i satisfies

κ̂i
t = κ̂i

0 +

∫
(0,t]

κ̂i
s−ζ̂

i
s · dN̂ i

s,

where N̂ i is an Rli -valued (P̂i ,F)-martingale and ζ̂ i is an Rli -valued,
F-predictable, N̂ i -integrable process.
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Top-Down Approach: Joint Dynamics

Let k = k0 + · · ·+ kn−2 + l0 + · · ·+ ln−1. There exists an Rk -valued
(P,F)-martingale M such that for every i = 0, . . . , n − 2, the
(Pi ,F)-martingale κi admits the following representation under Pi

κi
t = κi

0 +

∫
(0,t]

κi
s−σ

i
s · dΨi (M)s,

where σi = (σi,1, . . . , σi,k ) is an Rk -valued, F-predictable process
extending σ̃i .

The (P̂i ,F)-martingale κ̂i has the following representation under P̂i , for
every i = 0, . . . , n − 1,

κ̂i
t = κ̂i

0 +

∫
(0,t]

κ̂i
s−ζ

i
s · dΨ̂i (M)s,

where ζ i = (ζ i,1, . . . , ζ i,k ) is an Rk -valued, F-predictable process, which
extends ζ̂ i .
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Top-Down Approach: Joint Dynamics

The Rk -valued (Pi ,F)-martingale Ψi (M) satisfies, for every l = 1, . . . , k ,

Ψi (M l )t = M l
t −
[
L(Zκ,i )c ,M l,c]

t −
∑

0<s≤t

1
Zκ,is

∆Zκ,is ∆M l
s.

The Rk -valued (P̂i ,F)-martingale Ψ̂i (M) satisfies, for every l = 1, . . . , k ,

Ψ̂i (M l )t = M l
t −
[
L(Z κ̂,i )c ,M l,c]

t −
∑

0<s≤t

1
Z κ̂,is

∆Z κ̂,is ∆M l
s.

Note that P = P̂0 and thus Ψ̂0(M) = M. Consequently, the forward CDS
spread κ̂0 satisfies

κ̂0
t = κ̂0

0 +

∫
(0,t]

κ̂0
s−ζ

0
s · dMs.

This agrees with the fact that P̂0 is the martingale measure for κ̂0.
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Top-Down Approach: Joint Dynamics

Proposition

The semi-martingale decomposition of the spanning (P̂i ,F)-martingale Ψ̂i (M)

under the probability measure P = P̂0 is given by, for every i = 0, . . . , n − 2,

Ψ̂i (M)t = Mt −
i−1∑
j=0

∫
(0,t]

(κ̂j
s − κ̂

j+1
s )κj

sσ
j
s · d [Mc ]s

(κ̂j
s − κ

j
s)(κ̂j+1

s − κ
j
s)

−
i−1∑
j=0

∫
(0,t]

κ̂
j
sζ

j
s · d [Mc ]s

κ̂
j
s − κ

j
s

+

i−1∑
j=0

∫
(0,t]

κ̂
j+1
s ζ

j+1
s · d [Mc ]s

κ̂
j+1
s − κ

j
s

−
∑

0<s≤t

1

Z κ̂,is

∆Z κ̂,is ∆Ms.
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Top-Down Approach: Joint Dynamics

Proposition

The semi-martingale decomposition of the spanning (Pi ,F)-martingale Ψi (M)

under the probability measure P = P̂0 is given by, for every i = 0, . . . , n − 1,

Ψi (M)t = Mt −
∫

(0,t]

(κi
s − κ̂i

s) κ̂i+1
s ζ i+1

s · d [Mc ]s

(κ̂i+1
s − κi

s)(κ̂i+1
s − κ̂i

s)
+

∫
(0,t]

κi
sσ

i
s · d [Mc ]s

(κ̂i+1
s − κi

s)

−
∫

(0,t]

κ̂i
sζ

i
s · d [Mc ]s

κ̂i+1
s − κ̂i

s
−

n∑
j=i+1

∫
(0,t]

(κ̂j
s − κ̂

j+1
s )κj

sσ
j
s · d [Mc ]s

(κ̂j
s − κ

j
s)(κ̂j+1

s − κ
j
s)

−
n∑

j=i+1

∫
(0,t]

κ̂
j
sζ

j
s · d [Mc ]s

κ̂
j
s − κ

j
s

+
n∑

j=i+1

∫
(0,t]

κ̂
j+1
s ζ

j+1
s · d [Mc ]s

κ̂
j+1
s − κ

j
s

−
∑

0<s≤t

1

Zκ,is

∆Zκ,is ∆Ms.
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Top-Down Approach: Joint Dynamics

Under the martingale measure P = P̂0, for every i = 0, . . . , n − 2

dκi
t =

k∑
l=1

κi
t−σ

i,l
t dM l

t −
κi

t κ̂
i+1
t

κ̂i+1
t − κ̂i

t

k∑
l,m=1

σi,l
t ζ

i+1,m
t d [M l,c ,Mm,c ]t

+
κi

t κ̂
i
t

κ̂i+1
t − κ̂i

t

k∑
l,m=1

σi,l
t ζ

i,m
t d [M l,c ,Mm,c ]t +

κi
t κ̂

i+1
t

κ̂i+1
t − κi

t

k∑
l,m=1

σi,l
t ζ

i+1,m
t d [M l,c ,Mm,c ]t

−
κi

tκ
i
t

κ̂i+1
t − κi

t

k∑
l,m=1

σi,l
t σ

i,m
t d [M l,c ,Mm,c ]t −

i−1∑
j=0

κi
t κ̂

j
t

κ̂
j
t − κ

j
t

k∑
l,m=1

σi,l
t ζ

j,m
t d [M l,c ,Mm,c ]t

+

i−1∑
j=0

κi
tκ

j
t

κ̂
j
t − κ

j
t

k∑
l,m=1

σi,l
t σ

j,m
t d [M l,c ,Mm,c ]t +

i−1∑
j=0

κi
t κ̂

j+1
t

κ̂
j+1
t − κ

j
t

k∑
l,m=1

σi,l
t ζ

j+1,m
t d [M l,c ,Mm,c ]t

−
i−1∑
j=0

κi
tκ

j
t

κ̂
j+1
t − κ

j
t

k∑
l,m=1

σi,l
t σ

j,m
t d [M l,c ,Mm,c ]t −

κi
t−

Z κ̂,it

∆Z κ̂,it

k∑
l=1

σi,l
t ∆M l

t
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and for every i = 0, . . . , n − 1

d κ̂i
t =

k∑
l=1

κ̂i
t−ζ

i,l
t dM l

t −
i−1∑
j=0

κ̂i
t κ̂

j
t

κ̂
j
t − κ

j
t

k∑
l,m=1

ζ i,l
t ζ

j,m
t d [M l,c ,Mm,c ]t

+

i−1∑
j=0

κ̂i
tκ

j
t

κ̂
j
t − κ

j
t

k∑
l,m=1

ζ i,l
t σ

j,m
t d [M l,c ,Mm,c ]t

+

i−1∑
j=0

κ̂i
t κ̂

j+1
t

κ̂
j+1
t − κ̂

j
t

k∑
l,m=1

ζ i,l
t ζ

j+1,m
t d [M l,c ,Mm,c ]t

−
i−1∑
j=0

κ̂i
tκ

j
t

κ̂
j+1
t − κ̂

j
t

k∑
l,m=1

ζ i,l
t σ

j,m
t d [M l,c ,Mm,c ]t

−
κ̂i

t−

Zκ,it

∆Zκ,it

k∑
l=1

ζ i,l
t ∆M l

t .
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Construction of Default Time

We set, for i = 1, . . . , n − 1,

MTi
t :=

i∏
j=1

1
1 + âjκ

j
t

The process aiκ
i is positive and stopped at Ti−1 for all i and thus MTi

Ti
is

decreasing in i

MTi
Ti

=
MTi−1

Ti−1

1 + aiκi
Ti

≤ MTi−1
Ti−1

, ∀i = 1, . . . , n

This allows for canonical construction of τ with values in T1, . . . ,Tn such that

Pn−1(τ > Ti |FTi ) = MTi
Ti

:=
i∏

j=1

1
1 + âjκ

j
Ti

, ∀i = 1, . . . , n.

Since MTi is a martingale under Pi−1

Pi−1(τ > Ti |Ft ) = MTi
t , ∀i = 1, . . . , n.
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Towards Generic Swap Models
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Assumptions

Let (Ω,G,F,P) be a filtered probability space. We postulate that the
F-adapted processes κ1, . . . , κn and Z 1, . . . ,Z n satisfy the following
conditions, for every i = 1, . . . , n

1 the process Z i is a positive (P,F)-martingale with EP(Z i
0) = 1,

2 the process κiZ i is a (P,F)-martingale,
3 the process Z i is given as a function of some subset of the family
κ1, . . . , κn; specifically, there exists a subset {κn1 , . . . , κnli } of
{κ1, . . . , κn} and a function fi : Rli → R of class C2 such that

Z i = fi (κn1 , . . . , κnli ).
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Comments

1 Assumptions 1 and 2 yield the existence of a family of probability
measures P1, . . . ,Pn, equivalent to P on (Ω,FT ) for some fixed T > 0,
such that the process κi is a (Pi ,F)-martingale for every i = 1, . . . , n.
This in turn implies that κi is a (P,F)-semimartingale.

2 Assumption 3 implies that the continuous martingale part of Z i has the
following integral representation

Z i,c
t = Z i

0 +

li∑
j=1

∫ t

0

∂fi
∂xj

(κ
n1
s , . . . , κ

nli
s ) dκ

nj ,c
s

where κj,c stands for the continuous martingale part of κj .
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Volatilities

1 The semimartingale decomposition of κj can be uniquely specified under
P by the choice of the initial values, the volatility processes and the
driving martingale, which is, as usual, denoted by M.

2 For the purpose of an explicit construction of the model for processes
κ1, . . . , κn, we select an Rk -valued (P,F)-martingale M = (M1, . . . ,Mk )
and we define the process κi under Pi as follows, for every i = 1, . . . , n

κi
t = κi

0 +

∫
(0,t]

κi
s−σ

i
s · dΨi (M)s,

where σi is the Rk -valued volatility process and the (Pi ,F)-martingale
Ψi (M) equals

Ψi (M)t = Mt −
∫

(0,t]

1
Z i

s
d [Z i,c ,Mc ]s −

∑
0<s≤t

1
Z i

s
∆Z i

s∆Ms.
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Volatility-Based Modelling

Proposition

For every i = 1, . . . , n the dynamics of the forward CDS spread κi are

dκi
t =

k∑
l=1

κi
t−σ

i,l
t dM l

t

−
1

fi (κ
n1
t , . . . , κ

nli
t )

li∑
j=1

∂fi
∂xj

(κ
n1
t , . . . , κ

nli
t )

k∑
l,m=1

κi
tκ

nj
t σ

i,l
t σ

nj ,m
t d [M l,c ,Mm,c ]t

−
κi

t−

Z i
t

∆Z i
t

k∑
l=1

σi,l
t ∆M l

t .
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Admissibility of Market Models

Further issues that should be addressed in the context of top-down models:
1 construction of a default time consistent with the dynamics of a given

family of forward CDS spreads,
2 positivity of forward CDS spreads given by the model,
3 positivity of prices of zero-coupon defaultable bonds implicit in forward

CDS spreads,
4 monotonicity of prices of zero-coupon defaultable bonds with respect to

maturity date,
5 positivity of other forward CDS spreads computed within a model.
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