
On an extension multifractional SABR Model for
Pricing Variance and Volatility Swaps

Abstract
This paper presents a robust methodology for the valuation of options on vari-

ance swaps and volatility swaps. While existing literature has often focused on the
pricing of the swaps themselves under stochastic volatility models, the valuation of
options on these second-order derivative products remains a challenge, particularly
within a framework that captures empirical market properties such as volatility clus-
tering and long memory. Our approach addresses this problem by relying on the
precise calculation of the optimal exercise prices (or strike rates) for variance and
volatility swaps. To achieve this, we introduce and utilize a multifractional exten-
sion of the classic SABR model. This enhanced version of the model incorporates a
deterministic and time-varying Hurst function, h(t), which allows for the modeling
of a richer and more flexible volatility dynamics, capable of replicating the vary-
ing persistence phenomena observed in real markets. The proposed methodology is
detailed comprehensively. We derive the theoretical formulas for the swap prices,
which form the basis for calculating the optimal exercise prices. The valuation of
options (call and put) on these swaps is then performed by employing advanced
numerical techniques, adapted to the complexity of the multifractional process.

Key words: SABR-fractional model, Wick-Itô, swaps, volatility option, variance
option

1 Introduction
The management of volatility risk has emerged as one of the central challenges in modern
quantitative finance. Since the launch of the CBOE Volatility Index (VIX) in 1993, market
participants have gained access to an expanding ecosystem of volatility-linked derivatives.
Among these, variance and volatility swaps—over-the-counter (OTC) contracts that ex-
change a fixed strike against the realized volatility of an underlying asset—have grown
steadily in popularity. Their trading volumes continue to increase, as they offer market
participants a direct and effective tool for hedging volatility exposure and implementing
volatility-driven trading strategies.

A substantial body of research has investigated the fair pricing of these swaps. The
dominant methodology relies on stochastic volatility models driven by standard Brownian
motion, which implicitly assume Markovian dynamics of volatility. This strand of research
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encompasses seminal contributions under the Heston model [10], the SABR model [9], [4],
as well as numerous extensions incorporating features such as discrete sampling or jumps
[18], [8], [14], [19], [15], [5].

However, despite their elegance and tractability, these models share a fundamental lim-
itation: they fail to capture the long-memory effects and long-range dependence that are
now well-documented empirical properties of financial asset volatility. This gap between
classical modeling frameworks and observed market dynamics motivates the search for
more flexible approaches, capable of reconciling theoretical rigor with empirical realism.

To bridge this gap between classic models and empirical reality, this paper proposes
a novel pricing framework for variance and volatility swaps. We depart from the tradi-
tional Markovian assumption by employing a fractional version of the SABR model. This
approach, driven by fractional Brownian motion, is specifically designed to model the
long-range dependence inherent in volatile markets. Our work thus provides a more re-
alistic valuation methodology tailored for today’s complex and rapidly evolving financial
environments.
Despite the advances brought by the multifractional extension of the SABR model, cer-
tain limitations remain. First, the increased complexity of the model introduces significant
computational challenges for the valuation of derivative products, requiring the use of so-
phisticated numerical methods. Second, the absence of closed-form analytical solutions
for options on variance and volatility swaps may limit both intuition and computational
efficiency. Finally, more extensive empirical validation is needed to confirm the robust-
ness and relevance of the proposed methodology across different asset classes and market
environments.

2 Variance and volatility swaps under the multifrac-
tional version of the SABR

Our objective in this part is to determine a better strike price for variance and volatility
swaps and options under a fractional version of the SABR model in a rapidly changing
stochastic environment.

2.1 Variance swaps and volatility swaps
A variance swap is an over-the-counter contract that guarantees a buyer to exchange a
fixed price for a realized difference at expiration.
In contrast, a volatility swap is equal to the variance swap except that the spreads relate
to volatility instead of variance. Thus the gains at maturity (T > 0) of variance and
volatility swaps are given by the equations:

Svar(T ) = (RV − Evar) ×Nvar

Svol(T ) = (
√
RV − Evol) ×Nvol

with Evar and Evol the strike prices of the variance and the volatility at time 0 and RV
is the realized variance until expiration T and Nvar and Nvol are the notional amounts of
variance and volatility swaps.
We assume that the variance is realized in continuous time to define the realized variance
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RV until maturity by:

RV = 1
T

∫ T

0
σ2(t)dt (1)

where σ2(t) denotes the volatility of the underlying asset at any time t.
The values of variance and volatility swaps at time t with maturity T are defined by

Svar(t) = IE
[
e−r(T −t)(RV − Evar) ×Nvar|Ft

]

Svol(t) = IE
[
e−r(T −t)(

√
RV − Evol) ×Nvol|Ft

]
where IE [·|Ft] denotes the conditional expectation with respect to the filtration Ft. As
the contract must be fair for both parties (condition of non-arbitrage), the strike prices
Evar and Evol of the variance and volatility swaps must obey:

Evar = IE [RV ] (2)
Evol = IE

[√
RV

]
(3)

2.2 The Stochastic Alpha Beta Rho -Multifractional Stochastic
Volatility model (SABR-MSV)

Here we consider two multifractional versions of the SABR model called SABR-MSV1 and
SABR-MSV2 described by the following Stochastic Differential Equation (SDE) systems:

Model 1 (SABR-MSV1) is as follows:
We consider a first multifractional version of the SABR model named SABR-MSV1

dFt = σH(t)F β
t

(
ρdWt +

√
1 − ρ2dBt

)

dσ(t) = ασ(t)
(
d⋄Bh(t) + dW (t)

) (4)

with Bh
t a multifractional Brownian motion, Wt a standard Brownian motion. The dif-

ferentiability d⋄Bh
t is taken in the sense of Wick-Itô. Itô’s theorem leads to the following

result:

σt = σ0 expα
(
Bh

t +Wt − αt
)

(5)

Model 2 (SABR-MSV2) is as follows:
We consider another multifractional version of the SABR model called SABR-MSV2 de-
scribed by the following Stochastic Differential Equation (SDE) system:

dFt = σH(t)F β
t

(
ρdWt +

√
1 − ρ2dBt

)

d ln (σt) = θ (µ− ln (σt)) dt+ αd⋄Bh
t + βd⋄WH

t + γdZt

(6)

with Bh
t a multifractional Brownian motion, WH

t a fractional Brownian motion, Zt is a
standard Brownian motion. The differentiability d⋄Bh

t and d⋄WH
t is taken in the sense of

Wick-Itô. Itô’s theorem leads to the following result:

σt = exp
(
σ0e

−θt + µ
(
1 − e−θ

)
+ a

∫ t

0
eθ(s−t)d⋄Bh

s + b
∫ t

0
eθ(s−t)d⋄WH

s + c
∫ t

0
eθ(s−t)dZs

)
(7)
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3 Valuation of variance and volatility swaps under
the SABR-MSV model

We are now going to propose a pricing of variance and volatility swaps after giving some
reminders about fractional and multifractional Brownian motion.

3.1 Elements of calculations on fractional and multifractional
Brownian motion

Definition 3.1. ( Fractional Brownian motion) [16]
Let H be a constant belonging to the interval ]0, 1[ and I an interval on IR. A fractional
Brownian motion (mBf) on the interval I of Hurst index H is a Gaussian process centered
on I whose covariance, denoted CovH is given by:
For any real pair (t, s) ∈ I2 , we have

CovH (t, s) = dH

2
(
|t|2H + |s|2H − |t− s|2H

)
(8)

where dH is a positive constant,
and

IE
[(
BH

t −BH
s

)2
]

= ZH |t− s|2H

An approximation of the fractional Brownian motion is given in [?]

BH
t =

∫ t

0
10≤x≤t≤T (t,X)KH(t, x)W (dX) (9)

with

• if 0 < H <
1
2 so

KH(t,X) = αH

[(
t

X

)H−1/2
−
(
H − 1

2

)
X1/2−H

∫ t

X
(Y −X)H−1/2Y H−1/2dY

]
(10)

• if 1
2 < H < 1 so

KH(t,X) =

 H (2H − 1)

β
(

2 − 2H,H − 1
2

)


1/2

X1/2−H
∫ t

X
(Y −X)H−3/2Y H−1/2dY (11)

where for all H ∈ (0, 1) , αH =

 2H

(1 − 2H) β
(

1 − 2H,H + 1
2

)


1
2
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3.2 Variance swap formula under the SABR-MSV1 model
Using 3, we get:

Evar = IE[RV ] = IE
[

1
T

∫ T

0
σ2(t)dt

]
(12)

= IE
[

1
T

∫ T

0
σ2

0e
2(αBh

t +αWt−α2t)dt
]

(13)

= σ2
0
T

IE
[∫ T

0
e2(αBh

t +αWt−α2t)dt
]

(14)

L’intégrale stochastique par rapport au mouvement brownien multifractionnaire est définie
de la façon suivante comme dans [12]
Definition 3.2. (Intégrale de Wick- Itô)
Let Y : IR −→ (S)∗ be a process such that t 7→ Y (t) ⋄ W h(t) is (S)∗ − integrable on
IR. We say that the process Y is dBh − integrable or integrable on IR with respect to the
multifractional Brownian motion (mBm). The integral of Y with respect to Bh is defined
by: ∫

IR
Y (s)dBh(s) :=

∫
IR
Y (s) ⋄W h(s)ds (15)

For any interval I of IR, we define
∫

I Y (s)dBh(s) :=
∫

IR 1I(s)Y (s)dBh(s)
The following theorems are generalizations of Itô’s theorem for fractional and multi-

fractional Brownian motion.
Theorem 3.1. (2.5 dans [2]) (Fractional and multifractional Itô formula)
Let f(t, x) be a continuously differentiable function with respect to t and twice with re-
spect to x and suppose that the random variables f(t, BH(t)) ,

∫ t

0

∂f

∂t
(f(t, BH(t)))dt,∫ t

0

∂2f

∂x2 (f(t, BH(t)))dt are in L2(u) so

f(T,BH(t)) = f(0, 0) +
∫ T

0

∂f

∂t
(f(t, BH(t)))dt+

∫ T

0

∂f

∂x
(f(t, BH(t)))dBH(t) (16)

+H
∫ T

0
t2H−1∂

2f

∂x2 (f(t, BH(t)))dt (17)

For H = 1
2 we recover the classical Itô formula of the standard Brownian motion.

For the multifractional case the formula becomes:

f(T,BH(t)) = f(0, 0) +
∫ T

0

∂f

∂t
(f(t, BH(t)))dt+

∫ T

0

∂f

∂x
(f(t, BH(t)))dBH(t) (18)

+1
2

∫ T

0
2t2h−1(h′(t)t ln t+ h(t))∂

2f

∂x2 (f(t, BH(t)))dt (19)
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The following theorem is an approximation of the Wick-Itô multifractional integral.

Theorem 3.2. (theorem (2.25) dans [12])
Let h : IR −→ (0, 1) be a deterministic function belonging to C1 and let f : IR −→ IR
be a deterministic measurable function belonging to L1

loc(IR). Let Zt := (Zt)t∈IR be the
process defined by Zt :=

∫ t

0
f(t)d ⋄ Bh(t). Then Z is a is (S)∗ − process which verifies

the following equality in (S)∗

∫ t

0
f(t)d⋄Bh(t) =

+∞∑
k=0

(∫ t

0
f(t) d

dt
[gek(t, h(t))] dt

)
⟨·, ek⟩ (20)

Moreover Z is a Gaussian process if and only if

+∞∑
k=0

(∫ t

0
f(t) d

dt
[gek(t, h(t))] dt

)2

< ∞ for all t ∈ IR. In this case we have for all t ∈ IR,

Zt =
∫ t

0
f(t)d⋄Bh(t) L∼ N

0,
+∞∑
k=0

(∫ t

0
f(t) d

dt
[gek(t, h(t))] dt

)2
 (21)

In particular, Z is a Gaussian process when f ∈ C1(IR, IR).
However if f ∈ C(IR), by applying Itô’s theorem with respect to mBm ([?] theorem (6.9)),
we obtain the following integration by parts formula∫ t

0
f(t)d⋄Bh(t) (L2)= f(t)Bh(t) −

∫ t

0
f ′(t)dBh(s)dt (22)

and

IE
[
Z2

t

]
= f(t)2t2h(t) +

∫ t

0

∫ t

0
f ′(t)f ′(u)Rh(t, u)dsdu− 2f(t)

∫ t

0
f ′(t)R(t, t)dt (23)

We state the following proposition which will help us in the computation of IE[RV ]

Proposition 3.1. Let F (T ) :=
∫ T

0
e2αζ(t)dt with ζ(t) = Bh(t) + W (t) − αt and α a

positive constant. The random variable F (T ) can be expressed by the multifractional
integral Wick-Itô as follows:

F (T ) = g(T )e2αζ(T ) − 1
2α2 −

∫ T

0
g(t)e2αζ(t)dBh(t) − 2α2

∫ T

0
2t2h′(t)−1(h′(t)t ln t+ h(t))g(t)e2αζ(t)dt

(24)

with g(x) = Ke−2αx + 1
2α2 , K ∈ IR et h(x) is a Hurst functional parameter belonging in

(0, 1).

Proof. Let’s put F (T ) =
∫ T

0
exp

(
2αBh

t + 2αWt − α2t
)
.

Let f(t, x) = g(t) exp (2αx+ 2W − α2t) for all g ∈ C1(IR) et f ∈ C1,2(IR+, IR) and we

assume that the random variables f
(
t, Bh

t ,Wt

)
,
∫ t

0

∂f

t

(
t, Bh

t

)
dt and

∫ t

0

∂2f

t2

(
t, Bh

t

)
dt

are in L2(u)
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According to Itô’s multifractional theorem (3.1) we have

f
(
T,Bh

t

)
= f

(
0, Bh

0

)
+
∫ T

0
e2αζ(t)

(
g′(t) − 2α2g(t)

)
d+

∫ T

0
2αg(t)e2αζ(t)dBh

t (25)

+2α2
∫ T

0
2t2ht−1 (h′(t)t ln sh(t)) g(t)e2αζ(t)dt (26)

with g(t) = ke−2αt + 1
2α2 solution of the differential equation g′(t) − 2α2g(t) = 1. Which

allows us to write

F (T ) = g(T )e2αζ(T ) − 1
2α2 −

∫ T

0
g(t)e2αζ(t)dBh(t) − 2α2

∫ T

0
2t2h(t)−1 (h′(t)t ln t+ h(t)) g(t)e2αζ(t)

(27)

From the previous proposition we can state the following theorem

Theorem 3.3. Under the SABR multifractional model, the strike price Evar of variance
swaps with maturity T is given by the following formula

σ2
0
T

(
g(T )e2αζ(T ) − 1

2α2 − 2α2IE
[∫ T

0
p(t)g(t)e2αζ(t)dt

]
− IE

[∫ T

0
g(t)e2αζ(t)dt

])
(28)

with p(t) = th
′(t)−1(h′(t)t ln t+ h(t))

Proof. Using the proposition 3.1, we get

Evar =IE [RV ] = σ2
0
T

IE
[∫ T

0
e2αζ(t)dt

]
(29)

=σ0

T
IE
[
g(T )e2αζ(T ) − 1

2α2 −
∫ T

0
g(t)e2αζ(t)dt− 2α2

∫ T

0
2p(t)g(t)e2αζ(t)dt

]
(30)

=σ
2
0
T

(
g(T )e2αζ(T ) − 1

2α2 − 2α2IE
[∫ T

0
p(t)g(t)e2αζ(t)dt

]
− IE

[∫ T

0
g(t)e2αζ(t)dt

])
(31)

because

IE
[∫ T

0
g(t)e2αζ(t)dBh(t)

]
= 0 (32)

with g(s), ζ(s), p(t) are defined above and h = h(t) is the Hurst functional parameter for
the mBm.

Once the strike price of the variance swaps has been calculated, we can now calculate
that of the volatility by an approximation. For this we use the following approximation
(see [7], [13], [11],[6], [3], [1] and [17] for more details).
The formula that allows the price of volatility swaps is given by the following theorem
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Theorem 3.4. Under the multi-fractional SABR model, the strike price Evol of volatility
swaps with maturity T is given by

Evol = 9
8 (Evar)1/2 − σ2

0
8T 2 (Evar)−3/2

(
1

4α4ψ(T )
(

1 − 1
α2 − 6α2IE [ϕ(T )]

)
+ IE

∫ T

0
ψ2(t)dt

(33)

+4IE[ϕ(T )] + IE
[
ϕ2(T )

])
(34)

with p(t) = th
′(t)−1(h′(t)t ln t+ h(t)), ϕ(T ) =

∫ T

0
p(t)g(t)dt et ψ(T ) = g(T )e2αζ(T )

Proof. We have by definition Evol = IE[
√
RV ]. The approximation in [7] and [17] show

that IE[
√
X] ≃

√
IE[X] − V ar[X]

8 (IE[X])3/2

Using this approximation, we can write

Evol =
√

IEvar − V ar[RV ]
8 (IEvar)3/2 (35)

let’s calculate V ar[RV ]

By definition V ar[RV ] = IE[RV 2] − IE[RV ]2

Recall that IE[RV ] = Evar so

IE[RV 2] = IE
( 1

T

∫ T

0
σ2(t)dt

)2
 with σ(t) = σ0e

αBh(t)+αW (t)−α2t

According to proposition 3.1 the integral
∫ T

0
e2α(Bh

t )+Wt−α2tdt can be approximated by

∫ T

0
e2α(Bh

t )+Wt−α2tdt = g(T )e2αζ(T ) − 1
2α2 −

∫ T

0
g(t)e2αζ(t)dBh(t)

− 2α2
∫ T

0
2t2h′(t)−1 (h′(t)t ln t+ h(t)) g(t)e2αζ(t)dt (36)
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(∫ T

0
e2α(Bh

t )+Wt−α2tdt

)2

≃
∫ T

0
g2(t)e4αζ(t)ds+ 1

4α4 + g2(T )e4αζ(T )

+
(∫ T

0
2th′(t)−1 (h′(t)t ln t+ h(t)) g(t)e2αζ(t)dt

)2

− 1
α2 g(T )e2αζ(T )

− 6α2g(T )e2αζ(T )
∫ T

0
2th′(t)−1 (h′(t)t ln t+ h(t)) g(t)e2αζ(t)dt

+ 4
∫ T

0
2th′(t)−1 (h′(t)t ln t+ h(t)) g(t)e2αζ(t)dt

− 2g(T )e2αζ(T )
∫ T

0
g(t)e2αζ(t)dBh(t) + 1

α2

∫ T

0
g(t)e2αζ(t)dBh(t)

+ 2
(∫ T

0
g(t)e2αζ(t)dBh(t)

)
×
(

2α2
∫ T

0
2th′(t)−1 (h′(t)t ln t+ h(t)) g(t)e2αζ(t)dt

)
(37)

So

IE[RV 2] =σ2
0
T 2

(
1

4α4 + g2(T )e4αζ(T ) − 1
α2 g(T )e2αζ(T ) − 6α2g(T )e2αζ(T )IE

[∫ T

0
p(t)g(t)e2αζ(t)dt

]

+IE
[∫ T

0
g2(t)e4αζ(t)dt

]
+ 4IE

[∫ T

0
p(t)g(t)e2αζ(t)dt

]
+ IE

(∫ T

0
2p(t)g(t)e2αζ(t)dt

)2


(38)

because

IE
[
g(T )e2αζ(T )

∫ T

0
g(t)e2αζ(t)dBh(t) + 1

α2

∫ T

0
g(t)e2αζ(t)dBh(t)

]
= 0

(39)

IE
[(∫ T

0
g(t)e2αζ(t)dBh(t)

)
×
(

2α2
∫ T

0
2th′(t)−1 (h′(t)t ln t+ h(t)) g(t)e2αζ(t)dt

)]
= 0

(40)

replacing this result in 35, we get

Evol = 9
8 (Evar)1/2 − σ2

0
8T 2 (Evar)−3/2

(
1

4α4ψ(T )
(

1 − 1
α2 − 6α2IE [ϕ(T )]

)
+ IE

∫ T

0
ψ2(t)dt

+4IE[ϕ(T )] + IE
[
ϕ2(T )

]
(41)
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3.3 Approximation of variance and volatility options
Having evaluated the strike prices of variance and volatility swaps, we can now evaluate
the prices of variance and volatility options.
By definition the price of a variance option at expiration is given by

Callvar = Payoffvar = max (RV − Evar, 0) (42)

and the price of a volatility option is given by

Callvol = Payoffvol = max
(√

RV − Evol, 0
)

(43)

An approximation of the variance and volatility options is in the following proposition

Proposition 3.2. Under the multifractional SABR model, the prices of the variance and
volatility options are given by

Callvar = max
(
σ2

0
T

(∫ T

0
g(t)e2αζ(t)dBh(t) + 2IE

[∫ T

o
p(t)g(t)e2αζ(t)dt

]
+ IE

[∫ T

0
g(t)e2αζ(t)dt

]

−
∫ T

0
g(t)e2αζ(t)dt− 2α2

∫ T

0
p(t)g(t)e2αζ(t)

)
, 0
)

(44)

Callvol = max
 σ0√

T
×
√
ψ(T ) − 1

2α2

∫ T

0
ψ(t)dt− 2α2ϕ(T )

∫ T

0
ψ(t)dBh(t) − 9

8
√
Evar

− σ2
0

8T 2 (Evar)−3/2
( 1

4α4ψ(T )
(

1 − 1
α2 − 6α2IE [ϕ(T )]

))
+ IE

[∫ T

0
ψ2(t)dt

]

+IE [ϕ(T )] + IE
[
ϕ2(T )

]
; 0
)

(45)

with ϕ(T ) =
∫ T

0 p(t)g(t)e2αζ(t)dt, ψ(T ) = g(T )e2αζ(T ), g(t) = Ke−2αt + 1
α2 ,

ζ(t) = αBh(t) + αW (t) − α2t, and h = h(t) is a Hurst parameter for mBm.

Proof. This is a direct application of the proposition 3.1

3.4 Variance swap formula under the SABR-MSV2 model
Using 3, we get:

Evar = IE[RV ] = IE
[ 1
T

∫ t

0
σ2(t)dt

]
(46)

= IE
[

1
T

∫ T

0
exp 2

(
σ0e

−θt + µ
(
1 − e−θt

)
+ a

∫ t

0
eθ(s−t)d⋄Bh

s + b
∫ t

0
eθ(s−t)d⋄WH

s + c
∫ t

0
eθ(s−t)dZs

)]
(47)
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By using the Taylor expansion of the function ex to order 1, and after some elementary
calculations, we obtain the following formula:

Evar = IE
[

2
θ
σ0
(
1 − e−θT

)
+ 2µ

(
T − 1

θ

(
1 − e−θT

))
+ 2ae−θt

∫ T

0
eθsBh(s)ds+ 2be−θt

∫ T

0
eθsWH(s)ds

−2aθe−θt
∫ T

0

(∫ t

0
eθsBh(s)ds

)
dt− 2bθe−θt

∫ T

0

(∫ t

0
eθsWH(s)ds

)
dt

+2a
∫ T

0

(∫ t

0
eθ(s−t)WH(s)dZ(s)

)
dt

]
(48)

= 2
θ
σ0
(
1 − e−θT

)
(1 − µ) + 2µT + 2IE

[
ae−θt

∫ T

0
eθsBh(s)ds+ be−θt

∫ T

0
eθsWH(s)ds

−aθe−θt
∫ T

0

(∫ u

0
eθsBh(s)ds

)
du− bθe−θt

∫ T

0

(∫ u

0
eθsWH(s)ds

)
du

+a
∫ T

0

(∫ u

0
eθ(s−t)dZ(s)

)
du

]
(49)

Evar = 2
θ
σ0
(
1 − e−θT

)
(1 − µ) + 2µT + 2e−θtIE

[
a
∫ T

0
eθsBh(s)ds+ b

∫ T

0
eθsWH(s)ds

−aθ
∫ T

0

(∫ u

0
eθsBh(s)ds

)
du− bθ

∫ T

0

(∫ u

0
eθsWH(s)ds

)
du+ a

∫ T

0

(∫ u

0
eθsZ(s)ds

)
du

]
(50)

3.5 Volatility swap formula under the SABR-MSV2 model
Still using the following approximation

Evol =
√
Evar − V ar(RV )

8(Evar)3/2 (51)

we can approximate Evol as follows

var(RV ) = IE(RV 2) − IE(RV )2 avec RV 2 = 1
T 2

(∫ T

0
σ2(s)ds

)2

et IE(RV )2 = Evar

(52)

The approximation of IE(RV 2) uses the same techniques as in the model 1.

4 Conclusion
In this article we have proposed a multifractional SABR model to calculate the strike
prices of variance and volatility swaps using three Hurst functionals. The objective is
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to better price variance swap options and volatility swap options in situations of high
volatility or low volatility. This allows investors to better hedge volatility risks. We plan
for future work to conduct numerical simulations and an analysis of the sensitivity and
complexity of the method.
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