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Case 7 (o)

Case 8 (0)

Figure 6: Continued

Exploiting the orthogonality of the basis functions, the
coefficients can be determined by integration of the product
of f(x) and the basis functions. In the framework of the volatility
reconstruction problem the coefficients ! and ﬂgq are defined by
solving the optimization problem as explained in Section 2.3.

Appendix B Implicit Finite Difference
Scheme for Solving Dupire PDE

The Dupire partial differential equation has the following form:

il +(r— q)Kg — aszﬁ +qf =0,

1
- B.1
aT K 2 K2 (B.1)

where f is the option price, K is the strike price, and T is the
maturity. For a detailed discussion of the Dupire equation see
e.g. Coleman et al. (1999), Ben Hamida and Cont (2005); Dupire
(1994); Hanke and Rosler (2005).

PDE (B.1) is solved by using a finite-difference approximation
on a regular mesh between K;;, and K4y for the strike price and
between 0 and Ty, for the maturity. These meshes are divided
into Mand N parts in K and T directions, respectively:

MAK = Kpax — Kmin
NAT = Tmax.
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(n)

Case 7 (02)

()

Case 8 (02)

The partial derivatives are approximated as follows:

A firr —fij1

oK 2AK
aT AT

3% figr1 = 2ig +fig—1

K> AK?

The finite-difference approximation of the Dupire PDE has the
form:

ajﬁ-,j_1 +bj iJ+CjﬁJ+1 =ﬁ'_1J Vi=1...N,Vj=1...M,

where
1 Kinin . 1 2 Kinin . 2
ii=—=(r— At — — AL,
Gy = =5 Q)< AK H) 2° (AK “)
K, 2
1 Knin . 1 2 Kinin . 2
ii==(r— At — — AL.
G =5 Q)< AK H) 2° (AK “)
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Figure 7: The Greeks with the reconstructed and constant volatility functions for the S&P data set with 1 year maturity (Case 3a,

Table 1).

Here o =o(K;,T;). It is a forward equation with the initial
condition (for the European call):

f(K, 0) = max(Sipit — K, 0)

and boundary conditions:

FK,T) = 0,
FIK,T) = Sinit — K,

K> Sinit’ VT(at Kmax)
K ~ 0, VT(at Kyin)
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Appendix C Input files for the SobolVol
Program

The program SobolVol requires three input files. They are listed
below.

1 InputData.txt file
This file contains the data for setting

1) parameters for solution of the Dupire equation;

2) parameters to compute the Greeks;
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Figure 8: The Greeks with the reconstructed and constant volatility functions for the S&P data set with 1-year maturity (Case 7,

Table 1).

3) parameters for plotting the volatility surface;
4) data point (pairs (Kj, Tj)) and implied volatilities if market
data is used.

The Dupire PDE is solved using the implicit finite difference
method that requires a mesh along K and T directions. Usual
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parameters such as the spot price, the interest and dividend
rates are also required. These parameters are provided in the
section entitled “‘Parameters for Dupire PDE”.

In section “Parameters to compute the Greeks” user can specify
the boundaries of the K x T domain in which Greeks to be
calculated. Similarly, in section ‘“Parameters for plotting the
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volatility surface” user can specify the K x T domain for plotting
the volatility surface.

In the next section of the InputData.txt file the number of data
points m ((Kj, Tj),j = 1,...,m pairs), strike prices Kj and maturities
T; are set. There are two options: a) to use a built-in volatility
model (o = 15/S); b) to use market data, in which case the user
should specify the implied volatility values for all (Kj, Tj) pairs.

To get familiar with the program it is recommended to use a
built-in volatility model as a learning exercise.

Important note: The data are separated from the comments with
colons (:).

Parameters for solving the Dupire PDE:

(*Sinit)
(*Sinit)
Number of steps in K direction: 100

Minimal K on the mesh: 0.0
Maximal K on the mesh: 2.0

Number of steps in T direction: 60
Initial stock price : 590

0.06
0.0262

Interest rate
Dividend rate

Parameters to compute the Greeks:

Kmin: 501.5 //500
Kmax: 678.5 //800
Number of steps in K direction: 4 //21

0.85 //1
1.15
Number of steps in T direction: 4 //2

Tmin:
Tmax:

Parameters for plotting the volatility surface:

Kmin: 500

Kmax: 700

Number of steps by K: 51
Number of steps in T direction (from 0 to the
maximal maturity): 31

Number of data points: 70

Strike prices:

501.50 531.0 560.50 590.
678.50 708.0 767.0 826.
501.50 531.0 560.50 590.
678.50 708.0 767.0 826.
501.50 531.0 560.50 590.
678.50 708.0 767.0 826.
501.50 531.0 560.50 590.
678.50 708.0 767.0 826.

619.50 649.0

619.50 649.0

619.50 649.0

619.50 649.0

O O O O O O O o
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501.50 531.0 560.50 590.
678.50 708.0 767.0 826.
501.50 531.0 560.50 590.
678.50 708.0 767.0 826.
501.50 531.0 560.50 590.
678.50 708.0 767.0 826.

619.50 649.0

619.50 649.0

619.50 649.0

Maturities:

0.1750 0.1750 0.1750 0.1750 0.1750 0.1750
0.1750 0.1750 0.1750 0.1750

0.4250 0.4250 0.4250 0.4250 0.4250 0.4250
0.4250 0.4250 0.4250 0.4250

0.6950 0.6950 0.6950 0.6950 0.6950 0.6950
0.6950 0.6950 0.6950 0.6950

0.9400 0.9400 0.9400 0.9400 0.9400 0.9400
0.9400 0.9400 0.9400 0.9400

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000

1.5000 1.5000 1.5000 1.5000 1.5000 1.5000
1.5000 1.5000 1.5000 1.5000

2.0000 2.0000 2.0000 2.0000 2.0000 2.0000
2.0000 2.0000 2.0000 2.0000

use a built-in volatility model
(lf “l’lO",

(y/n): n
then provide the implied volatility
values below)

Implied volatilities:

0.1900 0.1680 0.1330 0.1130 0.1020 0.0970
0.1200 0.1420 0.1690 0.2000

0.1770 0.1550 0.1380 0.1250 0.1090 0.1030
0.1000 0.1140 0.1300 0.1500

0.1720 0.1570 0.1440 0.1330 0.1180 0.1040
0.1000 0.1010 0.1080 0.1240

0.1710 0.1590 0.1490 0.1370 0.1270 0.1130
0.1060 0.1030 0.1000 0.1100

0.1710 0.1590 0.1500 0.1380 0.1280 0.1150
0.1070 0.1030 0.0990 0.1080

0.1690 0.1600 0.1510 0.1420 0.1330 0.1240
0.1190 0.1130 0.1070 0.1020

0.1690 0.1610 0.1530 0.1450 0.1370 0.1300
0.1260 0.1190 0.1150 0.1110

2 OptData.txt file

This file contains the data for a volatility approximation model
and optimization. The type of the model is specified at the
beginning of the file. There are four different model types to
choose: 1) spline 2) hdmr 3) 1D spline 4) 1D hdmr. Model types are
discussed in the text above.

The next part of the file specifies the number of coefficients (the
number of function values for the spline model, the number of
polynomial coefficients for the HDMR model etc.). The user needs
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to provide lower and upper bounds for variables (coefficients
of the volatility approximation model) in the optimization
problem.

Two optimization algorithms can be used: the first is the
Levenberg-Marquardt (local) method and the second is the global
optimization approach implemented in the SobolOpt program.
SobolOpt is the part of the SobolVol program (the details can be
found in Kucherenko and Sytsko, 2005). In the case of choosing
SobolOpt, two other parameters are required. They should be
specified in the end of OptData.txt file.

Model type (spline / hdmr / splineld /hdmrld) :
spline

Number of coefficients (max 1000) :

22

Lower bounds for the parameters:
00000O0O0OO0O0O
00000O0O0OO0O0O
00

Upper bounds for the parameters:
1111111111
1111111111
11

Optimization algorithm (lm / sobolopt /
simulation): sobolopt

Initial conditions
(if all are = -1,
value of implied volatility will be used in

then the mean

optimization) :
0.15 0.15 0.15 0.15 0.15 0.15 0.15
0.15 0.15 0.15
0.15 0.15 0.15 0.15 0.15 0.15 0.15
0.15 0.15 0.15
0.15 0.15

Size of the reduced sample set for SobolOpt:
32

Size of the full sample set for SobolOpt:
64

3 ModelData.txt file

In this file model parameters are specified. The model itself is
chosen in the OptData.txt file.

There is an option to approximate o or o2, Next part of the file
deals with setting the spline knots (number of data, mesh points)
or parameters of the HDMR model.

For the spline model, the user specifies at which (K, Tj) points
the values of the volatility model function are used.
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Here is an example of the ModelData.txt file for the spline model:

Sigma”2 is approximated (y/n): n

Parameters to the spline mesh

(if Kmesh and Tmesh number of points = -1,
the implied

volatility values given in InputData.txt will

then

be used as initial wvalues)

Number of points in the Kmesh: 10
Kmesh points (*Sinit):

0.8000 0.8667 0.9333 1.0000 1.0667
1.1333 1.2000 1.2667 1.3333 1.4000

Number of points in the Tmesh: 7
Tmesh points:

0 0.3333 0.6667 1.0000 1.3333
1.6667 2.0000

Spline end condition
(1f 0, the derivative will be zero; if >=1e30,
the natural spline end condition is used):

le30

For the full HDMR model (hdmr), specified parameters include
the number of polynomial coefficients for the first and second
order component functions (the number of alpha coefficients for
K and T, and the number of beta coefficients for (Kj,Tj) terms).
Here is an example of the ModelData.txt file for the hdmr model:

Sigma”2 is approximated (y/n): vy

Parameters for normalization in HDMR (if -1,
the default value will be used):

Kmin: 0.3 (*Sinit) // default 0.3
Kmax: 2.0 (*Sinit) // default 2.0
Tmin: 0.0 // default 0.0
Tmax: -1 // default Tmax

Polynomial degrees for alphas (K and T):

Polynomial degrees for betas:

betali: 1 j: 2 1: 3 1': 3]
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For the 1D HDMR model (hdmrid) the parameters include the
maximum number of polynomials (polynomial decompositions
with respect to K) and the number of 1D models (each model is
assigned to a fixed T value). Here is an example of the ModelData.txt
file for the hdmrld model:

Sigma”2 is approximated (y/n): n

The constant sigmalO is a parameter to be
optimized (y/n): n

Parameters for normalization in HDMR (if -1,
the default value will be used):

Kmin: 0.6 (*Sinit) // default 0.3
Kmax: 1.4 (*Sinit) // default 2.0
Tmin: 0.0 // default 0.0
Tmax: -1 // default Tmax

Number of polynomials: 10

Number of one-dimensional models: 7
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