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Introduction

Analytical Finance group at the Méalardalen University develops the
Analytical Finance Package (AFP). This is the library of Java applets
in the area of analytical finance. The project was initiated in 2003, and
it is realising on a permanent base.

Professor Dmitrii Silvestrov and Dr. Anatoliy Malyarenko are leaders
of the project. They develop AFP in collaboration with other members
of Analytical Finance group and students of the Bachelor programme
Analytical Finance and the Master programme Financial Engineering
realising at the Malardalen University.

The initial list of subject areas and number of items available now in
each subject area are the following: A — Simulation of pricing
processes (11 items); B — Estimation of pricing processes (0 items);
C — Evaluation of financial contracts (32 items). The AFP is free
software. The access to the program library AFP is available from the
web-address:
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http://www.mdh.se/ima/analyticalfinance/af1.software.shtml
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Category A

Information
= represents research, educational and other activities
i (Anaiytical Finanee) Group created by the Dapartment An examp!e of
of Mathematics and Physics at Malardalen University in 1999, mathematical [heory

The School of Business also supports the activities of the AF
Group. Analytical Finance is the research area that includes as a
core fnandial . financial eng ing as well as Category C
financial and risk management software. Research studies of
the group are concentrated in these domains as well 2s in some N
related research areas in applied mathematics, statistics and For further readmg
mathematical econemics such as actuarial mathematl-s,

pt plie
CEmputational ame theory, simulation, seientifie computing,
informatics.

Educational activities of the AF Group are focused on realisation
e e e e e e oe l Sveare Lkt
programme "Financial Enginesring” (2 years); and Pl

cducational programme (4 years].

The AF Group supports the seminar "Mathematical and
in " (MSAE) acting at

Malardalen University.

The page includes information about the staff of the group,
research projects, educational programmes and courses,
publications, seminars and software developed by the AF
Group. It represents also information about international
schools organised under support of the group, proceedings of
these schools, as well as additional consulting information and a
list of useful links related to analytical finance.




The Software Web page

€2 Analytical Finance  sonware

Information
The development of pilot financial and risk management
software is one of the main research area of the AF Group.
Below the list of software project supported by the group is
given.

To get the software for free, please registrate.

AFP — Analytical Finance Package

The Analytical Finance Package is a library of applets,
applications and other types of Java based software
tools in the area of analytical finance.

SMIB — Stochastic Modelling of Insurance Businsss

A program system for stochastic modelling of
insurance business with dynamical control of
investment. (Description)

IFM — Introduction to Financial Mathematics

Intreduction to Financial Mathematics is a library of
MATLAS programs in the area of analytical finance.

ReAn — Reinsurance Analyser

A program systermn for evaluation and comparison of
reinsurance contracts. (Description)
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The Analytical Finance Package Web page e paciens
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Jnoducton
& Analylical Finance  ar package ceteoen/

An example of

mathematical theory
Analytical Finance group at the Malardalen University develops
Analytical Finance Package (AFP). This is a library of applets,
applications and other types of Java based software tools in the
area of analytical finance. The project was initiated in December
2003, and it will be developing on a permanent base.

For further reading
Professor Dmitrii Silvestrov and Dr. Anataliy Malyarenko are
leaders of the project. They develop AFP in collaboration with other
members of Analytical Finance Group and students of the Master
programme Analytical Finance. Names of developers of particular
applets and other tools are shown at their front pages.

Category C

The initial list of subject areas is the following:

A - Simulation of pricing processes
B - Estimation of pricing processes
C - Evaluation of financial contracts

In order to make your browser adapted for running applets, you
may need a code which is loadable from the webbpage Dewnload
Java 2 Platferm, Standard Edition, v 1.4.2 (J2SE).




Category A — Simulation of pricing processes

€%y Analytical Finance

AF Package

G ry A —

of pricing process:

Applet A01
Authors

Applet A02
Author

Applet A0S
Authors

Applet A04
Authors

Applet A0S
Authors

Applet A0S
Author

Applet A07
Authors

Applet A0S
Avthar

Applet A0S
Author

Applet A10
Authors

Applet A11

Author

Autoregressive model
Mrasimira Kirows and Ying M

Jump-diffusion model
Robin Lundaren

Standard user e face for simulation applets
Xin Mai and Weiss Amani

GARCH model
Sona Gevorgyan, Enrike Barrientos and Nahir Hanna

ARMA model
Sac Jongjie and Rafael Cortes

GPI model
Herve Fandom Tchomgouo

Stochastic Wolatility model
Daniela Andersson and Zheng Wang

Cox-Ross-Rubenstein Model
Mazyar Rastami

Autematen Model Simulator
Robert Bystrom

Mowing Averags
Alexander Swvahn, Dawvid Hefner, Jakeb Wernroth and
Jonas Gustawssen

Iava Applet for the Erizing of Exotic Optiens by Monte-
tions in o rlect with Stochastic

Isaac Acheampeng
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Applet A11 — Pricing of Exotic Options in a Levy market with
Stochastic Volatility (Isaac Acheampong)

LEVY STOCHASTIC PROCESSES UNDER MONTE-CARLO SIMULATION

Barrier option prices with
variance gamma Lévy process

A AN

Barrier price

Standard error of Barrier option
prices (variance gamma process)

14

Standard eror
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10,000
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The Master thesis

w A W
MALARDALENS HOGSKOLA
Institutionen for Matematik och Fysik Code: MdH.IMa.Mat.0061-(2006)10p-AF

MASTER THESIS IN MATHEMATICS /APPLIED MATHEMATICS

Java Applet for the Pricing of Exotic Options by Monte-Carlo
Simulations in a Lévy market with Stochastic Volatility

by

Isaac Acheampong
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Table: Notation | ,
ntroduction

Symbol Explanation Category A
Current time -

) The stock price at time ¢ Category ©

(1) The volatility of the underlying stock at time ¢ A
Risk-free interest rate
The speed of volatility mean reversion

The volatility of the volatility process

The correlation coefficient

CIJ

c?
r

5= Q

0] O =)

(1), B3(t) Two independent Brownian motions

The strike price of an Asian call option

The expiration time of the option contract

~ B



The formulation of a problem

The price process and the volatility process follow the Heston
model described by the following system of stochastic
differential equations in 1té form.

dS(t) = rS(t) dt+ S(t)o(t) dB' (1),
do?(t) = a(0 — o2(t)) dt + Bo(t)(p dB' (t) + /1 — p2 dB?(t)

with S(0) = Sy and 02(0) = 0. We would like to calculate the
price of an Asian call option on this asset.
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Solution, step 1

Introduce the process

I(t) =

and rewrite the Heston model in the 1t6 integral form

S(t) = So+ /0 ' rS(s) ds+ /0 '5(s)o(s) dB(s).

o3(t) = G§+/Ota(9 —02(3))ds+/0tﬁ6(s)(p dB'(s)

/Ot S(s)ds,

VTP aB(),

() = o+/ots(s) ds.

Let f(S(T),0%(T),I(T)) =max{/(T)/T — K,0}. Then the
price of the Asian call option is C = Ef(S(T),0?(T),I(T)).
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Solution, step 2

Introduce the following notation.

B°() s,

A
=
I
/-\
A
\./

c?(1), (1)),

and rewrite the model in the Stratonovich integral form

+Z/ ¥(s)) o dB/(s), (1)

where Vg, V4, Vo: R® — R3 are the following functions.

Vo((y1,¥2,¥5)") = (v1(r —y2/2 = pB/4), (6 — y2) — BZ/4,11)',

V1((y17}/2)y3)/) - (}/1 \/}727PB\/}7270)/
Va((v1,y2,¥3)') = (0,B/(1 = p?)y2,0)".
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Solution, step 3

Let &, &, &3, and &, be four independent standard normal
random variables. Introduce the following functions.

V3

1 V3 3
Wis= *ESVo + 751 VsV + 753\5V27

Wy = gSVo — 5\6/551 VsVi + \fézx/gw — %ésﬁvz
V6

6
6
+ 754\/5\/2-
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Solution, step 4

Consider the following two systems of ordinary differential
equations (ODE):

MO _w.v0). v =y =12 s>0
These systems are the ODE-valued random variables in the
sense of Ninomiya and Ninomiya (2008).

Let aj be an M x M matrix with ax = 0 for i < k, and let b; be a
vector of length M (specially designed). The M-stage
Runge—Kutta method of order m for the above mentioned

systems is written as follows.
. M
vy =yo+s Z aikWLs(y(k)), 1<i<M,

k=1

M
9(Wjs)(vo) = Yo+ Y bW s(y?).

i=1

The Analytical
Finance Package

Dmitrii Silvestrov,
Anatoliy Malyarenke

D WALARDALEN UNIVERSITY
QW

Introduction

Category A

Category C

For further reading



Solution, the last step i

Finance Package

Dmitrii Silvestrov,

Let n be a positive integer. Define recursively the second order Aty (e
scheme as the following sequence of random vectors: o g
Introduction
Y(()n) — Y(O), Category A
Y(kH)T/n*Q(W1,1)OQ(W2,1)(YKT/,7), 0<k<n-—1,
Category C

and define the third order scheme by the Romberg
extrapolation:

For further reading

n 4 n 1 n
x(TZ):gv(TZ)—§Y(T).

Ninomiya and Ninomiya (2008) proved that the average of X(TZ")
approximates system (1). In particular,

r!imoEf(x(ﬁ”)) = EA(Y(T)).

To calculate Ef(X(TZ")), use quasi Monte Carlo.



Category C — Evaluation of financial contracts

§8) Analyhical Finance  ar package

Category C — Evaluation of financial contracts

Applet COL:
Authors:

Applet coz;
Authors:

Applet CO3:
Authors:

Applet Cod:
Authors:
Applet COS:
Authors:
applet CO6:
Authar:

Applet CO7:
Authors:

Armerican options with dividends
Ling Wang, Bing Wang and Yanjun Wang

The Black - Derman - Toy modsl
Lei Zhang and Henrik Hyblom

Pricing Eurcpean options by binermial rnodel methed
Tina ¥edenpas and Cecilia Flink

Pricing European call options on a forward contract

Mahsima Ranjbar, Malin Anderssan and Cecilia
Isaksson

Binormial pricing of European put options with
replication

armand Fatsing, Hamadou Hamaounde, David
Wellton, Basil Wakid Hassan and Ren Myniy

Replicating the stock in the binormial pricing model
Fred Takoeta

Pricing American put options with replication
Antti Laine, Amir Kheirollah and Toma Boyaciogly
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Category C — Evaluation of financial contracts (continue)

Aapplet COS:
Author:

Applet CO9:
Authors:

Applet C10:
Authors:

Applet C11:
Authors:

Applet C12:
Authors:
Aapplet ©13:
Authors:
Applet C14:

Authors:

Applet C15:
Authors:

The Hull-white model
Arninur Roshid

Bond Price Calculator

Aarminur Roshid, Isaac acheampong, Peter Agyermang-
Mintah and Yue Song

Simulation of the short interest rate in the Yasicek
rmodel

Matalia Spas'ka and Olexander Shevychenka

Eurobonds problem
Kamila Giedrojo, Ewa Tropak and Romans Obrezkovs

Investor's problem

Elizabeta Tudzarovska, Izabela Matusiak, Kwok-wai
Choy, Sophia Abdi Hassan and Khadija Khapasi

Bond reselling problem
Malgorzata Andros, Matti Simnperi and Piotr Liszewski

Loan repayment applet

Osei Benjamin Kwesi Amoako, George Manteaw
Anobah, Aleksandra Sroka and Jacek Zniszczol

Insurance problem

Beata Lubecka, Peter Malosha Mavunga, Maziar Saei
Aaghrmiouni and Marek Geringer De Oedenberg
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Category C — Evaluation of financial contracts (continue)

Applet ©16:  Pricing put options using explicit finite difference
method in Java graphical user interface
Author:  Yue Song

Applet C17: M Jawva program for pricing aoptions using the trlnomlal
tree

Authors:  Yourmnbi Etien Kalame

Applet ©1s:  Pricing futures using the two-period binomial model in
Jawva

Authors:  Minyi Ren and Wakid Hassan Bas

Applet ©19:  Pricing conwertible bonds with Monte Carla sirmulations
author:  Cecilia Isaksson

Applet czo: A Java applet for credit risk estimation with wishart
multivariate stochastic volatility

Author:  Amoako Osei Benjamin Kwesi

Applet C21: A Java applet for pricing convertible bonds with credit
risk

Author:  Mtui Charles Etang

Applet ©zz: A Java applet for ———— economy with
borrowers under costly defaults

Author:  Basil Wakid Hassan
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Applet C34 — Pricing Asian options under Heston’s model
using the new Ninomiya weak approximation scheme (Boyko

Vasilev)

Heston stochastic volatility model

Input
Strike price 1.05 Controls
Stock price 1 Simulations
Interest rate 0.0% 10000 |
Volatility 0.09 Time-steps
Maturi 1
ity 48 |
Mean reversion coef.(a) 2
- Calculate
Volatility of Vol.(B) 0.1
Long-term average Vol.(8) 0.049 Reset
Correlation (p) o
Output
Simulated option price
g eaa
= a1a
=
B aos
e g Tdoo 2400 adoo  ado0  adoa | edoo  7do0  sdeo  #deo 0000

Simulated option price

tarations

0086879342595
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The Bachelor thesis

School of Education, Culture and Communication
Division of Applicd Mathematics

Code: MDH.UKK.TM.0000 (15hp) 2008 AF

BACHELOR THESIS IN MATHEMATICS/APPLIED MATHEMATICS

The Java applet for pricing Asian options under Heston’s model using the new
Ninomiya weak approximation scheme and quasi-Monte Carlo

by

Boyko Vasilev
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[§ Ninomiya, M. and Ninomiya, S. (2008), Category C
A new weak approximation scheme of stochastic differential  |ERETEHN
equations by using the Runge—Kutta method,
arXiv:0709.2434v2 [math.PR] 5Jan 2008.
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Greetings from Sydney!
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