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Cryptocurrencies and their economic
implications

Khosrow Dehnad
Columbia University & Director of Analytics and Chief Data Scientist

CONCORD ADVICE.

Abstract. There is a great deal of controversy in the financial
community about Bitcoin and cryptocurrencies. Optimists believe that
Bitcoin and the blockchain technology behind it have the potential to
transform the Financial Industry and the way transactions are done in the
Economy. On the other hand, pessimists believe that Bitcoin is a fad and
a bubble similar to Tulip Mania and will implode and cause a great deal
of financial pain.

This talk examines the mathematical and computer science foundation
of cryptocurrencies. It also discuss the challenges to regulators and
central banks and the question of trading and risk managing such assets.
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Utility Maximization Under Ambiguity

Erfan Salavati
Amirkabir University

Abstract: In classical utility theory, the basic assumption is that each
individual is trying to maximize the expected utility of his outcome.
This expectation is assumed to be taken under some known probability
distribution IP.
After the financial crisis of a decade ago, the assumptions of classical
utility theory have been called into question. One of these assumptions
has been the specificity of the probability distribution. The proposed
alternative is a situation in which even the distribution is not known a
priori, but rather it comes from a family of distributions. This family is
called the ambiguity set. Instead of ordinary expected utility, the
individual is trying to maximize a robust utility functional,
XHminQ€e[U(X)]
Where Q is the ambiguity set.
In recent years a lot of research has been done in Robust Utility
Maximization, each one concerned with a different assumption on
ambiguity set. Among these works, the G-expectation theory of Peng
(2007) seems to have been the most successful.
In this talk, we generalize the G-expectation to the heavy-tailed
distributions. We also propose a new risk measure which is suitable for
such non-linear expectation. Then, we find the explicit solution for the
optimal portfolio under this new risk measure.
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The uncertain shape of grey swans

Hamidreza Arian
Sharif University

Abstract. Extreme Value Theory (EVT) is one of the most commonly
used approaches in finance for measuring the downside risk of
investment portfolios, especially during financial crises. In this paper,
we propose a novel approach based on EVT called Uncertain EVT to
improve its forecast accuracy and capture the statistical characteristics of
risk beyond the EVT threshold. In our framework, the extreme risk
threshold, which is commonly assumed a constant, is a dynamic random
variable. More precisely, we model and calibrate the EVT threshold by a
state-dependent hidden variable, called Break-Even Risk Threshold
(BRT), as a function of both risk and ambiguity. We will show that
when EVT approach is combined with the unobservable BRT process,
the Uncertain EVT's predicted VaR can foresee the risk of large
financial losses, outperforms the original EVT approach out-of-sample,
and is competitive to well-known VaR models when back-tested for
validity and predictability.
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STOCHASTIC VOLATILITY DRIVEN BY WEIGHTED
FRACTIONAL BROWNIAN MOTION WITH DELAY

Mahdieh Tahmasbi

Tarbiat Modares University

Abstract. Malliavin Calculus is an infinite-dimensional differential
calculus on the Wiener space and there are various applications in
finance, for example in pricing and hedging financial options and also in
sensibility with respect to the parameters. In this Lecture, we give a brief
introduction of Malliavin calculus on the stochastic integrals of
weighted fractional brownian motion (wfBm) and then we state its
application to approximate the price of one financial derivative with
stochastic volatility driven by wfBm and some time-delay tau.

Keywords: Malliavin calculus, Stochastic volatility models, Weighted
fractional Brownian motion, Implicit Euler scheme.
Classiffcation: 65C30, and 60H07.
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On Stein method and applications in
finance & insurance

Ehsan Azmodeh
Leeds University

Abstract: Stein method is devised in the early seventies by Charles
Stein (1920-2016) a Stanford statistician to measure the distance
between probability distributions by means of characterizing differential
operators. Stein's motivation was to develop an effective alternative to
Fourier methods to prove Berry-Esseen type CLTs when dealing with
functionals of dependent random variables. A few vyears after, the
method was adapted to the Poisson approximation by Louis Chen, his
former Ph.D student. Since then, Stein's original idea has got a lot of
attentions and the methodology has been applied to a very broad family
of probability distributions. In this talk, we explain the Chen-Stein road
map and illustrate some applications in finance and insurance
mathematics.
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Market consistent and hedging consistent
valuation

Hirbod Asa
Kent Business School

Abstract: The existing literature on market-consistent valuation MCV)
always assumes that the liquid assets cannot change the market
valuation of a risky portfolio. In other words, an MCV needs also to be a
hedging consistent valuation (or HCV). In this talk, we will discuss how
HCV can be a restrictive condition when it comes to MCV. Then we
consider a pure MCV, or MCV without hedging, and discuss how one
can relate it to market sub-consistent valuation (MSCV). The
discussions will follow by proposing methods for real word implement.
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A Markov-modulated Model for Continuous-
Installment Option Problems under Regime-
Switching

SAGHAR HEIDARI
Shahid Beheshti University, Tehran, Iran.
s_heidari@sbu.ac.ir

Abstract. In this paper, we study the valuation problem of European
continuous-installment options under Markov-modulated models with
partial differential equation approach. Due to the opportunity of
continuing or stopping to pay installments in these style options, the
valuation problem can be formulated as partial differential equations
with free boundary features. Under regime switching model in which the
dynamics of the change of economic regimes is modeled by a Markov
chain, the problem turns to coupled partial differential equations
(CPDE) with free boundary. To solve the problem, we first expressed
the truncated CPDE as a linear complementary problem (LCP), then a
finite element method is proposed to solve the resulted variational
inequality. We establish conditions under which the proposed method is
convergence. This research will be completed by illustrating some
numerical experiments in order to examine the stability and accuracy of
the finite element method. Finally we compare our results under regime
switching model with some recent works.

Keywords: continuous-installment option, regime-switching model,
linear complementary problem, finite element method.
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Optimization of a dynamic duopoly system
using optimal control strategy

Mehrasa Ayatollahi
Department of Mathematics, Payame Noor University
(PNU), Tehran, Iran. m_ayatollahi@pnu.ac.ir

Abstract: This paper, deals with the application of mathematical
control theory techniques of optimization in an economics
problem. Here, we consider the optimization problem of a dynamic
duopoly system that it's model is stated by a first order ordinary
differential equation. This system, consists of two agents such that each
one has a distinct cost function that should be minimized. Our purpose is
to solve this minimization problem by means of control theory
techniques. To that end, it is necessary to reformulate the economic
model into a linear control model. So, at the first step, by introducing
suitable matrices, we reform the problem's model into a standard model
of linear control system with quadratic cost functions. Afterwards, by
stating a theorem, we propose an optimum control strategy to optimize
the corresponding costs of the system and show that the optimal control
law is unique and obtains from solving HIB partial differential equation.

Keywords: Control theory; Optimization; Duopoly problem; HJB
equation.
Classification: 37N40; 93C05; 49J20.
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On the Gegenbauer pseudospectral method
for the time fractional Black—Scholes
European option pricing model

Mohammad Mahdi Izadkhah
Department of Computer Science, Faculty of Computer and Industrial
Engineering, Birjand University of Technology, Birjand, Iran.
izadkhah@birjandut.ac.ir

Abstract: The time fractional Black-Scholes model (TFBSM) is
employed to price American or European call and put options on a stock
paying on a non-dividend basis. In this paper, We examine
pseudospectral method for numerical solution of TFBSM, based on
Gegenbauer polynomials and Chebyshev spectral differentiation
matrix. The presented method reduces TFBSM to a generalized
Sylvester matrix equation, which can be solved by the global GMRES
method.

Keywords: Time fractional Black—Scholes model, Gegenbauer
pseudospectral method, generalized Sylvester matrix equation, global
GMRES method.

Classification: 34K37, 97N50, 65M70
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Application of Steine's Lemma in Modern
Finance

Asieh Abtahi
Department of mathematics and Statistics, Shiraz Branch, Islamic Azad
university, Shiraz, Iran.  asieh_abtahi@yahoo.com

Abstract: When two random variable have a bivariate normal
distribution, Stein's Lemma provides an expression for the covariance of
the first variable with a function of the second. Stein's Lemma has many
application in statistics and probability and it plays an important role in
modern finance. Most of these applications were initially derived in a
multivariate normal context. In finance, however, asset returns do not
always display symmetry but may exhibit skewness.This paper
introduced a unified multivariate skewed distribution and extend Stein's
Lemma for two version of multivariate skewed distribution. The Capital
Asset Pricing Model is derived for one version of this unified form. It is
shown that, under another version of the unified form, the portfolios of
all investors are expected utility maximizers are located on a single
mean-variance skewness surface.

Keywords: Stein's Lemma, Unified skewed distribution, portfolio
selection, Capital Asset Pricing Model.
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Stochastic Runge-Kutta Rosenbrock type
scheme with strong global order one for
stochastic differential equations

Kazem Nouril, Hassan Ranjbar2 , Leila Torkzadeh3
Department of Mathematics, Faculty of Mathematics,

Statistics and Computer Sciences, Semnan University, Semnan, Iran.
1knouri@semnan.ac.ir, 2hranjbar@semnan.ac.ir,
3torkzadeh@semnan.ac.ir

Abstract. The analytical investigations and numerical solutions of
stochastic differential equations have always been of interest to
researchers. During the several decades, many efficient methods have
been developed for solving different types of stochastic differential
equations with different properties. We need numerical methods because
a lot of stochastic differential equations are not analytically solvable.
There are two dominating versions of stochastic calculus, the Ito
stochastic calculus and the Stratonovich stochastic calculus. In this
work, we concern the new class of stochastic Runge-Kutta method for
solution of Stratonovich stochastic differential equations with scalar
noise. Using Rosenbrock ordinary differential equation solver, we define
stochastic Runge-Kutta Rosenbrock type scheme. In recent years,
implicit stochastic Runge—Kutta methods have been developed both for
strong and weak approximations. For these methods, the stage values are
only given implicitly. Stratonovich Taylor expansion is applied to derive
strong global convergence order 1.0. Also, mean-square stability is
studied and some examples are presented to support the theoretical
results.

Keywords: Stochastic Runge-Kutta Rosenbrock scheme, Stratonovich
stochastic differential equations, Stratonovich Taylor expansion, Strong
global order, Mean-square stability.
MSC2010: 60H35, 65L06, 65L.20.
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EVALUATION OF A VARIABLE ANNUITY
PORTFOLIO WITH DEATH BENEFIT USING
MACHINE LEARNING METHODS

M.H. Aghabozorg Afjeh’, M. Jelodari Mamaghani?,
M. Aalabaf-Sabaghi®

Allameh Tabataba’i University, Tehran. Iran

Abstract. Equity-linked insurance, also known as Variable annuities
(VA), are modern life insurance contracts geared with investment
vehicles. Although these contracts are not fully introduced in the
insurance market of Iran, according to their significant popularity among
developed countries, it is expected that these contracts may have a
considerable market share in the future. Due to the nature of these
contracts, the area of research on VAs is an interdisciplinary area of
actuarial science and mathematical finance, while the most important
objective is to evaluate options included in VAs. In this research, our
main purpose is to study and elaborate various applications of data
clustering and machine learning on the estimation of the risk charge of a
large portfolio of VAs with guaranteed minimum death benefits. The
results of this research indicate that by applying machine learning
algorithms, we reach the estimated risk charge of the portfolio in
considerably shorter time while the difierence between estimated value
and calculated value by Monte Carlo simulation is not significant. This
will enable us to modify its application for the Iranian Insurance
industry.

Keywords: Variable Annuities, Equity-linked Insurance, Machine
Learning, Monte Carlo Simulation.
Classiffcation: C15, C45, G22.
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STABILITY AND CONVERGENCE ANALYSIS OF A
NONSTANDARD FINITE DIFFERENCE SCHEME
FOR STOCHASTIC PARTIAL DIFFERENTIAL
EQUATIONS

M. Namjoo!, M. Aminian? M. Karami®, A. Mohebbian’
Department of Mathematics, Vali-e-Asr University of Rafsanjan,
Rafsanjan, Iran.
namjoo@vru.ac.ir -~ mehran.aminian@vru.ac.ir
m.karami@vru.ac.ir -~ a.mohebbiyan@stu.vru.ac.ir

Abstract. In this paper, a nonstandard finite difference (NSFD) scheme
is implemented to study the dynamic behaviours stochastic partial
differential equations (SPDEs). Afterwards, the consistency, stability
and convergence analysis of the stochastic NSFD scheme is discussed in
detail. Numerical results show that the stochastic scheme is effective
when applied to SPDEs.

Keywords: Nonstandard finite difference scheme, Stochastic partial
differential equation, Stability, Convergence.
Classiffcation: MSC2010: 60H15, 65M12.
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NUMERICAL METHOD FOR OPTION PRICING
MODEL

MOHAMMAD MEHDIZADEH KHALSARAEI*,
ALI SHOKRI?, PARI KHAKZAD?®

Department of Mathematics, Faculty of Science, University of

Maragheh, Maragheh, Iran.
mehdizadeh@maragheh.ac.ir > shokri2090@gmail.com? pari.khakzad@yahoo.com®

Abstract. Analytical solution of generalized Black-Scholes models are
not available, therefore, numerical simulations are of fundamental
importance in gaining some useful insights into the solutions. Numerical
methods based on standard finite difference approach, most of the time
the essential qualitative properties of the solution are not transferred to
the numerical solution. Therefore, this might result in a calamitous
erroneous outcome. One way to overcome this disadvantage is to use
nonstandard finite difference methods. In this paper, we propose a non-
standard finite difference method for solving the generalized Black-
Scholes equation. In constructing the new scheme, we use a nonlocal
approximation in the reaction term of the generalized Black-Scholes
equation combined with an implicit time step technique. The new
scheme is positivity preserving, conditionally stable, consistent, and the
order of the scheme with respect to the space variable is two. Numerical
investigations were conducted to validate these results. Furthermore, the
obtained results are more accurate than other existing results in the
literature.

Keywords: Generalized Black-Scholes equation, Option valuation,
Nonstandard finite difference, Positivity.
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A ROBUST NUMERICAL METHOD FOR
MULTI-ASSET OPTION PRICING

Sima Mashayekhi’, S. Nourollah Mousavi®
Department of Mathematics, Faculty of Sciences, Arak University,
Arak, Iran.
!s-mashayekhi@araku.ac.ir  2n-mousavi@araku.ac.ir

Abstract. In this work, we numerically solve a multi-asset European
call option with the finite difference method (FDM) and take the
advantages of the antithetic Monte Carlo simulation as a variance
reduction technique in the end point of the domain, and the linear
boundary condition has been implemented in other boundaries. We also
apply the grid stretching transformation to make a non-equidistance
discretization with more nodal points around the strike price which is the
non-smooth point in the payoff function to reduce the numerical errors
around this point and have more accurate results. Superiority of our
method (GSMCBC) will be demonstrated by comparison with the
standard finite difference scheme with the equidistance discretization
and the linear boundary conditions (LBC) and also combination of the
LBC scheme with the standard Monte Carlo simulation at the end point
of the domain (MCBC). Furthermore, the root mean square errors
(RMSE) of these three schemes in the most interesting region which is
around the strike price, have been compared.

Keywords: Finite difference scheme, Black-Scholes equation, Monte
Carlo simulation, Operator spiliting method
Classiffcation: MSC2010 or JEL Classi_cations: 65M06, 91G60
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Numerical solution of fractional stochastic
differential equations and stability analysis

Omid Farkhondeh rouz!, Davood Ahmadian?, Ramin Azari®
Yo.farkhonderooz@tabrizu.ac.ir 2 d.ahmadian@tabrizu.ac.ir
8 raminazaril07@gmail.com

Abstract. In this paper, we investigate the exponential mean square
stability for both the solution of variable order fractional stochastic
differential equations (FSDEs) with Poisson jump, as well for the
compensated Milstein scheme implemented of the proposed
model. First, we prove that the considered model has the property of
exponential mean square stability. Moreover, it is shown that the
compensated Milstein scheme can inherit the exponential mean square
stability by using the variable order fractional stochastic differential
equations with Poisson jump in the paper. Eventually, numerical
solution are provided to show the effectiveness of the theoretical results.
Also, by introducing the compensated Milstein scheme and by using
some numerical integration technique as well approximating the integro
part of the model by the simple trapezoidal rule, we obtain the same
exponential mean square stability property for some restrictive
stepsizes. Finally, we proved the exponential mean square stability

by using the compensated Milstein method.

Keywords: Compensated Milstein methods, Mean-Square stability,
Variable-order fractional stochastic, Poisson jump
Classification: 34K37, 34K50, 65L20.
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A new finite difference/spectral method for
numerical solution of the Black--Scholes
equation for European put options

Y. Talaei

Department of Applied Mathematics, Faculty of Mathematical
Science, University of Tabriz, Tabriz, Iran.
y_talaei@tabrizu.ac.ir

Abstract. The main purpose of this paper is to investigate a new
numerical method based on backward finite difference method and
spectral Galerkin method for solving Black-Scholes equation for
European put option. In this paper, by discretization in time for the
Black-scholes equation we get the ordinary system of differential
equations (ODEs) in the spatial domain. The obtained ODEs is solved
by applying the spectral Galerkin method based on the generalized
Jacobi polynomials. The convergence of the method in suitable spaces
of functions, equipped with the weighted L2- norm is
discussed. Also, we provide numerical experiment to show the accuracy
of method.

Keywords: Black-Scholes equation, Generalized Jacobi polynomials,
Backward-difference method, Convergence analysis

Classification: 32W50, 97M30.
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