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Abstract

The importance of derivatives in financial markets has known an exponential growth in the last decades, especially in risk manage-
ment and speculation fields: this explains researchers’ interest in answering questions about this kind of contracts. In particular,
in this paper we restrict our attention on European vanilla and barrier options, and we propose a statistical procedure to solve
efficiently the problem of determining the no arbitrage price of this type of derivatives in an IoT context: starting form an Internet
of Things (IoT) data flow, an IoT system takes information from several sources and stores it into a suitable database; this informa-
tion is used in our estimation problem. Our scheme is based on some strong assumptions about the market model, in particular the
completeness of the market, the log-normality of the underlying asset with a constant volatility.
We conclude this paper with an application of our framework to a real case.
c© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Conference Program Chairs.
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1. Introduction

A derivative is defined as a contract whose pay-off depends on an entity, named underlying; from the generality of
this definition it follows that this class of financial instruments is very large (it is sufficient to think that the nature
of the underlying is not unique, so it can be a commodity, a security, a bond, an interest rate or currency). In the
following we deal with the pricing estimation of a particular and simple type of derivatives, vanilla and double discrete
barrier options, in an IoT context. The well-positioning of the option pricing problem is ensured by the following
assumptions: a) the market is composed of two assets, a risk-free bond and a risk assets; b) no transitional costs exist;
c) short selling is allowed; d) arbitrages are avoided; e) the parameters of the market, i.e. the risk-free interest rate of
the bond and the volatility of the underlying, are constant; in particular, the assumptions a) and e) ensure the property
of completeness of the market. The option pricing problem has also been discussed in1,2, 3, 4, 5).
A European vanilla option is a contract which gives the holder the right to buy (in this case the option is named
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The importance of derivatives in financial markets has known an exponential growth in the last decades, especially in risk manage-
ment and speculation fields: this explains researchers’ interest in answering questions about this kind of contracts. In particular,
in this paper we restrict our attention on European vanilla and barrier options, and we propose a statistical procedure to solve
efficiently the problem of determining the no arbitrage price of this type of derivatives in an IoT context: starting form an Internet
of Things (IoT) data flow, an IoT system takes information from several sources and stores it into a suitable database; this informa-
tion is used in our estimation problem. Our scheme is based on some strong assumptions about the market model, in particular the
completeness of the market, the log-normality of the underlying asset with a constant volatility.
We conclude this paper with an application of our framework to a real case.
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Call) or to sell (in this case the option is called Put) a quantity of an underlying asset at a future date, the maturity,
by paying an amount, a strike price. A European barrier option is a an option whose pay-off depends on a set of
numerical constraints, named barriers; the barrier can be described by continuous time functions (continuous barrier
option) or a finite set of single numerical values (discrete barrier option). Two main kinds of barrier options exist: i)
knock-out barrier option concludes its life if the underlying reaches one of the barrier; ii) knock-out barrier option
starts its life if the underlying reaches one of the barrier. Respect to the associated vanilla option, a barrier option
has a higher degree of riskiness and a lower price: this means that a barrier option is more suitable than a vanilla one
in the case of a good knowledge of the evolution of the underlying. A basic reference text for the different kinds of
options is 6.
In Internet of Things (IoT) scenarios real objects and computers share information in real time. Thanks to the efficiency
of devices connections, people manage big data in optimal way and so they keep people up-to-date with breaking news;
we list some examples of communication models: i) Device-to-Device Communications, two or more devices that
directly connect and communicate between one another; ii) Device-to-Cloud Communications, a IoT device directly
connects to an Internet cloud service like an application service provider to exchange data and control message traffic;
iii) Device-to-Gateway Model, an application software acts as an intermediary between the device and the cloud
service. For a general presentation of IoT systems we refer to 7.
IoT systems find applications in many fields, as insurance (see8), cultural heritage (see9,10, 11, 12, 13, 14, 15), in finance
and banking sector. As it concerns the last two ones, IoT is used to improve underwriting processes, to obtain
more information of goods, to monitor the condition of assets market to give customers new trading opportunities,
to be updated in real time about the actual conditions (all these things are present in several IoT applications, as
Mobile Location Confirmation, Sense by Alfa-Bank, Groceries by MasterCard). More precisely, in our context the
great advantage of choosing IoT scenario consists in the possibility to obtain a better pricing estimation thanks to
the updated values of financial parameters (interest rate, volatility, initial value, evaluations of barrier price from its
trading bank, traders feedbacks).

The paper is organized in the following way; the section (2) is devoted to theoretical and statistical model; in the
section (3) we show a numerical experiment; finally we draw the conclusions.

2. The Model

This section is divided into two parts: in the first subsection we introduce some theoretical results, while in the other
we present our statistical schema. Fixed a probability space (Ω,Ft,P) and the time interval [0; T ], we suppose that our
market satisfies the property of completeness and it is composed of two assets: a risk-free bond Bt and a risk asset S t,
with constant volatility σ and interest rate r (more details can be found in2). In the following we adopt the following
notations: i) a N-dimensional set of double barriers {Ln; Un}Nn=1 Ln ≤ Un ∀n; ii) ]Ln;Un[(x) is the index function of
the interval ]Ln; Un[ ; iii) Wt for a Brownian motion; iv) E[X] is the expected value of a random variable X; v) K is
the strike price; vi) N(µ, σ) denotes the normal with mean µ and standard deviation σ; vii) Φ is the Normal standard
cumulative distribution function.

2.1. Vanilla and discrete barrier option

The deterministic value function of Bt, which lets us define the risk-free interest rate r, is equal to:

Bt = B0ert t ∈ [0; T ].

The risk asset S t evolves according to the following dynamic:

dS t = rS tdt + σS tdWt. (1)

The pay-off H(S t) assumes the following form:

H(S T ) =
{

max{S T − K; 0} if Call
max{K − S T ; 0} if Put (2)
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