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Summary

A mathematical statistical model is needed to obtain an option prime and create a hedging strategy.
With formulas derived from stochastic differential equations, the primes for US Dollar/Chilean Pesos
currency options using a prime calculator are obtained. Furthermore, a backward simulation of the
option prime trajectory is used with a numerical method created for backward stochastic differential
equations. The use of statistics in finance is highly important in order to develop complex products.
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1 Introduction

The past two decades have been of significant progress for the financial services world. Twenty
years ago a bank’s customer had to choose from a limited array of investment alternatives. In addition,
banking requirements and conditionswere not flexible. Today, thanks to technological developments,
the increased competition between the different financial companies, and the creation of newfinancial
products, the customer has been given the chance to obtain better services with better conditions.
Nowadays, banks approach their clients, and clients may be more demanding in order to increase
their profits and reduce their risks.
A bank, in order to keep up with the competition, has to innovate and design new products that

satisfy clients’ increasing demands. Since 1973, a lot of emphasis has been placed on derivatives.
A derivative has underlying assets. These underlying assets can be of different types: stocks,

bonds, interest rates, commodities, foreign exchange rates, etc. The value of the derivative depends,
among other factors, on the behavior of the underlying assets.
Forward contracts, future contracts, swaps and options are among the most known derivatives. In

Chile the development of these products has been slow, but they are expected to become an important
part of the country’s financial trading products during the next decade.
The literature shows that the first option contracts were negotiated by Greeks and Romans on the

shipments loaded on their transportation ships. There is a specific case mentioning Thales investing
in “olive presses” options based on an adequate forecast of the “harvest” conditions for the near
future. Another point of reference is the Netherlands in the XVII-th century, where the first market
with a certain level of organization was established. The principal underlying asset were tulip bulbs,
and there were CALL and PUT options available in this market. By the year 1640, option markets
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had been developed all around Europe, but strong price fluctuations broke many speculators and
therefore resulted in the non-payment of obligations. Consequently, option markets were considered
dangerous and excessively speculative. At the beginning of the XVIII-th century, options on large
companies started to be negotiated, but a scandal in the negotiation of the South Sea Company option
in 1720 caused the options market to be declared illegal. Nevertheless, options kept being negotiated
in a semi-clandestine way in Europe.
In the United States, options started being traded in the early eighteenth century. Tundbridge

Co. had an announcement at the entrance of their office stating “If you think the price is going down
buy a PUT and if you think the price is going up buy a CALL”.
As recent as fifty years ago, the New York Stock Exchange traded stock options in 100 share lots

with 60 and 90 day expiration dates, in an “over the counter” market with high levels of credit risk.
On April 26, 1973, the first organized options market was created in Chicago. First, contracts were
made in lots of 100 stock units. Nowadays, 2000 option contracts per minute are traded on a wide
range of financial and non-financial assets in the American market alone. On the other hand, the
theory of options valuation has revolutionized modern finance theory. Currently the most important
options exchange is the “Chicago Board of Options Exchange (CBOE)”.
There is a considerable bibliography on options.We refer the reader to Chriss (1997), Hull (1999),

Lamothe (1993) and Van Horne & Wachowichz (1997) for more details. These books develop the
specific areas of options, options variables, options types, options values, the use of options and also
provide insights onto options pricing and hedging models.
Our goal is to discuss differentmathematicalmodels that have been developed for financial options

in the past, and to select the one that best satisfies the trading conditions of Chilean options. Part
of this paper will also look into the development of the price calculator and the simulation of the
underlying instrument using a numerical method for the forward stochastic differential equation that
describes the behavior of the underlying instrument. We will also evaluate the implementation of
a numerical method for a backward stochastic differential equation to evaluate the behavior of the
option’s prime.
Finally we will develop a specific model to obtain a reasonable prime of options on Peso/Dollar

exchange rates, that will allow the writer to develop a hedging strategy. The idea is to obtain a prime
for the product that both buyer and seller will accept.

2 Options

2.1 Descriptions

Options are known for being the engine of the modern financial revolution and for that reason
people think they are new products. Options originally come from an ancient era and were used by
traders for the goods they carried on their boats. Since then, option contracts have been signed all
around the world. It was not until 1973, when Black and Scholes came up with their formula for
pricing options, that the options market expanded and grew to become one of the most significant
and active markets nowadays.
An option is a contract between two parties, where one pays a Premium in order to obtain the right

to buy or sell an underlying asset at a fixed price (the exercise price) at a given time in the future. The
other party receives the premium and is required to sell or buy the underlying asset if the first party
chooses to buy or sell. The right to sell is called a PUT, while the right to buy is called a CALL.
Themain problemswhenworkingwith options are pricing and hedging.The first problem involves

obtaining the right price in order to satisfy both parties with zero-sumgame (themodel has to consider
that both parties arrive at the expiration date in equal conditions). The latter is about giving the writer
a strategy that allows him to pay his obligations on the exercise date using the prime received on the
contract date.
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The most important use of options is to completely transfer the underlying risk to the writer
without giving up the opportunity to profit if the price variation of the underlying asset is in favor of
the option buyer.

2.2 Definitions

The purpose of this section is to define some concepts on options written for a future contract. Our
discussion here will be rather brief, and for more detail see Bj örk (1998). We consider that an option
purchased at time t entitles us to buy one share of stock at or before time T , which is the time of
maturity or time of expiration of the option. If we can exercise this option only at time of maturity
T , (at a fixed price K , called the exercise price or strike price of the option), this is called a European
option. If we can exercise it at or before time T , it is called an American option. Note that there are
other different kinds of options in the financial world, but we will not consider them in this section.
The holder of a call option is not required to exercise it. Thus, if at time T the price X T is less

than K , the option holder would be worse off by exercising it (he could buy one share for $X T on
the market), and so the option expires as a worthless contract. If the price X T exceeds K , then the
option holder may sell it at price X T for a net profit of XT K .
In sum, the purchase of an European call option is entitled to a payment

XT K XT K
XT K if XT K

if XT K .
(1)

A put is an option to sell stock at a given K on or until a particular date of maturity T . While
European put option is exercised only at the time of maturity, an American put can be exercised until
or at time T .
The purchaser of a European put makes the profit

K XT
K XT if XT K

if XT K .
(2)

In our theoretical considerations we restrict ourselves to European calls.
Since we do not know the price X T at time t , when we purchase the call, a natural question

arises: “How much would we be willing to pay for such a ticket, i.e. what is a rational price for this
option at time t ?” (Black & Scholes, 1973) defined such a value as follows:

An individual, after investing this rational value of money in a stock and a bond at time t ,
can manage his portfolio according to a self-financing strategy so as to yield the same payoff
XT K as if the option had been purchased.
If the option were offered at any price other than this rational value, there would be an
opportunity for arbitrage, i.e. for unbounded profits without an accompanying risk of loss.

2.3 Currency Options

Currency options are a vehicle to transfer the exchange rate risk from those agents that wish to
protect themselves by paying a price (prime), to those that are willing to assume that risk for the same
price. A currency option gives the owner, i.e., the person who pays the prime the right to exchange a
quantity of a specific currency for another given currency, at an exercise rate exchange between both
currencies, and at an exercise date.
Investors use this tool because they are exposed to adverse movements in the exchange rates.

Anyone that owns a portfolio composed of international titles is not only exposed to the fluctuations
of those titles but also to the fluctuations of the base currencies of those titles. As a consequence,



110 H. ALLENDE, C. ELÍAS & S. TORRES

Currency options demand is continuously increasing around the world, making possible the hedge
of the exchange rate risks without losing the benefits of a positive movement on the rates.
An option premium changes according to the movement of the exchange rate of both currencies.

Those movements are due to Government actions, interest rate fluctuations, etc. Currently the most
important option currencymarkets in the world are Philadelphia, London, Amsterdam,Montreal and
Vancouver.
In Chile the market is still small, but it is expected to grow in the future, and one of the most

important issues in the Chilean Stock Market Exchange would be the currency option, specially
the “Chilean Peso vs. Dollar option”. The development of the currency option Peso vs. Dollar in
the Chilean market is important for many reasons. Exporters and importers need a way to protect
themselves from the fluctuations of the exchange rate in order to concentrate in developing the core of
their business. Speculators are not needed, they are in the market only to make money (taking risks),
and currency options is a powerful hedging instrument for the Chilean market. It is also possible for
Chile to become the financial heart of South America, by developing not only this instrument but
other instruments, like Securities, in order to create a dynamic market.

3 Models

The theory developed for option pricing is recent, but many models have been proposed for
different types of options since 1973. These models belong to two categories: discrete models and
continuous models.

3.1 Discrete Models

Discrete models are built over the assumption that rates change over defined intervals in a discrete
way, i.e., from one point in time to another the rate jumps from one value to another. These models
also assume that the market works on a non-continuous pattern, i.e. that financial markets do not
work all the time. Both assumptions are true. Rates actually jump from one price to another (in some
markets the smallest unit of change is 1/8, or 1 cent). The market has closing hours and opening
hours so it has a discrete behavior.
Despite these powerful assumptions discrete models have their disadvantages, the major one is

the complexity of the implementation of these models.
In this paper we use the binomial model to show how a numerical method designed to solve

stochastic differential equations can be implemented and used to propose a hedging strategy based
on options initial prime.

3.1.1 Binomial model

The binomialmodel is the developmentof theCox–Ross–RubinsteinModel, see Lamberton (1997,
p. 23), for CALL and PUT options assets. The model assumes that markets are efficient, that there
are no transaction costs, that assets can be traded at any moment (simultaneously with no limit), that
assets are perfectly divisible, that money can be borrowed or lent at the same rate of interest, and
that the underlying price trace evolves according to the multiplicative binomial process. The model
was basically designed for one period of time, then it was expanded to two periods and finally it was
generalized for n periods. We are going to explain the development of the general formula for this
model in the same manner.

For one period. Running time is denoted by the letter t , and we have two points in time t
(“today”) and t (“tomorrow”). In the model we have two assets: a bond or a non-risk asset such
as a bank account, and a stock or a risk asset. At time t the price of a bond is denoted by B t , and



Estimation of the Option Prime 111

the price of one share of the stock is denoted by St . Thus we have two price processes B and S. The
bond price is deterministic and given by

B
B r f

Let S be the underlying asset price, u a multiplicative movement up on the underlying asset price in
one period, d a multiplicative movement down on the underlying price in one period, and r f a no risk
asset return. The stock price process is a random process, and its dynamical behavior is described as
follows. S s

S s u with probability pu
s d with probability pd

We assume that today’s stock price s is known, as are the positive constants u d pu and pd . We
assume that d u, and we have that pu pd . If r r f , then u r d. We will study
the behavior of various portfolios on the B S market and to this end we define a portfolio as a
vector h x y . It is an important assumption of the model that short positions are allowed, i.e.,
that a stock can be borrowed until a certain date, on which it has to be returned.

Short positions, as well as fractional holdings, are allowed. In mathematical terms this means
that every h IR is an allowed portfolio.
There is no bid-ask spread, i.e. the selling price is equal to the buying price of all assets.
There are no transaction trading costs.
Themarket is completely liquid, i.e. it is always possible to buy and/or sell unlimited quantities
on themarket. In particular, it is possible to borrow unlimited amounts from the bank (by selling
bonds short).

Consider now a fixed portfolio h x y . This portfolio has a deterministic market value at t
and a random value at T (one period).

The value process of the portfolio h is defined by V h
t x Bt ySt or, in more detail,

V h

V h x r f ysZ

where Z is a random variable defined as

Z
u with probability pu
d with probability pd

An arbitrage portfolio is a portfolio h with the properties

V h

V h with probability

The model above is free of arbitrage if and only if d r f u. See Björk (1998) for the
proof.
A probability measure Q is called a martingale measure if the following condition holds.

S
r f
IEQ S

For the binomial model, the martingale probabilities are given by

qu r f d
u d

qd u r f
u d



112 H. ALLENDE, C. ELÍAS & S. TORRES

A contingent claim (financial derivative) is any random variable X of the form X V Z ,
where Z is the random variable driving the stock price process. The function V is called the
contract function.

Let us assume that a European CALL option on the stock with strike price or exercise Price K . Then
the values at the expiration date (T ), will be as in (1) and (2):

V u uS K V d dS K

In other words, the option price evolves in the following manner, V becomes V u with probability
pu or V becomes V d with probability pu . Let h x y be the quantity of underlying asset to
buy (sell) in order to hedge. Then if we assume that the general binomial model is free of arbitrage,
then the value of the option (premium) will be

V puV u pdV d

and

x
r f
uV d dV u

u d

y
s
V u V d

u d

For T periods. The multi-period binomial model is a discrete time model with the time index t
running from t to t T , where the horizon T is fixed. As before we have two underlying assets,
a bond with price process Bt and a stock with price processes St . We assume a constant deterministic
short rate of interest r f , which is interpreted as the simple period rate. This means that the bond price
dynamics are given by

Bn r f Bn
B

The dynamics of the stock price are given by

Sn Sn Zn
S s

Here Z ZT are assumed to be i i d random variables, taking only the two values u and d
with probabilities

IP Zn u pu
IP Zn d pd

First, the intrinsic values at the end each of the T periods must be calculated in a recursive way. The
value of the option can be calculated in each node with the following formula

Vn
puVn u pdVn d

r
where Vn is the option value in the node n , Vn u is the Option value in n when the underlying
asset price is multiplied by u from n to n, and Vn d is the Option value in n when the underlying
asset price is multiplied by d from n to n. The calculation starts at n, the last valuation period.
Starting from the intrinsic value at this point the values at the other nodes are calculated. Then,
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expanding to a generalized formula, we obtain

V
r f

T

j

T
j T j

q j
u q

T j
d V su jdT j

where
qu r f d

u d
qd

u r f
u d

Remark. The condition d r f u is a necessary and sufficient condition for absence of
arbitrage.

3.2 Continuous Models

Continuous models assume that all rates move continuously and that the market is always open
for trading. These ideas are far from what truly happens but they do not have negative influence on
the results of the models. Moreover, continuousmodels have proved to be more precise than discrete
models and this is the reason why they are used more often in the real world.
The most important of the continuous models is the Black–Scholes model, (Black & Scholes,

1973), originally developed in 1973 by F. Black and M. Scholes, and actually used on almost every
type of option. The model’s most important feature is that it proposes a formula that is easy to
implement and, because of its high flexibility it can be adapted and extended in a variety of ways for
diverse products.
In this paper we adapt and extend the Black–Scholes model to obtain primes for the case of the

Chilean Peso–US Dollar currency options. In the next page the basics of the Black–Scholes model
will be summarized in order to give the reader a global understanding of the model, but before this,
we will review some basic concepts concerning continuous models.

3.2.1 Continuous models concepts

Brownian Motion. A particular example of continuous stochastic process is the Brownian
motion. It will be the basis for building several financial asset behavior models. Let
C IRd and consider the canonical Wiener space ( F IP F t ), in which Wt
t is a standard d-dimensional Brownian motion, (i.e., its increments are independent and

stationary, and its trajectories are continuous when we consider the natural filtration F t ). If
Wt t is a Brownian motion, then Wt W is a Gaussian random variable with mean r t
and variance r t , where r and are constant and real. A standard Brownian motion has the
following characteristic

W IPa s IE Wt IE Wt t

Continuous Martingales. Let F IP be a probabilistic space and F t a filtration for this
space. An adapted family Mt t of integrable random variables is a super-martingale if,
s t IE Mt Fs Ms and a sub-martingale if, s t IE Mt Fs Ms .
Stochastic Differential Equations. Other important concepts are the stochastic integral and
Ito’s calculus, where we can find the most valuable formulas for stochastic calculus. One of
the most important issues in this topic is Ito’s formula (the stochastic version of the change of
variable theorem). For more references see Karatzas & Shreve (1988) and Protter (1990). We
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can consider the following Stochastic Differential Equations, (in short SDE).

Xt X
t
a Xs ds

t
b Xs dBs (3)

This formula allows to build most of the stochastic models for asset pricing and tracing in
finance.

3.2.2 Black–Scholes model

This is the most representative model in modern finance history. Since the model was proposed in
1973 it revolutionizedfinance taking it to its modern era andmoving transactions to a new dimension.
Thanks to this model, today people can have better rates with lower risks. The model gives a complex
but understandable and completely logical way to solve the problem of pricing options. Its powerful
differential shows the strength and the strong basis of the model and, at the same time, its solutions
can be applied with simplicity showing the high level of applicability of the model. It is the most
used model to value several option types around the world. The Black–Scholes model describing the
evolution of the market price is a time-continuous model that holds one risk asset (of price S t in t)
and one non-risk asset (of price Bt ).
Let us assume that the evolution of a bond Bt follows the ordinary differential equation

dBt r Btdt

where r is a positive constant equal to the market interest rate. It is also assumed that S such
that St ert , for t . On the other hand the evolution of the stock price described by the stock at
time t is given by the following stochastic differential equation

dSt St udt dWt

where u and are constants and Wt is a standard Brownian motion. If we interpret this equation in
a naive way, we have on t t dt :

St dt St uStdt StdWt (4)

Equivalently,
St dt St

St
udt dWt (5)

The quantity of the left-hand side is the relative return from the asset in period t t dt . It tells
us that there is a linear trend udt which is disturbed by a stochastic noise term dW t . The constant
u is the so-called mean rate of return, and is the volatility. If we ignore the term with
, i.e. assume , then (4) is a deterministic differential equation which has the well-known
solution St S eut . The model is studied under the interval T where T is the expiration date of
the option under observation. The solution of the above equation is given by the geometric Brownian
motion of the form

St S e u t Wt

where S is the stock price observed at the starting date.
In general, you want to hold certain amounts of shares: a t in stock and bt in bond. They constitute

your portfolio. We assume that at and bt are stochastic processes adapted to Brownian motion and
call the pair at bt t T , a trading strategy. Clearly, you want to choose a strategy, where you
do not loose. How do we choose at bt in a reasonable way? Notice that your wealth Vt (or the
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value of your portfolio) at time t is now given by

Vt at St bt Bt

We allow both at and bt to assume any positive or negative values. A negative value of a t means
a short sale of stock, i.e., you sell the stock at time t . A negative value of b t means that you borrow
money at the bond’s riskless interest rate r .
We assume that our trading strategy at bt is self-financing. This means that the increments of

your wealth Vt result only from changes in the prices St and Bt of our assets. We formulate the
self-financing condition in terms of differentials:

dVt d at St bt Bt atdSt btdBt
equivalently

Vt V
t
d asSs bs Bs

t
asdSs

t
bsdBs

The integrals on the right-hand side clearly make sense if you replace dX s with uSsds SsdWs ,
and dBs , with r Bsds. Hence the value Vt of your portfolio at time t is precisely equal to the initial
investment V plus the capital gains from the stock and bond up to time t .
There are several methods to arrive to the Black–Scholes equation depending on the conditions

and characteristics of the option being studied. Boundary conditions are important. For the option
pricing problem we get the terminal condition VT ST K . It can be proven that Vt satisfies
the following stochastic differential equation

Vt V
t
u r as Ss rVs ds

t
as SsdWs (6)

and we have an explicit solution of (6), Vt u T t St , where

u t x x g t x Ke rt h t x

g t x
ln x K r t

t
h t x g t x t

and

x
x
e y dy x IR

is the standard normal distribution function.
It is also important to highlight that the Black–Scholes model opens a way to do hedging of the

options being negotiated. In business it is important to be able to simulate the portfolio to hedge the
option. This hedging allows us to closely follow the evolution of the option and the profit (loss).
Based on the backward equation for the value richness of the option we obtain a way to make our
hedge. Let us define the dynamic of the wealth Vt . From (6) and (4), we get that

dVt u r at St rVt dt at StdWt VT ST K (7)

In general terms the equation (7) corresponds to a Backward Stochastic Differential Equation (in
short BSDE) of the type

Yt
T

t
f s Ys Zs ds

T

t
ZsdWs (8)

where f is a linear generator, Z t is the hedge of the portfolio, and is the final condition that is
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FT -measurable. For the existence and uniqueness of solutions of backward stochastic differential
equations see El Karoui et al. (1994) and Pardoux & Peng (1990, 1992). The solutions for the
equation are obtained using two algorithms, one for Vt (backward method) see Ma et al. (2002) and
another one for St (Euler method), see Kloeden & Platen (1992).

3.3 Euler Method

Stochastic differential equations which admit an explicit solution are the exception from the rule.
Therefore, numerical techniques for the approximation of the solution to a stochastic differential
equation are called for. Numerical solutions are needed for different reasons. One reason is the need
for visualizing a variety of sample paths of the solution. Numerical solution give an impression of
the possible sample path behaviors. Let us consider the following SDE

Xt X
t
a Xs ds

t
b Xs dWs (9)

A numerical solution Xn Xn
t t T of the stochastic differential equation (4) is a stochastic

process that approximates the solution X X t t T . Such a solution is characterized by a
partition n of T :

n t t tn T such that ti
T i
n

First we define Xn at ti recursively as follows:

Xn X

Xn
ti Xn

ti a Xn
ti ti ti b Xn

ti Wti Wti for i n

Next, Xn
t can be defined for each t ti ti i n as

Xn
t Xn

ti

t

ti
a Xti ds

t

ti
b Xn

ti dWs (10)

Remark. The equidistant Euler approximation converges strongly for a class of functions with
appropriate polynomial growth.

3.4 Backward Method

The method to approximate solutions of Backward Stochastic Differential Equations (in short
BSDE), proposed by Ma et al. (2002) relies on an approximation of a Brownian motion by a simple
random walk.
We consider a class of BSDE given in (8), that is we consider the following BSDE

Yt
T

t
f s Ys ds

T

t
ZsdWs (11)

where is a FT measurable square integrable random variable and f is Lipschitz continuous in the
space variable with Lipschitz constant L. The solution of (11) is a pair of adapted processes Y Z
which satisfies the equation.We denote M n to be the approximating binomial random walk, whose
increments are n and n with probability . Further, we assume that the sequence M n

is i.i.d.
In what follows we denote F n to be the natural filtration of M n .
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Let us now consider the discrete version of the BSDE (11):

Y n
ti F M n

n

n

j i
f t j Y n

t j

n

j i
Z n
t j M n

t j (12)

This equation has a unique solution Y n Z n . It can be checked that solving this equation is
equivalent to finding a solution to the following implicit iteration problem:

Y n
ti IE Y n

ti n
f ti Y n

ti F n
ti

or equivalently

Y n
ti n

f ti Y n
ti IE Y n

ti F n
ti (13)

Once Y n
ti is determined, Y n

ti is solved via (13) by a fixed point technique:

X IE Y n
ti F n

ti

Xk X n f ti Xk

Consequently, the explicit numerical scheme for the BSDE proposed by Ma et al. (2002) is the
following

Y n F M n Z n

Xti IE Y n
ti F n

ti

Y n
ti Xti n f ti Xti
Z n
ti IE Y n

ti n f ti Y
n
ti Y n

ti M n
ti F n

ti

Remark. The convergence of this procedure to the BSDE (11) is in the weak sense.

4 Results

In this work two types of models were analyzed for the calculation of currency options prime
under different scenarios, in order to assist an international bank’s decisions regarding the hedging
strategies available from its portfolio. In each of the scenarios evaluated, the products offered by the
banking institution fulfilled the assumptions of the theory of options and arbitrage. We studied two
models that are identified as model , and model : Model 1, is the binomial model as presented in
section 3.1, and Model 2, is the Black and Scholes adapted model as discussed in section 3.2, (in
short BSA).
The data used for the calculation of the options prime corresponds to the exchange rate of the

assets, i.e., to the type of daily change in the working days between the January 2nd of 1997 and the
August 30th of 1999, and to the daily interest rates during the same period of the countries whose
currencies are being negotiated. All the data was obtained from the Chilean Central Bank and the
F.E.D. from U.S.A. The exchange rate are shown in Figure 1, 2, and 3.
Using the exchange rate data we estimate the volatility through the daily return (for more reference

see Chriss (1997, p. 104). Once the volatility has been estimated, we calculate the prime based on
the stated models (discrete and continuous). Table 1 shows the results obtained.
Table 1, shows us that in both cases BSA model is better than the Binomial model. Even though

both models predict losses we find, in comparison to the actual results, that the BSA model predicts
lower losses. Table 1 was generated using a Matlab program which gave us the prime.
Figure 4 shows a spreadsheet to determine the prime for the binomial model. On the other hand,

Figure 5 shows us the simulations on the exchange rate trajectories. These simulations were done
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Figure 1. Exchange Rate US$ Dollar / Chilean Pesos (1997).

Figure 2. Exchange Rate US$ Dollar / Chilean Pesos (1998).

Figure 3. Exchange Rate US$ Dollar / Chilean Pesos (1999).

using a Matlab program. Furthermore, to determine the prime in the continuous case we ran a Matlab
program simulating the numerical method for BSDE (Ma et al., 2002). Finally the execution time of
the algorithm based on the BSA model (numerical method for BSDE) increases exponentially with
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Table 1
Option estimators comparisons of binomial and BSA models.

Case 1 Case 2
Date October 21, 1997 Date November 17, 1997

T-t (days) 365 T-t (days) 93
Exercise Date October 21, 1998 Exercise Date February 18, 1998
S (Chilean US) 412.08 S (Chilean US) 424.91
K (Chilean US) 430 K (Chilean US) 428.55

r % Chile 12.2 r % Chile 12.75
rf % U.S.A. 7.4 rf % U.S.A. 7.4
volatility % 6 volatility % 6
U$ Amount 3,000,000 U$ Amount 3,000,000
Prime 74319,90513 Prime 52978,28303

Banc Prime 38876 Banc Prime 51469,72
Date Result October, 21 1998 Date Result October, 22 1998
Final Spot 458.94 Final Spot 441.53
Difference 28.94 Difference 12.98
Amount 3,000,000 Amount 3,000,000

Compensation 189175.0556 Compensation 88193.32775
Utility BSA -114855.15 Utility BSA -35215.0447

Utility Binomial Model -150299.056 Utility Binomial Model -36723.6077

the numbers of levels, this is due to the recursivity associated to the model.
In this study, the best model for currency options, was the continuous one, i.e., the Black and

Scholes adapted model (BSA). Continuous models have proven to be more precise than discrete
models. This supports their more frequent use in practice.
The BSA model appropriately describes the behavior of the assets that follow a Brownian motion.

One of the main characteristics of the continuous model of BSA is that it allows us to easily make
extensions and adaptations to specific fields, allowing us to obtain the options prime by means of the
Monte Carlo or Euler methods.

Figure 4. Price calculator.
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Figure 5. Trace simulator (Euler method for forward stochastic differential equations).

5 Conclusions

This work has dealt with problems in the area of interaction between statistics and financial
econometrics. Many different types of models have been suggested for modeling an option prime
(financial data), some which are more complex than others. These models are divided into two main
groups: discrete time models and continuous time models. One popular type of discrete model is
the binomial model. A binomial model can simply be described by a tree where the vertices at
deterministic time points split in two. The most celebrated of all continuous time models used in
finance is the Black and Scholes model based on Brownian motion. Our paper aims at providing
comparisons between the discrete binomial model and the continuous BSA model to obtain a
reasonable prime for currency options on the Chilean Peso and Dollar. We are interested in a model
that provides the best prime for both parties involved in the option contract.
From the comparisons between the prime obtained by the continuousBSAmodel and the binomial

discrete model under identical conditions, we observed that the calculations of the prime based on
both models, discrete and continuous, were sub-estimated, i.e., the models generated losses. The
calculations based on the BSA model, however generated lower losses. Additionally, the discrete
model displayed a greater bias.
The flexibility of the continuous BSA model, allows us to adapt it to consider option primes for

other, such as coffee, copper, etc., and to estimate their volatility.
The problem of pricing options is not the only issue of interest. Maybe even more important is

the hedging problem. To hedge a position means to secure it against the risk of market movements.
In simple models such as BSA models this can be solved through simulation. Again, as soon as we
move away from simple models the problem becomes more difficult and it is somewhat unsolved.
New developments are needed for pricing and the hedging problem. The work reflected in this paper
is just a first step in that direction. Other possible extensions are the development of models that
give us high precision in the calculation of volatility (for example Generalized Auto-Regressive
Conditional Heterocedasticity models, in short GARCH), or models that can calculate premiums for
different financial instruments used in trading assets such as coffee, oil, copper, or any other product.
Some of the complications in applying the more sophisticated models are outlined. They include

problems related to incompleteness and arbitrage. In order to solve such problems a combination
between the fields of mathematical and statistical models will be beneficial.
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Résumé
Un modèle statistique mathématique est nécessaire afin de déterminer la prime d’une option et pour cŕeer une stratégie

de couverture. Avec de formules dérivées d’équations différentielles stochastiques, les primes des currency options entre le
dollar américains et le peso chilien sont obtenus à l’aide d’un tableur. De plus, une simulation du comportement de la prime
de l’option est utilisée avec une méthode numérique crée pour d’équations différentielles stochastiques retour en arriere.
L’utilisation des statistiques en Finance est fortement importante dans le d́eveloppement de produits complexes.
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