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ABSTRACT

Binary Option Pricing Model (BOPM) is one approach that can be utilized to calculate the value of either call or put option.
BOPM generally works by building a binomial tree diagram, also known as lattice diagram to explore all possible option
values that occur based on the intrinsic price of the underlying asset in a range of specific time period. Due to its basic
characteristics BOPM is renowned for its longer lead times in calculating option values while also acknowledged as a
technique that can provide an assessment of the most fair option value. Therefore, this study aims to shorten the BOPM
completion time of calculating the value of an option by building a computer cluster and presently implement the BOPM
algorithm into a form that can be run in parallel processing. As an outcome, a Linux-based computer cluster has been built
and conversion of BOPM algorithm so that it can be executed in parallel has been performed and also implemented using
Python in this research. Conclusively, results of conducted experiments confirm that the implementation of BOPM
algorithm in a form that can be executed in parallel and its application on a computer cluster was able to limit the growth of
the completion time whilst at the same time maintain quality of calculated option values.
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INTRODUCTION

called options that allow an investor to have the right to buy or sell on a stock at a certain price agreed upon in the future,
one of the main challenges that arise in the area of financial engineering or financial informatics is to be able to calculate
or place a considerably fair price for the contract [1].

In this regard, some methods to determine the price of options have been introduced and also used widely. Some of these
methods include some techniques that: 1) based on the calculation of the numerical process of derivatives, 2) methods
based on simulation of stock price movement over time or method of lattice [2], 3) methods that form the mathematical
model [3], and also 4) the Monte Carlo method [4].

Of the several methods described above, the method of calculating the price of options using a mathematical model that
was introduced by Fischer Black and Myron Scholes in 1973, later known as the Black-Scholes model is one common
method used to calculate the price of options [5].

Interesting to note that in some previous studies, it has been submitted that the option price calculation using the Black-
Scholes model gives results that are not fair, especially for American-type options and not the European ones [6]. In
addition, other studies have also found that the lattice method as well as the Binomial Option Pricing Model (BOPM) is
more suitable to be used in calculating the price of American-type option [7].

However, the main drawback of the BOPM in comparison with the Black-Scholes model is the longer computation time
required to complete the valuation of the option price and also the needs of further computing resources at their disposal
[7]. The main consequence to this condition is the delay time in making investment assessment while the growing world of
financial investments requires an optimal decision of an investment to be taken in a shorter time [8].

Therefore, this study aims to explore a technique that can be used to speed up the process of computing the option price
calculation using lattice method. Specifically the approach that will be explored is to distribute the computing process of
BOPM to some nodes of different machines or computers so that the completion time of such model to value the fair price
of an option in a specific range time period would be faster in comparison to the use of only a single node.

In detail the objectives of this research are outlined as follows:

1. To convert the BOPM algorithm into the form of the problem that can be solved using parallel computing
techniques.

2. To build a distributed computing infrastructure consisting of multiple node machines that can then be used to
complete the calculation of BOPM.

3. To prove that by changing the BOPM algorithm into a form of problem that can be solved using parallel
computing techniques and then run it on a multi-machines distributed computing infrastructure, the option price
calculation time can be reduced significantly and still provide a fair result.

The next section of the paper explains the basic concept of option pricing techniques, the BOPM algorithm and also
discusses the basic concept of parallel computing and its application on some financial problems. The modified BOPM
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algorithm so it can be executed in parallel is outlined in the third part of the paper which is followed by results and
discussion.

RELATED WORKS
Options and Options Contract

Option is one of derivative securities, or commonly known as derivatives only, which means that the price of such
securities is determined, based or "derived from" another underlying securities prices [9]. Options are traded in the form of
a contract, so it is also known as option contracts. Being traded as contracts means that options can only be bought or
sold in certain period of time and obviously have a maturity date that is similar to futures contracts.

An option contract is divided into two types, nhamely a contract to buy the underlying asset of an option, also known as a
call option and vice versa contract that is to sell the underlying asset of an option or so-called put option.

If an investor has the option to buy, then they are entitled to purchase the underlying asset of the option i.e. company
stock, on certain agreed price within a certain period prior to the expiration date the contract [10]. The certain agreed price
is called the exercise price or the transfer price. In contrast to the put option, then the investor has the right to sell the
underlying asset of the option at the exercise price before the contract expiration date arrives. In this case, the exercise
price is only based on the price agreed when the contract traded and does not refer to current asset prices in the market.

To get the right to buy or sell options contracts, an investor is required to pay the purchase price option, referred to as
premiums (premium). The premium paid to the seller of the option that is the party who issues the option, or so called the
writer. Additionally, as long as the option contract is valid, the writer is obliged to buy or sell the related assets in
accordance with the price set in the contract option [9].

On the global financial markets there are two types of options, based on the rules of trade transactions, which often
become the benchmark of financial markets in different countries namely the American and European options [1]. The
main difference between the American and European options contained in the provisions regarding when an option
contract holders can trade their options.

Dissimilar provisions regarding when the asset underlying the option can be traded had an influence on the method
suitable for use in the process of pricing fair option values. For American options, due to the rule that the underlying asset
can be sold or bought at any time up to the expiry date then of course the basic asset price volatility need to be taken into
consideration [10]. In contrast, for the European options the pricing method is premised on the belief that during the term
of contract the volatility of the underlying asset price is stationary [10].

Binomial Option Pricing Model (BOPM)

A binomial option pricing approach works base on a very simple assumption, that is at the end of the validity period of the
option contract only two possible conditions can materialize. The first condition is the value of shares would increase to
achieve the highest price while the second one is it will decrease until it reaches the lowest price that may be achieved
within this period in accordance with applicable rules.

One option pricing model that utilizes this technique is the Binomial Option Pricing Model or the BOPM [11]. This model is
widely used as it can be applied to many conditions where other models are not capable to work because of the limiting
basic assumptions [1],[12].

BOPM generally perform calculations for option pricing by propagating the possibility of changes in stock prices over time
and not just at one particular point in time. Therefore, BOPM is suitable to be used in pricing the American options which
entitle the holder to purchase or sell shares at any time without having to wait for the expiry date or maturity time [12].

The calculation techniques used in BOPM are considerably uncomplicated when seen from mathematical modeling point
of view. However, the main constraint is the relatively longer counting completion time. The length of counting completion
time on BOPM is caused by the concepts that form the basic workings of BOPM. In this case, the option pricing is not only
calculated at one point in time, which is the expiration date, but at each point in time during the contract period runs by
including the growth probabilities of stock prices at each point time. The main stages into the core processes in BOPM
option pricing is outlined as follows:

1. Step 1, development of binomial tree that traverses possible stock price movement over time. This tree is also
referred to as lattice, therefore the BOPM also known as the method of lattice option pricing models.

2. Step 2, calculation of option values at any time point toward the expiry date of the contract.

3. Step 3, sequential calculation of option values at each point in time that precedes a particular position.

The Cox, Ross and Rubinstein method, hereinafter referred to as the CRR is widely known and has been used to build the
lattice in particular the binomial price tree. Previous study has confirmed that the method provides assurance that the
constructed binomial tree is recombinant [11]. In addition, the CRR method allows the value of stock at any point in time to
be calculated directly without having to build its first tree with mathematical equations as follows:
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S, = Sy X uMu~Nd (1)

where Sy is the value of price of stock that acts as the underlying asset at time point n, Sp is the initial stock price, Ny is the
number of climb points and Nq is the number of drop-off points at a specific time point n. To calculate the value of the
options at each end point which is the leaf of constructed binomial tree the following formula is applied:

max [Sn - H, D] for call option (2)

max [H - Sﬂ, D], for put option 3)

where K is the exercise price and S, is again the price of underlying asset at n. The value of options at each end point is
automatically becomes a candidate for the fair value of the execution price of these underlying assets [11].

BOPM characteristics as defined in the calculations above illustrates that the model works by calculating all possible
values of the options at each point in time within the option contract period. This gives the advantage that BOPM presents
the results of a comprehensive assessment.

However, due to the counting process is carried out at each point in time BOPM computing completion generally takes
longer in comparison to the other methods [7]. Additionally, Figure 1 illustrates how an option price binomial tree is
constructed using the BOPM.
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Fig 1. lllustration of the binomial tree development process using the BOPM with the number of time points n=3.
Parallel Computing on Financial Problems

Parallel computing is a technique to solve a problem or mathematical model by running multiple computing processes
simultaneously. Parallel computing is done by breaking the problem to be solved into smaller pieces of several sub-
problems which are then solved using a number of computational processes that work in tandem. The computation
outcome of each process will then be combined to produce the final output [13].

In reality, parallel computing is closely linked to existence of parallel computer architectures. In this design several
computers are linked together to form a unitary grid and work together to accomplish a particular task [14].

Need a concern that not all problems or mathematical models can be solved using parallel computing technique as an
approach. In the case of completion of a model or a mathematical equation requires a process that works sequentially and
cannot be broken down into sub-problems that can be solved individually, then the use of parallel computing is not
effective [13].

In line with this fact, in the application of parallel computing a conversion process of the mathematical model or equation
into the form of sub-problems that can be solved independently is required. Furthermore, a programming technique that
allows the generated sub-problems to be distributed and processed at different nodes of computer is also an absolute
requirement for the realization of parallel computing.
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In some previous studies, parallel computing has been used in the fields of grouping a text message [15], the image
processing on the computer [16], data processing chemicals and genome [17], and also in terms of the financial
settlement models [18].

jI'l'lPDI‘T nump'u as I‘lp

np.random. seed (150000) # fix the seed for every valuation
dt=T/M # time interval
df=np.exp(—r+dt} # discount factor per time time interval

# Simulation of Index Levels
S=np.zeros((M+1,1),dtype=np. float6d) # stock price matrix
5[0,:]1=50 # intial values for stock price
for t in range(1 M+1):
ran=np.random. standard_normal {1 /2)
ran=np.concatenate {{ran,—ran)} # antithetic variates
ran=ran—np.mean(ran) # correct first moment
ran=ran/np.std(ran) # correct second moment
S[t.:]=5[t—-1,]+np.exp({r—vol++2/2)+dt+vol+ransnp. sqrt(dt))
h=np. maximum(K—5,0) # inner wvalues for put option
V=np.zeros_like(h) # wvalue matrix

V[—1]=h[—1]

# Valuation by 15M

for t in range(M-1,0, —1)
rg=np. polyfit(5[t,:] , V[t+1,:]«df,5) # regression
C=np. polyval{ rg,S[t,.]} # evaluation of regression
# optimization
V[t,:]=np.where(h[t,:]>C,h[t,:],V[t+1,:]+df)

Vi=np.sum(V[1, [+«df)/I # LSM estimator

return VO

Fig 2. Implementation of Monte Carlo Least Square algorithm for the parallel computation of options price.
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Fig 3. Configuration of built Linux Beowulf cluster that consists of 1 master node and 3 regular nodes.
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Additionally, research conducted by Barua, et al. in 2005 also mentioned that parallel computing has been used to
calculate the Fast Fourier Transform (FFT) in the financial derivative product pricing [19]. Furthermore, it is worthy to note
that there are many previous studies which have also been using parallel computing techniques in calculating the price of
options on various options market in the world [20],[21],[22],[23]. The results of these studies explain that the use of
parallel computing can speed the counting process is a fair option price so that it can assist investors in making decisions
at the time will be invested in the options.

Based on the results presented in previous studies, then this research focuses on the development of BOPM algorithm
that can be executed in parallel and also would construct the computer cluster infrastructure, in which the algorithm will be
implemented. By realizing these objectives, it is expected that outcomes of the study would help to accelerate the BOPM
counting completion time and therefore become assistance for the investor to make more rapidly investment decision.

IMPLEMENTATION
BOPM Algorithm in Parallel Computing

Based on the main concept of BOPM algorithm that has been described in previous section, it can be understood that the
key process of BOPM is to build a binomial tree that contains a value that is propagated to the future, both for the values
of the underlying asset price, as well as the exercise price of the options, either call or put. With the establishment of the
binomial tree the describes possible propagation of asset price and also the upcoming values of the options, then the
decision maker, or in this case generally the investors can assess whether the exercise price of the options being offered
is a fair price or not.

In this study, the examination of implementation for the BOPM algorithm is conducted using the Python programming
environment. This is due to the ease of programs conversion into a form that can be run in parallel on a cluster of
computers provided by Python.

The implementation of BOPM algorithm in Python requires an additional library named Numpy, which is an extension in
Python that provides functions to perform complex mathematical calculations along with data and matrix in large sizes
processing capabilities. The use of Numpy becomes important due to the characteristics of BOPM that has to construct a
propagation binomial tree for the upcoming value of underlying asset and the fair settlement price of stock option under
observation.

Additionally, the basic BOPM algorithm is also altered by putting the Least-Square Monte Carlo algorithm into place, as
proposed by the Longstaff and Schwartz in 2001 [24]. In detail, the implementation of BOPM algorithm that has been
adapted to a working source code as given in Figure 2.

Into the bargain, results of previous study have found that the growth rate settling time calculating the value of an option
with BOPM will be directly proportional to the increase in the number of processors available in a computer cluster used
[25].

Building a Beowulf Cluster

In this research in order to realize the completion of BOPM process with parallel computing technique, a computer cluster
is built. The utilized architecture of the computer cluster constructed in this study is the Beowulf cluster that is operating on
a Linux platform [26].

The Beowulf Cluster architecture is chosen based on published results of previous study that verify the performance of
Beowulf Cluster which are reliable, easy to manage and has been widely used to run various parallel computing process
[27]. The schematic configuration of the constructed computer cluster in this research is translated visually in Figure 3.

Furthermore, to run and manage the process of parallel computing on the clusters of computers that have been built, a
parallel processing protocol called Message Passing Interface (MPI) is used. In essence, the MPI administers parallel
computing processes by exchanging messages through an interface, in the form of programs that exist on each computer
node in the cluster.

RESULTS AND DISCUSSION

In this study, the trials for the implementation of the BOPM algorithm that has been converted into a form that can be run
in parallel on a computer cluster is done by calculating the option price for one of the shares listed on the Indonesian
Stock Exchange. Option values that are to be calculated will be derived from the stock prices of one of the biggest bank
owned by the government of Indonesia, namely PT. Bank Mandiri, Tbk. whose stock code is BMRI.

Calculations are performed to value both the call option and put option with maturity or execution time ranging from 1 to 6
months. Some parameters that are used to calculate the options price are defined as follows:

Asset base value or price = 10,100
Option exercise price = 9,500
Risk free interest rate = 6.5% (using the interest rate of Bank Indonesia, the central bank of Republic of
Indonesia)
e Asset volatility = 10% (based on data obtained from the Indonesian Stock Exchange)
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Fig 5. Lattice diagram of projected BMRI call option prices in 6 months period.

Furthermore, the projected possibility of asset price movements for up to 6 months ahead can be seen in Figure 4.
Projected possibility of asset price movements are generated by the BOPM calculation that run on a Linux cluster that has
been previously explained and built in this study. Based on the results obtained it then can be observed that the
conversion of the BOPM algorithm into a form that can be run in parallel on a computer cluster is capable of constructing
the option price binomial tree or lattice in a high-quality manner.
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Fig 6. Lattice diagram of projected BMRI put option prices in 6 months period.

The calculation results of call option prices on the BMRI stock for execution time ranging from 1 to 6 months ahead is
shown in Figure 5a to 5f. While the projection of put option prices on the BMRI stock for equal time period is depicted in
Figure 6a to 6f. The main difference appears in the resulting lattice diagram for the values of the call and put option is the
emergence of "0" which only occurs in the lattice diagram of the put option.
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Fig 7. Computing time comparison between BOPM completion on a standalone system against the parallel
system.

In this case, the value of "0" is defined as the absence of profit that can be obtained by investors. In other words, it
suggests that buying a stock option contract with exercise price of 9,500 for BMRI share will not give any yield when being
exercised at that particular time point.

As an illustration, in Figure 5a the lattice diagram of BMRI call option for a period of 1 month does not show any "0" at all
and therefore it indicates that it is a good decision to invest in the call options of BMRI with an exercise price of 9,500 for a
period of 1 month ahead if the price of the underlying asset at the moment is 10,100. In addition, the lattice diagram also
shows a range of profit that may be obtained by the investor, starting from 312.60, when asset prices fell by up to
9,812.90, to 895.81, when asset prices rise by up to 10,395.81.

Contrary to the above conditions, the BMRI put options lattice diagram for 1 month period as shown in Figure 6a, are
showing only "0". This situation explains that investing in BMRI put option with an exercise price of 9,500 for only the
upcoming month ahead is not a good decision because it will not provide any benefit. This condition is caused by the
movement of the projected prices of the underlying assets that will not likely to fall below 9,500 for the first months, as
shown in Figure 4, while the put option contract will require the investor to sell its assets at the price of 9,500 when the
market value of these assets is still predicted above 9,500.

The results obtained from the calculation of the BMRI call and put option values, which then represented in the form of
lattice diagrams, are showing that the implementation of BOPM algorithm in the form of parallel computing has been
successfully carried out. It is the can be confirmed that the conversed BOPM algorithm running on the built Linux clusters
is still capable of doing the settlement of calculating the options price.

However, further analysis related to the performance of parallel computing process, in terms of the time of completion of
the pricing, still needs to be done to show that the main purpose of this research activity has been accomplished. To
analyze the performance of a single computing being compared to parallel computing on the completion of the BOPM
algorithm for pricing the call or put options equal experiment on calculating the BMRI options as describe above has also
been performed on a standalone system with single computational technique. A comparison chart of performance given by
the two settings is depicted in Figure 7.

It can be clearly observed that the computational time required to complete the calculation of the BMRI option values on
the Linux clusters is less than that of the standalone system.

Despite of the growth pattern of the computation time that holds the exponential form for both parallel and standalone
system, the graph evidently shows that using parallel processing the completion time of BOPM is significantly reduced.
The explanation for the exponential growth of the computation time lies on the nature of the BOPM algorithm itself when it
generates the binomial tree. However, in this study, the alteration of the BOPM algorithm focused more in the area so that
the algorithm can be executed simultaneously in parallel and not in the process to diminish the complexity of the algorithm
itself.
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Nonetheless, in the end results as shown in Figure 7 have confirmed that the main objective of this research, which is the
application of BOPM algorithms in parallel on a computer cluster in order to expedite the completion of the calculation of
fair value of the options have been reached.

CONCLUSION

Based on experimental results obtained and the analysis carried out in the course of this research, some conclusions can
be drawn and described as follows:

1. The BOPM algorithm can be implemented and executed in parallel machines to significantly shorten the
completion time of calculating the fair price for both call and put options in comparison to when being applied on
a single machine.

2. The BOPM algorithm can be implemented in the form of parallel computing using Python and give a better
performance, in terms of turnaround time compared to the completion of the model calculation on a single
system.

3. The Least Square Monte Carlo algorithm is required in the conversion process of BOPM algorithm into the form
that can be executed simultaneously on a computer cluster.

4. The Beowulf cluster architecture is proven to be suitable as the supporting infrastructure for parallel computing
process in particular for the completion of option pricing practice using BOPM.

5. The ability to reduce completion time of options pricing calculation using BOPM algorithm that runs over a
computer cluster could be of a help for investors in assessing the fair price of the options and therefore increase
the potential to gain benefits in a shorter period of time.

FUTURE WORK

In this study, the conversion process and implementation of the BOPM algorithm emphasized more on the intention that
the algorithm can be run in parallel over a computer cluster since the key objective is to be able to speed up the
turnaround time of calculating fair option values using the BOPM algorithm. However, the characteristic of the algorithm
which has a growing complexity in the form of an exponential function is still not explored further and therefore remains.
For that reason, to improve the performance of the BOPM algorithm, in terms of complexity, in the future the alteration of
the BOPM algorithm should focus more on the reduction of the algorithm computational complexity.
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