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I. INTRODUCTION 
 
Financial engineering is the field of engineering which 

combines the power of engineering, mathematical tools and 
programming in order to develop computational potency for 
high-performance financial trading systems [1]. 

Recently, most of the ongoing research in the field of 
finance is focused on high-performance trading and valuation 
using field-programmable gate array (FPGA). The super 
computers which were employed have become obsolete and 
cost ineffective as the area and power required by them is 
more. Earlier, better computational speed was accomplished 
by boosting the frequency of the microprocessor. However 
there are substantial limitations to this methodology which 
makes it impractical. Advanced microprocessors which are 
extremely fast need extra power and produce additional heat, 
which needs to be squandered.  

The FPGA’s on the other hand are easy solutions with the 
advantage of dedicated hardware for a particular algorithm, 

and with tremendous reduction in area and power.  
With the continuous advancements in field of FPGA, it is 

now easy to implement floating point arithmetic with high 
precision, thereby, providing the advantage of implementing 
complex computations faster and consuming less power and 
area.  

In the realm of economics, computational potency directly 
transforms into wealth. Venture capitalists and banks employ 
considerable number of supercomputers to estimate and 
curtail risk. The Federal Deposit Insurance Corporation 
(FDIC) then outlines the risk weighted possessions based on 
these estimations. The risk weighted possessions indicates 
the amount of money within banks and ventures that is 
subjected to risk. For big corporations, this means billions 
which can be the total net profit of that enterprise [2]. 

In this paper we would discuss the hardware implemen-
tation of the European call option using Black Scholes 
model for financial modeling. 
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II. BACKGROUND 
 

Financial modeling [3] pertains to the practice by which a 
business builds a financial model of selected, or all, attributes 
of the association or given collateral. A financial model is a 
demonstration for statistical stream of any monetary data 
related to any financial corporation and plays a vital role in 
the success and profitability of a business. It is considered as 
assessment and forecasting instrument for people working in 
the field finance especially the stock brokers, investment 
bankers and asset management firms. Companies spend 
millions of dollars in developing a model for finance, and 
then this model is utilized to predict the future gross and net 
income and evaluate various parameters such as risk and 
opportunity, stress, asset allocation, capital management and 
business planning. 
 
A. Option Pricing 
 

Options in simple words are contract which makes the 
owner able enough to sell or buy an asset or stock at a 
certain price called as strike price and in a certain amount of 
time known as expiration period [3]. In order to sell off an 
option the owner receives a value for that option and this 
value which is paid by the buyer to get the right over the 
option is the worth of that option. The price at which an 
option is purchased or sold is called as premium that is the 
value of that option [3, 4]. 

There are several kinds of options styles like European, 
Bermudan, Asian, Binary, Vanilla, Exotic, Barrier and Ame-
rican option [4]. The options are given different names in-
order to understand the properties pertaining to specific options. 
The most widely used options are the European and the 
American options for market. The options are of many kinds 
like stock, bond, future contracts valuation, stock option 
given to an employee, real-estate options, and mutual fund 
options and all these options are based on two parameters 
known as Call and Put option price [4]. 

Call option is the one which gives freedom to a person to 
purchase an option at a certain price while a put option is 
the one which allows an owner to sell off an option at a 
certain price [3].  
 
B. Valuation of Options 
 

The option value can be divided into 2 parts: 
 

1) Intrinsic Value 
The difference between the principal price and the strike 

price, such that the owner of the option is at profit, is known 
as the intrinsic value [4]. In case of call option, the principal 
price of the option must be greater than the strike price of 
the option, hence the intrinsic value would be obtained by 

subtracting the strike price from principal price, while in 
case of a put option its reverse that is strike is greater than 
principal price so intrinsic value is obtained by subtracting 
principal price from strike price, else the intrinsic value is 
nil [4]. 
 

Intrinsic value (call) = current stock price – strike price, 
Intrinsic value (put) = strike price – current stock price. 

 
2) Time Value 
The time value of an option can be defined as the value 

above the intrinsic value which a trader for the option. The 
assumption here is that before the maturity of the option the 
market would be bullish and worth of the assets would 
increase, thereby, giving profit. So, it can be observed that 
time to maturity is directly proportional to time value, hence, 
more profit considering the assumption.  
 

Time value = option premium – intrinsic value 
 
C. Option Pricing Models 
 

The worth of the option is guided by large number of 
aspects like present-day worth of the option/stock, maturity 
time of the option that is the time of expiration, the pre-
cariousness of the cost of the holding and the selling/ 
purchasing price of the stock/asset which is also referred to 
as spot price. The method by which these attributes are 
affected is influenced by number of models but the flowing 
ones are most common [3, 4]: 
 

• Monte Carlo simulation model 
• Binomial tree option pricing model 
• Black Scholes option pricing model  

 

1) Monte Carlo Simulation Model for Option Pricing 
The Monte Carlo simulation model employs Monte Carlo 

algorithm for the valuation of the options [5]. It computes 
the option value by keeping large number of uncertainty 
sources or the one’s which have extremely intricate charac-
teristics.  

Monte Carlo algorithm belongs to the category of mathe-
matical algorithms which depend immensely on continuous 
random sampling in order to calculate the output. Monte 
Carlo simulation is mostly used in running big simulations 
of engineering and financial systems which involve extremely 
complex arithmetic operations. These methods require super 
computers due to the massive calculations involved and at 
times can be very slow and result in a performance hit. 

A significant purpose of Monte Carlo systems in contem-
porary finance and risk management is in evaluating com-
pound financial offshoots particularly when these spinoffs 
are based on the American style of options where the owner 
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Fig. 1. Black Scholes system architecture [7].

 

 
 
The most vital part in implementation of the Eq. (1) is 

CDF N(x). It is approximated using a polynomial function 
which has an accuracy of 6 decimal places that is defined 
below in Eq. (5) as in [7]: 
 x  1 , 01 , 0   (5) 

 
where,  11 , 0.2316419, 0.319381530,   0.356563782,  1.781477937,  1.821255978,   1.330274429.  
 
A. Architecture of the Model 
 

The block diagram for the Black Scholes implementation 
for European call option is shown in Fig. 1 on next page. 
 
The block diagram is divided into 3 parts: 
1) D1 which needs to be calculated from Eq. (2) and D2 which 

needs to be calculated from Eq. (3). 
2) The 2nd block is the cumulative normal distribution, as 

shown in Eqs. (4) and (5), it takes the results of 1st block 
and performs the standard normal distribution and then 
CDF is finally calculated. 

3) The 3rd block is the option price, the results from the 
cumulative normal distribution function are fed into the 
option price block and finally the call option value is 
obtained. 

 
B. D1D2 Block Implementation and Design 
 

The module D1D2 has 5 inputs according to the Eqs. (2) 
and (3) namely strike price of the option, spot price of the 
option, risk free interest rate, expiration time, and the market 
volatility [7]. It takes these inputs and returns the results for 
the Eqs. (2) and (3). 

Table 2. Resource utilization for D1D2 
Hardware required (IPs) Number 

Divider 2 
Square root 1 
Multiplier 4 
Logarithm 1 
Add/subtract 3 

 
 

 
Fig. 2. Architecture of D1 and D2 [7]. 

 
 

The resources required for implementation of module 
D1D2 according to the equations mentioned above are shown 
in Table 2, and architecture and design flow is show in Fig. 2. 
 
C. CDF Block Implementation and Design 

 
This module has one input and it takes the outputs of D1 

and D2. The two outputs are fed into 2 CDF modules, and 
this is done in parallel to make the design faster. The 
outcome of the module is CDF for D1 and D2, i.e., N(  
and N( ) as mentioned in Eq. (1) and then these results are 
fed to the option price module as in [7].  

The resources used for the implementation of this module 
are shown in the Table 3, and the architecture is shown in 
the Fig. 3. 
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Fig 3. Architecture of cumulative distribution function [7]. 

 
Table 3. Resource utilization for cumulative distribution function 

Hardware required (IPs) Number 
Multiplier 14 
Add/subtract 6 
Exponential 1 
Division 1 

 
 
D. Option Price Block Implementation and Design 
 

For computation for European call option price, the inputs 
rate and time were passed through a multiplier, the then 
along with minus sign they were passed through exponential 
and we got result as , then, this was passed through a 
multiplier along with the strike price  . The spot price 
was passed through a multiplier along with the CDF of D1, 
obtained from the previous module, and we got  . 
The CDF of D2 along with  was passed through 
another multiplier and then this result was passed through a 
subtraction IP along with    and thus we obtained the 
final result mentioned in Eq. (1), the call price for European 

style option trading. Fig. 4 shows the architecture, and Table 
4 shows the resource utilization for complete design and 
gives the latency of each IP. 

 
 

IV. VERIFICATION AND RESULTS 
 

The model was tested before proceeding with the Verilog 
Coding. The design was tested by developing MATLAB and 
C/C++ models. 

In the MATLAB model, first the Eq. (2) (mentioned in 
chapter-4) which for computation of d1 is implemented 
followed by the Eq. (3) for d2 and then the results are given 
to the 2nd block that is the CDF block. In the CDF block the 
standard normal distribution as described in Eq. (4) is found 
and the results are utilized to find the CDF.  

Lastly, all the results along with the other parameters are 
given to the last block that is the option price and final result 
for the call option system is calibrated. 
 
 

 
Fig 4. Architecture of Call Option price [7]. 

 
Table 4. Resource utilization for complete design 

Hardware required (IPs) Number Latency 
Divider 3 10 
Square root 1 30 
Multiplier 22 10 
Logarithm 1 34 
Add/subtract 10 10 
Exponential 2 25 
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The C/C++ verification model [7] was divided into 3 
methods namely: 
 
D1_D2  

This method is developed using the Eqs. (2) and (3). It 
takes 5 inputs namely strike price of the option, spot price of 
the option, risk free interest rate, expiration time, and the 
market volatility. It takes these inputs and returns the results 
for the Eqs. (2) and (3). 
 
CDF 

This method is based on the Eqs. (4) and (5). The method 
take one input at a time and they are the results of D1 and 
D2, it finds the value of the standard normal distribution 
function defined in the Eq. (4) (the value for the inverse 
square root for 2 multiplied by pie that is: 1/√2π  is 
0.39894228040143270286) and the result are the fed into 
Eq. (5) and finally the cumulative normal distribution function 
is obtained [7]. 
 
Option_price 

The 3rd and final method computes the value of the Euro-
pean call option, it calls both the previous methods and we 
finally get the result for of the call option price [7]. 
 
A. Simulation and Synthesis Results 

 
The design was successfully run on Stratix-V FPGA 

(5SGXEA7K2F40C2) with a frequency of 179 MHz. It 
performs 180 million transactions per second with initial 
latency of 208 clock cycles 

The simulation results for the modules D1D2, CDF, and 
call option are show in the Figs. 5–7. 

The synthesis results of the complete design are shown in 
Fig. 8. The resource utilization of complete design for various 
Altera FPGA families is shown in the Table 5. 

 
 

 
Fig. 5. Simulation results for D1 and D2. 

 
Fig. 6. Simulation results for cumulative distribution function (CDF). 

 
 

 
Fig. 7. Simulation results for call option. 

 

 

 
Fig. 8. Resource utilization of Black Scholes equation on Stratix V field-
programmable gate array. ALUT: adaptive look-up table, DSP: digital 
signal processing, HSSI: high speed serial interface, STD: standard, RX: 
receive, PCS: physical coding sublayer.  
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Table 5. Resource utilization chart of Black Scholes model for various 
Altera FPGA families 

FPGA device used Total LE’s 
(combinational)

Total 
memory bits 

Total 
registers

Fmax
(MHz)

Stratix-III 
(EP3SL200 F1517C2) 41702 (26) 27701 (<1) 44052 (28) N/A

Stratix-IV 
(EP4SGX530 KH40C2) 38790 (9) 18432 (<1) 46380 (11) 139 

Stratix-V 
(5SGXEA7K2 F40C2) 47474 (7) 27705 (<1) 68148 (9) 179 

Values are presented as number (%). 
FPGA: field-programmable gate array. 
 
 

It can be observed from the above table that the design 
failed on Stratix-III FPGA because it lacked resources. The 
speed offered by the Stratix-IV FPGA was less as compared 
to Stratix-V FPGA, so we used the Stratix-V for the successful 
implementation of the design and maximum frequency achieved 
was 179 MHz. 
 
 
V. CONCLUSION 

 
In this paper, we implemented a high-performance Black 

Scholes system on Altera Stratix-V FPGA. It computes the 
real-time call price for European style option. With the con-
tinuous advancements in field of FPGA, it is now easy to 
implement high performance financial trading applications 
with high precision, thereby, providing the advantage of 
improving the performance of the system by implementing 
complex computations efficiently. We compared Black Scholes 
system with the models which have been implemented in 

past, and it was concluded that Black Scholes model pro-
vides high performance in terms of speed and accuracy. 

The design estimates real-time call price for European 
style option at risk free interest rate, and performs 180 
million transactions per second with the initial latency of 
208 clock cycles. The design runs at a speed of 179 MHz. 
The design used 3 dividers, 1 square root, 22 multipliers, 1 
logarithm, 10 add/subtract, and 1 exponential IPs. The design 
utilized 68148 logic elements, 27705 memory bits, and 261 
total DSP blocks on Stratix-V (5SGXEA7K2F40C2) FPGA.  
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