IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 13 Issue: X Month of publication: November 2025

DOIl: https://doi.org/10.22214/ijraset.2025.75858

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue XI Nov 2025- Available at www.ijraset.com

Option Pricing Using Black-Scholes & Monte Carlo
Simulation

Prof. Alsaba Naaz', Danesh Naik?, RajeshwarSingh Bachhil’, Razi Khan*
Department of Computer Science and Engineering, Priyadarshini Bhagwati College of Engineering, Nagpur

Abstract: Option pricing plays a critical role in modern financial markets by enabling investors to quantify risk and determine
fair contract values. This work focuses on two widely used approaches for valuing European options: the analytical Black-
Scholes model and the numerical Monte Carlo Simulation technique. The Black-Scholes model provides a closed-form solution
based on key market assumptions such as continuous trading, constant volatility, and log-normal asset price behavior. In
contrast, Monte Carlo Simulation offers a flexible, probabilistic method capable of modeling complex scenarios by generating
thousands of simulated price paths. By comparing these techniques, the study highlights their strengths, computational
efficiency, accuracy, and suitability under different market conditions. The combined analysis provides deeper insight into
option pricing dynamics and supports better decision-making for traders, risk managers, and financial analysts.
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L. INTRODUCTION

Option pricing is a fundamental component of modern financial engineering, enabling investors and institutions to assess the fair
value and risk associated with derivative contracts. As global markets grow increasingly dynamic and uncertain, accurate pricing
models have become essential for informed decision-making, portfolio optimization, and risk management. Among the various
techniques developed, the Black-Scholes model stands as the earliest and most influential analytical approach, offering a closed-form
solution for European option valuation under ideal market assumptions.

However, real-world markets often exhibit complexities such as fluctuating volatility and nonlinear price movements, prompting the
need for flexible numerical methods like Monte Carlo Simulation. By simulating thousands of potential future price paths based on
stochastic processes, Monte Carlo techniques provide a robust framework capable of handling scenarios beyond the scope of
analytical formulas. Together, these models form the foundation of quantitative finance, offering complementary insights into option
behavior and valuation under varying market conditions.

A. Fundamentals of Financial Derivatives

Financial derivatives are financial instruments whose value depends on an underlying asset such as stocks, commaodities, currencies,
or indices. Options, one of the most widely used derivatives, provide investors with the right—but not the obligation—to buy or sell
an asset at a predetermined price. Understanding the basic structure, types, and payoff mechanisms of options is essential because
they serve as powerful tools for hedging risk, managing portfolios, and engaging in speculative strategies. This foundational
knowledge sets the stage for appreciating the relevance of analytical and simulation-based pricing models.

B. Black-Scholes Model: Mathematical Foundations

The Black-Scholes model, introduced in 1973, revolutionized financial mathematics by offering a closed-form solution for pricing
European-style options. Built upon assumptions such as frictionless markets, constant volatility, and geometric Brownian motion for
stock prices, the model uses stochastic calculus to derive its formula. A key component of this model is risk-neutral valuation, which
assumes investors are indifferent to risk and helps simplify the mathematical complexity. These foundations allow the Black-Scholes
formula to compute option prices with high computational efficiency.
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C. Aim

The aim of this study is to analyze and compare the effectiveness of the Black-Scholes analytical model and the Monte Carlo
Simulation technique for accurate and reliable option pricing in modern financial markets. This research seeks to understand how
each method performs under different market conditions, evaluate their assumptions and limitations, and determine their suitability
for pricing European options. By examining both mathematical and computational perspectives, the study aims to provide a clear
understanding of how these models can be applied for better financial decision-making and risk management.

D. Objectives

1) To understand the fundamental concepts of options and financial derivatives.

2) To study the mathematical assumptions and derivation of the Black-Scholes option pricing model.
3) To implement Monte Carlo Simulation for pricing European options using stochastic price paths.

4) To compare the accuracy, efficiency, and applicability of Black-Scholes and Monte Carlo methods.
5) To analyze the impact of market volatility and other parameters on option prices.

6) To evaluate the strengths and limitations of each pricing approach in real-world financial conditions.

1. LITERATURE REVIEW
The evolution of option pricing theory represents one of the most significant advancements in financial economics. The
foundational work of Black and Scholes (1973), later extended by Merton (1973), [1] introduced the first closed-form analytical
solution for pricing European options. Their model, based on assumptions of geometric Brownian motion, constant volatility,
frictionless markets, and risk-neutral valuation, transformed derivatives pricing and established the Black-Scholes-Merton (BSM)
framework as a global standard. Numerous studies have validated the model's efficiency and mathematical elegance; however,
researchers soon identified its limitations when applied to real-world financial markets. Empirical evidence revealed that market
volatility is neither constant nor perfectly predictable, leading to phenomena such as volatility smiles and fat-tailed return
distributions—issues the original model could not fully capture.
To address these gaps, subsequent research explored numerical and simulation-based approaches. Boyle (1977) pioneered the use of
Monte Carlo Simulation for option pricing, demonstrating its capability to model more complex and path-dependent derivatives that
lack[2] closed-form solutions. Since then, Monte Carlo methods have gained significant attention due to their flexibility in
incorporating stochastic volatility, jumps, changing interest rates, and other market imperfections. Studies by Glasserman (2004)
and others highlight how variance reduction techniques—such as antithetic variates, control variates, and quasi-random sequences—
enhance the efficiency and accuracy of simulation results. Comparative analyses in the literature consistently show that while the
Black-Scholes model offers computational speed and simplicity for standard European options, Monte Carlo Simulation provides
superior adaptability to real-world conditions and exotic contracts.
Recent advancements in quantitative finance have further expanded option pricing research to include models such as the Heston
stochastic volatility model, the Merton jump-diffusion model, and lattice-based methods like binomial and trinomial trees. These
models aim to overcome the rigid assumptions of Black-Scholes by introducing dynamic volatility and discontinuous asset price
movements. In parallel, computational studies increasingly integrate machine learning and neural networks to approximate option
prices under complex market environments. [3] Collectively, the literature reflects a progressive transition from purely analytical
solutions to more robust, simulation-driven and hybrid approaches, underscoring the rising complexity of financial markets and the
continuous need for flexible, accurate pricing methodologies.

1. PROPOSED STRUCTURE

The proposed structure of this study is designed to systematically explore and compare the Black-Scholes analytical model and the
Monte Carlo Simulation technique for option pricing. The paper begins with an introduction to financial derivatives, emphasizing
the significance of options in modern financial markets. It then proceeds to present the mathematical foundations of the Black-
Scholes model, including its assumptions, derivation concepts, and application to European options. Following this, the structure
introduces the Monte Carlo Simulation approach, detailing the generation of stochastic price paths and the numerical estimation of
option values. A comparative analysis section evaluates both methods based on accuracy, computational efficiency, and adaptability
to market conditions. The proposed structure further incorporates sensitivity analysis using option Greeks to understand the impact
of key parameters on pricing outcomes. Implementation details using computational tools, such as Python or MATLAB, are
included to bridge theory with practice.
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The final sections discuss findings, highlight limitations, and present conclusions along with future scope for extending the research
using advanced models such as stochastic volatility and machine learning-based pricing techniques. This structured approach
ensures a comprehensive and coherent exploration of both analytical and simulation-driven option pricing methodologies.

V. RESEARCH METHODOLOGY

The research methodology for this study is designed to ensure a rigorous, systematic, and comprehensive evaluation of option
pricing using both the Black-Scholes analytical model and the Monte Carlo Simulation technique. The process begins with an in-
depth literature review to establish a strong theoretical base and identify the strengths, weaknesses, and practical applications of
existing models. After defining the research problem, the methodology proceeds with the selection and formulation of relevant
mathematical models. For the Black-Scholes model, key assumptions such as constant volatility, frictionless markets, log-normal
price distribution, and no arbitrage are clearly outlined, and the closed-form equations for pricing European call and put options are
applied. In parallel, the Monte Carlo Simulation methodology is structured by defining the stochastic process—geometric Brownian
motion—that governs the evolution of asset prices. Thousands of random price paths are generated using pseudo-random numbers
to replicate market uncertainty, and the discounted payoff of each path is averaged to estimate the option price. The study then uses
a computational environment (e.g., Python or MATLAB) to implement both techniques, ensuring consistency in input parameters
such as the initial stock price, strike price, volatility, risk-free rate, and time to maturity. Statistical tools and variance reduction
techniques may also be incorporated to enhance the accuracy and stability of simulation results. Once both pricing methods are
implemented, a comparative analysis is conducted to measure differences in accuracy, sensitivity to parameter changes,
convergence speed, and computational cost. Sensitivity analysis using Greeks is performed to assess the impact of market variables
on option prices. The methodology concludes by interpreting the results, identifying model gaps, validating findings with theoretical
expectations, and outlining future research opportunities to integrate advanced models or machine learning approaches for improved
pricing accuracy.
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Fig No. 1 Black-Scholes model Fig No. 2 Monte Carlo Simulation

The Black-Scholes model is an analytical framework used to determine the fair value of European call and put options. The first
diagram illustrates this concept by showing how the option’s payoff behaves at expiration compared to its value before expiry. At
maturity, a call option payoff increases linearly once the underlying asset price exceeds the strike price, because the holder gains the
difference between the market price and the strike. However, before expiration, the option’s price follows a curved path due to the
presence of time value and volatility. This curvature reflects the Black-Scholes assumptions that the underlying asset follows a
geometric Brownian motion with constant volatility and that markets are frictionless and risk-neutral. As a result, the model not only
considers the intrinsic value at expiry but also integrates the probability of future price movements, producing a smoother, upward-
sloping curve. This allows traders and analysts to identify how the option’s value changes with the underlying asset price long
before the final payoff is realized. Monte Carlo Simulation is a numerical approach used to estimate option prices by simulating the
randomness of future asset price movements. The second diagram represents this concept using a probability distribution curve that
shows a wide range of outcomes resulting from repeated random simulations. In option pricing, this method generates thousands of
potential future price paths using stochastic processes, capturing both expected and unexpected market behavior. Each simulated
path leads to a different payoff at maturity, and the average of these discounted payoffs provides the estimated option price.
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The diagram’s shaded regions symbolize different risks associated with uncertainty, similar to how market volatility influences
simulated price distributions. Monte Carlo Simulation is especially valuable when dealing with path-dependent or complex
derivatives where no closed-form solutions exist. Unlike the Black-Scholes model, which assumes a fixed volatility and a
predictable distribution, Monte Carlo captures real-world randomness, making it flexible and highly adaptable for modern financial
applications.

V. RESULT AND ANALYSIS

M4 Black-Scholes Option Pricing
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Results

Call Price: $44.34 Put Price: $0.00
Delta (Call): 1.00 Delta (Put): -0.00
Gamma: 0.0000 Vega: 0.00

Theta (Call): -4.15 Theta (Put): -0.00
Rho (Call): 8.52 Rho (Put): -0.00

Risk-free Rate (%)

Fig No. 3 Form of Black Scholes Option Pricing Fig No. 4 Results

VI.  CONCLUSION

In conclusion, the study of option pricing through both the Black-Scholes model and the Monte Carlo Simulation technique
highlights the strengths and limitations of analytical and numerical approaches in modern financial analysis. The Black-Scholes
model provides an elegant closed-form solution that is computationally efficient and widely applicable for standard European
options under idealized market assumptions. However, real financial markets often experience fluctuating volatility, jumps, and
non-linear price behavior that the model cannot fully capture. Monte Carlo Simulation, on the other hand, offers flexibility by
generating numerous potential future price paths, making it ideal for complex, path-dependent, and realistic market conditions.
Although it is computationally more intensive, its ability to incorporate stochastic behavior and varying assumptions gives it strong
practical relevance. Together, these methods offer complementary insights, enabling more robust and accurate pricing decisions. By
integrating analytical precision with simulation-based adaptability, financial practitioners can better understand market risks,
enhance decision-making, and improve derivative valuation in an increasingly uncertain and dynamic environment.
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