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Why Numerical Methods are Important
Advanced numerical methods have become indispensable for accurately modeling complex 
financial instruments and effective risk management. This guide provides insight into some 
of the key numerical techniques that are established in quantitative finance and guidance in 
selecting the most appropriate tools for specific requirements.

We explore two primary methodologies, examining their theoretical foundations, practical 
applications, advantages, and limitations: 

•	 Monte Carlo Simulation
•	 Grid Based Methods (Finite Difference Methods)

These methodologies are essential for:

•	 Pricing complex derivatives with different underlying risk factors, such as baskets
•	 Pricing path-dependent instruments, such as callable bonds
•	 Solving high-dimensional problems in risk management, such as VaR
•	 Providing important risk measures, such as sensitivities
•	 Precise valuation of large positions in critical settings, such as risk and attribution  
	 analysis
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Survey of Numerical Methods in Finance
Numerical methods are essential tools in modern finance, particularly for pricing complex de-
rivatives, managing risk, and solving quantitative problems that cannot be solved analytically 
(which is to say in practice that there isn't a convenient closed-form solution available). This 
situation typically arises where there is uncertainty. 

In a vanilla fixed rate bond, the cashflows from the bond are established up-front. Notwith-
standing the possibility of default, there is certainty about how the instrument will evolve. 
However, there are many financial instruments whose behaviour is not deterministic. They can 
be more complex, and often involve nonlinearities. Many corporate bonds have embedded 
optionality, in the form of calls and puts. This makes the bond's behaviour path-dependent (it 
depends on future financial variables, such as the prevailing interest rate) and therefore highly 
uncertain. 

Typically, probability theory and stochastic approaches are employed to address these pro-
blems but they rarely enable a direct, simple solution to valuing the instrument. As a result, 
numerical techniques have been widely adopted in the industry.

1. Monte Carlo Simulation

Monte Carlo (MC) simulation is a versatile numerical technique used to model and price finan-
cial derivatives, evaluate risk, and optimize portfolios. It relies on the law of large numbers 
and the central limit theorem to estimate uncertain outcomes by simulating a large number of 
random scenarios.



1.1. Application in Finance

One of the most common applications of MC simulation is in the pricing of complex derivatives, 
and multi-asset derivatives, especially if they show path dependent behavior. For example 
barrier options depend on the entire trajectory of underlying asset prices rather than just the 
terminal price, making traditional methods less effective.

MC simulation can generate thousands (or millions) of asset price paths by simulating the un-
derlying asset’s price movement. The cashflows are calculated for each path, and the average 
across all paths gives the expected payoff, which is then discounted back to the present value.
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LIMITATIONS

Computational Intensity 
Monte Carlo methods require a large 
number of simulations to achieve  
accurate results, especially when 
pricing options with high sensitivities 
(e.g., options close to expiry). This 
makes the method computationally 
expensive.

Flexibility 
Monte Carlo methods are highly adap-
table to various types of financial ins-
truments, especially those for which 
no closed-form solution exists.

Slow Convergence 
The accuracy of Monte Carlo simula-
tion increases at a rate proportional 
to the square root of the number of 
paths, meaning that the convergence 
to the correct solution can be slow 
compared to other numerical  
methods.

High Dimensionality 
Monte Carlo simulation handles high-
dimensional problems well, such  
as multi-asset derivatives or risk 
management under different market 
scenarios.

ADVANTAGES

1.2. Quasi-Monte Carlo as an alternative to Monte Carlo

Quasi-Monte Carlo methods are used as an alternative to classical Monte Carlo methods in 
computational finance because they offer more efficient convergence by using low-discrepancy 
sequences rather than random sampling. In fact, such low-discrepancy sequences are not ran-
dom at all, but deterministic. However their design allows the domain that needs to be sampled 
to be covered more uniformly, leading to faster and more accurate approximations, especially 
for high-dimensional problems such as multi-asset option pricing or portfolio risk management. 
While classical Monte Carlo relies on the law of large numbers for convergence, Quasi-Monte 
Carlo methods reduce the variance of the estimator with fewer sample points, making them 
particularly useful in scenarios where computational efficiency is critical.



2. Finite Difference Methods (FDM)

The Finite Difference Method (FDM) is another powerful tool in finance, especially for solving 
Partial Differential Equations (PDEs) that are fundamental in computational finance for mo-
deling the evolution of financial variables such as asset prices, interest rates, and derivative 
pricing. Among these, so-called reaction-diffusion-convection equations are particularly useful 
due to their ability to capture a range of dynamic processes in financial markets. These kinds 
of equations arise in studies of fluid dynamics and heat, and the mathematics and knowledge 
that has accrued in academic and engineering settings over many years has been successfully 
transferred to the financial markets.

2.1. Application in Finance

One of the most well-known applications of PDEs in finance is in option pricing. The famous 
Black-Scholes equation is a diffusion equation. Also interest rate models, such as the Hull-Whi-
te or Heath-Jarrow-Morton (HJM) frameworks, make use of reaction-diffusion-convection PDEs. 
In these models, the convection term typically represents the deterministic drift of interest 
rates, while the diffusion term captures stochastic movements (volatility).

These equations can be solved using FDM by discretizing time and space into a fine grid, and 
then calculating differences between the points in the grid.
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Complexity 
Implementing FDM requires a solid 
understanding of numerical analysis 
and the underlying PDE. It may also 
require special techniques to handle 
complex boundary conditions or early 
exercise features in American options.

Deterministic 
Unlike Monte Carlo, which relies on 
randomness, FDM provides a deter-
ministic approach, which can be ad-
vantageous in specific applications.

LIMITATIONS

Dimensionality 
FDM suffers from the "curse of dimen-
sionality", meaning that the computa-
tional cost grows exponentially as the 
number of dimensions (e.g., underly-
ing assets) increases. More scenarios 
need to be generated to span each 
extra dimension. This makes it less 
suitable for multi-asset derivatives.

Accuracy 
FDM is generally more accurate for 
low-dimensional problems compared 
to Monte Carlo, especially for simple 
European options.

ADVANTAGES



2.2. Finite Element Method as an alternative to FDM

Finite Element Methods (FEM) are used as an alternative to Finite Difference Methods (FDM) in 
computational finance due to their flexibility in handling complex geometries and boundary 
conditions. FEM is particularly well-suited for problems where the domain has irregular boun-
daries or when higher accuracy is required in certain regions of the solution space, such as near 
strike prices in option pricing. Additionally, FEM allows for the use of adaptive mesh refinement, 
enabling a more efficient allocation of computational resources to areas where the solution 
changes rapidly, which can be especially useful in multi-dimensional problems and models in-
volving American options or exotic derivatives.
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Conclusion
Numerical methods in finance, such as Monte Carlo simulation, Finite Difference Methods, and 
tree methods, are indispensable for pricing complex derivatives and managing financial risk. 
Each method has its strengths and weaknesses, making them suitable for different types of 
financial problems. 

Monte Carlo is highly flexible and effective in handling high-dimensional problems but suffers 
from slow convergence. However, Quasi-Monte Carlo methods reduce this drawback, making 
them highly preferred for many situations. Finite Difference Methods provide accurate and  
deterministic solutions to low-dimensional PDE problems but struggle with higher dimensions. 

The choice of numerical method often depends on the specific financial instrument, the dimen-
sionality of the problem, and the required accuracy and efficiency.

Source:  
Binder, A., Aichinger, M. (2013). A Workout in Computational Finance. Wiley Finance Series. https:/doi.org/10.1002/9781119973515 
Wilmott, P. (2007). Paul Wilmott introduces Quantitative Finance. Wiley Finance Series.



How Leading Financial Institutions Manage  
Advanced Numerical Methods
While advanced numerical methods are essential for modern finance, their effective implemen-
tation presents several challenges: 

•	 Selecting the optimal method for specific financial instruments
•	 Balancing accuracy with computational efficiency
•	 Methodology and Model Risk
•	 Assess value and manage risk across numerous financial instruments 

Leading financial institutions have recognised that gaining a competitive advantage lies in  
managing these methods efficiently.

The combination of a powerful computational engine with an intuitive interface offers a com-
prehensive solution that bridges the gap between sophisticated computational finance and 
ease of practical application.

Strategic Implementation Benefits
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Unified Core Architecture

•	 Consistent results across different  
	 interfaces (Excel, .NET, Python, JSON)
•	 Seamless collaboration between teams
•	 Standardized calculation methods

Performance and Speed

•	 Fast execution of advanced  
	 numerical methods
•	 Efficient handling of complex models
•	 Processing of large datasets

Flexibility and Customization

•	 Flexible data manipulation
•	 Custom reporting capabilities
•	 Tailored visualization options

Cross-Model Risk Mitigation

•	 Integrated approach to complex  
	 financial analyses
•	 Consistent risk assessment
•	 Elimination of cross-model discrepancies

System Accessibility

•	 Familiar user-friendly environment
•	 Reduced learning curve
•	 Access to sophisticated capabilities

Computational Stability

•	 Consistent and reliable results in  
	 financial modeling
•	 Real-time analysis capabilities
•	 Quick response to market changes



Practical Applications

Our clients implement these methods in the following areas:

1. Valuation of Complex Derivatives, Including Path-Dependent Instruments

This includes various examples, such as:

•	 Callable Bonds 
	 The probability of a call depends on the future distribution of underlying interest rates (based 
	 on the selected interest rate model). Finite difference or finite element methods are optimal 
	 for these valuations.
•	 (Barrier) Reverse Convertibles 
	 Cash flows are path-dependent as they depend on underlying equity developments (with any  
	 number possible). Quasi-Monte Carlo methods are particularly suitable for these instruments.

2. Solving High-Dimensional Problems for Multi-Asset Derivatives  
	 and Scenario Analysis

Scenarios can be applied to market data such as interest rate curves or equity prices:

•	 Curves: Rotations, parallel shifts, and their combinations
•	 Scalar values: Percentage changes
Valuations are performed using this stressed market data, enabling straightforward identifica-
tion of risks from changing market conditions.

3. Interest Rate Modeling (Hull-White, HJM Frameworks)

Model calibration is performed using liquid market data (interest rates and volatilities). Regulari-
zation methods ensure stable model parameters, also over extended time periods.

4. Risk Metrics VaR and Sensitivities

Beyond present values (including and excluding accrued interest), the valuation routines deliver 
numerous metrics crucial for risk management, including:

•	 Durations (various types)
•	 Convexity
•	 Yield-to-Maturity
•	 Deltas
•	 Gammas
•	 Survival Probabilities (for callable instruments)
•	 Expected Cash Flows (for callable instruments and instruments whose cash flows depend 
	 on the development of underlying risk factors)
•	 Value-at-Risk variants
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The Role of UnRısk

UnRısk EXCEL, powered by the UnRısk LIBRARY, merges sophisticated financial engineering 
and practical usability. This approach transforms complex numerical methods into actionable 
insights, enabling financial institutions to make informed decisions.

Key Differentiators
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Team Expertise

The synergy between UnRısk's powerful 
library and its intuitive Excel interface 
creates a unique solution that addresses 
both the computational demands of mo-
dern financial modeling and the practical 
requirements of day-to-day operations.

Automation

Streamlined workflows automate routine 
calculations and enable efficient batch pro-
cessing, optimizing daily operations.

Expert Support & Partnership

Access to a dedicated team of quantitative 
analysts providing rapid technical sup-
port.

Consistency

The unified calculation engine ensures 
standardized results across all platforms.

Multi-asset

Comprehensive coverage of all asset clas-
ses combined with integrated market data 
provides complete product analysis.

Proven Templates

Access industry-validated calculation 
templates to reflect market evolution and 
regulatory changes.



Achieving Excellence in Analytics and Risk  
Management with UnRısk
Ready to enhance your risk management capabilities? 
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Trusted by Financial Leaders

uni software plus GmbH
Linzer Straße 6 | 4320 Perg | Austria | +43 7262 52834
www.unrisk.com | office@unrisk.com |  Linkedin-In

About UnRısk 
UnRısk delivers expert analytics and risk 
management solutions for leading finan-
cial institutions. Advanced technology 
combined with experienced consultants 
help transform complex challenges into 
strategic advantages.

Marc Aeberhard 
+41 76 830 84 87  
aeberhard@unrisk.com

Contact us

https://www.linkedin.com/company/unrisk-consortium/?viewAsMember=true
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