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Introduction: 
Computational finance is one of the fields where high-performance computing is in high 
demand where being able to adapt to the constantly increasing amount of data, as well as 
reducing Monte Carlo simulation times is a primary concern. This makes sense, because 
faster pricing gains more revenue, better modeling contributes to less risk and maximizing 
resources enhances the efficiency.


With the development of new hardware and improvements of processor speed, parallel 
computing has been broadly used in the finance area. One of this area’s representatives is 
the GPU. GPUs are originally designed to efficiently manipulate computer graphics. Their 
parallel structure makes them highly effective at a variety of complex algorithms, in 
comparison to general-purpose CPU’s.
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“Optimum Prime delivered a massive performance increase for our datacenter by 
transferring our analytics engine to GPU’s” 

GPU’s are designed around thousands of cores that are well suited to performing 
repeated similar instructions in parallel
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CPU’s vs. GPU’s: key differences 
The architecture of the GPU’s makes it possible to run several simulations simultaneously, 
thereby increasing the quality of the results. With more confidence in the data, it is possible 
to offer tighter spreads and gain competitiveness. GPU’s even provide the means to run 
complex models, that up until now could not possibly be ran. Results of very complex 
models can be obtained in real/near time, rather than overnight, which provides deeper 
insight into exposures, making it possible to rapidly adjust positions and reduce risk.


Another advantage is the multi-GPU support, that theoretically enables much better 
performances. For example, systems that have eight identical GPU’s will provide results 
eight times faster than systems with only one GPU. The access of data between CPU and 
GPU is much faster, because of the unified memory architecture. Calculations within GPU 
accelerated modules are at least 10 times faster, but it is possible to achieve a speed of up 
200 times, depending on the applied parallel algorithm.





In addition, the number of graphical 
processor cores enables the running of 
complex analysis on large portfolios 
more efficiently, because the saturation 
of the GPU is much more complicated, 
as opposed that of the CPU. NVIDIA, the 
leading GPU manufacturer, recently 
published trend-lines comparing 
historical GPU performance versus CPU 
performance. The figure below shows 
that in 2025 GPU’s will be 1000x faster 
than CPU’s. This massive speed up, will 
also have a big impact on financial 
markets. 
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Expected GPU and CPU acceleration

“Results of complex models can be obtained in real/near time, rather than overnight”
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The GPU to value complex financial products using Monte Carlo simulations

Structured products have evolved into highly complex instruments that incorporate features 
and conditions that are difficult to value. In addition, structured products are now often 
linked to not one but several underlying securities, making valuation all the more difficult. 

It is important for investors to thoroughly understand the underlying asset or index to which 
a structured product is linked. Indexes are now available that use extremely complex and 
sophisticated investment strategies that can lead to unexpected risk and return profiles.


Simulation has been proven to be a practical, useful tool for valuing financial (structured) 
products. The simulation approach is the most “brute force” in that it relies on computing 

power to perform Monte Carlo simulations of the linked security’s price path. The Monte 

Carlo results are then input into the product’s payoff rule to calculate the exact cash flows 

that would result from each simulated price path. The structured product’s estimated fair 
value is the average of the discounted cash flows derived from the simulations. For 
structured product valuations, we use widely-accepted financial models to simulate 
security levels and returns, interest rates, and exchange rates.
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“The simulation approach can be used to value any structured product, but requires 
extensive programming time and computing power. GPU’s will be able to speed up 
simulations significantly ”
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Monte Carlo simulation approach on a GPU, an example 

As the Monte Carlo method is basically a way to compute expected values by generating 
random scenarios and then averaging them, it is very efficient to parallelize. Moreover, with 
consumer CPU’s on standard computers it is just not possible to reach the accuracy 
needed, as simulating a sufficient number of paths is usually very time consuming. With the 
GPU we can reduce this problem by parallelizing the paths. That is, we can assign each 
path to a single thread, simulating thousands of them in parallel, with massive savings in 
computational power and time. 


In this example we calculate the present value of a European barrier option using Monte 
Carlo simulation on the GPU. A barrier option is an exotic derivative, part of the set of path-
dependent options, whose payoff depends not only on the underlying price at maturity but 
also on whether the price line hit a pre-determined level. 


We use CUDA’s built in random number generator and we evolve the underlying process 
using Euler’s method. The fact that the product contains a barrier makes the payoff path 
dependent.


We compared a single thread CPU implementation with a multithreaded CPU 
implementation (using multithreading as available in the standard template library) and an 
implementation using CUDA on a GPU. The relative speedup can be seen in the figure 
below. The GPU used is an Quadro RTX 6000. As can be seen the speedup in this example 
is significant.


Monte Carlo speedup comparison 
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“We assign each Monte Carlo path to a single GPU thread, simulating thousands of 
paths in parallel”
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Using the simulation approach, we have been able to value any structured product, as well 
as calculating XVA’s. In addition to being versatile, the simulation approach is intuitive and 
easy to understand. The benefits of the simulation approach are offset, however, by the 
extensive programming time and computing power needed to perform a simulation, as well 
as the potential lower accuracy of the resulting fair values.


Final Thoughts 
In the past decade, there have been a lot of improvements in GPU’s, CUDA and Monte 
Carlo models. In reality, however, the greatest importance should be ascribed to 
computational constrains. Every time a trade takes places, for example, the position of two 
economic agents is updated, and two computations are required. The most active futures 
exchanges in the world nowadays experience at least 1.000.000 in around 10.000 secs. On 
average this requires at least 100 computations per second, a task that would require 
significant computing power. 


Simulations are becoming more sophisticated and valuations must keep up with the 
enormous growth and innovation in the financial (structured product) markets. GPU’s will 
play a vital role in accelerating valuations and to keep up with future demand.


To find out more about our expertise in these related areas and about how Optimum 
Prime can help you develop performance increasing algorithms on GPU’s, please 
contact:
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Contact Optimum Prime for more information and customer use cases

Steven van Haren 

Co-founder / Senior 
Quantitative developer 

+316 47 15 92 77 

s.vanharen@optimumprime.nl 

Pascal de Wit  

Commercial Director 

+316 81 43 11 64 

p.dewit@optimumprime.nl
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