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This Master’s thesis investigates the resolution of the Fokker-Planck-Kolmogorov (FPK)
equation using the Smoothed Particle Hydrodynamics (SPH) method, with a focus on the
design and implementation of a dedicated C++ solver that incorporates modern computational
acceleration techniques.

The work begins with a didactic introduction to deterministic and stochastic modeling
frameworks. Particular attention is given to the formulation of Itō Stochastic Differential
Equations (SDEs) and their equivalence to FPK equations, as well as the conceptual distinctions
between the two representations. The SPH method is then introduced from first principles,
progressing from its mathematical foundations to specific algorithmic enhancements developed
in this study. The intrinsic properties of SPH – such as positivity preservation, decay at infinity,
and probability conservation – are highlighted as particularly well-suited for solving the FPK
equation.

The implemented open-source solver(1) is applied to a set of academic test cases. These include
the Duffing oscillator, the Lorenz system, and a Susceptible-Infected-Recovered-Deceased
(SIRD) epidemiological model. The latter extends the problem dimensionality to six dimensions,
where the solver succeeds in producing a first order approximation. Throughout the study,
the performance and qualitative behavior of the SPH method are compared with those of the
traditional Monte Carlo Simulation (MCS) approach.

In the final section, the thesis presents a scalability and performance profiling analysis, along
with a user guide and an architectural overview of the solver, aimed at facilitating further
research and practical application.

(1)Available at https://gitlab.uliege.be/structural-and-stochastic-dynamics/fpk-sph-solver.

https://gitlab.uliege.be/structural-and-stochastic-dynamics/fpk-sph-solver

