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Abstract—Variations of the nonlinear Schrdinger equation
(NLSE) or of the Gross-Pitaevskii equation are central to
modeling the nonlinear spatio-temporal dynamics in coherent
nonlinear wave dynamics in optics, condensed-matter physics,
and exciton-polariton condensates. Numerically efficiently solving
these equations with various extensions is key to advancing
theoretical insights and enabling explorations of complex and
large nonlinear systems including non-Hermiticity, spin-orbit
coupling, reservoir coupling, and stochastic noise.

Here, we introduce PHOENIX, an open-source, C++-based
solver tailored for two-dimensional nonlinear Schrodinger and
Gross-Pitaevskii equations, with direct applicability to a va-
riety of physical systems, including exciton-polariton systems.
PHOENIX supports execution via MATLAB and Python, en-
abling seamless integration with pre-existing codebases and
familiar post-processing workflows. PHOENIX delivers up to
three orders of magnitude speedup and energy savings of up
to 99.8% compared to standard MATLAB implementations
of fourth-order Runge-Kutta methods. It supports both single
and double precision and performs close to theoretical cache
bandwidth limits, especially on high-end consumer hardware,
demonstrating a highly cache-efficient implementation.

PHOENIX has already supported a growing set of polariton
applications, including dynamics in large topological lattices,
Monte Carlo-based quantum photonics and quantum-coherence
calculations, vortex physics including logic gates, and nonlinear
non-Hermitian exceptional-ring physics, to name a few. The
solver is designed to be modular and extensible, allowing users to
incorporate additional nonlinear terms, integration schemes, and
application-specific model components. With code examples and
detailed documentation, PHOENIX serves as a powerful open-
source tool to explore nonlinear wave dynamics with unprece-
dented performance and flexibility.

Index Terms—nonlinear Schrodinger equation, Gross—
Pitaevskii equation, exciton-polariton condensates, GPU
acceleration,  high-performance  computing, open-source
simulation software

I. INTRODUCTION

Two-dimensional nonlinear Schrodinger equations (NLSEs)
and Gross—Pitaevskii equations are central models for coherent
nonlinear wave phenomena. To describe specific physical sys-
tem, these equations often require extensions that incorporate
gain and loss, reservoir dynamics, spin-dependent coupling
and nonlinearities, external potentials, stochastic fluctuations,

and more. Efficient numerical tools are essential for exploring
spatio-temporal dynamics on large spatial domains, long time
evolution, and ensemble-based simulations.

II. PHOENIX SOLVER

PHOENIX is an open-source solver designed for high-
performance simulation of two-dimensional NLSE-type sys-
tems [1]. The implementation is written in C++ and supports
acceleration on CPUs and GPUs through OpenMP and CUDA.
The solver supports both single- and double-precision com-
putations and provides interfaces for MATLAB and Python,
enabling integration with existing research workflows. Its mod-
ular structure allows users to extend the code with additional
physical terms, numerical methods, and application-specific
model components.

III. PERFORMANCE AND APPLICATIONS

Compared with a conventional MATLAB implementation
using fourth-order Runge—Kutta time integration, PHOENIX
achieves speedups of up to 1000 and energy savings of up to
99.8%, as summarized in Fig. 1. Performance measurements
indicate that the implementation approaches relevant hardware
bandwidth limits for several benchmark configurations. Appli-
cation examples include large-scale simulations of topological
polariton lattice states [2], [10], Monte Carlo-based quantum
photonics and quantum-coherence calculations [3]-[5], po-
lariton logic-gate concepts [7], polariton soliton and vortex
physics [6], [8], [11], exceptional-ring physics in nonlinear
non-Hermitian microcavities [9].

IV. CONCLUSION

PHOENIX combines open-source accessibility, extensible
model design, and hardware-efficient execution for two-
dimensional nonlinear Schrodinger simulations. By enabling
microsecond-scale iteration times and substantial energy re-
ductions relative to conventional MATLAB workflows, the
solver provides a practical computational platform for studying
nonlinear optical systems and exciton-polariton and atomic
condensates.
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Fig. 1. Performance comparison of PHOENIX with a conventional MATLAB
Runge-Kutta CPU implementation. The benchmark shows: (a) speedup and
iterations per second and (b) energy savings for different square-grid sizes.
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Fig. 2. Double-precision PHOENIX performance on an NVIDIA RTX 4090
compared with relevant computational bounds.
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