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Why GPUs?

Bottleneck of solving a SE/ME/SME is matrix products (ODE solvers, propagator, Monte Carlo, …)

Example: Euler method for ME

Leverage specialized hardware

CPU GPU

Core1 Core2

Core3 Core4

Multiprocessor 1 Multiprocessor 2
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Differentiable solvers

Parameters System Evolved state Real function

Solver

Update parameters Gradient

• Quantum optimal control
• Parameter estimation
• State tomography
• Sensitivity analysis
• …

Project philosophy: fast and reliable building block Computing gradients:

• Automatic differentiation

• Adjoint state method*

• Recursive checkpointing

Fast and reliable, but large memory

Low memory, but slower

Very strong tradeoff (recommended)

*see Gautier, Genois and Blais, arXiv:2403.14765
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Under the hood: JAX and diffrax

Linear algebra on GPUs + automatic differentiation
→ same tools as machine learning 
→ Dynamiqs built on JAX (Google) and Diffrax (Patrick Kidger)

Python JAX

Python file

bytecode

Python Virtual Machine

compiled

executed 
line-by-line by

• Interpretation overhead
• Dynamic typing
• No low-level optim.

Python file

traced

Graph of operations

Hardware-optimized code

optimized, 
compiled

• Fused operations
• Memory access optimisations
• Loop unrolling

All ODE solving is handled by Diffrax, a specialized library built on JAX
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A QuTiP-like API

• QuTiP-like API, with small differences when appropriate (e.g. time-dependence)
• Compatible with QuTiP objects
• Smoothly runs on GPUs, computes gradients, or set global settings (matrix layout, precision)
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Dynamiqs in a nutshell

An open-source Python library
based on JAX, for the simulation of

• the Schrödinger equation
• the Lindblad master equation
• stochastic master equations
• …

With

• CPU and GPU support
• Batching
• End-to-end differentiability
• Tailored sparse support
• QuTiP-like API

www.dynamiqs.org
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