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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

p(0) p(dt) p(T)
T e

p(t+dt) = p(t) —i[H, p(t)] + > (Lp(t)LT — L{LTL, p(t)})

B Leverage specialized hardware

CPU GPU

Multiprocessor 1 | Multiprocessor 2
Core1| | Core2

Core3| | Core4d




Differentiable solvers

Parameters System Evolved state Real function

_ n___, H(Q), 00(9)7 Solver . AN N ' _
0 = (91,.‘:.,9”,) R (L(0)), (5060} {p(t;)} F{pt;)}) = f(0) eR

Update parameters Gradient
—— 0= 0+Vef(0) - Vof(0) -
Project philosophy: fast and reliable building block Computing gradients:
* Quantum optimal control « Automatic differentiation
e Parameter estimation — Fast and reliable, but large memory
« State tomography « Adjoint state method*
« Sensitivity analysis —> Low memory, but slower
. * Recursive checkpointing

— Very strong tradeoff (recommended)

*see Gautier, Genois and Blais, arXiv:2403.14765



Under the hood: JAX and diffrax

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

Python JAX
@ Python file @ Python file
compiled traced
bytecode x Graph of operations
gxecuteq optimized,
line-by-line by compiled
Python Virtual Machine Hardware-optimized code
* Interpretation overhead * Fused operations
* Dynamic typing  Memory access optimisations
* No low-level optim. * Loop unrolling

All ODE solving is handled by Diffrax, a specialized library built on JAX



A QuTiP-like API

import dynamigs as dq -
import numpy as np y
dg.set_layout('dense')

16
dg.destroy(n)
a.dag() @ a.dag() @ a @ a
psi®@ = dg.coherent(n, 2.0)
tsave = np.linspace(®, np.pi, 101)

result = dq.sesolve(H, psi@, tsave)

dg.plot_wigner_mosaic(result.states, n=25, nrows=5, xmax=3.5)

« 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)



Dynamigs in a nutshell

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

the Schrodinger equation
the Lindblad master equation
stochastic master equations

CPU and GPU support
Batching

End-to-end differentiability
Tailored sparse support
QuTiP-like API

@ dynamiqs ® Q

Home Documentation  Python API Community

dynamiqgs

High-performance quantum systems simulation with JAX.
\ Qe smrted

DIFFERENTIABLE GPU ACCELERATED

Our quantum solvers are fully differentiable for Transition seamlessly between CPU, GPU and
use in optimal control, parameter estimation, TPU simulations, and run batches of
experiment fitting, etc. simulations at once.

Computing gradients GPU support

L i

BUILT ON JAX

Benefit from the JAX ecosystem, built for both
high-performance numerical computing and
machine learning.

JAX documentation

www.dynamiqgs.org
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