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We introduce QLBM, a software package that aims to unify the fragmented landscape of quantum
Lattice Boltzmann Methods (QBMs) and facilitate future work. We highlight several nuances of
competing approaches and introduce the user- and researcher-facing sides of QLBM. We demonstrate
how QLBM provides an end-to-end environment for developing and analyzing QBMs for both
simulators and quantum hardware. QLBM is publicly available at https://github.com/QCFD-Lab/qlbm

under an MPL-2.0 license.

1. Introduction

The field of Quantum Computing (QC) [1] has re-
cently received a substantial amount of attention from both
academia and industry. QC carries the potential to augment
the current hybridized computational landscape with a dras-
tically different yet complementary archetype. The exponen-
tial memory efficiency and quantum parallelism traits of the
quantum computing paradigm makes it especially attractive
for the increasingly demanding large-scale CFD applications
of today.

The current state of QC hardware has been undergo-
ing rapid development and is currently in the so-called
Noisy Intermediate-Scale Quantum phase [2]. While quan-
tum computers available today showcase some of the core
advantages that theoretical physics promises, they are lim-
ited in both the number of qubits available and the time
span that qubits can retain coherent states. These constraints
impose great limitations on the applications that quantum
computers can presently carry out.

To facilitate the research of quantum algorithms in an
era without Fault-Tolerant QCs, scientists have turned to
simulation methods instead. Recently, increasingly many
software frameworks have emerged to bridge the gap be-
tween theoretical advances in algorithmics and hardware
availability. These range from general purpose simulation
tools [3, 4, 5] to specialized packages aimed at machine
learning [6, 7] and material simulation [8]. The current
state of quantum software intersects QC theory and avail-
able hardware such that researchers can leverage classical
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hardware to verify large-scale algorithmic prototypes while
quantum counterparts edge closer to fault-tolerance. At the
same time, available software retains compatibility with the
circuit model of universal quantum computers.

In this work, we introduce QLBM, a software package for
developing quantum Lattice Boltzmann Methods. We first
briefly introduce the Lattice Boltzmann Method (LBM) and
its quantum counterparts that motivate the importance of
our work in Sec. 1.1 and Sec. 1.2, respectively. Section 2
describes the QLBM software package and its features.

1.1. Lattice Boltzmann methods

The Boltzmann Equation (BE) describes the kinetic be-
havior of fluid at the mesoscopic scale, nestled between
microscopic Newtonian dynamics and macroscopic Navier-
Stokes continua. The BE models the state of populations
of fluid particles as a statistical distribution function over
physical space, velocity, and time. The discretization of the
BE along phase space and time yields the Lattice Boltzmann
Equation, which can in turn be solved numerically by the
Lattice Boltzmann Method (LBM). Each LBM time step can
be conceptually broken down into three subroutines: stream-
ing through physical space, reflection at the boundaries of
the fluid domain, and (non-linear) particle collision.

In recent years, the LBM has become a more and more
popular option to solving fluid flow problems for several
reasons. From a theoretical standpoint, it allows for the com-
putation of macroscopic quantities such as mass and momen-
tum density [9]. From a practical standpoint, the LBM lends
itself well to massively parallel computing paradigms [10,
9]. Over the years, several parallel software implementations
of the LBM have emerged, including OPENLB [11], WAL-
BERLA [12], LBMPY [13], and PYLBM [14], which are able
to carry out distributed simulations on hundreds of hetero-
geneous compute nodes. Simultaneously, researchers have
been investigating formulations that allow the parallelism
of the LBM to be exploited through paradigm of quantum
computing.
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Figure 1: Overview of the QLBM workflow.

1.2. Quantum algorithms for Lattice Boltzmann
methods

The initial wave of research into Quantum Computa-
tional Fluid Dynamics (QCFD) occurred between 2001 and
2003 and largely focused on extending the lattice-gas model
to distributed quantum devices [15, 16, 17, 18]. This work
tailors quantum lattice-gas solvers to a decentralized system
of quantum computers with limited number of qubits per
device, linked together through classical communication
channels. Though this approach enables the balancing of
the computational workload through horizontal scaling, it
requires a number of qubits that grows linearly with the
number of grid points of the lattice.

Recently, Quantum Lattice Boltzmann Methods (which
we abbreviate as QBMs, to distinguish from the software)
have emerged as promising candidates for the future di-
rection of QCFD. Research surrounding QBMs has largely
focused on the development of quantum primitives that
implement (parts of) the LBM time-marching loop. These
initiatives have given rise to several techniques that accom-
modate specific subroutines of the LBM, imposing trade-offs
between scalability and versatility. One way to categorize ex-
isting QBMs is by how they address the inherent nonlinearity
of collision.

Todorova and Steijl [19] and Schalkers and Moller [20]
propose collisionless methods that include primitives for
particle streaming and boundary conditions, but omit the
collision operator entirely. Steijl and co-workers [21, 22]
alternatively propose a method in which quantum primitives
that implement floating point arithmetic can compute non-
linear terms, but require a reversible conversion between the
encoding of the quantum state used to perform streaming and

the encoding that enables the computation of the nonlinear
velocity terms at each time step. Succi and collaborators [23,
24] adopt an approach based on truncated Carleman lin-
earization, that approximates the non-linear LBE by a finite-
dimensional linear system of equations that can be expressed
in terms of (unitary) quantum operators. Budinski [25, 26]
further developed an approach that enables both streaming
and collision but that incurs a probability of measuring an
orthogonal (irrelevant) quantum state after each time-step.
Finally, Schalkers and Moller [27] extended a previously
developed encoding equipped it with a collision operator at
the cost of requiring a number of qubits that scales with the
number of simulated time steps.

The current state of QBMs is fragmented between sev-
eral approaches that each present different strengths and
weaknesses. This poses several challenges for researchers
seeking to advance the field. First, the many nuances of
present QBM techniques make the comparison of the per-
formance and scalability difficult. From various quantum
state encodings to the decomposition of exponentially sized
matrices into quantum gates, QBMs build on top of extensive
knowledge and technology stacks that make implementation
a significant challenge. Second, the fractured nature of the
field poses challenges for techniques that augment existing
work. Third, the scarce availability of QBM implementa-
tions detracts from the reproducibility of the field.

2. The QLBM package

In this talk we present QLBM, an open-source software
package that aims to accelerate QBM research. With this
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initiative we seek to lay the foundation of a unified end-
to-end development environment for quantum Lattice Boltz-
mann algorithms. QLBM aims to facilitate both the seamless
development and comparison of existing methods and their
integration into the broader quantum software technology
stack, reducing redundant effort for researchers and practi-
tioners alike.

Figure 1 provides a high-level schematic of the end-
to-end workflow that QLBM enables. In the first part of
the talk, we focus on the application of QBMs already
implemented in the software. This includes a demonstration
of how QLBM converts human-readable JSON specifications
of 2D and 3D systems into quantum circuits, and how to
convert the generated circuits to specific platforms. We also
showcase the integration of QLBM with PARAVIEW [28] for
flow field and geometry visualization. Figure 2a displays an
example of the supported visualization techniques. Finally,
we show several concrete simulation use cases that users can
implement with just a few lines of Python code.

In the second part of the talk, we concentrate on QLBM as
a tool for developing novel QBMs. To this end, we high-
light the internal structure of the framework, the segrega-
tion of quantum circuit primitives into a complexity hierar-
chy, and the extensibility of already implemented methods.
We also spotlight QLBM’s out-of-the-box integration with
state-of-the-art quantum circuit compilers and simulators
that support a broad range of CPU and GPU architectures.
To complement the research-oriented side of QLBM, we
showcase mechanisms for exploiting potential speedups in
quantum simulators and an accompanying set of analysis
tools that allow for fair and replicable comparisons between
competing methods. Figure 2b shows one such mechanism,
which reduces the runtime of simulating time steps of the
collisionless QBM (CQBM) developed by Schalkers and
Moller [20] from linear to constant. QLBM additionally con-
tains tools meant to ease the transition from simulators to
(possibly fault-tolerant) quantum hardware. We demonstrate
QLBM’s capacity to accurately estimate critical properties of
transpiled quantum circuits for a variety of different quantum
hardware vendors. Such properties include circuit depth,
and the number exact of hardware-native gates. QLBM relies
on QISKIT to enable flexible analyses with regard to qubit
connectivity and gate sets, which come at no additional
cost to the software’s internal representation. Figure 2c
depicts how the number of gates of circuits implementing
CQBM [20] scales with the number of obstacles for 4
different grid refinement levels. We conclude the talk by
discussing prospects of QCFD software and QLBM’s place
within the broader domain.

(a) 2D flow field visualization around boundary-conditioned
geometry.
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(b) Run time reduction for simulating one time step using
QLBM exploits.
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Figure 2: Example of visualization and analysis options built
in QLBM.
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