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Abstract—Distributed quantum computing (DQC) is emerging
as a practical solution to overcome the scalability limits of indi-
vidual quantum processors by interconnecting them via quantum
networks. However, programming such systems remains a signifi-
cant challenge due to the need to coordinate quantum operations,
manage entanglement, and synchronize classical communication.
This paper proposes NetQMPI as a Python library that enables
high-level programming of distributed quantum applications
by building on top of two key foundations: NetQASM, which
abstracts the physical network layer to interface with quantum
nodes and simulators such as NetSquid and SimulaQron; and
NetQIR, which proposes a layered abstraction model suitable
for defining a quantum version of the classical Message Passing
Interface (MPI). NetQMPI provides an MPI-style programming
model tailored to quantum systems. It introduces primitives such
as gsend and grecv that abstract quantum communication
details like entanglement generation, and protocols. Collective
operations such as gscatter or ggather are also included.
This allows developers to focus on distributed algorithm design
while relying on NetQMPI to handle low-level operations effi-
ciently.

Index Terms—distributed quantum computing, intermediate
representation, high-performance computing, quantum networks,
mpi

I. INTRODUCTION

Quantum computing has experienced substantial progress
over the past decade, driven by advances in quantum hardware,
control systems, and algorithm design [1]. Nevertheless, the
development of scalable quantum algorithms remains severely
constrained by the limited number of qubits available in
current quantum processing units (QPUs). Even the most
advanced quantum hardware platforms today offer only a few
hundred noisy qubits, imposing stringent limits on algorithmic
depth and practical problem sizes [2].

Distributed Quantum Computing (DQC) has emerged as a
compelling architectural paradigm to address these scalability
limitations. By interconnecting multiple QPUs via quantum
networks capable of distributing entanglement and enabling
inter-node quantum operations, DQC allows a collection of
smaller devices to operate as a logically larger system. This
model relies on both quantum and classical channels to
coordinate computation, teleport quantum states, and share
measurement outcomes between spatially separated nodes [3].

While conceptually powerful, programming DQC systems
remains a formidable challenge. Developers must contend with

the full complexity of the quantum network stack, including
entanglement generation protocols, classical synchronization
of distributed processes, and intricate physical-layer behaviors.
These difficulties underscore the need for robust software
abstractions that decouple algorithmic logic from network op-
erations, enabling developers to design distributed applications
without requiring low-level quantum network engineering [4].

In this paper, we introduce NetQMPI, a Python-based
library designed to fill this gap. NetQMPI is built top
the NetQASM SDK, which provides a low-level instruc-
tion set architecture (ISA) for programming quantum net-
works [5]. While NetQASM offers a socket-like interface to
request entanglement, issue gate instructions, and coordinate
communication between nodes, NetQMPI defines a higher-
level message-passing interface inspired by classical MPIL.
This abstraction enables developers to structure distributed
quantum programs using familiar constructs such as ranks,
gsend/qrecv operations while relying on the NetQASM
layer to manage entanglement generation, teleportation, and
classical messaging transparently.

II. NETQMPI OVERVIEW

Executing distributed quantum algorithms requires quantum
networks capable of transferring quantum states and distribut-
ing entangled resources across nodes. To support scalable
software development in this setting, several abstraction layers
have been proposed. NetQASM provides a low-level instruc-
tion set architecture (ISA) for quantum network programming,
offering modular support for entanglement generation, classi-
cal control, and synchronization. Its backend-agnostic design
allows deployment on simulators such as NetSquid [6] or
SquidASM [7] without requiring users to handle low-level
physical modeling.

Building on this foundation, NetQIR [8] introduces a dis-
tributed quantum intermediate representation that decouples
algorithmic, compiler, and communication concerns. In par-
allel, QMPI [9] proposes a message-passing model inspired
by classical MPI. However, one of its key limitations is that
it is not quantum-inspired in a realistic sense: it includes
collective primitives such as broadcast or allgather that vi-
olate the no-cloning theorem and thus cannot be physically
implemented. NetQMPI addresses this by offering a practical
and executable quantum message-passing interface compatible
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with the NetQASM stack and grounded in valid quantum
information-theoretic operations.

III. NETQMPI: DESIGN AND FEATURES

NetQMPI addresses this need by realizing an MPI-style
programming interface that respects quantum mechanical con-
straints while leveraging the full power of the NetQASM
execution model. NetQMPI supports teleportation-based com-
munication primitives such as gsend and qrecv, enabling
the transfer of quantum states between nodes via shared
entanglement and classical messaging. It follows a Single
Program, Multiple Data (SPMD) approach where a single
logical script is annotated with rank-based conditionals, and
NetQMPI compiles this into individual NetQASM programs
per node. This design aligns with the NetQIR architectural
vision while being executable on current NetQASM-based
simulation stacks. The implementation of this library can be
found open-source in its GitHub! repository or by installing
it with pip?.

Importantly, NetQMPI provides a concrete implementation
of the high-level abstractions proposed by NetQIR, while
retaining compatibility with the modular, backend-independent
philosophy of NetQASM. As simulators like SquidASM
evolve to expose richer performance and fidelity metrics,
NetQMPI stands as a portable and extensible foundation for
developing and benchmarking distributed quantum applica-
tions in a scalable and architecture-neutral way. The following
are some of its features:

o Communication Abstractions: NetQMPI provides
gsend and grecv functions that abstract the
process of sending and receiving quantum information
between nodes. It also provides other functions such as
gscatter or ggather.

o Process Management: It manages process ranks and
communication contexts, facilitating the development of
scalable quantum applications.

o Simulator Integration: NetQMPI is compatible with
NetQASM-supported simulators like NetSquid and Sim-
ulaQron, allowing for testing and validation of quantum
network applications.

IV. EXAMPLE OF USE: QSEND AND QRECV

To illustrate the most basic functionality of NetQMPI’s
capabilities, a simple program involving two quantum nodes
has been implemented and showed in the Figure 1. Node 0 is
responsible for creating qubit with a given state (in this case
|[+)), which it then sends to node 1 using a gsend. Node 1
will have to execute a grecv to receive the information. It
is important to note that, due to the non-cloning theorem, the
qubit in node 0 has been destroyed and, therefore, no longer
belongs to that node.

Uhttps://github.com/NetQIR/net-qmpi
2pip install netgmpi

def main (COMM_WORLD: QMPICommunicator = None) :
rank = COMM_WORLD.get_rank ()

with COMM_WORLD.connection:

if rank == 0:
g = Qubit (COMM_WORLD.connection)
q.H()
COMM_WORLD.gsend ([qgl, 1)

else:

[qubit_recv] = COMM_WORLD.grecv (0)
measurement = qubit_recv.measure ()
COMM_WORLD.connection. flush ()
print (f"measure: {measurement}")

Fig. 1. Example of using gsend and grecv with NetQMPI

V. CONCLUSIONS

NetQMPI simplifies the development of distributed quan-
tum applications by providing high-level abstractions over
NetQASM SDK. These high-level abstractions are based on
proposals already studied in the literature such as NetQIR or
QMPI. By handling the complexities of quantum communi-
cation internally, it enables developers to focus on applica-
tion logic, accelerating the development of scalable quantum
software. Future work includes extending NetQMPI’s func-
tionality and integrating it with emerging quantum hardware
platforms.
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