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Abstract. Quantum accelerators hold promise for applications includ-
ing combinatorial optimization, chemistry simulation, and hybrid ML
workloads, etc. To program such applications, most quantum SDKs (e.g.,
Qiskit, Cirq) expose only Python APIs. This leaves C/C++ codes —
many already orchestrating heterogeneous CPU/GPU work with frame-
works such as OpenMP — without a clean path to invoke quantum
kernels or iterate on their results. This work contributes OpenMP-Q
and aims to raise a discussion for inclusion in the OpenMP standard.
OpenMP-Q is an extension to the OpenMP 5.x target model that treats a
quantum processor as a first-class device and enables bi-directional com-
munication between C++ and Python. OpenMP-Q adds (i) a quantum
device type, (ii) a mechanism that bridges OpenMP’s offload API to the
Python quantum stack via POSIX pipes, and (iii) an extended offload-
ing framework that communicates variables via map clauses to a Python
script, executes the quantum task, and reinserts the results into the same
mapped variables. The pipe mechanism also supports reverse-offload-
style workflows, e.g., variational algorithms where C++ supplies ini-
tial rotation angles, the quantum backend returns qubit statistics, and
the host refines those angles for subsequent iterations, without breaking
OpenMP’s asynchronous execution model or requiring extra device ker-
nels. Moreover, by combining standard OpenMP parallel regions with
per-thread quantum offload, OpenMP-(Q scales natively across multiple
QPUs, dispatching independent circuit evaluations in parallel.
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1 Introduction

Quantum computing has progressed to cloud-hosted commercial devices that can
outperform classical supercomputers on narrowly scoped tasks [21]. Google’s 53-
qubit Sycamore processor, e.g., needed just 200s to sample a random circuit
that classical estimates place at = 10,000 years compute cost [5]. Variational al-
gorithms such as QAOA [17] (Quantum Approximate Optimization Algorithm)
and VQE [32] (Variational quantum eigensolver) extend this promise to domains
with realistic applications including combinatorial optimization, quantum chem-
istry, and machine-learning. The set of problems for which quantum computing
promises significant speedups over classical approaches is only growing.
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A broad spectrum of quantum hardware is now reachable via cloud. Su-
perconducting qubit platforms (IBM-Q, Rigetti, QCI, OQC, Google, Amazon),
trapped-ion systems (Ion(Q, Quantinuum), and neutral-atom arrays (QuFEra,
Pasqal) can be accessed through Amazon Braket [1], Azure Quantum [30], qBraid
[20] or directly from the vendors. Software libraries like Qiskit [24], Cirq [14],
Tket [36] and Pennylane [7] enable users to design quantum workloads while
lower-level control of the hardware is enabled by interfacing through proprietary
software layers, or open-source research infrastructure such as Conqure [28], Qis-
Dax [6], DAX [33], ARTIQ [9], Qubic [43,44], and QICK [37]. This ecosystem
of hardware and software technologies supports a growing interest in quantum
computing and is evolving rapidly.

Traditionally, such applications are solved using conventional high-performance
computing (HPC) systems with algorithmic solutions that have progressed rapidly
through decades of hardware and software improvements [22]. HPC systems de-
fine the pinnacle of modern computing by relying on massively parallel process-
ing. Specialized accelerators and nodes supporting highly concurrent execution
with multi-threaded processing are utilized to achieve performance requirements.
With the growing potential of quantum computers and strong overlapping with
the existing HPC applications, requirements for integrating such devices as accel-
erators have increased. There have been significant contributions of integrating
classical HPC with quantum computers [22, 10,41, 35]).

This integration demands middleware to connect classical HPC and low-level
QPU (quantum processing units) control. Quantum-HPC middleware systems
that facilitate the efficient coupling of quantum-classical computing are becoming
increasingly important [34]. OpenMP [12,29] is one of the most widely used
framework for parallelizing classical HPC algorithms via multi-threading [25, 40].
Its target directives also enable seamless offloading to conventional accelerators
such as GPUs. By contrast, modern quantum software stacks are defined almost
entirely through Python-based SDKs, leaving C/C++ OpenMP applications
without a straightforward way to call quantum kernels.

We introduce OpenMP-Q, a novel task-offloading extension to the OpenMP
5.x target model that enables quantum-accelerated HPC workloads to be dis-
patched to quantum devices directly from OpenMP programs. The new circuit
clause added to the target directive, holds information about the quantum circuit
(sequence of quantum gates). Circuit parameters are conveyed to the OpenMP
runtime to describe the quantum circuit and the data to process. A lightweight
bridge based on POSIX pipes launches the requisite Python code and establishes
bi-directional communication between the C/C++ host and the quantum task
executed through the Python quantum SDK.

OpenMP-Q unifies three key offload modes under the familiar OpenMP API,
namely single-QPU, multi-QPU, and in-region reverse-offload. In reverse-offload
mode, a quantum kernel returns measurement statistics, the CPU immediately
updates the rotation angles, and the revised parameters stream back into the
same long-lived target region, thereby avoiding repeated kernel launches. Mean-
while, wrapping the offload directive in an omp parallel region lets each thread
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bind to its own QPU for concurrent circuit execution. On the host side, program-
mers can overlap classical work with GPU offload or call MPI collectives, yielding
a tightly-coupled quantum-classical pipeline that scales from on-node accelera-
tors to multi-node clusters and cloud deployments. This paper, in contrast to
Conqure [28], aims to spark a discussion on potential inclusion of OpenMP-Q
into the OpenMP standard and makes the following contributions:

— We design and implement OpenMP-Q, an OpenMP 5.x extension that treats
a quantum processor as a first-class target device, adding only a single new
clause — circuit — to the standard API and discuss compatibility with
the OpenMP standard.

— We build a lightweight runtime bridge using POSIX pipes that gives C/C++
developers the illusion of native quantum-kernel launches while actually in-
voking Python-based quantum software.

— We demonstrate how OpenMP-Q naturally supports both reverse-offload (in-
region iterations without re-launching) and multi-QPU parallelism simply by
composing POSIX pipes and omp parallel.

— We validate our approach with a scale-out VQE experiment, achieving up
to 2.9x end-to-end speedup by dispatching multiple variational runs concur-
rently and a 126X speedup for a single long-running target region (reverse-
offload style execution) for the same workload.

2 Related Work

2.1 Middleware for Hybrid QC-HPC Workloads

Quantum computing (QC) introduces a novel mode of computation with the pos-
sibility of greater computational power that remains to be exploited, presenting
exciting opportunities for HPC applications [15]. Yet, only limited effort has
been invested into coupling quantum offloading with classical HPC. Elsharkawy
et al. [15] review possible QC-HPC integration scenarios and identify key features
quantum-programming tools must provide. Bertels et al. [§8] propose OpenQL, a
quantum classical hybrid computational language whose compiler translates the
program to a common assembly language called cQASM, which can be executed
on a quantum simulator. Britt et al. [11] develop a quantum-accelerator frame-
work that uses specialized kernels to offload select workloads while integrating
into existing computing infrastructure. These studies underscore the growing
demand for Quantum-HPC integration and contribute valuable tooling for both
domains. However, they do not articulate a general middleware solution that ab-
stracts the interface between classical and quantum resources. Saurabh et al. [34]
provide a conceptual middleware to facilitate reasoning about quantum-classical
integration, which serves as the basis for future middleware.

2.2 OpenMP-Centric Quantum Offloading

MPI and OpenMP are the de-facto standards for distributed and shared-memory
parallelism, respectively. We target OpenMP as the standard classical HPC
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C/C++ framework to integrate with Python-based quantum APIs. OpenMP,
already supports offloading to accelerators such as GPUs, it offers a natural
foundation for treating a quantum processor as yet another target device. Prior
work has extended the OpenMP target directive to accommodate emerging ac-
celerators [16]. We propose OpenMP-Q, extending the OpenMP 5.x target
specification to provide additional support for quantum offloading following the
OpenMP standards while coexisting seamlessly with other accelerators.

Lee et al. [26] present the closest related effort in terms of the OpenMP-
Q contribution. Their work extends OpenMP to support quantum offloading
through function calls that create and measure quantum registers and apply a
fixed set of single- and two-qubit gates. These circuits are then transpiled into
QASM or QIR for execution. However, that poster offers no evaluation results
and falls short on the generality and scalability needed for broad quantum-
classical integration. OpenMP-Q, by contrast, stays fully compliant with the
OpenMP 5.x target-offload standard, adds only a few new clauses, and embeds
a pipe-based bridge inside the existing target-runtime path without altering
its default behavior. It cooperates with other accelerators and still supports
performance features such as reverse offloading.

Congqure [28] introduced an open-source infrastructure for quantum job schedul-
ing and integration with both HPC and existing quantum frameworks such as
Qiskit, including an early version of OpenMP-Q. Our current submission differs
in that it focuses on OpenMP compatibility, semantic challenges and novel fea-
tures to facilitate QPU parallelism (multi-QPU) and bi-directional POSIX pipes
based communication to support iterative kernel execution within a single job
(reverse-offload) (see Section 3).

3 Design

The OpenMP device clause was introduced in OpenMP 4.0 [31], giving C/C++
and Fortran codes a standard target directive for ofloading workloads by launch-
ing kernels on accelerators. Subsequently, offloading was also extended to LLVM-
Clang [4], which was widely utilized by various vendors for performance/energy
trade-offs [19, 23, 3]. Chunhua et al. [27] examined the newly released accelerator
directives and created an initial reference implementation, referred to as HOMP
(Heterogeneous OpenMP), focused on targeting NVIDIA GPUs. Furthermore,
multiple works demonstrated significant speedups utilizing the target offload on
different accelerators [39, 18] or extended this support using compiler techniques
to support new accelerators [13]. Similarly, we propose OpenMP-Q, a quantum
accelerator extension for OpenMP.

3.1 OpenMP-Q: Single QPU

Quantum programs consist of a sequence of gates performing individual opera-
tions on one or multiple qubits [26]. Quantum programs usually run the same
gate sequence many times. If several quantum accelerators are available, these
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sequences can be split and dispatched to different devices according to the data
partitions.

Listing 1.1: OpenMP-Q: Single Quantum Offload

void VQE(QuantumCircuit *qc, int num_qubits, double angles[]) {
//add series of quantum gates, here: VQE
qc->h(0); // Hadamard gate
for (int i = 0 ; i < num_qubits; i++)
qgc->ry(angles[i], i); // Y Rotation
for (int i = 0 ; i < num_qubits-1; i++)
gc->cx(i, i+1); // CNOT gate
for (int i = 0 ; i < num_qubits; i++)
qc->ry(angles [num_qubits+i], i); // Y Rotation
qc->measure() ;

}

void main() {
double angles[num_qubits] = init_angles(); // angles per VQE qubit
for (i = 0; i < MAX_ITERS ; i++) {
QuantumCircuit *qc = new QuantumCircuit; // QuantumCircuit Class
Object
# pragma omp target device(gpul) circuit(qc) map(to: angles) map(
from: qubit_stats) // 1
{
VQE(qc, num_qubits, angles); // 2. Quantum Gate Sequence
qubit_stats = qc->execute_quantum_task(); // 3.
}

MPI_Broadcast(... qubit_stats ...); // distribute over nodes
angles = update_angles(qubit_stats); // classical

MPI_Allreduce(0 , ... angles ...);
pick_best_angles(angles);
delete qc;

Listing 1.1 presents a basic hybrid quantum-classical variational loop (e.g.,
VQE or QAOA) implemented with OpenMP. The code first initializes the array
of rotation angles, then offloads a quantum-measurement kernel to the accel-
erator. After the kernel returns, the qubit measurement statistics of multiple
shots are copied back to the host, where a classical optimizer computes revised
angle values. This sequence repeats for successive iterations until the algorithm
converges on a final result or some upper bound on iterations is reached.

The routine that refines the rotation angles can run as a GPU kernel or
be spread across the CPU cores of a node — even a multi-node MPI kernel
could used if computational needs require it. After each quantum evaluation,
the locally produced values are combined to generate the updated parameter set
for the next iteration. MPI is optional: Without it, the computation remains on
a single node, whereas enabling MPI lets the workflow span nodes, each with
their own QPU, and merges their results via collective operations.
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To execute the offloaded task on quantum devices, we extend the OpenMP
5.x target specification with a quantum-circuit library that integrates seamlessly
with existing OpenMP runtime. The numbered comments in Listing 1.1 include
the following:

1. device(qpul) uses “qpul”, an integer macro defined in the QuantumCircuit
library, as a unique ID telling the OpenMP runtime to “route this target
region to the Python bridge”. The newly introduced circuit clause passes the
programmer-initialized QuantumCircuit object as a pointer to the OpenMP
runtime.

2. When the region begins, the programmer populates the information about
the quantum sequence within the object by invoking library methods for
qubit gates, such as h(), ry(), and cx().

3. The OpenMP runtime inspects the object, translates the stored gate list
along with quantum task execution information into a Python script that
targets the selected quantum software tool, and launches the quantum task
on the designated accelerator (see Section 3.2). If a quantum device is not
available, OpenMP-Q can also be used to execute a circuit using a simula-
tor — just as many OpenMP implementations revert to the CPU when a
requested accelerator is absent.

3.2 OpenMP-Q: Reverse Offload

The OpenMP 5.x target specification provides the reverse-offload capability
within the target region. Reverse-offload lets device code invoke a host func-
tion through a shared-memory RPC channel without exiting the surrounding
target region. Eliminating repeated target launches significantly reduces the per-
iteration overhead. It also reduces memory overhead by only copying the required
or modified data between device-host when necessary.

Listing 1.2 demonstrates OpenMP-Q’s compatibility with reverse-offload. To
capitalize on the benefits of reverse-offload, we expect the programmer to invoke
the quantum gate sequences outside the target region; otherwise, with execu-
tion inside, it would lead to re-initialization of the same quantum gate at each
iteration. The sequence of iterations executed is also pushed within the target
to execute a single long-running target region. We extend the POSIX pipes to
execute a handshaking protocol between host and the device, thereby establish-
ing a bi-directional communication channel between the C/C+-+ host and the
Python-quantum task.

1. The user constructs and populates the QuantumCircuit object and hands
its pointer to the runtime through circuit(qc).

2. On entering the long-lived target region, OpenMP-Q) reads the circuit clause
and spawns the Python process with the “bridge”, and initializes the quantum
task context.

3. At each iteration, the runtime updates the device-side buffer with the current
angle values that were designated by the original map clause.
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4. The Python-quantum task executes task using the quantum software library,
runs the circuit with the supplied angles, and obtains qubit statistics.

5. The script writes the measurement data back through the pipe, where they
populate qubit_stats on the OpenMP side.

6. When the OpenMP target region completes, it issues an “exit” call destroy-
ing the QuantumCircuit object and subsequently terminating the Python
process.

Listing 1.2: OpenMP-Q: Reverse Offload Compatibility

#pragma omp requires reverse_offload

// Same host arrays as before
double angles[num_qubits], qubit_stats[num_qubits];

// One long-lived target region

QuantumCircuit *qc = new QuantumCircuit;

VQEQ); //(1) quantum gate sequence

#pragma omp target circuit(qc) device(qpul) map(to: angles map(from:
qubit_stats)

{
//(2) Invoke quantum task - invokes Python
for (int i = 0; i < MAX_ITERS; ++i) {

qubit_stats = qc->execute_quantum_task();

/* --- Overview of execute_quantum_task() ---
write_to_device(angles); //(3) Write angles to Python
run(); //(4) Python executes quantum circuit
qubit_stats = read_from_device(); //(5) Read from Python

*/

#pragma omp target(ancestor: 1) map(always, to: angles)
angles = update_angles(qubit_stats);

}
} // (6) End Python process

delete qc;

The handshake protocol invokes the quantum task as many times as needed
without requiring matching replies from the Python process. After each round,
the host updates the angle array, optionally in parallel via MPI or GPU offload,
and the cycle repeats until all iterations finish. This avoids the overhead of
launching a separate offload task for every quantum call.

3.3 OpenMP-Q: Multi-Qpu
Listing 1.3 illustrates how to launch several quantum tasks in parallel. Using
OpenMP, we spawn as many tasks as there are available threads, each executing a
different quantum circuit on a separate QPU (or on distinct slots of a simulator).
To remain consistent with OpenMP’s offload rules, every thread first copies its
own row from the global angles array into a private qpu_ angles buffer, so the
parameters inside the target region are thread-specific.

The same mechanism scales naturally when multiple QPUs exist. For in-
stance, a variational algorithm that explores different Ansatz templates [42] can
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assign one QPU per node, feed each with its own set of initial angles, and eval-
uate several parameterized Ansatz strategies at once.

Listing 1.3: OpenMP-Q: Multiple Quantum Offload

double angles[num_threads] [num_qubits] = init_angles();
#pragma omp parallel
{

qdev = omp_get_thread_num() ;
for(int i = 0 ; i < MAX_ITERS ; i++) {
device_angles = angles[qdev];
QuantumCircuit *qc = new QuantumCircuit(qubits);
# pragma omp target device(gpul) circuit(qc) map(to: device_angles

{
VQE(c, num_qubits, device_angles);
qubit_stats = qc->execute_quantum_task();
}
angles[qdev] = update_angles(qubit_stats);
delete qc;

}

4 Implementation
OpenMP-Q provides a shared embedding library that integrates directly into
LLVM frontends [2], enabling the generation of Quantum Intermediate Repre-
sentation (QIR) for quantum gates via our OpenMP-Q extension. Listings 1.1,
1.2, and 1.3 demonstrate how the user invokes our embedded quantum library
to instantiate and initialize a QuantumCircuit object. The user may build the
gate sequence either inside the target region (Listing 1.3) or beforehand (List-
ing 1.2). Each library call (e.g., h(), ry(), cx()) appends the corresponding
gate (as a Python-ready string) to the circuit object.

Listing 1.4 patches the OpenMP runtime to treat a quantum processor as
a target in two modes: reverse offload (Listing 1.2) & multi-QPU (Listing 1.3).
The circuit clauses forwards the circuit pointer to OpenMP runtume via the
targetKernel function (Listing 1.4), where the runtime unpacks the object
pointer to recover the gate list and, in the reverse-offload case, spawns the
Python bridge at region entry by invoking the python execution process. In the
multi-QPU pattern, region entry merely marshals the initial angles[] into the
circuit object. OpenMP-Q links the C/C++ runtime and Python process with a
pair of POSIX pipes, streaming the angles[] vector into Python and returning
qubit_stats[] back to the host. In the multi-QPU variant (Listing 1.3), the
gate sequence lives in the offload region so each thread can target a distinct
circuit/device. OpenMP-Q can also support a reverse-offload version of this pat-
tern. When the user calls qc->execute_quantum_task(), the library writes the
current angles[] into the device buffer, invokes the Python-based quantum
software, and populates qubit_stats[] with the returned measurements.

In the reverse-offload loop (Listing 1.2), these steps occur back-and-forth
inside a single, long-lived target region: send angles, run the circuit, receive
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statistics, update angles, and repeat—avoiding repeated region entry for each
iteration. To enable this bidirectional exchange via our quantum-circuit library,
we create two POSIX pipes to form a bidirectional channel between C++ and
Python. One pipe carries data from the host into the Python subprocess, the
other carries results back, similar to device copy-in and copy-out. We then fork()
a child process, dup2() its stdin/stdout to the appropriate pipe ends, and exec()
the Python interpreter. This allows the parent to write angle vectors to the
child’s stdin and read qubit statistics from its stdout seamlessly. In Listing 1.4,
the OpenMP runtime determines the execution style by checking if the quantum
gate sequence has already been established by the user.

Listing 1.4: OpenMP-Q, LLVM OpenMP Offload Updates

targetKernel(Int64_t Deviceld, KernelArgsTy *KernelArgs) {
bool reverse_offload = false;
if (Deviceld == gpul) {
// (1) Retrieve quantum circuit object pointer
¢ = (QuantumCircuit*) KernelArgs->ArgBasePtrs[n]; // n = 0 (
serial) or 1 (parallel)
for (int32_t I = 0; I < KernelArgs->NumArgs; ++I){
if (KernelArgs->ArgTypes[I] & OMP_TGT_MAPTYPE_TO0) {
// (2) Parse mapped device angles from ‘map(to:
device_angles)’ and serialize
processDataMapTo (KernelArgs->ArgBasePtrs[I]);
}
}

if(c->gates == ""){
c->invoke_python() ;
reverse_offload = true;
} // User establishes quantum gate before ‘target’
}
// (3) Execute user-defined offload region -- populate quantum gate
sequence
target(...);
if (Deviceld == qpul) {
// (4) Generate and execute Python script
if ('reverse_offload)
c->invoke_python() ;
// (5) Write back result from Python to device_angles via ‘map(
from: device_angles)‘
processDataMapFrom(KernelArgs->ArgBasePtrs[I]));

}

Listing 1.5 shows the Python script generated and executed by Listing 1.2.
It builds the quantum circuit and then loops indefinitely, letting the OpenMP
runtime perform as many iterations as needed, i.e., to read angles from the input
pipe, execute the quantum task via the software library, and write the resulting
qubit-frequency statistics back to the output pipe. When the QuantumCircuit
object is destroyed at the end of the OpenMP target region, its destructor sends
an “exit” message to the Python process.



10 S. Mittal et al.

Discussion: Off-loading a QPU kernel through a Python script is practical
for today’s quantum ecosystems and can be retargeted easily from one vendor
stack to another. Although our prototype uses Python, the OpenMP-Q speci-
fication is language-agnostic and could be backed by native C/C--+ interfaces,
e.g., low-level control layers such as ARTIQ [9], Qubic [43,44], or QICK [37].

Listing 1.5: Generated Python Script: Circuit Execution

if __name__ == "__main__":
circuit = QuantumCircuit(4)
params = []

params . append (Parameter (’p0’))
params . append (Parameter(’pl’))
params . append (Parameter (’p2’))
params.append (Parameter(’p3’))
params . append (Parameter (’p4’))
params. append (Parameter (°p5’))
params . append (Parameter (’p6°))
params . append (Parameter (’p7’))
circuit.ry(params[0], 0)
circuit.ry(params[1], 1)
circuit.ry(params[2], 2)
circuit.ry(params[3], 3)
circuit.cx(0, 1)
circuit.cx(1, 2)
circuit.cx(2, 3)
circuit.ry(params[4], 0)
circuit.ry(params[5], 1)
circuit.ry(params([6], 2)
circuit.ry(params[7], 3)
circuit.measure_all()
simulator = AerSimulator()
while True:
resp = sys.stdin.readline().strip()
if resp == "exit":
break
resp = re.sub(xr’,\sx]’, ’]’, resp)
response_data = json.loads(resp)
user_params = response_data
vals = [float(p) for p in user_params]
bound_qgc = circuit.assign_parameters({ param: value for param,
value in zip(circuit.parameters, vals)})
job = simulator.run(bound_qc, shots=1024)
result = job.result()
counts = result.get_counts()
counts = json.dumps(counts)
sys.stdout.write(counts)
sys.stdout.flush()

5 Results

To perform evaluations, we programmed a variational quantum eigensolver (VQE)
to approximate the ground-state energy of a Hamiltonian. VQE proceeds by: (1)
Ansatz preparation: A parameterized quantum circuit encodes a trial wave-
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function. (2) Expectation estimation: The Hamiltonian is decomposed into
simpler terms (e.g., Pauli strings), each measured on the quantum device to
compute the energy. (3) Classical optimization: A classical solver updates
the circuit parameters and iterates until converged. Because VQE can stall in
local minima or barren plateaus, practitioners often launch multiple trials with
different random initial angles and select the lowest-energy result. Traditionally,
these runs execute one after another even though they are pairwise independent.

We evaluate OpenMP-Q using a VQE implementation that optionally par-
allelizes over different random angles. The VQE problem is a 7-vertex Max-Cut
instance, following the setup in [38]. Due to space constraints, we omit the quan-
tum accuracy results and instead compare runtimes for 1-6 VQE runs (with each
run executing classical optimizations of 80 iterations each), executed (a) serially
(Listing 1.1) and (b) in parallel via our Multi-QPU offload extension (Listing 1.3)
on a Linux system (Ubuntu 22.04) with 16GB RAM and an Intel 19 (3.10GHz)
processor. Figure 1 plots the median total time (y-axis) over 200 trials (whiskers
show 1st and 3rd quartiles, barely visible due to low variations) as the number
of concurrent runs increases (x-axis).

Mean Runtime Bar with Boxplot Distribution showing Multi-QPU Efficacy
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Fig. 1: Runtime comparison of VQE with and without Multi-QPU Offloading

A single VQE execution takes 23 seconds on average under OpenMP-Q. Six
runs back-to-back require 143 seconds on average, whereas six simultaneous runs
complete in just 49 seconds, which is a 2.9x overall speedup. These results con-
firm that integrating quantum offload into the OpenMP parallel execution model
yields substantial performance gains and that OpenMP-Q effectively extends
OpenMP’s accelerator framework to quantum devices.

We also evaluated OpenMP-Q in reverse-offload mode as shown in Listing 1.2.
By entering the target region only once, Python is launched a single time and a
bidirectional pipe connection is established for all six iterations. Figure 2 depicts
the median wall-clock time over 200 trials: Six iterations complete in approxi-
mately 1.13 seconds, a 126x speedup compared to naive back-to-back offloads.
This dramatic improvement exposes the overhead of relaunching on the target,
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Fig. 2: Runtime comparison of VQE with and without Reverse-Offload.

rebuilding the circuit, and re-invoking Python (pipes, imports) every iteration.
Reverse-offload removes that cost while adding only ~0.05s to a single VQE
run vs. calling the Python routine directly. Since LLVM’s OpenMP currently
does not support reverse-offload, our experiment emulates such behavior by us-
ing x86 as the “device” and running the simulator in Python, i.e., the host-only
execution without reverse-offload is effectively equivalent. OpenMP-Q’s reverse-
offload capability eliminates this overhead, which is essential for efficient hybrid
workflows. A native Multi-QPU executed with the reverse-offload target would
further improve performance over all iterations.

6 Conclusion

We presented OpenMP-Q, a lightweight extension to the OpenMP 5.x target
model that treats quantum processors like any other offload device and discuss
its compatibility challenges with the existing OpenMP standard. A single clause,
circuit, is added to pass a user-built quantum-circuit object to OpenMP run-
time, along with a POSIX-pipe bridge, to communicate with existing Python-
based quantum software libraries. OpenMP-Q preserves the familiar OpenMP
programming model while transparently invoking quantum kernels. Our design
naturally supports reverse-offload without repeated region re-entry and scales
across multiple QPUs via standard omp parallel directives. A case study on a
Max-Cut VQE problem demonstrated up to a 2.9x speedup when dispatching
six variational runs in parallel and a 126x speedup when dispatching a single
long target region for the same workload. We hope our presentation will spark a
discussion on suitability of quantum acceleration support as an extension of the
OpenMP standard.
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