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Abstract. Quantum computing represents a paradigm shift in compu-
tational power, utilizing quantum mechanics to address problems be-
yond the reach of classical computing. The current generation of quan-
tum computers, known as Noisy Intermediate-Scale Quantum (NISQ)
devices, can execute quantum operations but are constrained by signif-
icant noise and error rates that affect their reliability. As the adoption
of NISQ devices grows, the need for efficient workload orchestration be-
comes increasingly critical. With diverse quantum cloud providers and
error rates in quantum hardware make choosing the right Quantum Pro-
cessing Unit (QPU) a challenging task. Existing quantum orchestrators
primarily focus on load balancing but fail to account for critical factors
such as hardware-specific noise. In this work, we propose Qrchestrator, an
error- and load-aware quantum orchestration framework that optimizes
quantum circuit execution across multiple NISQ providers. We discuss
the challenges of quantum workload orchestration, outline the design of
Qrchestrator, and highlight its potential benefits for quantum software
engineering.
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1 Introduction and Motivation

Over the past few decades, quantum computing has evolved from a theoreti-
cal concept into an emerging field with tangible applications. This progress has
been driven by advances in quantum hardware, particularly the development
of Quantum Processing Units (QPUs). However, current quantum systems re-
main constrained by noise—unwanted interactions or imperfections that disrupt
the delicate quantum states necessary for computation. These limitations define
the present stage of quantum computing, commonly referred to as the Noisy
Intermediate-Scale Quantum (NISQ) era [I].

Current quantum cloud providers offer diverse QPUs with varying error and
calibration metrics such as coherence times and gate fidelities [I]. As a result,
selecting the most suitable QPU for a given quantum circuit execution remains a
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error-prone process, requiring significant expertise to optimize execution strate-
gies. These challenges are exacerbated by the lack of standardization across
quantum cloud providers such as IBM Quantum EL AWS Braket El, and Azure
Quantum EI, which complicates software portability and requires additional ef-
forts to adapt code and workflows across different platforms.

The increasing availability of NISQ devices has led to a growing need for ef-
ficient quantum workload orchestration. As noted in [2], it refers to the manage-
ment and coordination of quantum resources, tasks, and workflows in a quantum
computing environment. Research in this area remains largely unexplored, with
only a few studies in the literature.

Unlike classical computing, the quantum domain presents unique challenges
[1], including platform-specific constraints, qubit and shot limitations, gate and
measurement errors, and diverse hardware architectures. Addressing these fac-
tors is essential for achieving efficient and reliable quantum orchestration.

Among the most significant contributions in this area, Alvarado-Valiente et
al. [2] proposed a load-balancing-based orchestration framework for executing
quantum tasks across multiple providers. Their approach selects the optimal
QPU by considering the number of qubits and shots required for each task, as
well as availability and the length of task queues in the quantum resources.

Given the challenges of quantum computing, we propose an extension to
the quantum orchestration framework by Alvarado-Valiente et al. [2] that in-
corporates an error-aware selection mechanism. By integrating key metrics such
as gate error rates, resource availability, and job queue lengths, this enhanced
orchestrator aims to automatically select the most suitable NISQ device for a
given quantum circuit execution. This approach not only optimizes resource al-
location but also minimizes the effects of intrinsic errors based on the specific
characteristics of the quantum circuit.

2  Owur proposal

To illustrate the challenges of quantum orchestration, we introduce a running
example based on a quantum task execution scenario. In this scenario, depicted
in Figure [I], multiple quantum cloud providers offer NISQ devices with vary-
ing calibration metrics, gate fidelities, and queue lengths, affecting the selection
and execution of quantum tasks. When users select a Quantum Processing Unit
(QPU) for circuit execution, they must consider factors such as the types of gates
the backend supports (since each device implements a limited set of gates), as
well as error rates and system load, all of which affect the performance and out-
come of the quantum job. For instance, if the user prioritizes fast response times
over reliability, they may select QPU3; if reliability is preferred, QPU1 would be the
choice; and if a balance between speed and reliability is desired, QPU2 would be

! https://quantum.ibm.com/

2 https://aws.amazon.com/en/braket/
3 https://quantum.microsoft.com/en-us/solutions/microsoft-quantum-solutions
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Qrchestrator 3
selected. However, this process is time-consuming and requires significant exper-
tise. Now, imagine that these QPUs are not only available on a single platform

but across multiple providers—this significantly increases the complexity and
time consumption of the process.

errors load errors load errors load
QPU1 best worst QPU2 C QPU3 worst best

Fig. 1. Categorization of multiple QPUs based on error and load metrics.

To enhance this process, we propose Qrchestrator, an error- and load-aware
quantum orchestration framework designed to optimize the execution of quan-
tum circuits across multiple cloud-based quantum providers. Unlike the approach
by Alvarado-Valiente [2], which primarily focuses on load-based QPU selec-
tion, Qrchestrator incorporates both error metrics and load-based criteria in
its decision-making process.
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Fig. 2. Qrchestrator architecture.

Figure [2] illustrates the architecture of Qrchestrator. Users interact with the
system through a Graphical User Interface (GUI) or an API Gateway, enabling
seamless submission of quantum jobs. These jobs enter a Quantum Job Sched-
uler, which queues and manages execution requests. To optimize circuit exe-
cution, the Quantum Circuit Optimizer preprocesses and transpiles submitted
circuits, ensuring compatibility with different quantum backends using their cor-
responding SDKs (e.g. Qiskit EL Circﬂ, AWS Braket EL etc.). A Performance and
Error Metrics Service continuously gathers data on these metrics, providing the
necessary information for the load balancer to allocate resources efficiently. The
Quantum Load Balancer then selects the most suitable QPU by considering real-
time error metrics (e.g., gate fidelity, error rates, etc) and availability, typically

* https://github.com/Qiskit /qiskit
® https://github.com/quantumlib/Cirq
5 https://github.com/amazon-braket /amazon-braket-sdk-python
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expressed as total pending workloads. This selection is driven by a optimization
function, which evaluates each candidate QPU based on a weighted combina-
tion of after-mentioned metrics. To accommodate diverse execution priorities
(e.g., speed vs. fidelity), the Quantum Load Balancer supports a user-defined
parametrization of metric importance, allowing dynamic tuning of selection be-
haviour based on the context of the execution. For instance, let C denote a
quantum circuit and @ = ¢, g2, ..., ¢, be the set of candidate QPUs available
for execution. Given the weights e and 3 reflecting the importance of availability
and error rates respectively, the optimal QPU ¢* is determined by minimizing
the objective function:

q" = arg mené (a - workload(q;) + B - errorRates(q;,C)) (1)
qi

3 Conclusions

In this work, we introduced Qrchestrator, an error- and load-aware quantum
orchestration framework for executing quantum circuits across multiple cloud-
based quantum providers. Our approach extends previous quantum load-balancing
solutions by integrating error-awareness. As quantum software engineering con-
tinues to evolve, orchestration frameworks like Qrchestrator will be essential for
ensuring higher Quality of Service (QoS) in both quantum and hybrid quantum-
classical systems.

A key challenge moving forward is establishing a standardized definition
of cloud-based QPUs to enable optimized selection across different quantum
providers. Our future work will focus on implementing the Qrchestrator frame-
work. We will also apply this approach to the domain of demand and manage-
ment in hybrid quantum-classical services [3].
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