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ABSTRACT: Hybrid HPC-quantum workloads based on circuit cutting decompose large quantum circuits KEY CONTRIBUTIONS
into independent fragments, but existing frameworks tightly couple cutting logic to execution

orchestration, preventing HPC centers from applying mature resource management policies to NISQ P 1. Fragment A!)stract.lon
workloads. We present DQR (Dynamic Queue Router), a runtime framework that treats circuit =t ‘ Backend—ag.nostlc descriptor
fragments as first-class schedulable units. DQR introduces a backend-agnostic fragment descriptor, a  — o tuple Sl structural
wave-based coordinator enabling pipeline concurrency through non-blocking polling, and a production- #aqubits properties.

ready implementation on the CESGA Qmio supercomputer integrating local and cloud quantum 2. Wave-Based Dispatch

backends. Experiments on a 32-qubit Hardware-Efficient Ansatz (HEA) demonstrate makespan % Pipeline concurrency, per-
improvements over a monolithic CPU baseline together with transparent per-fragment failover 7~ \—" fragment retry and QPU-CPU

recovery without pipeline restart. failover.
_ 3. Production Implementation
06

CESGA Qmio, Qmio + IBM

% ‘@') Torino, k = 2 and k = 4 cuts.
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Faubits qube bl New fragments launch while prior fragments are still (e.g., Qmio)
{F . e e
Fragments executing. Utilisation is bounded by aggregate
\ Y, capacity, not the slowest fragment in the wave.
Fragment Lifecycle State Machine : :
| \ Fragment Descriptor Tuple (Schedulable Unit)
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Makespan across dispatch policies 5 o [ Pipeline setup (tsswp, = 126.3 5, constant) °
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ob

baseline 10/80/10 20/60/20 20/60/20 30/50/20 {observed) (fopu=4.55) (fopu = 6.65) A k l. d
- . Makespan sensitivity to tqpy for the L = 2 run. Pipeline (tsetup,) and THpc remain ckKnowte gments
Makespan (s) and CPU efficiency for the CPU baseline and DQR R S S ) .
Policies A-D constant; substituting EqQpy = 18.5s (IBM Cloud) with Zqpy = 4.5 or 6.6s (Qmio) reduces After failing, DQR relabels The authors thank the Accelcom
makespan by 104.6s (33 %). : ; Research Group at BSC for their
R and is successfully simulated support
on CPU
makespan improvement o 0 ]
over monolithic CPU baseline of execution time is external or parallelized ” ,%‘% %i H
: only 5% remains as DQR coordination
Config Makespan  Speedup Component Share “
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