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Why do we do quantum benchmarking?

Quantum benchmarking is essential because it provides quantitative, standardized ways to evaluate and
compare quantum devices and algorithms. In short, it tells us how good a quantum computer really is and
whether it's improving.
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How to measure the progress of quantum processing units?

Randomized
benchmarking is
proposed by Dankert
et al

https://arxiv.org/
abs/quant-ph/
0606161
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SYSTEMS
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How to measure the progress of quantum processing units?
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How to measure the progress of quantum processing units?
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How to measure the progress of quantum processing units?
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The Linear Ramp Quantum Approximate Optimization

Algorithm (LR-QAOA)
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The problem behind LR-QAOA

The weighted maxcut (WMC) problem
involves determining the partition of the
vertices in an undirected graph so that
the total weight of the edges between the
two sets 1s maximized.
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Tracking the evolution of real QPUs

ibm_brisbane 100 qubits
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Distinguishing successful results

To certify if the result of a QPU is still meaningful, we compare the approximation ratio for the LR-
QAOA WMC problem given by the samples of the QPU to those coming from a random sampler.
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(a) H2-1 50-qubit, 50 samples, and p=4.
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LR-QAOA on a 1D-Chain graph

Performance on a 100-qubit 1D chain
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LR-QAOA on a Native layout graph
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LR-QAOA on a Native layout graph
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LR-QAOA on a Native layout graph
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LR-QAOA on a Native layout graph
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LR-QAOA on a Native layout graph
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LR-QAOA on a Native layout graph

igm_spark O ibm_torino-v0 A ibm_fez VvV  ibm_aachen
O rigetti_ankaa_3 @ - ibm_torino-vl % ibm_fez-f X ibm_kingston
(a) & igm_garnet O - ibm_torino-f o ibm_marrakesh-f  ----- random
0.1 0.2 0.3 0.5 1.0 (b) ¢ ibm_brisbane
~
D ) (3). 127 qubits 0.8
oooooooo ooooo
. 20 qublts 5 P
5qub1ts 0 ooooooooooooooo . Je T
(0] (0] (0] o] ol
O OrQmmOm=0==0  OOOOOOOOOOOOQOO é‘?‘ SR =
0 0 o 0 e Ry -
OmnQun) o *a * il eTe o elelelele o oTo oo eT0) 7_ >
o) o] o] o] . - O
o Q=rO==0==0 OO0V . %
| - 0 o) o] o) N
eleZoleleTolelelole oo e ole) )
o) o] o] o] b O
OOOOOTOOOOOOOO % &
@  133qubits O i Ay
qubits 156 qubits - -
elelelolelelelelolololelele o llNole ole olelolololelo e o e ole O . 6 - £
o Q O Q Q Q Q Q 2
DOOOOOOOOOOOD0O  OQOOOQOOOQOOOQOO
e} e} o) e} Q O (@] Q
QOOOQOCOQOOOPOO 0008000800080008
o} o} 0 o)
SOQOOOROOOQOOOY  OROCOROCOROOOYOO
O O O O
Q00G0QOB0QOG0Q0OS  FCOROOOGOCOROCOY
(0] @] O O
OOOOOOQOOOOOOQ 0800080008000800 %OO o © o
0 o) o} o)
QOO OO OO0 0008000800080008
O O O O elelelelolele ole e olele ole)e)
. .

0.4 =1 1 1 1 1
75 100
(a) Different QPUs topologies P

(b) Performance on different devices

JULICH

J Forschungszentrum

Member of the Helmholtz Association



From a fixed layout to a fully connected QPUs

SWAP networks

(a) ® a1 ® q ® g ® q (b)
ol® O e °®
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Using a swap strategy we can convert a 1D-Chain graph
into a fully connected graph. We need 3 times more 2-
qubit gates to implement this protocol.
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Parity Twine Chain
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Schematic representation of the PTC encoding. (a)
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LR-QAOA on Fully Connected (FC) problems
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(a) FC for a 15-qubit Weighted MaxCut problem .
(b) Effective approximation ratio JULICH
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Integration LR-QAOA as an open source benchmark

metrig-gym

LiniEary
Foundaktion

Supported By fSLQIEIa"Az 8 lsEldlelsMll Discord 376 online. § Contributor Covenant | 2.1

metrig-gym is a Python framework for implementing and running standard quantum benchmarks on
different quantum devices by different providers.

q . * Open - Open-source since its inception and fully developed in public.
m E t I"l q » Transparent — All benchmark parameters are defined in a schema file and the benchmark code is
reviewable by the community.
e Cross-platform — Supports running benchmarks on multiple quantum hardware providers (integration
powered by qBraid-SDK)

» User-friendly — Provides a simple command-line interface for dispatching, monitoring, and polling
benchmark jobs (you can go on with your life while your job waits in the queue).

lJ JULICH

Member of the Helmholtz Association Forschungszentrum



Conclusions

- We holistically benchmarked 24 QPUs from five vendors using LR-QAOA,
evaluating their performance on different graph topologies and testing

scalability 1n ¢
- IBM QPUs s

ubit count and circuit depth.
now significant improvements from Eagle to Heron

generations, w.

hile IonQ and Quantinuum maintain performance through

generations and offer better gate fidelity but suffer from slow execution times.
- Our results highlight key bottlenecks in quantum hardware, emphasizing the
need for advancements 1n circuit depth, execution speed, and gate fidelity to
support large-scale quantum algorithms.
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Thank you
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