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JUNIQ - Jülich UNified Infrastructure for Quantum computing

1. QC user facility for science and industry 

2. Installation, operation and provision of QCs 
3. Unified portal for access to QC emulators 

and to QC devices at different levels of 
technological maturity. 

4. Development of algorithms and prototype 
applications 

5. Services, training and user support 
6. Modular quantum-HPC hybrid computing



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.

Measure Device Performance Track Progress Over Time Compare Across Platforms
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Limitation
“To determine if a given output is heavy, we 
compute  directly from U using a method 
that scales exponentially with Nq”.
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The Linear Ramp Quantum Approximate Optimization  
Algorithm (LR-QAOA)

(a) Graph topologies
(b) QAOA algorithm
(c) Linear ramp protocol for QAOA
(d) Expected performance with noise

We applied this benchmark methodology to 24 
different QPUs from 6 different vendors, IQM, 
IBM, Rigetti, IonQ, Quantinuum, and OriginQ 
using 5 to 156 qubits and up to p=10,000.



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 is maximized.
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Tracking the evolution of real QPUs

QPU’s 
evolution

r

p

r

p

ibm_brisbane 100 qubits ibm_torino 133 qubits



Distinguishing successful results

(a)  H2-1 50-qubit, 50 samples, and p=4.

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.

r

3σ7

3σ100
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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.

From a fixed layout to a fully connected QPUs

q0

q1
q1

q0 ⊕ q1

q2

q0 q0 ⊕ q2

q0 ⊕ q1 q1 ⊕ q2

q2 q2

1

2

0 01

02

12

0

1

2

t = 0

q0 ⊕ q2

t = 1 t = 2

q0

q1

q2

Schematic representation of the PTC encoding. (a) 
Circuit model to get different parities. (b) Graphic 
representation of the PTC in a 1D chain. Using this 
diagram, the equivalent building blocks for the CNOT 
gates are shown at the right.

SWAP networks Parity Twine Chain



LR-QAOA on Fully Connected (FC) problems
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(b) Effective approximation ratio
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Integration LR-QAOA as an open source benchmark



- We holistically benchmarked 24 QPUs from five vendors using LR-QAOA, 
evaluating their performance on different graph topologies and testing 
scalability in qubit count and circuit depth. 
- IBM QPUs show significant improvements from Eagle to Heron 
generations, while 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 in circuit depth, execution speed, and gate fidelity to 
support large-scale quantum algorithms.

Conclusions



Thank you


