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Goal: Demonstrating Quantum Advantage in Optimization

What is quantum advantage? 

“Solving a problem faster, better, or cheaper when using

quantum computing than when using classical computing alone.”
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- What problems to look into?

- How to solve them?

- What algorithms to compare to?

- How to measure speed, quality, and cost?



Personas in [Quantum Optimization] Benchmarking*

*) Adapted from Finžgar et al., IEEE QCE2022



Personas in [Quantum Optimization] Benchmarking*

*) Adapted from Finžgar et al., IEEE QCE2022

- Focus on model-
independent benchmarks

- Compare all possible 
ways to solve problems 
(classical, quantum, …) 

- Benchmarking of 
complete workflow



What problems to look into?

• NP-hardness alone does not imply that a concrete instance 

of a problem is actually difficult to solve classically.

• Most classical & quantum optimization algorithms are 

heuristics, i.e., there are no a priori performance guarantees 

(there might be a posteriori guarantees).

• Many instances of NP-hard problems can be solved 

efficiently to provable global optimality using heuristics.

• Benchmarks should be run on the same problems to enable 

comparability of results.

• We need to empirically demonstrate their performance on 

concrete (difficult) problem instances.
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“Use Case-Driven”
Start with practically 
relevant problem:
• Make sure it is 

“classically difficult”
• Investigate whether there 

is “quantum advantage”

“Math-Driven”
Start with classically 
difficult problem:
• Investigate whether there 

is “quantum advantage”
• Make sure it is 

”practically relevant”



Quantum Optimization Benchmarking Library (QOBLIB)
https://git.zib.de/qopt/qoblib-quantum-optimization-benchmarking-library 

[ https://arxiv.org/abs/2504.03832 ]
→ Hosted by Zuse Institute Berlin (ZIB), which also hosts the 

well-known “Mixed Integer Programming Library” (MIPLIB)
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”The Intractable Decathlon”

- 10 problem classes with different characteristics.

- Multiple instances per class from easy to hard to track progress over time, including hard 

instances that are relatively small!

- Classical baseline results for all instances, quantum baseline results for a first subset.

- Instances are expected to be “primal hard” (finding good solutions is hard) not only “dual hard” 

(proving optimality is hard).

- Model-independent, we provide the data, and illustrative MIP and QUBO formulations.
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Quantum Optimization Benchmarking Library (QOBLIB)
https://git.zib.de/qopt/qoblib-quantum-optimization-benchmarking-library 

Mapping from MIP to QUBO changes the picture! Can lead to
- increasing number of variables
- increasing density
- larger range of coefficients
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Performance Metrics

Metrics need to be well-defined and transparent to enable fair and systematic benchmarks!

Quality: Best found objective function value (incl. time series)

Speed: End-to-end wall clock time (excluding queueing times)

 → if an algorithm can be parallelized, that’s good!

Cost: Hard to measure, not objective! 

 → Transparent report of the involved computational 

 resources (QPUs, CPUs, GPUs, other special-purpose 

 accelerators… )

Quality

SpeedCost
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Metrics need to be well-defined and transparent to enable fair and systematic benchmarks!

Quality: Best found objective function value (incl. time series)

Speed: End-to-end wall clock time (excluding queueing times)

 → if an algorithm can be parallelized, that’s good!

Cost: Hard to measure, not objective! 

 → Transparent report of the involved computational 

 resources (QPUs, CPUs, GPUs, other special-purpose 

 accelerators… )

Due to possible trade-offs between metrics, primary focus is on quality, 

i.e., to improve solution quality for unsolved instances

 → Every improvement in quality is a potential quantum advantage!

Quality

SpeedCost

Trade-offs between
metrics are possible!



Submission Template



Summary

- We introduced a framework to demonstrate quantum advantage in optimization and track progress 

towards this goal. Classical baseline results and first illustrative quantum results are provided as well.

- Benchmarking of full workflow → Use the best of quantum and classical optimization.

- Will enable us to identify where quantum optimization (heuristic) algorithms may help (and where not).

- Model-independent → We need to look into new ways to model problems and solve them.

 

- Too many different possibilities to test, thus, this needs to be a community effort!

→ This is just the beginning, everybody is invited to contribute solutions to QOBLIB!
(classical & quantum submissions)



Exploring the potential for quantum advantage in 
mathematical optimization
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Thank you for your attention!

Exploring the potential for quantum advantage in 
mathematical optimization

https://www.ibm.com/quantum/blog/
optimization-white-paper

New Quantum Optimization Benchmarking Library 
invites researchers to put algorithms to the test

https://www.ibm.com/quantum/blog/
quantum-optimization-benchmarking

https://www.ibm.com/quantum/blog/optimization-white-paper
https://www.ibm.com/quantum/blog/optimization-white-paper
https://www.ibm.com/quantum/blog/optimization-white-paper
https://www.ibm.com/quantum/blog/optimization-white-paper
https://www.ibm.com/quantum/blog/optimization-white-paper
https://www.ibm.com/quantum/blog/optimization-white-paper
https://www.ibm.com/quantum/blog/optimization-white-paper


wor@zurich.ibm.com 

mailto:wor@zurich.ibm.com

	Diapositive 1 Quantum Optimization Benchmarking Library  The Intractable Decathlon 
	Diapositive 2 Quantum Optimization Working Group
	Diapositive 3 Quantum Optimization Working Group
	Diapositive 4 Goal: Demonstrating Quantum Advantage in Optimization
	Diapositive 5 Goal: Demonstrating Quantum Advantage in Optimization
	Diapositive 6 Personas in [Quantum Optimization] Benchmarking*
	Diapositive 7 Personas in [Quantum Optimization] Benchmarking*
	Diapositive 8 What problems to look into?
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16 Quantum Optimization Benchmarking Library (QOBLIB) https://git.zib.de/qopt/qoblib-quantum-optimization-benchmarking-library 
	Diapositive 17 ”The Intractable Decathlon”
	Diapositive 18 Quantum Optimization Benchmarking Library (QOBLIB) https://git.zib.de/qopt/qoblib-quantum-optimization-benchmarking-library 
	Diapositive 19 Quantum Optimization Benchmarking Library (QOBLIB) https://git.zib.de/qopt/qoblib-quantum-optimization-benchmarking-library 
	Diapositive 20 Performance Metrics
	Diapositive 21 Performance Metrics
	Diapositive 22 Submission Template 
	Diapositive 23 Summary
	Diapositive 24
	Diapositive 25
	Diapositive 26

