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Combinatorial optimization

Image from https://physics.aps.org/articles/v10/s32

Image from https://medium.com/mit-6-s089-intro-to-quantum-computing/qaoa-
bench-marking-7dfdd8a31e54

Presenter Notes
Presentation Notes
Applications such as routing, scheduling, networking, power systems
Emphasize that practical, industry-relevant problems require millions of variables. Choose slide 2 or 3. ideally 2-5 on here with all figures, no text. We are here because quantum has so much potential. But what is my view on this? Push into challenging engineering problems. Make personal connection at end? Why is a mathematician in an ISE department doing this? This is opening a new frontier that I want to be part of 



Pre-processing
• QAOA-in-QAOA [1]
• Divide and conquer [2]

[1] Zhou, Zeqiao, et al. "QAOA-in-QAOA: solving large-scale MaxCut problems on small quantum machines." Physical Review Applied 19.2 (2023): 
024027.
[2] Li, Junde, Mahabubul Alam, and Swaroop Ghosh. "Large-scale quantum approximate optimization via divide-and-conquer." IEEE Transactions 
on Computer-Aided Design of Integrated Circuits and Systems (2022).
[3] Ponce, Moises, et al. "Graph decomposition techniques for solving combinatorial optimization problems with variational quantum 
algorithms." arXiv preprint arXiv:2306.00494 (2023).

Image from [3]. Work with M. Ponce, P. Lotshaw, S. Powers, G. Siopsis, T. Humble, and J. Ostrowski
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Opportunity to elevate profile/ market my lab and work. Opportunity to articulate futuristic vision for career and research. Maybe follow Heilmeier for dramatic narrative? Can I capture vision for moment where we can see change/ quantum utility? Open talk- there is potential for quantum primacy, but it’s falling short. There are limits to what we can do but here is where I see demand for research that will give primacy. About halfway point. Then come back to my work and my path forward. Final slide- if solving intractable problems appeals to you, here are the opportunities to make a difference “call to arms”. Stay away from small advancements/ incremental change. “pioneering the future” and pushing boundaries



Pre- and post- processing
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Triangle dropout for Hc
• Quantum dropout [7]
• Removing triangles (image from [8])

• Over 90% of dataset (> 11000 graphs) had higher 
approximation ratio! 

[7] Wang, Zhenduo, et al. "Quantum dropout: On and over the hardness of quantum approximate optimization algorithm." Physical Review Research 5.2 
(2023): 023171.
[8] Wilkie, Anthony, et al. "QAOA with random and subgraph driver Hamiltonians." arXiv preprint arXiv:2402.18412 (2024).

Joint with A. Wilkie, I. Gaidai, and J. Ostrowski
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Future work
• Combinatorics inspired designs
• Making quantum computing accessible to 

non-physicists (QAO REU site)

Thanks to NSF CCF 2210063, NSF CNS 2244512, DARPA HR0011-23-3-0008, 
and DE-SC0024290.  
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