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In theory, quantum computers can utilize quantum mechanical effects
to compute specific tasks faster than classical computers.

Use Cases:
Cryptography
Material Simulation
Combinatorial Optimization

23.02.263

Motivation – Quantum Supremancy

Image Src: T. Hoefler et al., Disentangling Hype from Practicality: 
On Realistically Achieving Quantum Advantage
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Classical Solvers have improved drastically in the recent years:

23.02.265

What do we compete against?

Source: Koch, T., Berthold, T., Pedersen, J., Vanaret, C.: Progress in 
mathematical programming solvers from 2001 to 2020. EURO Journal on 
Computational Optimization 10, 100031 (2022)

Example: 
Speedup for (Mixed-Integer) Linear 
Programming Problems:

LP: 9x Speedup
MIP: 50x Speedup
Hardware: 20x Speedup
Combined LP: 180x
Combined MIP: 1000x
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Classical Optimization Frameworks
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Example – World TSP:

1,907,711 cities
Lower Bound: 7,512,218,268
Current best Solution: 7,515,755,956
(only 0.0471% greater than LB)
Achieved with the „LKH-3“ Solver:
http://webhotel4.ruc.dk/~keld/research/LKH-3/

Image Source: 
https://www.math.uwaterloo.ca/tsp/world/
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SotA: Traveling Sales Person
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Also an Optimization problems, however, it „breaks“ much earlier.
Even problems with only 60 variables are very hard to solve.

23.02.268

Low Autocorrelation Binary Sequences (LABS)

Source: Tom Packebusch & Stephan Mertens
Low Autocorrelation Binary Sequences
https://arxiv.org/abs/1512.02475
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Classical Optimization Frameworks
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Polylithic Modeling
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How to add Quantum? à Decompose Problems!

„Meta-Solving“
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Meta Solving – Exploring Solutions
Cluster B

Cluster A

If user is unsure about the next step, 
they can try out multiple solution at once. 
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Meta Solving – Proposing Optimal Solvers
Take This!
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How to implement this?
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How to implement this?
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How to implement this?
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The ProvideQ Toolbox
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Whats coming: Quantum Circuit Execution & Optimization
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ProvideQ API

Try out the API:
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FW: Formalizing Meta-Solver Strategies

#invalid ==
algorithm might return
an invalid result

#optimal ==
algorithms always finds
an optimal solution

#unsound ==
transformation could
alter the solution space

Example Tags:

Rule 1 -- Invalid Paths:
A Path is invalid as soon as one subroutine is invalid.

Rule 2 -- Optimal Paths:
A Path is optimal when all subroutines are optimal.
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FW: Meta-Solver Language
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FW: Meta-Solver Language
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FW: Meta-Solver Language
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Conclusion

Find us at:
https://github.com/ProvideQ
https://provideq.kit.edu/

https://github.com/ProvideQ
https://provideq.kit.edu/

