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Theorem：
Arbitrary combinatorial optimization problems
can be mapped on the ground state search
for Ising models with many-body interactions

Combinatorial optimization problems：
・Traveling salesman problem
・Vehicle routing problem
・Color-coding problem
・Portfolio in finance

etc



Quantum anealing (Kadowaki-Nishimori)

Ising model with
two-body interactions

Auxiliary spins and constraints

Optimization problem in 2N dim (N > 1000) in NISQ eta⇒ hybrid quantum annealing
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Energy landscape in full 2N dimension
Molecular dynamics (MD) for classical magnetic flux

Energy landscape in reduced 2n dimensions
Quantum annealing (QA) for Ising spin

Seamless and automatic 
dimensional reduction
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Molecular Dynamics (MD)  à Quantum Annealing (QA)



Ising spin glass problem

SA: Simulated Annealing

TS: Tabu Search

MD: Molecular Dynamics

HQA:  Hybrid



MAX-CUT problem

Exact solution

N=2000



Summary

・Quantum annealing︓
as classical optimizer à real-world applications
as quantum simulator à basic science applications

・HQA with MD
the fastest hybrid method for MAX-CUT problem
at the time of 2021.  

・Future
better mathematical foundation on the error
Ising model à Potts model 
quantum application???


