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Combinatorial optimization problems : o

» Traveling salesman problem i
- Vehicle routing problem
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Arbitrary combinatorial optimization problems
can be mapped on the ground state search
for Ising models with many-body interactions
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Quantum anealing (Kadowaki-Nishimori)
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Optimization problem in 2Ndim (N > 1000) in NISQ eta= hybrid quantum annealing
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A novel quantum-—classical hybrid scheme is proposed to efficiently solve large-scale combinatorial
optimization problems. The key concept is to introduce a Hamiltonian dynamics of the classical
flux variables associated with the quantum spins of the transverse-field Ising model. Molecular
dynamics of the classical fluxes can be used as a powerful preconditioner to sort out the frozen and
: . i T. Hatsuda
ambivalent spins for quantum annealers. The performance and accuracy of our smooth hybridization (RIKEN)
in comparison to the standard classical algorithms (the tabu search and the simulated annealing) are
demonstrated by employing the MAX-CUT and Ising spin-glass problems.




Hybrid Quantum Annealing (HQA) with MD

Energy landscape in full 2N dimension

Molecular dynamics (MD) for classical magnetic flux
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Quantum annealing (QA) for Ising spin
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Molecular Dynamics (MD) - Quantum Annealing (QA)

Initial Flux MD Sorting & QA Final Spin
Variables (size N) Projection (size n) Variables
(size N) (size N)

Ambivalent
" A M1 Hoa(7)
variables | :

1  (sizen) With
| i (Jeff’ heff)
_ Effective
{ , ,}N . HMD (T) ) {901} = {52} Fields i i {SZ}N
i B with (J,h) | U Frozen =1

Spins

Frozen (size N-n)

1 |
»] variables . S e
(size N-n) | k
b
'—

k:[ll+1.N] ﬁ

ITTT

ﬁ

Is1ng (s) = Z ], 7 Sjt + Z hz’ St

z’;é] i'=1

I =Ty, HT=hy + Z Jowsws (i =1,2,...,n).
kK=n+1




Ising spin glass problem
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- Quantum annealing :

as classical optimizer - real-world applications
as quantum simulator = 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 = Potts model
quantum application???



