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Parallel Processing method for Quantum Annealing
between Trotters Awared FPGA Resource

SHIMOMAT SOHEI''®  KIMURA SHINJI!

Abstract: Quantum annealing is a new algorithm to solve combinatorial optimization problems where the
original problem is converted to the energy minimization of Ising model or the equivalent QUBO (Quadratic
Unconstrained Binary Optimization). Speeding up quantum annealing is important to obtain the solutions of
combinatorial optimization problems in short time. In this manuscript, an acceleration method of simulated
quantum annealing (SQA) based on the quantum Monte Carlo method is presented for FPGA platforms.
The method takes into account the resources of the FPGA. Toggles of spin variables are parallelized trotter
by trotter depending on the usable FPGA resource. By using the Mersenne twistor method to compute
random numbers and by incorporating information about neighboring trotters, proposed parallel processing
can obtain the same accuracy as in the case of serial processing. The proposed method gains more than 20
times speed-up compared with a serial execution of hardware on 32 trotter case.
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o 1 207.84 123(2%) 135(1%) | 13651(70%) | 23683(1%)
1024spin 2 107.48 149(2%) 176(1%) | 17920(70%) | 31568(1%)
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