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Variational quantum algorithm based on the minimum potential energy ° g 7*§ L 7_ qf 0) P D E 0) E & 1 t
for solving the Poisson equation 7 \ (-E % 170N ﬁ
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Computer-aided engineering techniques are indispensable in modern engineering developments. In particular, 6F == quantum
partial differential equations are commonly used to simulate the dynamics of physical phenomena, but very
large systems are often intractable within a reasonable computation time, even when using supercomputers. To o 4F —---- classical
overcome the inherent limit of classical computing, we present a variational quantum algorithm for solving the 3
Poisson equation that can be implemented in noisy intermediate-scale quantum devices. The proposed method = 2+ Norm (quantum) = 22.9
defines the total potential energy of the Poisson equation as an expectation of certain observables, which are ‘g Norm (classical) = 23.5
decomposed into a linear combination of Pauli operators and simple observables. The expectation value of a 0OF
these observables is then minimized with respect to a parameterized quantum state. Because the number of 5
decomposed terms is independent of the size of the problem, this method requires relatively few quantum §-
measurements. Numerical experiments demonstrate the faster computing speed of this method compared with g —2r
classical computing methods and a previous variational quantum approach. We believe that our approach brings 8
quantum computer-aided techniques closer to future applications in engineering developments. =4
DOIL 10.1103/PhysRevA.104.052409 L | | | | === |
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Quantum topology optimization of ground
structures for near-term devices

Yuki Sato
Toyota Central R& D Labs., Inc.

41-1, Yokomichi, Nagakute, Aichi 480-1192, Japan

yuki-sato @ mosk.tytlabs.co.jp

Satoshi Koide
Toyota Central R& D Labs., Inc.
41-1, Yokomichi, Nagakute, Aichi 480-1192, Japan

Abstract—Product development processes frequently use nu-
merical simulations and mathematical programming techniques.
Structural optimization, especially topology optimization, is one
of the most promising techniques for generating insightful design
choices. Topology optimization for discrete structures, such as
truss structures, can be formulated as a combinatorial opti-
mization problem, where the combination of the existence or
absence of the material is optimized. In this study, we examine
the usage of quantuim computers as a potential solution to discrete
topology optimization problems. The proposed method consists
of two variational quantum algorithms (VQAs): the first solves
the state equilibrium equation for all possible structures, and
the second amplifies the probability of the optimal strocture
in quantum superposition. Several experiments, including a real
device experiment, show that the proposed method successfully
obtained the optimal structure. These findings suggest that
quantum computers could be a potential tool for solving topology
optimization problems.

Index Terms—Variational quantum algorithm, Design opti-
mization, Computer-aided engineering

Ruho Kondo
Toyota Central R& D Labs., Inc.
41-1, Yokomichi, Nagakute, Aichi 480-1192, Japan

Seiji Kajita
Tovota Central R& D Labs., Inc.
41-1, Yokomichi, Nagakute, Aichi 480-1192, Japan

they can handle the existence and absence of the material
exactly by binary variables and have the potential for avoiding
local optima owing to the stochastic exploration of the design
space [8]. such approaches have only been applied to relatively
small-scale problems due to the curse of dimensionality.
For discrete structures, on the other hand. truss topology
optimization methods, so-called ground structure methods,
were widely studied, in which many edges connect several
pre-placed nodes and then the existence or absence of each
edge is optimized. For relatively small-scale problems, the
mixed integer programming [9], [10] was widely used to
solve truss topology optimization problems. However, it is
well-known that determining minimum weight truss structures
with discrete member sizes is an NP-hard problem [2], which
will take an exponentially long time to solve exactly. Thus,
the heuristic approaches have also been developed [11], [12]
to handle the problems within a reasonable time, whereas
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Hamiltonian simulation for time-evolving partial differential equation by scalable
quantum circuits

Yuki Sato,)? * Ruho Kondo,'? Ikko Hamamura,® Tamiya Onodera,®? and Naoki Yamamoto®?
]'I'e.'lyaf.u Central RED Labs, Ine., 1-4-14, Koroku, Bunkyo-ku, Tokye, 112-0004, Japan
4 Quantum Computing Cenler, Keio University, 3-14-1 Hiyoshi,
Kohoku-kw, Yokohama, Kanagawa, 225-8522, Japan
YIBM Quantum, IBM Research — Tokyo 19-21 Nikonbashi Hakozaki-cho, Chuo-ku, Tokyo, 103-8510, Japan
A Department of Applied Physics and Physico-Informatics, Keio University,
Higoshi 8-14-1, Kohoku-ku, Yokohama, Kanegowas, 223-8522, Japan

Solving partial differential equations for extremely large-scale systems within a feasible computa-
tion time serves in accelerating engineering developments. Quantum computing algorithm, partie-
ularly the Hamiltonian simulation, is a potential and promising approach to achieve this purpose.
Actually there are several proposals of Hamiltonian simulation with potential quantum speedup, but
their detailed implementation and accordingly the detailed computational complexity are all some-
what unelear. This paper presents a method that enables us to explicitly implement the quanturm
cirenit for Hamiltonian simulation; the key technique is the explieit gate construction of differential
operators contained in the target partial differential equation. Moreover, we show that the space
and time complexity of the constructed circuit is exponentially smaller than that of all classical
algorithms. We also provide numerical experiments and an experiment on a real device for the wave
equation to demonstrate the validity of our proposed method.
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Exponential Quantum Speedup in Simulating Coupled Classical Oscillators
by Babbush et al., published in Physical Review X, 2023.
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