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Quantum annealing in the transverse Ising model

Tadashi Kadowaki and Hidetoshi Nishimori
Department of Physics, Tokyo Institute of Technology, Oh-okayama, Meguro-ku, Tokyo 152-8551, Japar:
(Received 30 April 1998)

We introduce quantum fluctuations into the simulated annealing process of optimization problems, aiming at
faster convergence to the optimal state. Quantum fluctuations cause transitions between states and thus play the
same role as thermal fluctuations in the conventional approach. The idea is tested by the transverse Ising
model, in which the transverse field is a function of time similar to the temperature in the conventional method.
The goal is to find the gronnd state of the diagonal part of the Hamiltonian with high accuracy as quickly as
possible. We have solved the time-dependent Schrodinger equation numerically for small size systems with
various exchange interactions. Comparison with the results of the corresponding classical (thermal) method
reveals that the quantum annealing leads to the ground state with much larger probability in almost all cases if’
we use the same annealing schedule. [S1063-651X(98)02910-9]
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PUBLIC LAW 115-368—DEC. 21, 2018

*E BREFA-ITT I

NATIONAL QUANTUM INITIATIVE ACT

M8 FIEHRPE- Bl )

BEFERBE-HM
quantum information science and technology

SEC. 3. PURPOSES.

The purpose of this Act is to ensure the continued leadership
of the United States in guantum_information science and its tech-
ogyV a

s by—
(1) supporting research, development, demonstration, and
application of quantum information science and technology—
(A) to expand the number of researchers, educators,

and students with training in guantum information science
a to develop a worklorce pipeline;
(B) to promote the development and inclusion of multi-

disciplinary curriculum and research opportunities for
quantum information science at the undergraduate, grad-

(C) to address basic research knowledge gaps, including
computational research gaps:

(D) to promote the further development of facilities
and centers available for quantum information science and
tachnologyresearch, testing and education; and

(E) to stimulate research on and promote more rapid
development of quantum-based technologies:
(2) improving the interagency planning and coordination

of Federal research and development of quantum information
% 3 % G LaLum Jnormnes,

(3) maximizing the effectiveness of the Federal Govern-
ment’s quantum _information science and technology research,
developmen emonstration programs,

(4) promoting collaboration among the Federal Govern-
ment, Federal laboratories, industry, and universities; and

(5) promoting the development of international standards
for quantum information science and technology security—

TTUTATTT6 Tacilitate technology mnnvaimn and private

sector commercialization; and

(B) to meet economic and national security goals.

» AN
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PUBLIC LAW 115-368—DEC, 21, 2018

SEC. 3. PURPOSES.

The purpose of this Act is to ensure the continued leadershi

of the United States in quantum information science and its tech-

nology applications by—

AMBERARELRE

KE BREFA=TT147&
NATIONAL QUANTUM INITIATIVE ACT

AEE L. ROMEFEERKET HEIKY . EFIHEREF
EFQOEM@ETOISAICENT., X@EN)—F—2 9T %
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DERREEDD.

(B)

(1) supporting research, development, demonstration, and
lication of guantum information science and technolo;

(A) to expand the number of researchers, educators,
and students with training in quantum information science
and technology to develop a workforce pipeline;

(B) to promote the development and inclusion of multi-
disciplinary curriculum and research opportunities for
quantum information science at the undergraduate, grad-
stdoctoral level:

(C) to address basic research knowledge gaps, including
computational research gaps;

(D) to promote the further development of facilities
and centers available for quantum information science and
technology research, testing and education; and

(E) to stimulate research on and promote more rapid
development of quantum-based technologies;

(2) improving the interagency planning and coordination
of Federal research and development of quantum information
science and technology;

(3) maximizing the effectiveness of the Federal Govern-
ment’s quantum information science and technology research,
development, and demonstration programs;
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