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which, if it is determined, on the basis of the expected energy value acquired in a thermal relaxation introduction step, that a
non-adiabatic transition has occurred in the course of quantum annealing, the spin state is updated. The quantum tunneling
effect simulation step, the thermal relaxation simulation step, and the state update step realize a series of processing steps.
The optimization method also includes a solution extraction step (S207) in which, from the results of repeating the series
of processing steps for a prescribed period of time, an optimal solution is determined.
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A.

CLASSIFICATION OF SUBJECT MATTER

GO6N 99/00(2019.01)i
FI:  GO6N99/00 180

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6N99/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2023
Registered utility model specifications of Japan 1996-2023
Published registered utility model applications of Japan 1994-2023

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2019/176647 A1 (DENSO CORPORATION) 19 September 2019 (2019-09-19) 1
paragraphs [0011]-[0048]
A US 2023/0019942 A1 (HEWLETT PACKARD ENTERPRISE DEVELOPMENT LP) 19 1-9
January 2023 (2023-01-19)
A JP 2022-62760 A (FUJITSU LIMITED) 21 April 2022 (2022-04-21) 1-9
A GOTO, H. et al., High-performance combinatorial optimization based on classical mechanics, 1-9

SCIENCE ADVANCES, February 2021, vol. 7, no. 6, pp. 1-9, [online], [retrieved on 08
August 2023], Retrieved from <https://www.science.org/doi/full/10.1126/sciadv.abe7953>
<doi: 10.1126/sciadv.abe7953>

A MISRA-SPIELDENNER, A. et al., Mean-Field Approximate Optimization Algorithm, arXiv: 1-9

2303.00329 [quant-ph], March 2023, pp. 1-17, [online], [retrieved on 08 August 2023],

Retrieved from <https://arxiv.org/abs/2303.00329> <doi: 10.48550/arXiv.2303.00329>
pp- 1-16

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X> document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) ) o considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“p»  document published prior to the international filing date but later than ~ « & document member of the same patent family
the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
08 August 2023 22 August 2023
Name and mailing address of the [SA/JP Authorized officer

Japan Patent Office (ISA/JP)
3-4-3 Kasumigaseki, Chiyoda-ku, Tokyo 100-8915
Japan

Telephone No.
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Document 1: WO 2019/176647 A1 (DENSO CORPORATION) 19 September 2019 (2019-09-19), paragraphs
[0011]-[0048] & US 2020/0408547 A1, paragraphs [0022]-[0075] & DE 112019001278 T5

The claims are classified into the following two inventions.

Invention 1: Claim 1
Since there are no claims of the same category that comprise all of the invention-specifying features of the
invention in claim 1, claim 1 is classified as invention 1.

Invention 2: Claims 2-9

Claims 2-8 share the common technical feature of "an optimization device for determining the optimal solution
using thermal relaxation” with claim 1 classified as invention 1. However, in light of the disclosures in document 1
(paragraphs [0011]-[0048]) (document 1 (in particular, paragraphs [0011], [0038], and [0039]) discloses a global
search device (that is, an "optimization device") for implementing the simulated annealing method (that is, "using
thermal relaxation") and deriving an optimal solution A3 (that is, an "optimal solution")), said technical feature does
not make a contribution over the prior art, and thus cannot be said to be a special technical feature. Moreover, there
are no other same or corresponding special technical features between claims 2-8 and claim 1.

In addition, claims 2-8 do not depend from claim 1. Furthermore, claims 2-8 are not substantially identical to or
similarly closely related to any of the claims classified as invention 1.

Such being the case, claims 2-8 cannot be classified as invention 1.

Claims 2-8 have the special technical feature of "an optimization device comprising an initial state creating unit
for creating an initial state of a spin state on the basis of a random number, a quantum annealing simulation unit
for causing a time development matrix to act on said initial state and repeatedly determining the state of the spin
state that changes with the elapse of time, a thermal relaxation induction unit for generating an expected energy
value comprising the state simulated by the quantum annealing simulation unit and an excited state of said state, a
non-adiabatic transition determination unit for determining whether or not a non-adiabatic transition is occurring
in the quantum annealing process on the basis of the expected energy value acquired by the thermal relaxation
induction unit, and a spin state updating unit for updating the spin state when it is determined by the non-adiabatic
transition determination unit that a non-adiabatic transition is occurring, wherein the quantum annealing simulation
unit, thermal relaxation induction unit, non-adiabatic transition determination unit, and spin state updating unit are
operated continuously to execute a series of processing, and the optimization device also comprises an optimal
solution acquisition unit for determining an optimal solution from the results of repeating the series of processing for
a prescribed period." Thus, the claims are classified as invention 2.

Since claim 9 is substantially identical to or similarly closely related to claim 2, said claim is classified as
invention 2.

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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