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One of the promissing ways of realizing %uantum computation is
measurement-based quantum circuits. For the design methodolgoy of measurement-based quantum
circuits, this research got the following results. (1) This reseach developped an automatic circuit
reduction method by representing a seaquence of braiding operations for measurement-based quantum
circuits with toruses. (2) This research develloped a method to reduce the circuit size by the
layout of logical qubits for the lattice surgery model which represents a measurement-based quantum
circuit. The method can reduce the final circuit size compared to the conventional methods. (3) This
research developped a various optimization methods to decrease the number of T gates whose
realization costs are very high for measurement-based quantum circuits.

braiding lattice Surgery T Relative Phase



Topological Quantum Computer TQC

TQC
TQC
Initialization) CNOT NOT
2 Measurement 3
braiding
braiding
ICM
ICM ICM
2
braiding
braiding braiding
braiding
lattice surgery
lattice surgery lattice
surgery
braiding



braiding

bridge

bridge

2 bridge

lattice surgery

bridge
bridge

lattice surgery

lattice surgery lattice
lattice surgery
Lao Lao lattice
surgery 1 multi-target CNOT Lao
1 3 1
25%
lattice surgery lattice
lattice 1
Lao
surface code 45 9%
(@)) T T-depth
T Amy
lattice surgery T
multi-target CNOT
CNOT
Amy
) Mixed-Polarity Multiple-Control Toffoli
(MPMCT) Nearest Neighbor Architecture (NNA)
MPMCT NNA MPMCT 1
2 SWAP 2
NNA
MPMCT SWAP
MPMCT SWAP 2
MPMCT NNA
€) Toffoli T
T Toffoli RTOF
Relative-Phase Toffoli gate RTOF T
Toffoli Toffoli RTOF
Toffoli RTOF
RTOF Toffoli

4/7



Toffoli RTOF
RTOF



11 9 0 1

14 4

2021

Fundamentals Review

337-346

DOl
10.1587/essfr.14.4_337

Atsushi Matsuo, Wakaki Hattori, Shigeru Yamashita

ASP-DAC2021

Dynamical Decomposition and Mapping of MPMCT Gates to Nearest Neighbor Architectures 2021
IEEE 26th Asia and South Pacific Design Automation Conference 786-791
DOI
Atsushi Matsuo, Yudai Suzuki, Shigeru Yamashita AQ1S2020
Problem-specific Parameterized Quantum Circuits of the VQE Algorithm for Optimization Problems 2020
The 20th Asian Quantum Information Science Conference 161
DOI
HAN Zhengtong, Shigeru Yamashita AQ152020
Quantum Circuit Design by Steiner-Gauss with Considering the Order of Qubits 2020
The 20th Asian Quantum Information Science Conference 188

DOl




Risa Segawa, Shigeru Yamashita AQ152020
An Efficient Generation of Arbitrary Superposition of Basis States 2020
The 20th Asian Quantum Information Science Conference 211

DOl

Wakaki Hattori, Shigeru Yamashita

Vol .E102-D, No.11

Mapping a quantum circuit to 2D Nearest Neighbor Architecture by Changing the Gate Order

2019

IEICE Transactions on Information and Systems

2127 2134

DOl
10.1587/transinf.2018EDP7439

Kota Asahi and Shigeru Yamashita

Vol .E102-A, No.4

Compaction of Topological Quantum Circuits by Modularization 2019

IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences 624 632
DOI

10.1587/transfun.E102.A.624

Wakaki Hattori and Shigeru Yamashita 11106

Quantum Circuit Optimization by Changing the Gate Order for 2D Nearest Neighbor Architectures 2018

Lecture Notes in Computer Science 228 243

DOl
10.1007/978-3-319-99498-7_16




Vol .J102-D, No.5

TQEC 2019
D 367 377
DOl
10.14923/transinfj.2018JDP7040
Vol .63, No.6
2018
342 349
DOl
Jingwen Ding and Shigeru Yamashita 1
Exact Synthesis of Nearest Neighbor Compliant Quantum Circuits in 2D architecture and its 2019
Application to Large-scale Circuits
IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems 1

DOl
10.1109/TCAD.2019.2907919

22 5 15

Atsushi Matsuo

Dynamical Decomposition and Mapping of MPMCT Gates to Nearest Neighbor Architectures

26th IEEE Asia and South Pacific Design Automation Conference (ASP-DAC2021)

2021




Toffoli

45

2021

Shohei Kuroda

A Cost Reduction Method for Quantum Boolean Circuits by Applying The Transduction Method

Asian Quantum Information Science Conference 2021

2021

Duo Xu

Quantum State Preparation By Gaussian Elimination

Asian Quantum Information Science Conference 2021

2021

Terumi Oguri

T-depth Reduction Considering Multiple MCT Gates with Ancilla Bits

Asian Quantum Information Science Conference 2021

2021




Naoya Asada

Exact Minimization of a Relative-Phase Toffoli Gate

25th Annual Conference on Quantum Information Processing

2022

Shouhei Kuroda

Optimization of Quantum Boolean Circuits by Relative-Phase Toffoli Gates

Reversible Computation 2022

2022

2020 2020

2020

2020




SLDM

DA 2020

2020

HAN ZHENGTONG

2020

2020

Atsushi Matsuo

Problem-specific Parameterized Quantum Circuits of the VQE Algorithm for Optimization Problems

2020

18 FIT

2019




VLD

2019

Shigeru Yamashita

An Efficient Method for Quantum Circuit Placement Problem on a 2-D Grid

Reversible Computation 2019

2019

Yohei Wakabayashi

A handy condition of bridge compression for topological quantum circuits

19th Asian Quantum Information Science Conference

2019

Risa Segawa

Minimizing Quantum Circuits for Simultaneous Two-Qubit Measurement by Single-Qubit Measurements

19th Asian Quantum Information Science Conference

2019




Kota Asai

Efficient Mapping of the ZX calculus

19th Asian Quantum Information Science Conference

2019

Wakaki Hattori

The decomposition of an MPMCT gate in consideration of NNA

19th Asian Quantum Information Science Conference

2019

Jingwen Ding

Exact and Approximate Exact Synthesis of Nearest Neighbor Compliant Quantum Circuits in 2-D Architectures

AQIS 2018

2018

Kota Asai and Shigeru Yamashita

Compaction of Topological Quantum Circuits by Modularization

AQIS 2018

2018




Wakaki Hattori and Shigeru Yamashita

Mapping to 2D Nearest Neighbor Architecture by a SAT Solver and A* Algorithm

AQIS 2018

2018




