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Our direction

2

Quantum technology creates new era of
Mobility, Factory and Society IoT!!
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Team & projects
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Applications

Technologies

Mobility IoT
Factory IoT

Multi modal service

Delivery service etc. in Thailand

Basic research of QA 
machine

Improvement of 
implementation 
efficiency

Multi robot control
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Main results of this talk

4

Result 1:
A fast algorithm to embed larger subproblems
is proposed.

Result 2:
Better solutions are efficiently obtained
by embedding larger subproblems .
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Agenda
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1. Improvement of solutions

2.Conventional tools

3.Proposed algorithm

4.Performance of the proposed algorithm
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1.
Improvement of solutions

by embedding larger subproblems

6



/26
Qubits North America 2018 / / 26 Sept. 2018 / Information Electronics R & I Department, Electronics R & I Division

© DENSO CORPORATION All Rights Reserved.

Optimization process
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We confirmed improvement of solutions
by embedding larger subproblems .

update best obtained
solution so far

cubic lattice with 
1000 variables embed a subproblem

by the proposed algorithm

63 variables

extract
a subproblem

utilize the complete
graph embedding

380 variables

greedy algorithm
update variables

in the subproblem

optimize the subproblem
by D -Wave 2000Q_2
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Problem settings
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The problem with pF=0.0 and 0.5 are solved.

ẌThe cost function

10

10

the ferromagnetic model: pF=0.0 the spin -glass model: pF=0.5

= =

J=-1

J=+1

10

The trivial ground states exist. There are many frustrations.

J=+1

https://texclip.marutank.net/#s=%5Cbegin%7Bgather*%7D%0A%5Cmathcal%7BH%7D%20%3D%20-%20%5Csum_%7B%3Ci%2Cj%3E%7D%5E%7BN%3D1000%7D%20J_%7Bij%7D%20%5Csigma_%7Bi%7D%20%5Csigma_%7Bj%7D%0A%5Cend%7Bgather*%7D
https://texclip.marutank.net/s=%5Cbegin%7Bgather*%7D%0AP%20%5Cleft(%20J_%7Bij%7D%20%5Cright)%20%3D%20p_%7B%5Cmathrm%7BF%7D%7D%20%5Cdelta%20%5Cleft(%20J_%7Bij%7D%20-%20J%20%5Cright)%20%2B%20%5Cleft(%201%20-%20p_%7B%5Cmathrm%7BF%7D%7D%20%5Cright)%20%5Cdelta%20%5Cleft(%20J_%7Bij%7D%20%2B%20J%20%5Cright)%0A%5Cend%7Bgather*%7D
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Advantages of embedding larger subproblems
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It is expected that better solutions are
efficiently obtained by embedding larger subproblems.

domain wall

ẌThe ferromagnetic model
Eliminating domain walls is essential.

ẌThe spin -glass model
Searching many local minima is essential.

phase space of a small subproblem

< small subproblem >

< large subproblem >

find better solution

Variables in the small domain are
efficiently aligned to the majority

< large subproblem >
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Improvement of solutions
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Domain walls are efficiently eliminated and
local minima are widely searched by proposed method.

< The ferromagnetic model > < The spin -glass model >

Average energies for 32 trials are plotted in the graphs below.

Better solutions are obtained with the smaller number of iterations.

The ground states are obtained
for all of the trials
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2.
Conventional tools

11
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Limitations of the current D -Wave machine
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Partitioning and minor embedding are required
to optimize practical large problems.

ẌIsing model of D -Wave machine ẌStructure of Chimera graph

Number of qubits

Restricted to Chimera graph

ẌPractical optimization problem

Large number of variables

Between arbitrary variables

https://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Cmathcal%7BH%7D%20%3D%20%5Csum_%7Bi%3Cj%7D%5E%7BN_%7B%5Cmathrm%7Bp%7D%7D%7D%20J_%7Bij%7D%20x_%7Bi%7D%20x_%7Bj%7D%20%2B%20%5Csum_%7Bi%3D1%7D%5E%7BN_%7B%5Cmathrm%7Bp%7D%7D%7D%20h_%7Bi%7D%20x_%7Bi%7D%0A%5Cend%7Balign*%7D
https://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0A%5Cmathcal%7BH%7D%20%3D%20%5Csum_%7B(i%2Cj)%20%5Cin%20Chimera%7D%5E%7BN_%7B%5Cmathrm%7Bq%7D%7D%7D%20J_%7Bij%7D%20%5Csigma_%7Bi%7D%20%5Csigma_%7Bj%7D%20%2B%20%5Csum_%7Bi%3D1%7D%5E%7BN_%7B%5Cmathrm%7Bq%7D%7D%7D%20h_%7Bi%7D%20%5Csigma_%7Bi%7D%0A%5Cend%7Balign*%7D
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Conventional tools: heuristic embedding
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Long time is consumed for sparse problem graphs.

Ẍheuristic embedding
Find embedding of an arbitrary problem graph to  an arbitrary hardware graph
Most versatile embedding algorithm so far

ẌProblem graphs ẌThe Computational time

complete graph grid graph
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Conventional tools: qbsolv
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Fast algorithm to embed larger subproblems is required
to exploit the potential of D -Wave machine

ẌOptimization process of qbsolv ẌMaximum embeddable size

Grid graph

1024

ẌUse heuristic algorithm?
The computational time is too long

Large problem

64 variables

Extract a subproblem

Complete graph embedding

The size of the subproblem is small

Cubic lattice

512

The resource of D -Wave machine is
not efficiently used in qbsolv .
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3.
Proposed algorithm

15



/26
Qubits North America 2018 / / 26 Sept. 2018 / Information Electronics R & I Department, Electronics R & I Division

© DENSO CORPORATION All Rights Reserved.

Details of conventional heuristic algorithm 1/3
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All variables are embedded in the initial stage.

ẌEmbedding process
Initial stage: All of the variables are embedded once.

Last stage: The embedding obtained by the initial stage is refined.

ẌInitial state
One variable is selected, and embedded to Chimera graph one by one.

< selection of one logical variable > < embedding of the selected variable x 7 >

:already embedded

:additionally embedded


