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Main results of this talk z

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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Improvement of solutions
by embedding larger subproblems
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Optimization process /

cubic lattice with optimize the subproblem
1000 variables embed a subproblem

_ by D -Wave 2000Q 2
Rl . % by the proposed algorithm ‘
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63 variables

m /

utilize the complete

1 a subproblem graph embedding
update best obtained | greedy algorithm | update variables

solution so far

in the subproblem

We confirmed improvement of solutions
by embedding larger subproblems

N Qubits North America 2018 /126 Sept. 2018 / Information Electronics R & | Department, Electronics R & | Division

Crafting the Core ©DENSO CORPORATION All Rights Reserved. 7/26



Problem settings

X The cost function
N=1000

H = — Z Jij0i0;

<1,7>

P (Jij) =prd (Jij —J)+ (1 —pr) o (Jij + J)

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

T i |

175

The trivial ground states exist.

There are many frustrations.

The problem with pF=0.0 and 0.5 are solved.
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Advantages of embedding larger subproblems a

X The ferromagnetic model X The spin -glass model
Eliminating domain walls is essential. Searching many local minima is essential.
domain wall <small subproblem >
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<large subproblem >

: . phase space of a small subproblem
b Tty 11
I M A1 <large subproblem >
() T4 1 A1

PR

Variables in the small domain are
efficiently aligned to the majority ->

It Is expected that better solutions are
efficiently obtained by embedding larger subproblems.
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Improvement of solutions /

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

< The ferromagnetic model > < The spin -glass model >
- T . - ; -1. r . . .
o2 Complete graph embedding ° Complete graph embedding
Proposed algorithm —— Proposed algorithm ———
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t The ground states are obtained
for all of the trials 18
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500
The number of iterations The number of iterations
Better solutions are obtained with the smaller number of iterations.
Domain walls are efficiently eliminated and
local minima are widely searched by proposed method.
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Conventional tools
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Limitations of the current D -Wave machine

X Ising model of D -Wave machine X Structure of Chimera graph

Number of qubits

&) )
H = Z J@jO’@O’j‘I‘Zh@J@'

(i,7)€Chimera =1

Restricted to Chimera graph

X Practical optimization problem

Large number of variables

V)
H = J,,;j:rz-a:j -+ h;x;
i<j i—1

Between arbitrary variables

Partitioning and minor embedding are required
to optimize practical large problems.
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Conventional tools: heuristic embedding /

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

X Problem graphs X The Computational time
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Long time is consumed for sparse problem graphs.
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Conventional tools: gbsolv

X Optimization process of qgbsolv

Qarge problem>

l Extract a subproblem

64 variables

l Complete graph embedding

The size of the IS small

Fast algorithm to embed larger

subproblem

to exploit the potential of D
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Grid graph

X Maximum embeddable size

Cubic lattice

512 1024

The resource of D -Wave machine is
not efficiently used in gbsolv .

X Use heuristic algorithm?
The computational time is too long

subproblems Is required
-Wave machine
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Proposed algorithm
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Detalls of conventional heuristic algorithm 1/3 =

X Embedding process
Initial stage: All of the variables are embedded once.
Last stage: The embedding obtained by the initial stage is refined.

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

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

@ :additionally embedded
@ :already embedded

All variables are embedded in the initial stage.
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