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[2] Takuya Okuyama, et al. "Binary optimization by momentum annealing." Physical Review E 100.1 (2019)
[3] Masanao Yamaoka, et al. "A 20k-spin Ising chip to solve combinatorial optimization problems with CMOS

annealing." IEEE Journal of Solid-State Circuits 51.1 (2015)
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Lemma 1. Let G be a graph with V = {vy,...,un} An arbitrary vector u €
{—1,1}V satisfies

uw' Au> min  {-z'Az} - AN - N) - Z Z jaij| + Z N

xzc{—1,1}N
t ! v, €V \v; eV v; EV\V/

where A = (a;; ) Nx N @S the adjacency matriz of G and X is the largest eigenvalue

of —A.
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Lemma 2. Given matrices A € R"*"™ B € R™*™ (C ¢ R ™  and vectors
d € R", e € R™, the vectors u € {—1,1}" and v € {—1,1}"™ satisfy

—u'Au—v' ' Bv—2e'v > a36{_11117:'1111}%7” {—wT [;T g] xr — 2 [dT eT] a:} .

Proof. We define a function
o(x) = (—uTAu —v'Bv—2e'v)— (-’ a4 C r—2d' e'lw
. OT B .
Then, the following equality holds for any u and v.

GRER

There is a vector & € {—1,1}""™ such that ¢(x) > 0. ]
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Theorem 1. Given a graph G with V = {v1,...,vn}, an adjacency matriz J =
(Jij)NxnN, and a vector h = (h;)n, the vectors x,y € {—1,1} that minimize
—x ' (J+diag(w, ..., wx))y—h' (z+y) equal arg Mingeq_q 13N {—:BTJw — 2hT£B}
if wy,...,wyn satisfy

( 1

> |Jz'j|—§ > sl (v e0)
w; 2 < v; eV ?JjEC ,
A
E (v ¢ C)

where A\ s the largest eigenvalue of —J, and C' is an arbitrary subset of V.
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13:
14:

Initialize spin configurations s_; and sy

k<0

while criteria are not satisfied do
k<—k-+1

288 57T IV TMHNALE > BESh

P\

foralli —1..... N do in parallel

Decrease w; to c;,w; temporarily

to the ith diagonal element of I';

end for

Set w; to zero with a probability of p; temporarily

Sample a random variable from the gamma distribution
with shape and scale parameters of value one, and set it

Calculate the ith element of s; by using Eq. (5)

end while

Return current spin configuration as a solution
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