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Motivation

Combinatorial optimization problems (COPs) aim to find the
optimal solution under specific conditions in a discrete space.
They are of great importance in various fields.

Many COPs are NP-complete, and as the problem size
increases, the cost of solving them escalates rapidly.

Chaotic simulated annealing (CSA) is an effective method for
solving COPs, but the traditional computational hardware
incurs significant time and energy costs in executing the CSA
algorithm.



Method

Based on the Hopfield neural network, CSA can solve COPs

well.
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Fig. 1 Solving the traveling salesman problem (TSP) Fig. 2 Chaotic simulated annealing (CSA) (a) and its
with a Hopfield neural network (HNN) neuron (b)

Table 2 Performance of chaotic simulated annealing (CSA) and simulated annealing (SA)

Best A
City number Real best Iteration number Preasible (%0) - verage
CSA SA CSA SA
10 1.768 006 96 1.T68 1.7T68 1.776 1.773
20 4,172 1187 91 4.172 4,172 4,316 4,647
30 4.293 2962 96 4.565 4.575 4,838 4.980
40 5.451 4855 99 5.502 5. 726 5705 6. 364
a0 5.939 Ga03 99 G.086 6.444 6.379 7.180
The column “iteration number” is the average number of iterations needed by CSA to reach stability, and Fraasible means the

percentage of obtaining a feasible solution using CSA. The bold values represent the better solutions from CSA and S5A
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Method

Quantize weights and outputs of CSA:
Modify CSA to make it hardware-friendly
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Fig. 4 Quantization influence: (a) weight quantiza-
tion; (b) output quantization
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Table 3 Influence of the adaptation

Scheme Preasible (70) Iteration number Length
Original 06 2062 4.838
Linear decay a3 3081 4.875
Output stability 92 2093 4.806

Prapsinle: the percentage of obtaining a feasible solution



Method

Processing-in-memory hardware architecture based on RRAM and
COPPER

X
1
wn w12 *® I‘%H /ﬁm /IS‘?/WJ]
X 2
1
W, | W, = |:> /%12 /flwﬂ /ﬁlwﬂ
xi
W._" w‘.l.E I-'I-"”.i1 w21x1 w‘!1x1

+ + +
Wia Xy W X, WXy

Fig. 3 Memristor crossbar for multiplication
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Fig. 6 COPPER overview (a) and subPE (b)



Method

A pipeline is introduced to increase the hardware utilization and

save time.
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Pipeline of COPPER



Conclusions

. We explored the influence that quantization brings to CSA,
and determined the appropriate bit width.

. We adapted CSA to hardware without reducing its
performance.

. We designed an efficient COP solver with CSA and PIM,

and proposed a pipeline method.
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