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Motivation
1. 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.

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

3. 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. 



Method
Quantize weights and outputs of CSA:
Modify CSA to make it hardware-friendly



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



Method
A pipeline is introduced to increase the hardware utilization and 
save time.

Pipeline of COPPER

net1 net2

net1

net1

net2

net2

net1 net2

net1 net2

net1

net1

net2

net2

net1 net2…
Matrix-vector multiplication

State & output updating

Solution 1 Solution 2



Conclusions

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

2. We adapted CSA to hardware without reducing its 
performance.

3. We designed an efficient COP solver with CSA and PIM, 
and proposed a pipeline method.
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