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Solving the Travelling Salesman Problem in Continuous Phase Domain with

Neuromorphic Oscillatory Neural Networks

Corentin Delacour! and Aida Todri-Sanial'-?

Microelectronics Department, LIRMM, University of Montpellier, CNRS, Montpellier, France
’Electrical Engineering Department, Eindhoven Technical University, The Netherlands

OSCILLATORY NEURAL NETWORKS

“ONNs dynamics are driven
by an energy function

“Training the ONN consists in
shaping the energy
landscape

“ONNs can solve Ising E
problems or image

processing tasks in robotics
[1,2,3]

SOLVING TSP WITH ONN
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SHAPING THE ONN ENERGY LANDSCAPE

“Given a list of cities and their inter distances d(3, ), find
the shortest tour that visits each city only once

=Solving TSP is NP-hard:
(N — 1)!/2 possible solutions

“State-of-the-art:
3/2 approximation algorithm from Christofides [4]

“Many applications such as Machine scheduling, ot A EmE UW
warehouse piCkUp, VLSI routing... o ] ol 3 TR g G AR e e

Source: investinfrance.fr Source: Nvidia

ONN ENERGY FUNCTION AND TSP

*“With negative coupling coefficients encoding distances, W;; = —d;
the ONN « pushes » all possible phases apart to
minimize E - E = Z d;j cos(dj — b;)
1]

“Energy terms can be classified in two subsets:

1. E<o = dj; Cos(cl)j — cl)i) <0 5

D
2. E>O — dl] COS((I)]' — (I)l) >0 D ¢B
A e - O

“ONN prioritizes cities with long distances (E.,) and > 5
minimizes distances between adjacent cities (E~o¢), @ .~ - ® ¢ b
. he TSP tour E- P B E
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RESULTS

“ONN needs more constraints to better estimate the TSP
tour

“Unconstrained, some pairs of adjacent cities can
negatively contribute to the total tour distance (€ E)

“To mitigate this issue, we shape in real-time the energy
landscape as:

2
If Ay >
Increase |dj;| for non adjacent cities (which do not
contribute to the final tour)

®p

dBC; dBA) dDC; dDE; dEA
are increased
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29 cities in Bavaria [5]
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Optimal tour
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