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▪Given a list of cities and their inter distances d(i, j), 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, 
warehouse pickup, VLSI routing…

WITH BINARY PHASES (ISING) WITH CONTINUOUS PHASES
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THE TRAVELLING SALESMAN PROBLEM

Δϕij = 180° E = −

i,j

Wij cos(ϕj − ϕi)

dϕi

dt
= −

𝜕E

𝜕ϕi

W = +1 W = −1

▪ONNs dynamics are driven
by an energy function

▪Training the ONN consists in 
shaping the energy
landscape

▪ONNs can solve Ising
problems or image 
processing tasks in robotics
[1,2,3] ϕ
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P1 1 0 0 0 0

P2 0 0 0 1 0

P3 0 1 0 0 0

P4 0 0 1 0 0

P5 0 0 0 0 1
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N oscillators

Wij = −dij

→ E =

i,j

dij cos(ϕj − ϕi)

▪With negative coupling coefficients encoding distances, 
the ONN « pushes » all possible phases apart to 
minimize E

▪Energy terms can be classified in two subsets:

1. E≤0 = dij cos ϕj − ϕi ≤ 0

2. E>0 = dij cos ϕj − ϕi > 0

▪ONN prioritizes cities with long distances (E≤0) and 
minimizes distances between adjacent cities (𝐄>𝟎),
i.e. the TSP tour
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▪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≤0)

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

If Δϕij >
2π

N

Increase |dij| for non adjacent cities (which do not 

contribute to the final tour)
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ϕE ▪Without annealing, ONN 
does not find the optimal 
solution for N>20

48 US capitals [5]

Optimal tour ONN tour: +36% longer
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