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Given N cities or points in a space with distances {dij} btw
cities.  The task is to find the minimum-length closed tour
that visits each city once and returns to its starting city.

TSP Problem
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If there exists an algorithm that solves the 
problem in a time that grows only 
polynomially(or slower) with the size N of the 
problem, the problem is in class P

NP problems are those for which one can test in 
polynomial time whether any ``guess'' of the 
solution is right.

A problem in class P or class NP
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if one could find a deterministic algorithm that 
solves one NP-complete problem in 
polynomial time, then all other NP problems 
could be solved in polynomial time.

The TSP problem is an NP-complete problem

NP complete
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Hopfield neural network for TSP
Biological Cybernetics, 1985
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Internal representations
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Constraints
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Energy function
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Mean field equations
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Hopfield’s Result
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Advantages and disadvantages 
of Hopfield neural networks

Qualified collective decision?
Parallel and distributed architecture
Fault tolerance

Validity: selection of parameters, internal representations 
Quality: geometrical feature, combinatorial feature

vs
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Potts neural networks for TSP

Internal representations
Mathematical framework
Mean field annealing

Carsten Peterson - Homepage
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Rewrite this energy function
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Energy function
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Rewrite the energy function
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Energy function
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Mean energy
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Mean field equation
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Mean field equation
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Mean field annealing
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Exercise

Implement the mean field annealing 
method for solving the travelling 
salesman problem
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Matlab Coding of MFA optimization 
for TSP

Matlab module
TSP data generation
MFA
v_updating
V2tour_length
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TSP data generation

function D=TSP_data(N)

N: city size
D is a matrix that collect distances between cities

• D(i,i) = 0 for all i
• D(i,j) equals D(j,i)
• D(i,j) measures the distance between cites i and j
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TSP
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Energy function
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Call MFA

MFA_Potts(15,D,loop,tscale);
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MFA_Potts

function MFA_Potts(temp,D,loop,tscale);
temp : temperature
D: distance matrix
loop: 50
tscale: annealing factor 
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Annealing schedule

Set beta to a sufficiently small value
Increase beta carefully
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v2tour_length
function [vd,tour_length]= v2tour_length(v,D)

v: state matrix
D: distance matrix
tour_length
vd : each column of v contains only one active 
bit
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Mean field equation
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function [v]=update_v_tsp(N,temp,A,v,loop,D)
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Elastic Net

Elastic Net Tutorial
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Example
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Elastic net algorithm
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MFA unsupervised learning
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A hybrid energy function

Discrete Potts variables
Continuous geometrical variables
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Unsupervised MFA Learning

Step1: derive mean field equation
Step2: derive the updating rule of 
continuous variables
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Revised energy function
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Mean Energy
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Mean field equation
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Updating rule
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TSP by simulated annealing
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Kirkpatrick’s
Result



Intelligent Numerical Computation 51

Self-organizing algorithm for TSP
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Result of SOM
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Natural gradient descent
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