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Abstract

This paper describes a hybrid algorithm
that combines an adaptive-type neural network
algorithm and a non-deterministic iterative
algorithm to solve the Euclidean Traveling
Salesman Problem (E-TSP). It begins with a
brief introduction to TSP and E-TSP. Then, it
presents the proposed algorithm with its two
major components: The convex-elastic net
(CEN) algorithm and the non-deterministic
iterative improvement (NII) algorithm. These
two algorithms are combined into an algorithm
called Efficient Convex-Elastic Net (ECEN)
algorithm. Experimental results are given to
show that the proposed algorithm can find the
nearly optimal solution for the E-TSP that
outperform many similar algorithms reported in
the literature. The paper concludes with the
advantages of the new algorithm and possible
extensions.

1. Introduction

There has been some interest in the recent
years in using hybrid algorithms that combine
neural-network and  operations research
approaches to solve optimization problems [1].
The motivation for using these approaches is to
improve the performance of the neural-network
model and to generate feasible solutions; since
neural-network approaches may not guarantee
the generation of feasible solutions.

The Traveling Salesman Problem (TSP)
is a classical optimization problem which can
be defined as follows. Let G = (V, A) bea
graph where V is a set of vertices and A is a set
of arcs between vertices and each arc is
associated with a non negative cost. The TSP

consists of finding the tour of minimum length
that passes through every vertex exactly once
[2]. A special case of the TSP with triangular
inequality is the Euclidean Traveling Salesman
Problem (E-TSP).

The Euclidean Traveling Salesman
Problem (E-TSP) is to find a closed tour of
minimum length through points that are given
in 2-dimensional space where the distances are
computed according to the Euclidean metric. It
can be defined formally as follows. Let G
=(V,A) be a graph where V is a set of N points
in the plane, A is a set of edges between these
points, and the Euclidean distance for each edge
between point i and j is Cij. The E-TSP
consists of determining a minimum distance
tour passing through each point once and only
once[3].

Both the TSP and the E-TSP are NP-hard
problems. In an instance with N cities, there
are(N!/ 2N)distinct tours [4]. Thus, it is
unlikely that we can find a polynomial time
algorithm for solving this problem exactly.
Finding an efficient algorithm for the E-TSP
that approaches the global minimum solution is
a challenging task, since E-TSP contains
several local minima that can mislead most
algorithms. This paper is an attempt in that
direction.

2. The Efficient Convex-Elastic Net
Algorithm

Many local search algorithms have been
developed to solve the E-TSP. However, local
search algorithms often get stuck at a local
minima. To reduce the effect of local minima,
we introduced an algorithm that consists of two
phases: the first phase consists of the Convex-
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Elastic Net (CEN) algorithm, and the second
phase consists of the Non-Deterministic
Iterative Improvement (NII) algorithm as
shown in Figure 1. The CEN is a global search
algorithm that generates an initial tour for the
second phase (local search) by enforcing the E-
TSP constrains instead of transforming them
into penalties. The NII is a local search
algorithm that improves the tour found over
time and local minimas are escaped through the
noise added to the cost function. The two
introduced algorithms are combined into a new
one called the Efficient Convex-Elastic Net
(ECEN) algorithm.
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Figurel:The ECEN Algorithm
2.1. The Convex-Elastic Net Algorithm

In 1956 Merril Flood showed a general
property for any optimal tour of the E-TSP[2].
This property is that, in any optimal solution for
E-TSP, vertices located on the convex hull are
visited in the order in which they appear on the
convex-hull boundary. We propose a new
algorithm, called Convex-Elastic Net, that
combines this property with the Elastic Net
approach [5]. The proposed approach creates an
initial tour as a rubber band that is originally
shaped as the convex-hull of the N cities given.
In each iteration the influence of all cities that
are not on the rubber band on the nodes of the
rubber band is computed and the nodes are
displaced accordingly. A force, F1, that keeps
the rubber band nodes together is applied on
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each node and another force, F2 , pulls each
node towards a city, such that the tour is
stretched and more cities will be introduced to
the rubber band. Once all cities are included in
the rubber band, the tour found is a sub-optimal
solution for the given instance of the E-TSP as
shown in Figures 2 & 3.
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Figure 2: Forces on The rubber band
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Figure 3 : Evolution of the CEN over time

The CEN algorithm is an adaptive neural-
based technique that is derived from the
Kohonen's  Self-Organizing feature maps
approach. In this technique, the two-
dimensional coordinates of cities are the input
pattern and the similarity criteria is the
Euclidean nearness. At each iteration, cities not
on the rubber band are presented to the CEN
two-layer network shown in Figure 4. This
figure shows that the CEN algorithm has N
neurons and M*N connections, where M is the
maximum number of rubber band nodes and
M < 2N . Therefore, the number of connections



is M*N < 2N?. When cities coordinates are
presented to this network, a competition
learning phase is initiated where the nearest
prototype (rubber band node) to a particular
pattern (city) is selected as the wining neuron.

Input Layer: Cities
]

r
Output Layer: Rubber Band Nodes
Figure 4 : The Structure of the CEN algorithm

2.2. The Non-Deterministic Iterative
Improvement Algorithm

The Non-Deterministic Iterative
Improvement algorithm(NII) is developed to
enhance the tour produced by the CEN
algorithm. It uses a set of rearrangement
operators to enhance a given tour. Each tour can
be represented by a permutation list of numbers
from 1 to N, where N is the number of cities.
NII algorithm uses two types of powerful
rearrangement operators: an operator for
removing loops from a tour and an operator for
changing the cities positions in a tour. These
operators are simple rearrangement operators
that are derived from two known heuristics,
namely 2-Optimal (2-Opt) [6] and the Point
heuristic [7]). These operators are used here to
remove the intersecting paths from the tour
produced by the CEN algorithm.

The NII algorithm starts with a given tour
which is taken as the current tour. Then, one of
the two rearrangement operators is applied to
the current tour to get N new tours. Next, one of
the new tours is selected based on its
probability of selection. After that, the selected
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tour becomes the current tour. This process is
continued until no further improvements can be
found on the current tour.

The Non-Deterministic Iterative
Improvement algorithm, NI, is developed to
enhance the tour produced by the CEN
algorithm. This is done by alternatively
removing loops from the tour (reversing sub-
tours) and moving a city from a position in the
tour to another that reduces the tour length.

3. Simulation Results

The proposed algorithm has been
implemented using C language and coded on a
Pentium 75 Mhz personal computer. Since
worst case analysis for E-TSP is as hard as
finding the optimum, we performed
probabilistic analysis only. The performance of
our algorithm is tested against an instance of E-
TSP where the cities coordinates are randomly
generated within one unit square. Several test
problems in this study are taken from the
literature in order to compare our algorithm to
the experimental results of other researchers.

In comparing our results to the optimal
tour length, the expected length of the optimal
tour which is found by Steinin 1977 is used.
The Stein formula for N cities distributed
uniformly over a unit square is given by
0.765* N < Optimal tour Jength < (0.765+4/ N) *JN

In this study, 9. 765 * /W was taken as
the presumed lower bound optimal solution,

and (0.765+ 4/ N)*+/N was taken as
the presumed upper bound optimal value [3].
Table 1 shows a comparison for the average
tour length of several methods [8] with the
ECEN algorithm for up to 100 cities, where 100
is the largest number of cities reported in the
literature for neural network solutions of E-
TSP. It is clear that the proposed ECEN
algorithm produces better solutions than all of
the other algorithms except the Elastic Net with
10 cities.
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10 Cities | 30 Cities | 50 Cities | 100 Cities
Optimal Tour 2.42-3.68 |4.19-4.92 | 5.41-5.98 | 7.65-8.05
ECEN 2.47 4.32 5.57 8.04
Space Filing Curve | 3.14 5.45 7.03 9.56
Hopfield and Tank || 2.92 5.12 6.64 --
Guilty Net 2.78 4.81 6.21 8.81
Simulated 2.74 4.75 6.13 8.40
Annealing
Elastic Net 2.45 4,51 5.58 8.23

Table 1 : Average tour length comparison for ECEN with other algorithms.

4. Conclusion

In this paper, we have proposed the
Efficient Convex-Elastic Net(ECEN) Algorithm
for solving the E-TSP. The ECEN algorithm
has the following advantages. First, unlike the
Hopfield Model, it doesn't produce unfeasible
solutions and there is no need to set the energy
function parameters for each problem size.
Second, it generates a sub-optimal solutions
that are better than the results generated by the
neural-based techniques reported in literature
such as Hopfield Model, Guilty Net, and Elastic
Net. Third, it scales well with problem size.
Finally, it can escape from many local minima
by exploring a larger number of solutions. This
is similar to the Simulated Annealing technique
in that it allows a local modification that
increases the length of the tour with some
probability of acceptance.
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