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F.R. NURIYEVA

HEURISTIC GRID ALGORITHM FOR TRAVELING SALESMAN PROBLEM

In this paper, a new heuristic grid algorithm is proposed for TSP. In this algorithm, a grid is constructed by
selecting specific vertices firstly, then accepting these vertices as starting points, NND algorithm is applied in order to
find a tour that includes all of the vertices. Most of the sample problems from TSPLIB Library are solved with NN,
NND and the proposed algorithm respectively and their results are comparatively analyzed. Experimental results show
that the algorithm proposed in this study could be accepted as an efficient alternative.

Keywords: traveling salesman problem, heuristic algorithms, nearest neighbour algorithm, nearest neighbour
algorithm from both end points

1. Introduction. One of the most important member of the large set of combinatorial
optimization problems is undoubtedly the traveling salesman problem (TSP), which involves the task
of determining a route among a given set of nodes with the shortest possible length [1-3]. The study
of this problem has attracted several researchers in various fields such as artificial intelligence,
biology, mathematics, physics, and operations research, and there are many papers on the problem
[1, 4, 5]. No known exact polynomial time algorithm exists to solve the TSP, however many
approximate algorithms applying various heuristic approaches have been proposed in the past. It has
several applications even in its purest formulation, such as planning logistics, threading of scan cells
in a testable VLSI circuit, X-ray crystallography, etc. In standard TSP, the goal is to find the
minimum length Hamiltonian cycle through a set of n cities, given the distances between all pairs of
cities [1, 4, 6].

This paper presents a heuristic construction algorithm for solving TSP based on Nearest
Neighbour (NN) algorithm and the nearest neighbor algorithm from both end points (NND)
algorithm [7, 8]. This paper is organized as follows. In section 2, in section 2, a mathematical model
of TSP is presented. In section 3, solution approaches for TSP are discussed. In section 4, the
proposed algorithm is presented in detail. The experimental results are analyzed in Section 5. The
conclusion is given in Section 6.

2. Mathematical model of TSP. The TSP is stated as, given a complete graph, G, with a set of
vertices, V, a set of edges, E, and a cost, ¢;;, associated with each edge in E. The value c;; is the cost

incurred when traversing from vertex i € V to vertex j € V. Given this information, a solution to the
TSP returns the cheapest Hamiltonian cycle of G. A Hamiltonian cycle is a cycle that visits each
node in a graph exactly once. This is referred to as a tour in TSP terms.

A salesman is required to visit each of n given cities once and only once, starting from any
city and returning to the original place of departure. The question discussed here is which tour
should be chosen in order to minimize the total travel distance?

The distances between any pair of cities are assumed to be known to the salesman. Distance
can be replaced by other notions, such as time or money. In the following, the term ‘cost’ is used to
represent any such notions.

The TSP can be formulated as follows [3]:

dij (1#))
D=(dy) = { P 2.1)

where D, d;;, M stands for cost matrix, cost of going from city i to city j, a sufficiently large weight

respectively. A permutation of integers from 1 to n (z[0], [1], and [n — 1]) gives a solution of
TSP.

f(n) = (2?;02 dn[i],rr[i+1]) + dn[n—l],n[o] (2-2)
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Apparently, a permutation = minimized f () is the best solution of the TSP. Properties of the
cost matrix D are used to classify problems.

If d;; = dj; for all i and j, the problems is said to be symmetric; otherwise, it is asymmetric.
In this paper, we focus on a symmetric TSP.

3. Approaches for solving TSP. The algorithms to solve TSP can be divided into three
classes: exact algorithms, heuristic algorithms and approximate algorithms [1, 4, 10].

Exact algorithms are guaranteed to find the optimal solution with a bounded number of steps.
However, these algorithms are quite complex and very demanding of computational capabilities [3].

The heuristic algorithms can obtain good solutions; however, it cannot be guaranteed that the
optimal solution will be found. In general, heuristic algorithms are subdivided into the following
three classes: tour construction algorithms, tour improvement algorithms and hybrid algorithms [2].
The tour construction algorithms gradually build a tour by adding a new city at each step, such as
the nearest neighbor algorithm, the insertion algorithm, algorithm based on spanning tree, the
saving algorithm and the random algorithm. Tour improvement algorithms improve a tour by
performing various exchanges, such as 2-opt and 3-opt [6].

The Nearest Neighbour Algorithm (NN)

Among the tour construction heuristics, the nearest neighbor heuristic is the simplest one. The
nearest neighbor (NN) algorithm for determining a traveling salesman tour is as follows. The
salesman starts at a city then visits the city nearest to the starting city. Afterwards, he visits the
nearest unvisited city, and repeats this process until he has visited all the cities, in the end, he returns
to the starting city.

The steps of the algorithm are as follows:

Step 1. Select a random city.

Step 2. Find the nearest unvisited city and go there.

Step 3. Are there any unvisited cities left? If yes, go to Step 2.

Step 4. Return to the first city.

A better result can be obtained by running the algorithm over again for each vertex and repeat
it for n times.

The Nearest Neighbour Algorithm from Both End Points (NND)

The algorithm starts with a vertex chosen randomly in the graph. Then, the algorithm continues
with the nearest unvisited vertex to the chosen vertex. We have two end vertices. We add a vertex to
the tour such that this vertex has not been visited before and it is the nearest vertex to these two end
vertices. We update the end vertices. The algorithm ends after visiting all vertices [8, 9].

The steps of the algorithm are as follows:

Step 1. Choose an arbitrary vertex in the graph.

Step 2. Visit the nearest unvisited vertex.

Step 3. Visit the nearest unvisited vertex to these two vertices and update the end vertices.

Step 4. Is there any unvisited vertex left? If yes, then go to Step 3.

Step 5. Go to the end vertex from the other end vertex.

4. Proposed algorithm. We start the algorithm with finding the central vertex. Then algorithm
continues with finding the farthest vertex to the central vertex among all vertices. Then, the found
farthest vertex is added to the list of selected vertices. The list of selected vertices is updated by
finding the farthest vertex at each step as long as the number of the selected vertices is less than 4.
After these steps, we obtain four margin vertices. Middle point of the central vertex and margin
vertices with intermediate vertex is found. Then the found vertices are assumed as a starting point
and applying NND algorithm to these vertices we find the tour.

The steps of the proposed algorithm are as follows:
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Step 1. Find the central vertex O (x,, y,) in the graph.

Step 2. Find the farthest vertex A1(x,, y;) to the central vertex among all vertices and add it to
the list of selected vertices.

Step 3. Find the farthest vertex A2(x,,y,) to the vertices in the selected list and add it to the
list of selected vertices.

Step 4. If the number of the selected vertices is less than 4, go to Step 3. Consequently, by
finding the vertices A3(x3, y3;) and A4(x,, y,) we have 4 margin vertices.

Step 5. The midpoint B1(z,, t;) of the vertices O, A1 and A3, is found as follows:

zy = (xg +x1 +x3)/3, t; = (Yo + y1 +¥3)/3

Similarly, the midpoint B2 of the vertices O, A3 and A2 the midpoint B3 of the vertices O,
A2 and A4, the midpoint B4 of the vertices O, A4 and A1 are found.

Step 6. Find the intermediate vertices.

The midpoint C1(ul,v1) of the vertices O, B1, Al and B4, is found as follows:

ul = (xg+2z1 +x1 +24)/4, vl =(yo+t;1 +y, +1t4)/4,

Similarly, the midpoint C2(u2, v2) of the vertices 0, B2, A3 and B1, the midpoint C3(u3, v3)
of the vertices 0, B3,A2 and B2 and the midpoint C4(u4, v4) of the vertices (0, B4, A4) and B3
are found.

Finally, we have central vertex O, end vertices A1, A2, A3, A4, middle vertices B1, B2, B3, B4
and intermediate vertices C1,C2, C3, C4.

Step 7. By assuming these vertices as starting point and applying NND algorithm to them, we
obtain a tour for the TSP. By taking these 13 points as “Selected Vertices”, we find the nearest
neighbour to each one. Add the nearest neighbour to the list of the selected vertices and add the
edge, which connects the nearest neighbour to the selected vertices list, to the list of selected edges.
In this way, the algorithm proceeds until the tour is found that includes all vertices. Moreover, a
tour is constructed by adding 9 vertices (0, A1 — A4, B1 — B4) to the selected vertices list.

5. Example. The proposed algorithm is clarified with an example. In this example, we have
16 vertices.

Fig. 1. Vertices of the problem Fig. 2. Finding the central vertex O
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Fig. 3. Finding the margin vertices  Fig. 4. Finding the middle points B1, B2, B3, B4
Al,A2,A3, A4 of the central vertex and A1, A2, A3, A4
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Fig. 5. Finding the intermediate vertices
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Fig. 6. Creating edges by applying NND algorithm to this vertices

By executing the algorithm, one can obtain a tour which is shown in Figure 7.

Fig. 7. The obtained tour

6. Experimental results. In this section, we report the experimental results obtained with NN,
NND and proposed method on 14 TSP examples from TSPLIB [11, 12]. The results given in Table
1 show that the proposed method, in general, is able to find the best solution with higher quality of

all solutions for almost all examples than NN and NND algorithm.
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Table 1
Computational Results
Problem | Optimum | NN NND | 9 vertex | 13 vertex
Eil51 426 514 511 463 461
Eil76 538 712 594 617 578
Rat99 1211 1565 | 1384 1313 1286
Rd100 7910 9941 | 9338 8879 8650
Eil101 629 825 744 725 719
Ch130 6110 7575 | 7018 6616 6705
Ch150 6528 8195 | 7028 7207 7426
Rat195 2323 2762 | 2623 2566 2561
D198 15780 | 18655 | 17849 | 17460 17459
Rd400 15281 | 19168 | 18305 | 17377 17627
D493 35002 | 43646 | 41194 | 40427 40241
Rat575 6773 8449 | 7969 7676 7513
D657 48912 | 61874 | 60542 | 56597 54227
Rat783 8806 11255 | 10830 9691 9774

The first column of Table 1 contains the names of the problem (the number in the name gives
the problem dimension, that is, the number of cities), the second column contains optimal tour
length, third column solutions with NN algorithm, fourth column solutions with NND algorithm.

The fifth column in Table 1 contains the solution obtained by using 9 vertices consisting of
central vertex (0), margin vertices (A1, A42,A3,A4) and middle points (B1, B2, B3,B4) of the
central vertex and margin vertices.

The sixth column in Table 1 contains the solution with 13 vertices consisting of central vertex
(0), margin vertices (A1, A2, A3, A4), middle points (B1, B2, B3,B4) of central vertex (0) and
margin vertex, and intermediate (C1, C2, C3, C4) vertices.

In Table 1, cells marked with grey show the best results among the solutions.

To sum up, the proposed method performs better than NN and NND with respect to the
quality of solution and the running time according to the experimental results given in Table 1.

7. Conclusion. In this paper, we present a heuristic algorithm to solve TSP based on finding a
central point in a graph. The proposed algorithm is implemented in C++. Then we compare the
proposed method with NN and NND. According to the experimental results, the proposed method is
able to produce better solutions in reasonable time than NN and NND algorithms.
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UOT 519.8
F.R. Nuriyeva

Tacir masalasi iigiin hiperevristik sabaka algoritmi

Tacir masalasi iiciin evristik sabaka metodu adlanan yeni bir alqoritm taklif edilmisdir. Bu algoritm ilo awalca
miiayyan topalar segilorak bir sabaka togkil edilir, sonra isa bu tapalar baslangi¢c néqtalar olaraq gobul edilib iki ucdan
an yaxin gonsu (NND) algoritmi tatbiq edilorak biitiin topalordon kegon déovra tapilir. TSPLIB kitabxanasinda yer alan
bir ¢ox problem toKlif olunan alqoritm, NN (on yaxin gonsu algoritmasi) va NND alqoritmlari ilo hall edilarak miigayisa
edilmisdir. Hesaplama eksperimentleri toklif edilon algoritmin daha effektiv vo somarali oldugunu géstarir.

Acar sozlar: tacir mosslosi, evristik algoritmlor, an yaxin qonsu alqoritmi, iki ucdan an yaxin qonsu alqoritmi

YK 519.8
®.P. HypueBa

I'unep3BpucTHYECKHUIl pelIeTYATHIH AJTOPUTM AJIS 321a4H KOMMMBOSIZKEpa

Ilpeonosicen HOBbIL, MAK HA3BIBAEMDBLIL, IEPUCMUYECKUTI PEUeMYAMblil al20PUmMM O 3a0a4U KOMMUBONCEPA.
Omum aneopummom cnauana ebibuparomcs onpeoeneHuvle MOYKU, OPSAHUZVEMC S PeulemKd, d NOMoM, NPUHUMAS SMU
MOYKU KAK HAYALbHbLE, NPUMeHsemcs anzopumm oaudxcatiuezo coceda ¢ 08yx cmopor (NND) u naxooumes mapwpym,
npoxooawuil yepes ce mouxu. Ilpogedennvie sviuuciumenvrvle IKcnepumenmol co muoaumu 3aoavamu uz TSPLIB c
npeonodicennvim aneopummom NN (aneopumm Onudcaiiuezo coceoa) u ancopummamu NND noxazvleéaiom 6vbiCOKYIO
A hexmusrnocmov nPeodIoACEHH020 ANopUmMa.

KoaroueBsie cioBa: 3a1aua KOMMUBOSDKEPA, SBPUCTUYECKUE AJITOPUTMBI, aJITOPUTM OJIMbKaifiero cocesa,
ITOPHUTM OJIDKAMIIETo cocena ¢ ABYX CTOPOH
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Dokuz Eylul University, Department of Computer Science
(Izmir, TURKEY) Presented 25.02.2016
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