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Abstract - Nowadays, there are old and new methods that involve the difficult problems and solution suggestions which many 
researchers research and try to solve. In the field of engineering, the success rates of the methods that produce solutions to these 
problems are often compared to the travelling salesman problems. Many studies have been done to solve the problems in the 
best way. In this paper, a new method, the Egyptian Vulture algorithm, was used. The purpose of the study is to solve the 
Travelling Salesman problem by adding the nearest and the farthest neighbour structures to the Egyptian Vulture algorithm in 
order to obtain better results in the problems that occur in the data sets of the paper. The nearest neighbors or the farthest 
neighbors is a scientific contribution to the algorithm. Performance and success of the proposed method are showed by tests.
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1. INTRODUCTION

Problems occurring in the field of engineering are presented 
different solutions. The Travelling Salesman Problem (TSP) is 
used to measure the success rates of the results of proposed 
methods[1]. As a result of researches made in the recent years, 
many problems have been solved. Comparisons are made with 
Travelling Salesman Problem to measure the success rates 
obtained[2].

There is a salesman in the problem of TSP and he intends to 
sell his goods around all the cities. It is very important to 
arrange randomly generated data sets in the most appropriate 
way to the solution of the problem. Properly arranged data sets 
enable us to solve problems in the shortest possible time and 
at the shortest distance. The use of the nearest neighbors and 
farthest neighbors algorithm can play an important role when 
doing these operations.

The Egyptian Vulture Optimization (EVO) algorithm is a 
new method proposed in 2013 [3]. Sur et al. [3] studied EVO's 
extraordinary habits and unique perceptions to find nutrients. 
In their work, they used the EVO algorithm to solve the 
problem of TSP and Knapsack. Sur et al. [4] in 2013 he 
continued to introduce and implement EVO, a meta-heuristic 
algorithm in another study.

Although the EVO algorithm is successful, its performance 
is limited. In this paper, the TSP is solved with the EVO
algorithm. The nearest and farthest neighbors to the EVO
algorithm are added. The processes performed with the nearest 
neighbor and the farthest neighbor were used in the 
arrangement of the cities in the data sets. 

Although the nearest neighbors and the farthest neighbors 
were proposed in new, it was enabled to obtain very good 
results according to the pure EVO algorithm in tests. This 
proposed study has made a great contribution to the 
development of solutions by the TSP. 

2. TRAVEL SALESMAN PROBLEM (TSP)

TSP was introduced in 1930. Today, it is also used in real 
life, such as finding a route, managing charts and road traffic. 
In addition to the proposed mathematical solutions, solutions 
to TSP have been sought with nature-inspired methods such as 
artificial neural networks and genetic algorithms[5].

TSP is used to compare the success of study done in the field 
of engineering. There is a dealer in the problem of the traveling 
salesman and he intends to sell his goods around all the cities. 
Sellers start to tour the cities they are targeting to sell their 
goods, and each city only stops once to go back to the starting 
city and make a full tour.

Length distances of cities are known in advance. The 
traveler's problem is to complete the tour by finding the 
shortest route as soon as possible. It is quite easy to understand 
this process, but the solution is so difficult. He travels to other 
cities in the shortest distance from the city he is traveling for 
and he returns to his starting point, thus completing a full tour. 
He pre-selects the cities he will visit in advance. It takes care 
to be as short as possible and at low cost during the selection. 
It calculates the results of the TSP and gives it as complete and 
intuitive.

In the TSP, n the number of city. TSP is divided into two as 
Symmetric and Asymmetric. The symmetric TSP is equal to 
the distance between the two cities for cities i and j (dij = dji), 
but the asymmetric TSP does not have equality of distances. 
The euclidean TSP is a special case of the Symmetric TSP 
where it is located in the Rm space of cities for some m values 
that provide the triangular inequality of the cost function: m ≥
1 (�� , ..., �� ),( �� , ..., �� ), (∑ |�� − ��|�)  

�/��
�=� ε �� for 

ℓ� (where m=2 is the Euclidean norm). Two dimensional 
Euclidean TSP is a very popular subject that has been studied 
in the literature[6].

It is the smallest vulture in Turkey and Europe. The body of 
the Egyptian vulture that lives in Egypt is made up of generic 

white fur. After 1960, the Egyptian vulture began to extinction. 
For the reason, unconscious hunting and superstition in India 
is mercilessly murdered because it is believed that the 
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Egyptian vulture was brought to prosperity. The Egyptian 
vulture was protected by IUCN (World Conservation Union) 
and animal lovers.

Ostriches continue their lives by leaving their eggs in flat 
environments. The camel bird is about one kilogram, which 
means 20-30 chicken eggs in average. It's pretty big, so it's 
pretty hard to break[3].

In the wild, the vulture tries to break the egg. The shell of 
the ostrich's egg is very hard and big, so it is very difficult to 
break the skin and reach the food. In order to do this, he carries 
a stone he finds from nature with his mouth and brings it to the 
egg and throws the stone in from his throat to the egg to break 
the eggshell.

For this bird species, the ostrich eggs are very valuable 
because the protein in the bag keeps it free for hours. Ostriches 
continue their lives by leaving their eggs in flat environments.
Only the Egyptian Vulture has the ability to use stone as an 
instrument. For this reason, the Egyptian Vulture is known as 
a skilled bird [4]. The flow chart of the EVO Algorithm is as 
follows;

Figure 1. Flow Chart of Pure Egypt Vulture Optimization 
Algorithm (EVO)[3,4] 

 
Egyptian vulture eggs find pebbles to break and 

randomly throw eggs. The Egyptian poultry breaks the 
eggshell a few times and successfully reaches the food. An 
Egyptian slaughtering stone finds the cracks in the egg. When 
he throws stones again, he allows the stone to coincide with 
the cracks. This is because the cracks in the egg are more easily 
broken with the stone crushed. The Egyptian gag that finds 
cracks on the egg changes the position of the egg and places 
the cracked part upwards.

To increase the likelihood of breakage of the egg, the 
cornflower takes a different angle to the egg which is not 
broken when the gravel is thrown. This increases the 
likelihood of fracture. The stones thrown from different angles 
provide breaking of the unbroken stone and reaching the bird 
food. The mutation makes egg breaking process easier, and 
this operation known as structural deterioration of eggs.

3. ADDITION OF THE NEAREST NEIGHBORHOOD 

STRUCTURE TO EVO ALGORITHM FOR TSP SOLVING

 
The data sets used in almost every problem in 

engineering are first randomly generated. Every data in the 
data set has its own value. Sorting by randomly generated data 
sets, regardless of their values, will ensure that we get good 
results. During this process, two adjacent data are selected as 
random start and end points from the randomly generated data 

set. Then the nearest neighbor to the selected starting point is 
selected and written next to the starting point. Looking at the 
selected end point, the nearest neighbor to the end point is 
found and written next to the end point. Turning back to the 
starting point, the nearest neighbors of the selected neighbors 
are located near the starting point. 

Thus, a solution is created in the dataset. If the dataset is 
larger, the same operations are repeated. From the starting 
point to the ending point, from the ending point to the starting 
point is decided by looking at the direction of the direction to 
be taken. Table 1 shows distances between sample cities. 
According to the selections made from these cities, the order 
in Table 2.a has been established. In the example, the decision 
from the starting point to the ending point is given by the 
closest distance (Table 2.e). The shortest distance was 
established because the cities in the nearest distances in the 
data set were taken into consideration.

In the example given in Table 2, 5 as the random start point 
and 3 as the end point were selected (Table 2.b). In the next 
process, the nearest city to the starting point, 5, is written 4 
(Table 2.c). Looking at the end point, the shortest city 1 is 
selected and added to the sequence (Table 2.d). The remaining 
number is added to the remaining city number 2 to complete 
the sequence. The first and last city is looked after for the 
completion of the turn, the shortest direction is preferred. For 
example, this direction is from 3 to 5.

Table 1. Distance Values Between The Cities on the 
Sample Data Set which is Randomly Created.

Cities 1 2 3 4 5
1 0 9 17 3 5
2 3 0 5 16 9
3 2 7 0 9 3
4 10 1 8 0 7
5 8 3 15 2 0

Table 2. The Operation of the Nearest Neighbor 
Algorithm. a) First Data Set b) Selected Starting Points c) 

Neighbor Nearest to the Starting Point d) Neighbor Nearest to 
the Ending Point e) Newly Formed City Order

4. ADDITION OF THE FAREST NEIGHBORHOOD 

STRUCTURE TO EVO ALGORITHM FOR TSP SOLVING

Similar to the farthest neighbor algorithm, it works exactly 
the opposite way. A random data set is created as it is in the 
farthest neighbor. Two separate points are selected in the data 
set as random start and end points. In contrast to the nearest 
neighbor algorithm, the farthest point to the starting point is 
selected and written next to the starting point. The farthest 
neighbor to the end point is found and written next to the end 
point. By returning to the starting point again, the farthest 
neighbor of the selected neighbors away from the starting point 
is found and written. So the sequence is rebuilt. In case the 
number of cities is higher, the processes are repeated until the 
cities are finished.

From the starting point to the ending point, from the ending 
point to the starting point is decided by looking at the farthest 
distance to the direction information. Table 3 shows distances 
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between cities. In the example given in Table 4, 5 as the 
random start point and 3 as the end point were selected (Table
4.b).

In the next process, the starting distance is 5, which is the 
farthest city (Table 4.c). Looking at the end point, the two at 
the farthest distance are selected and added to the sequence 
(Table 4.d). The city is number 4, the only remaining city, and 
the sequence is completed. The first and last city is looked for, 
and the longest direction is preferred. For example, this 
direction is from 3 to 5.

Table 3. Distance Values Between the Cities on the 
Sample Data Set Which is Ramdomly Created

Cities 1 2 3 4 5
1 0 9 7 13 5
2 3 0 5 15 9
3 1 15 0 9 18
4 7 8 4 0 6
5 9 2 7 6 0

Table 4. The Operation Of The Farthest Neighbors 
Algorithm. a) The First Data Set b) The Selected Starting 

Points c) The Farthest Neighbors to the Starting Point d) The 
Farthest Neighbors to the Ending Point E) Newly Formed 

City Order

The nearest neighbors or farthest neighbors are located after 
the mutation step in the pure EVO. The final flowchart shaped 
according to the developed neighbor approach is presented in 
Figure 2.

Figure 2. Usage of Developed EVO Algorithm in TSP

5. EXPERIMENTAL STUDIES 

For the solution of the EVO algorithm and the TSP problem,
the Berlin52, Eil51, Eil76, St70, Eil101 and Ch150 data sets 
selected from the TSPLIB library were used. Experiments 
were performed on an Intel (R) Core (TM) i5-5200U CPU @ 
2,2 GHz 2,2 GHz processor with 8,00 GB RAM. The coding 
in the C # language has been implemented for the algorithm.

The Application of the Nearest Neighbor or The Farthest
Neighbors Methods to the Egyptian Vulture Algorithm in the 

Pure EVO and the Travel Salesman Problem have been 
investigated with experimental studies. The experimental 
study was carried out with 20 iterations. In the proposed 
algorithm and pure EVO results, the best values for all 
iterations, the population average, and the average standard 
deviation values are stored. 

Error values are calculated to measure the performance of 
the algorithm. The results for the library are given in Table 5 
for Pure EVO and in Table 6 for improved EVO. In Figure 3, 
the best ways to obtain the results of the experimental study
are shown visually.

Table 5. Success Rate of Pure EVO Algorithm

Table 6. Success Rate of Implementation of the Egyptian 
Vulture Algorithm with the Nearest Neighbor or the Farthest 

Neighbor Methods in the Travelling Salesman Problem

Using pure EVO, the error value for Berlin52 is 905.9632 
while the error value obtained by the proposed method is 7.97. 
In the Eil51 problem, the error rate of pure EVO was 37,04464, 
while the error rate was found to be 8.07 with the proposed 
method. Error rates in other problems are found in Table 5 and 
Table 6. As you can see, the success rate of the proposed 
approach is very high according to pure EVO.
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Figure 3. Visual presentation of best methods obtained 

with developed EVO

6. RESULT

The developing engineering field takes up a lot of space in 
our lives. The engineering field is looking for new algorithms 
to reach faster solutions in problems. The organization of data 
sets such as generating workflow scheduling table creation 
sequences is very important in the proposed studies.

The data sets used in almost every problem in engineering 
are first randomly generated. Each dataset in the dataset has its 
own distance value. Regardless of the values, it has been 
proved that the randomly generated data sets have good results 
in ordering by the studies done by their values.

In EVO algorithm, the cornflower that finds the ostrich egg 
tries to break the shell of the egg. The shell of ostrich egg is 
very hard and big, so it is very difficult to break the shell and 
reach the food. In order to do this, he again carries a stone he 
finds from nature, throwing it to the egg quickly and breaking 
the eggshell in a few moves. Using this feature of EVO, the 
pure EVO algorithm is proposed in the literature. The EVO has 
been developed with newly proposed structures because the 
performance of the Pure Egyptian vulture algorithm is poor. 
The algorithm developed is used in the solution of TSP. In the 

solutions, city lines are created and the nearest neighbors or 
farthest neighbors are looked at. Achieved solving with the 
obtained city orders is easier. In this paper, the nearest or 
farthest neighbors to the developed EVO algorithm have been 
added and shown with good results.
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