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PERFORMANCE ANALYSIS OF OPTIMIZATION METHODS FOR SOLVING 

TRAVELING SALESMAN PROBLEM 

The subject of this research is distance and time of several city tour problems which known as traveling salesman problem (tsp). The 

goal is to find out the gaps of distance and time between two types of optimization methods in traveling salesman problem: exact and 

approximate. Exact method yields optimal solution but spends more time when the number of cities is increasing and approximate 

method yields near optimal solution even optimal but spends less time than exact methods. The task in this study is to identify and 

formulate each algorithm for each method, then to run each algorithm with the same input and to get the research output: total 

distance, and the last to compare both methods: advantage and limitation.  Methods used are Brute Force (BF) and Branch and Bound 

(B&B) algorithms which are categorized as exact methods are compared with Artificial Bee Colony (ABC), Tabu Search (TS) and 

Simulated Annealing (SA) algorithms which are categorized as approximate methods or known as a heuristics method. These three 

approximate methods are chosen because they are effective algorithms, easy to implement and provide good solutions for 

combinatorial optimization problems. Exact and approximate algorithms are tested in several sizes of city tour problems: 6, 9, 10, 16, 

17, 25, 42, and 58 cities. 17, 42 and 58 cities are derived from tsplib: a library of sample instances for tsp; and others are taken from 

big cities in Java (West, Central, East) island. All of the algorithms are run by MATLAB program. The results show that exact 

method is better in time performance for problem size less than 25 cities and both exact and approximate methods yield optimal 

solution. For problem sizes that have more than 25 cities, approximate method – Artificial Bee Colony (ABC) yields better time 

which is approximately 37% less than exact and deviates 0.0197% for distance from exact method. The conclusion is to apply exact 

method for problem size that is less than 25 cities and approximate method for problem size that is more than 25 cities. The gap of 

time will be increasing between two methods when sample size becomes larger. 

Keywords: traveling salesman problem; optimization method; exact method; approximate methods; gaps. 

Introduction 

 

Traveling salesman problem, called TSP is a 

description of a large class of problems known as 

combinatorial optimization problems and literally also 

known as a Chinese postman problem or single vehicle 

routing problem (VRP). Many real-world problems can be 

modeled as variants of TSP as a real-world problems are 

often more complicated than TSP. Since there are many 

powerful tranformation technique to convert the variants 

to TSP, any outcome for TSP can be used for a wide 

variety of real-world of problems [1,2]. TSP is one of the 

most important transportation problems in operational 

logistics. Transporation is needed to guarantee the 

mobility of people and goods and as part of the economic 

system, transportation has an important function in 

national development [3]. The concept of TSP is described 

as follows: a salesman or a vehicle has a number of cities 

to visit with a distance of time between two cities and 

each city is visited only once (Hamiltonian cycle) and 

returns to the starting city then the total distance  

or time is minimized [4, 5, 6]. Distance is a key factor in 

transportation. According to [7, 8] the distance  

controls for transportation cost, and for health center, 

distance plays a crucial role in health service  

accessibility [9], for food distribution, distance should be 

considered when assessing the environmental impact of 

transporting food [10]. Transportation cost is about one 

third or two third of total logistics cost [11]. The facts tell 

us about the need to search the shortest route in  

order to minimize cost, minimize risk and minimize 

damage. 

There are two types of optimization methods: one is 

exact method and the other one is approximate method 

[12]. Exact methods produce optimal solutions and 

approximate (heuristics) methods produce high solutions 

in a reasonable time but no guarantee optimal solution. 

Brute force, Branch and Bound, Dynamic Programming 

are examples of exact methods or limited search methods 

[13] where Artificial Bee Colony, Tabu Search and 

Simulated Annealing are examples of approximate 

methods. Although approximate method does not produce 

optimal solution but it has some advantages such as short 

searching time of solution compared to exact methods, 

near optimal solution even optimal, and simplicity of 

implementation. 

Brute Force algorithm searches all solution space, 

exhaustive search for combinatorial problem, generates a 

list of all potential solutions to the problem in a systematic 

manner and evaluates potential solutions one by one, 

disqualifies infeasible ones and keeps track of the best one 

found for an optimization problem [14]. 

Branch and Bound (B&B) algorithm is a 

fundamental and widely used methodology for producing 

exact solutions to NP-hard optimization problems. This 

method is proposed by Land & Doig. B&B algorithm 

creates and prunes the nodes and this happens in a 

recursive way. This strategy has three main components: 

branching, bounding, and the selection of the next node. 

Important decisions have to be made that influence the 

performance of the algorithm [15] this solves a discrete 

optimization problem by breaking up its feasible set into 

smaller subsets, calculating bounds on the objective 

function value over each subset and using them to discard 

certain subsets from further consideration. The bounds are 

obtained by replacing the problem over a given subset 

with an easier problem, such that the solution value  

of the latter bounds that of the former. The procedure ends 

when each subset has either produced a feasible  

solution or contains no better solution than the one  

already in hand. The best solution found is a global 

optimum [16]. 
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Artificial Bee Colony (ABC) algorithm is a heuristic 

method and optimization algorithm that comes  

under Swarm Intelligence and inspired by social behavior 

of natural bees. This method introduced by Dervis 

Karaboga in 2005. The term swarm is used in  

a general manner to refer to any restrained  

collection of interacting agents or individuals. This ABC 

algorithm has been compared with that of differential 

evolution (DE), particle swarm optimization (PSO) and 

evolutionary algorithm (EA), and the result shows the 

ABC perform better than DE, PSO and EA [17]. Bee 

colony optimization has beeen successfully applied to 

various hard combinatorial optimization problems,  

mostly in transportation, location and scheduling 

fields [18]. 

Tabu Search (TS) algorithm is a powerful algorithm 

approach that has been implemented with great  

success to any difficult combinatorial problems and 

generally provide good solutions very early in  

the search. TS was proposed by Fred Glover in 1986 

which allow Local Search (LS) to overcome local  

optima. The basic principle of TS is to pursue  

LS when finds a local optimum by allowing non 

improving movement and back to previous visited is 

prevented by the use of memories which called tabu  

lists [19]. 

Simulated Annealing (SA) algorithm is a heuristic 

algorithm for obtaining good solutions and has several 

interesting features such as easy to implement, can be 

generally used to a wide range problems and can provide 

high quality solutions to many problems [20]. SA is 

regarded as one of most commons heuristics  

technique [21]. 

Based on the paper published above, both exact and 

approximate methods have outstanding performance 

where exact method yields optimal solution but time 

consuming, and on the other hand, approximate yields 

near optimal solution but faster than exact method. From 

this point of view, performance analysis needs to be 

conducted to get the percentage of difference both 

solution and processing time, so the goal in this  

paper is to find how large the differences are for solution 

and time between exact and approximate methods  

based on case study of goods distribution to varied 

number of destinations in cities – small and medium  

size. 

 

Materials and methods 

 

1. Brute Force (BF) algorithm is a straightforward 

approach and usually based on problem statement  

and definitions of concepts involved. This solution to 

combinatorial problems, this suggests generating  

each and every combinatorial object such as  

permutations, combinations or subsets of  

a set of the problem, selecting those of them that 

satisfying all the constraints, and then finding a desired 

object [22]. 

 

%Input: a list P of n (n ≥ 2) points P1 = (x1,y1), ..., 

Pn = (xn, yn) 

%Output: Indices index1 and index2 of the closet 

pair of points 

Dmin  ∞ 

for i  1 to n – 1 do 

for j  i + 1 to n do 

d  ( ) ( )( )  –  2   –  2  / / i j i jsqrt x x y y sqrt+  is 

the squre root function 

if d < dmin 

dmin  d; index1  i; index2  j 

return index1, index2 

 

2. Branch and Bound (B&B) algorithm 

The branch and bound (B&B) algorithm implicitly 

enumerates all possible solutions to the problem  

under consideration, by storing partial solutions  

which called subproblems in the structure of tree. 

Unexplored nodes generate children by partitioning the 

solution space into smaller regions that can be solved 

recursively (branching) and rules are used to prune off 

regions of the search space that provably suboptimal 

(bounding). When all trees has been explored, the best 

solution found in the search and is returned [23]. The 

pseudocode is: 

 

Set L = {X} and initialize x̂  

while L φ :  

Select a subproblem S from L to explore 

If a solution ˆ ˆ' ( ) ( )x x S f x f x    can 

be found : Set ˆ ˆ 'x x=  

If S can not be pruned: 

Partition S into 1S , 2S , ..., rS  

Insert 1S , 2S , ..., rS  into L 

Remove S from L 

Return x̂  

 

3. Artificial Bee Colony (ABC) algorithm 

ABC algorithm is simple, easy, very fast and it can 

be effectively applied to combinatorial optimization 

problem, in this algorithm, the bees are divided in three 

groups: employed bees, onlooker bees and scout bees. 

Each food source position represents a candidate solution 

of optimization problem. The number of employed bees or 

the onlooker bees is equal to the number of solutions in 

the population.  

This below equation represents an initial solution 

which random route between 1 and 25 generated by this 

equation. At the same time, a scout bee searches the new 

foods when a source is abandoned [24, 25]: 

 
min max min(0,1)( )ij j j jx x rand x x= + − , (1) 

where abandoned source is ix  and 1,2,...j D ; D is 

the number of optimization parameters . 

This following equation represents the employed bee 

phase that performs random modifications on adjacent to a 

solution. 

 )( kjijijijij xxxv −+=  , (2) 
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where:  1,2,..., }and 1,2,... }k SN D  are randomly 

chosen indexes, but k has to be different from i; ji,  is a 

random number between -1 and 1; ,i jx  is a comparison  

of two food positions; SN is the number of food 

sources. 

The number of food sources is equal to the number 

of employed bees 

Then, the last equation, onlooker bee choose a food 

source with probability proportional to the quality of food 

source 

 

( )

1
0

1

1 0

i

ii

i i

if f
ffitness

abs f if f

 
 

+=  
 +  

, (3) 

where if  is the fitness value of the solution i  

In this study, number of cities is 6, 9, 10, 16, 17, 25, 

42, 58 and the manipulating operators are swap, insertion, 

and reversion.  

A short algorithm is shown below [26]: 

Initialize population. 

 

Repeat 

Place the employed bees on their food sources and 

determine their nectar amounts 

Calculate the probability value of the sources with 

which they are preferred by the onlooker bees 

Place the onlooker bees on the food sources 

depending on their nectar amounts 

Stop the exploitation process of the sources 

exhausted by the bees 

Send the scouts to the search area for discovering 

new food sources randomly 

Memorize the best food source found so far 

Until requirements are met 

 

4. Tabu Search (TS) algorithm 

The main idea of this algorithm is allowing climbing 

moves when there is no improving neighbouring  

solution exists such as a move is allowed even if a new 

solution s’ from neighbourhood of the current solution s is 

worse than the current one. In nature, return to  

the locally optimal solutions previously visited  

is not allowed in order to avoid cycling of the search. TS 

is based on a methodology of prohibitions: some  

moves are frozen (tabu) from time to time. The 

pseudocode for the standard (pure) tabu search as  

follows [27]: 

 

Function tabu_search(s); 

// input: s – the initial solution; output: s* - the best 

solution found // 

s* : = s; 

initialize the tabu list T; 

repeat // continue the main cycle of TS // 

given neighbourhood function  , tabu list T, and 

aspiration criterion,  

find the best possible solution s’ 
),()(' ss   where )(' s  consists of solutions that (or 

their "attributes") are not currently in the tabu list T or 

satisfy the aspiration criterion; 

s: = s’;  // replace the current solution by new one // 

insert the solution s (or its "attribute") into the tabu 

list T; 

if f(s) < f(s*) then s* : = s;  // save the best so far 

solution // 

update the tabu list T 

until termination criterion is satisfied; 

return s* 

end  

 

5. Simulated Annealing (SA) algorithm 

Is very usefull in finding global optima in the 

presence of local optima large numbers. The simulated 

annealing algorithm starts from a higher temperature 

which is called the initial temperature. When the 

temperature decreases gradually, the solution  

tends to be stable but the solution may be a  

local optimal solution. Pseudocode is as  

follows [28]: 

 

Input: initial temperature T0, minimum temperature 

Tmin, maximum number of iteration Kmax, probablity of 

temperature drop ;  

 

Output: the optimal solution Xbest; 

Generating an initial solution X0; 

Xbest  X0; 

Computing the value of objective function f(X0) and  

f (Xbest); 

Ti  T0; 

While Ti > Tmin do 

Δf  f (Xnew) – f (Xbest); 

If Δf < 0 then Xbest  Xnew; 

Endif 

 

If Δf  ≥ 0 then ;
f

Te


  

If c  random [0,1]  ≥   then Xbest  Xnew; 

Else Xbest   Xbest;  

End if  

End if   

i  i + 1; Ti   x Ti; 

end while  

Return Xbest; 

 

Research Methodology 

Doing this research, there are some steps that must 

be followed, starting from goal setting, analysing  

and drawing the conclusion which can be seen 

in fig. 1. 

 

Results and Discussions 

 

1. Results 

By using MATLAB program based PC, the results 

for every algorithm indicated in table 1. 
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Start

Goal of Research:

To find the differences of total distance and 

process time between exact and approximate 

method

Input for research:

1. Coordinates of 25 cities in Java island from 

googlemaps

2. Euclidean distance between two destinations

3. Distance data from tsplib: dantzig42 and gr17

Exact Methods:

1. Brute Force algorithm

2. Branch and Bound algorithm

Approximate Methods:

1. Artificial Bee Colony algorithm

2. Tabu Search algorithm

3. Simulated Annealing algorithm

Comparing the total distances and process 

time by using software Matlab

Analysis the differences (gap) between 

exact and approximate methods

Conclusion and further development

Start
 

Fig. 1. Research Methodology 

Tabel 1. Comparison of distance and time 

*the time cost is too expensive; Dist means distance; BKS = Best Known Solution

In this study, the first thing to see is the results of 

distance for each algorithm. In the case of 6 cities to 10 

cities, all algorithms yield the same distances and 

competitive process time. Starting from study of 16 cities, 

TS does not yield optimal solution where SA  

starts from the case of 25 cities. BF algorithm is less 

efficient tool when the cities grow to more than 10 cities, 

because it will grow like n!, so if there is 11 cities, then 

time needed will be 11 times as long as the time  

for 10 cities. When the number of cities is increasing to 

more than twenty cities, one can benefit from approximate 

method becaue it has less time than exact method and the 

result is also optimal. ABC algorithm is more powerful 

than others and from time aspect, ABC has less  

time about 37.43% than B&B algorithm for case 

Dantzig42 shown in fig. 2. ABC algorithm also  

tested for tsplib brazil58 shown in figure 3, the distance 

deviates only 0.0197% but amount of time is increasing 

compared to Dantzig42.  For case of cities is less  

than or the same as 10 cities, both exact and approximate 

methods show the same distance, the gap is only  

in time. 

 

6 cities 9 cities 10 cities 16 cities 
Gr17     

(tsplib)  
25 cities 

Dantzig42 

(tsplib) 
Brazil58 (tsplib) 

Algo Dist Time Dist Time Dist Time Dist Time Dist Time Dist Time Dist Time Dist Time 

BF* 587 2 608 18 861 111 - - - - - - - - - - 

B&B 587 0.14 608 0.06 861 0.31 1,465 4.69 2,085 3.87 2,251 12,750 699 187 25,395 >82,800 

BKS         2,085  2,251  699  25,395  

ABC 587 5 608 5 861 6 1,465 7 2,085 6 2,251 6 699 117 25,400 740 

TS 587 5 608 6 861 7 1,636 11 2,085 12 2,556 22 856 51   

SA 587 34 608 23 861 26 1,465 33 2,085 30 2,274 29 774 29   



 ISSN 2522-9818 (print) 

Сучасний стан наукових досліджень та технологій в промисловості. 2021. № 1 (15)  ISSN 2524-2296 (online) 

  

73 

 

Fig. 2. ABC algorithm tested on dantzig42 tsplib 

 

Fig. 3. ABC algorithm tested on brazil58 tsplib

2. Discussions 

There are numerous algorithms and cases now, then 

each algorithm in this manuscript must be tested on larger 

size, validated and compared with other algorithms 

especially approximate methods and cases from other 

countries in order to increase conviction for users both for 

distance and time. According to [29], B&B algorithm is 

suitable for solving less than 60 locations, then one should 

consider to apply approximate method. 
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Conclusions and Further Development 

 

Transportation distance can be minimized by 

choosing the shortest route. There are two optimization 

methods, one is exact and the other is approximate. Exact 

methods – Brute Force and Branch and Bound algorithms 

provides optimal solution but Brute Force algorithm yields 

about n! when the number of cities is more than 10, and 

Branch and Bound algorithm is less efficient in time when 

the number of cities is more than 25 cities than 

approximate method – Artificial Bee Colony algorithm. 

Exact method is fit to problems less than 25 cities and 

Approximate method is fit to problems larger than 25 

cities. 
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АНАЛІЗ ЕФЕКТИВНОСТІ МЕТОДІВ ОПТИМІЗАЦІЇ ДЛЯ ВИРІШЕННЯ 

ПРОБЛЕМИ ПРОДАВЦЯ, ЩО ПОДОРОЖУЄ 

Предметом цього дослідження є відстань та час декількох проблем з екскурсіями містом, які відомі як проблема продавця-

мандрівника (ппм). Мета полягає в тому, щоб з’ясувати розриви між відстанями та часом між двома типами методів 

оптимізації у проблемі продавця, що подорожує: точним та приблизним. Точний метод дає оптимальне рішення, але вимагає 

більше часу, коли кількість міст збільшується, а приблизний метод дає майже оптимальне рішення, навіть оптимальне, але 

потребує менше часу, ніж точні методи. Завданням цього дослідження є визначити та сформулювати кожен алгоритм для 

кожного методу, потім запустити кожен алгоритм з однаковим входом і отримати результат дослідження: загальна відстань, 

яка надасть можливість порівняти обидва методи: їх перевагу та обмеження. Використані методи – алгоритми Brute Force 

(BF) та Branch and Bound (B&B), які класифікуються як точні методи, порівнюються з алгоритмами Artificial Bee Colony 

(ABC), Tabu Search (TS) та Simulated Annealing (SA), які класифікуються як приблизні методи, або відомі як методи 

евристики. Ці три наближені методи обрані, оскільки вони є ефективними алгоритмами, прості у реалізації та забезпечують 

хороші рішення для комбінаторних задач оптимізації. Точні та приблизні алгоритми перевіряються у кількох розмірах задач 

екскурсії містом: 6, 9, 10, 16, 17, 25, 42 та 58 міст. 17, 42 та 58 міст вибрані з ппмlib: бібліотеки зразків екземплярів для ппм; а 

інші взяті з великих міст острова Ява (Західний, Центральний, Східний). Всі алгоритми запущені програмою MATLAB. 

Результати показують, що точний метод кращий у часі за обсягом завдання на менше ніж 25 міст, коли і точні, і приблизні 

методи дають оптимальне рішення. Для обсягів завдання, яке враховує більше 25 міст, приблизний метод – Artificial Bee 

Colony (ABC) дає кращий час, який приблизно на 37% менше, ніж точний, і відхиляється на 0,0197% для відстані від точного 

методу. Висновок полягає у застосуванні точного методу для обсягу проблеми менше 25 міст та приблизного методу для 

обсягу проблеми більше 25 міст. Розрив у часі буде збільшуватися між двома методами, коли обсяг вибірки стає більшим. 

Ключові слова: проблема продавця, що подорожує; метод оптимізації; точний метод; наближені методи; прогалини. 

АНАЛИЗ ЭФФЕКТИВНОСТИ МЕТОДОВ ОПТИМИЗАЦИИ ДЛЯ РЕШЕНИЯ 

ПРОБЛЕМЫ ПРОДАВЦА, КОТОРЫЙ ПУТЕШЕСТВУЕТ 

Предметом настоящего исследования является расстояние и время нескольких проблем с экскурсиями по городу, которые 

известны как проблема продавца-путешественника (ппп). Цель состоит в том, чтобы выяснить разрывы между расстояниями 

и временем между двумя типами методов оптимизации в проблеме продавца, который путешествует: точным и 

приблизительным. Точный метод дает оптимальное решение, но требует больше времени, когда количество городов 

увеличивается, а примерный метод дает почти оптимальное решение, даже оптимальное, но требует меньше времени, чем 

точные методы. Задачей данного исследования является определить и сформулировать каждый алгоритм для каждого 

метода, затем запустить каждый алгоритм с одинаковым входом и получить результат исследования: общее расстояние, 

которое даст возможность сравнить оба метода: их преимущество и ограничения. Использованные методы – методы Brute 

Force (BF) и Branch and Bound (B & B), которые классифицируются как точные методы, сравниваются с алгоритмами 

Artificial Bee Colony (ABC), Tabu Search (TS) и Simulated Annealing (SA), которые классифицируются как приблизительные 

методы или известны как методы эвристики. Эти три приближенные методы выбраны, поскольку они являются 

эффективными алгоритмами, просты в реализации и обеспечивают хорошие решения для комбинаторных задач 

оптимизации. Точные и приблизительные алгоритмы проверяются в нескольких размерах задач экскурсии по городу: 6, 9, 

10, 16, 17, 25, 42 и 58 городов. 17, 42 и 58 городов выбраны из пппlib: библиотеки образцов экземпляров для ппп; а другие 

взяты из крупных городов острова Ява (Западный, Центральный, Восточный). Все алгоритмы запущены программой 

MATLAB. Результаты показывают, что точный метод лучше во времени по объему задания на менее чем 25 городов, когда 

и точные, и приблизительные методы дают оптимальное решение. Для объемов задачи, которая учитывает более 25 городов, 

приблизительный метод - Artificial Bee Colony (ABC) дает лучшее время, которое примерно на 37% меньше, чем при точном 

методе, и отклоняется на 0,0197% для расстояния точного метода. Вывод заключается в применении точного метода для 

объема проблемы менее 25 городов и приблизительного метода для объема проблемы более 25 городов. Разрыв во времени 

будет увеличиваться между двумя методами, когда объем выборки становится больше. 

Ключевые слова: проблема продавца, который путешествует; метод оптимизации; точный метод, приближенные 

методы; разрывы. 
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