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Abstract: Traveling Salesman Problem (TSP) is a classic combinatorial 

optimization problem, one of the optimization problems that can be applied to 

various activities such as finding the shortest path. The optimization problem in 

TSP is the most widely discussed and has become the standard for testing 

computational algorithms. TSP is a good object to test optimization performance. 

With scientific developments in the field of informatics, many researchers have 

optimized the application of algorithms to solve the Traveling Salesman Problem 

(TSP). In this study, researchers used a combination of Ant Colony Tabu Search – 

Firefly Algorithm Tabu Search (ACTS-FATS). The combination is doneto 

overcome Premature Convergence (trapped local optimum) which is a shortcoming 

of the ant colony algorithm, get the best running time by looking at the process of 

each point movement with the ant colony and firefly methods. After testing, getting 

the best running time results of 27.79%, and getting an accuracy rate of 17%. 
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INTRODUCTION 

In the era of globalization, technology plays a very important role in human life to make it easier to carry 

out various activities. Progress in education, health, transportation, communication, and other fields is an 

example that humans need technology in their daily lives. In research case studies, many researchers are 

interested in taking research topics regarding optimization and hybrid systems (Dewantoro et al., 2019). This is 

because these topics can be developed, combined, or added to improve the performance results of each 

processing (Hartono, Mhd. Furqan, Tulus, 2015). Optimization is one of the problems that is often used in 

testing the performance of a method. The roles obtained from optimization studies can be implemented in terms 

of planning, scheduling and searching for scientific fields (Septiyafi et al., 2019). Whereas in a hybrid system, 

researchers make improvements, mergers or an updated system to see how the performance from all sides of the 

implementation of the hybrid system is. 

In connection with this, a thought was proposed to analyze the combination of 2 methods. This combination 

can overcome premature convergence (stuck in local optimum) (Dewantoro et al., 2019), and is able to provide 

alternative route solutions that can be used if there are obstacles on the main route which hinders the journey to 

the destination as well as achieving better running time and obtaining increased accuracy from previous research.  

 

LITERATURE REVIEW 

Traveling Salesman Problem (TSP) 

The Traveling Salesman Problem (TSP) is an optimization problem that can be applied to various activities 

such as finding the shortest path. The optimization problem in TSP is the most widely discussed and has become 

the standard for testing computational algorithms (Min et al., 2019). The main problem with TSP is that a 

salesman has to visit all cities with known distances between cities and return to his hometown (Deng et al., 

2019). 

To assess whether we are making progress in solving TSP problems, we must judge from the decreasing 

amount of time. For example we have a new method A which is faster to solve TSP problems than method B, we 
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will judge that we have found a better solution  (Alaidi & Mahmood, 2018). But the ranking problem for this 

method will be very difficult, because methods that are very closely related to each other cannot be judged only 

through simple comparisons (mild TSP problems) (X. Yang & Wang, 2016). The problem faced by TSP is how 

to plan the minimum total distance. To solve this problem is not easy because there is a search space from a set 

of permutations of a number of cities. the distance between the two cities can be calculated by the following 

equation where 𝑑𝐴,𝐵= distance from city A and city B andx, y = Point coordinates (City). 

𝑑A, =√ (x𝐴  −  x𝐵)2 +  (y𝐴  −  y𝐵)2  (1) 

Ant Colony Optimization (ACO) 

The ACO algorithm was introduced by Marco Dorigo (Meng et al., 2019). ACO is a metaheuristic method 

inspired by the intelligence of ants in finding the shortest path to a food source. ACO applies an optimization 

problem solving method based on the principle of communication between ant colonies. Basically, all ants will 

leave a trail of special substances known as pheromones (Alobaedy et al., 2017). This pheromone will then 

become a guideline for other ants in searching. 

Firefly Algorithm (FA) 

 The firefly algorithm (FA) is a metaheuristic algorithm inspired by the flashing behavior of fireflies (X. 

S. Yang, 2010). There are two basic functions of the flashing light, namely to attract the attention of other 

fireflies (communication) and to attract prey (Hay’s, 2017a). The Tabu Search algorithm is one of the algorithms 

that are within the scope of the heuristic method (Dewantoro et al., 2019). This algorithm uses short-term 

memory to keep the search process from getting stuck at the local optimum value. The Tabu Search algorithm 

uses a tabu list to store a set of recently evaluated solutions (Gadioli et al., 2018). 

Tabu Search 

The Tabu Search algorithm is one of the algorithms that are within the scope of the heuristic method 

(Dewantoro et al., 2019). This algorithm uses short-term memory to keep the search process from getting stuck 

at the local optimum value (Hay’s, 2017b). The Tabu Search algorithm uses a tabu list to store a set of recently 

evaluated solutions (Gadioli et al., 2018). During the optimization process in each iteration, the solution to be 

evaluated will be matched first with the contents of the tabu list to see if the solution is already in the tabu list. 

 

METHOD 

The stages of the research to be carried out are shown in Figure 1 

Figure 1. Research Stages 

 

In solving the Traveling Salesman Problem, there are many methods that support searching for a place. One 

of these methods will be discussed in this study, namely a combination of the two methods that have been 

studied by previous researchers. Discussion to be carried outto maximize the performance of the combination of 

the two Ant Colony - Tabu Search (ACTS) and Firefly Algorithm - Tabu Search (FATS) methods, it is hoped 

that these results will be able to provide optimal distances and produce the best running time in solving the 

Traveling Salesman Problem (TSP). 

Background, Problem Formulation and 

Objectives 

Data collection 

Parameter Initialization 

Generate Random Numbers 

Random Position - Count 

Optimum Distance 

Conclusion 
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The dataset used is Hasler Whitney 3 TSPLIB95, Eil51 and Eil76 data. The dataset can be accessed publicly 

on the TSPLIB website. Furthermore, the data is processed using the ACTS and FATS algorithms and 

conclusions will be drawn on the optimal distance andthe value of the running time in the algorithm. The 

following are the research steps.  

 
Figure 2. Research Steps 

 

RESULT 

 Calculation of the ACTS algorithm in finding the shortest route in the TSP problem from the routes in the 

dataset as follows. Calculating the distance between cities according to the dataset coordinates with the equation: 

𝑑𝑟𝑠 = √(𝑥𝑟 − 𝑥𝑠)2 +  (𝑦𝑟 − 𝑦𝑠)2 (2) 

To calculate the visibility between nodes is the inverse of the distance (d) as a medium of information quality of 

a node with the equation: 

𝑉𝑖𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑎𝑠 (Ƞ𝑟𝑠) =
1

𝑑𝑟𝑠
  (3)  

Table 1. City Variable ACTS - FATS 

City X Y 

1 212 169 

2 204 169 

3 196 169 

4 188 169 

5 196 161 

6 188 154 
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After determining the distance between cities in the dataset, the possible routes are determined using the 

tabu search algorithm as follows: 

Iteration 1 : 

Alternate route search for mileage and visibility 

Initial path: 

1-5-2-3-6-4-1 with mileage is 110.4 and visibility is 0.42. 

Taboo list : 1-5-2-3-6-4-1. 

 

Table 2. Travel Tablist 

No Travel route Mileage Visibility 

1 1-2-5-3-6-4-1 100.6 0.489 

2 1-3-2-5-6-4-1 101.19 0.4425 

3 1-6-2-3-5-4-1 145.53 1,258 

4 1-4-2-3-6-5-1 108.97 0.408 

5 1-5-3-2-6-4-1 104.86 0.461 

6 1-5-6-3-2-4-1 108.97 0.408 

7 1-5-4-3-6-2-1 96.46 1,233 

8 1-5-2-6-3-4-1 112.46 0.387 

9 1-5-2-4-6-3-1 110.4 0.348 

10 1-5-2-3-4-6-1 143.27 0.414 

Table 3. ACTS and FATS Inter-City Distance Matrix 

City 1 2 3 4 5 6 

1 0 8 16 24 17.8 71.16 

2 8 0 8 16 11.31 23.06 

3 16 8 0 11 8 25.29 

4 24 16 11 0 11.31 24 

5 17.8 11.31 8 11.31 0 17.88 

6 71.16 23.06 25.29 24 17.88 0 

Table 4. ACTS and FATS Inter-City Visibility Matrix 

City 1 2 3 4 5 6 

1 0 0.125 0.0625 0.071 0.056 0.014 

2 0.125 0 0.125 0.062 0.088 0.043 

3 0.062 0.125 0 0.09 0.125 0.039 

4 0.071 0.062 0.09 0 0.88 0.041 

5 0.056 0.088 0.125 0.88 0 0.055 

6 0.014 0.043 0.039 0.041 0.055 0 

All d pheronom values at the beginning of the calculation are assigned very small numbers. In this 

calculation, the initial pheromone value uses value𝜏initial of 0.01. Determining the initial value is intended so 

that each route has an interest value to be visited by each ant. Can be seen in the matrix on the following page: 

Table 5. Every City Pheronome 
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City/𝝉 1 2 3 4 5 6 

1 0 0.01 0.01 0.01 0.01 0.01 

2 0.01 0 0.01 0.01 0.01 0.01 

3 0.01 0.01 0 0.01 0.01 0.01 

4 0.01 0.01 0.01 0 0.01 0.01 

5 0.01 0.01 0.01 0.01 0 0.01 

6 0.01 0.01 0.01 0.01 0.01 0 

Find the highest probability value with the formula: 

𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑎𝑠 =
 [𝑇𝑖𝑗(t)]

α
[Ƞ𝑖𝑗]

β
 

 Ʃ[𝑇𝑖𝑗(t)]
α

[Ƞ𝑖𝑗]
β

              (4) 

Count[𝑇𝑖𝑗(𝑡)]𝛼[𝑛𝑖𝑗]𝛽 (5) 

The pheromone change is called the local pheromone change which can be calculated by the formula: 

𝜏(𝑟,𝑠) = (1 − 𝜌). 𝜏(𝑟,𝑠) + 𝜌. ∆𝜏(𝑟,𝑠)  (6)  

 

∆𝜏(𝑟,𝑠)  =  change 𝑝ℎ𝑒𝑟𝑜𝑚𝑜𝑛𝑒 =  0  siklus =  1(7) 

Displays the search results from the first cycle as shown in Table 6 below: 

Table 6. Cycle 1 Best Route 

Ant Travel route Route Distance Total Mileage 

1 1 − 6 − 3 − 4 − 2 − 5 − 1 71.16 - 25.29 - 11 - 16 - 11.31 - 17.8 119.27 

2 1 − 6 − 5 − 4 − 2 − 3 − 1 71.16 - 17.88 – 11.31 - 16 - 8 - 16 140.35 

3 1 − 6 − 5 − 4 − 3 − 2 − 1 71.16 – 17.88 – 11.31 – 11 – 8 – 8 119.35 

4 1 − 6 − 4 − 5 − 3 − 2 − 1 71.16 – 24 – 11.31 – 8 – 8 – 8 130.47 

5 1 − 6 − 3 − 5 − 4 − 2 − 1 71.16 – 25.29 – 8 – 11.31 – 16 – 8 139.76 

6 1 − 3 − 6 − 5 − 4 − 2 − 1 16 – 26.29 – 17.88 – 11.31 – 16 - 8 95.48 

The light intensity level of a firefly x can be seen in the formula: 

𝐼 (𝑥) =  
1

𝑓 (𝑥)
                (8) 

The distance between fireflies every i and j, with the formula: 

𝑟𝑖𝑗 = √(𝑥𝑖 − 𝑥𝑗)2 +  (𝑦𝑖 − 𝑦𝑗)2             (9) 

Movement of fireflies: 

𝑥𝑖 = 𝑥𝑖 +  𝛽0  ×  𝑒𝑥𝑝−𝛾𝑟2
 ×  ( 𝑥𝑗 −  𝑥𝑖) +  𝛼 × (𝑟𝑎𝑛𝑑 − 

1

2
)(10) 

 

Iteration 1 :   Table 7. Trial Iteration 1 

POPULATION xi f(x) i(i) 

x1 119.27 14225.3329 14225.3329 

x2 140.35 19698.1225 19698.1225 

x3 119.35 14244.4225 14244.4225 

x4 130.47 17022.4209 17022.4209 

x5 139.76 19532.8576 19532.8576 

x6 95.48 8926.4704 8926.4704 

Table 8. FATS Movement 1 

i=1 i=2 i=3 i=4 i=5 i=6 
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- - - - - Movement 

Movement - Movement Movement Movement Movement 

Movement - - - - Movement 

Movement - Movement - - Movement 

Movement - Movement Movement - Movement 

- - - - - - 

Table 9. FATS Firefly Movement 1 

iteration 

1 I=1 r Xnew rand f(x) i(i)  

x1 permanent 0 119.1526544 0.304424025 14197.35505 14197.35505  

x2 Movement 21.08 119.0273456 0.095575975 14167.509 14167.509  

x3 Movement 0.08 119.457293 0.812154918 14270.04484 14270.04484  

x4 Movement 11.2 119.4390802 0.78180027 14265.69387 14265.69387  

x5 Movement 20.49 119.4869629 0.861604766 14277.13429 14277.13429 best 

x6 permanent 24.79 119.1869629 0.361604766 14205.53212 14205.53212  

 

 i=2 r Xnew rand f(x) i(i)  

x1 permanent 21.08 140.2059621 0.259936774 19657.7118 19657.7118  

x2 permanent 0 140.4514367 0.669061084 19726.60606 19726.60606 best 

x3 permanent 21 140.0962207 0.077034437 19626.95104 19626.95104  

x4 permanent 9.88 140.4488135 0.664689245 19725.86923 19725.86923  

x5 permanent 0.59 140.2084709 0.264118085 19658.4153 19658.4153  

x6 permanent 45.87 140.4069104 0.594850716 19714.1005 19714.1005  
 

Table 10. FATS 1 Firefly Movement (Continued) 

 i=3 r Xnew rand f(x) i(i)  

x1 permanent 0.08 119.2945612 0.407601944 14231.19232 14231.19232  

x2 Movement 21 119.5405002 0.817500391 14289.9312 14289.9312 best 

x3 permanent 0 119.1791237 0.215206085 14203.66351 14203.66351  

x4 Movement 11.12 119.4036996 0.589499334 14257.24348 14257.24348  

x5 Movement 20.41 119.2057312 0.25955199 14210.00635 14210.00635  

x6 permanent 24.87 119.4010286 0.585047687 14256.60563 14256.60563  

 i=4 r Xnew rand f(x) i(i)  

x1 permanent 11.2 130.4967968 0.544661274 17029.41397 17029.41397  

x2 Movement 9.88 130.3433887 0.288981105 16989.39897 16989.39897  

x3 permanent 11.12 130.5124766 0.570794391 17033.50656 17033.50656  

x4 permanent 0 130.5131677 0.571946161 17033.68694 17033.68694  

x5 Movement 9.29 130.4995765 0.54929423 17030.13948 17030.13948 best 

x6 permanent 35.99 130.1975767 0.045961089 16951.40897 16951.40897  

 i=5 r Xnew rand f(x) i(i)  

x1 permanent 20.49 139.8693516 0.682252746 19563.43553 19563.43553  
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x2 Movement 0.59 139.7974517 0.562419479 19543.3275 19543.3275 best 

x3 permanent 20.41 139.8535531 0.655921909 19559.01633 19559.01633  

x4 permanent 9.29 140.0157639 0.926273212 19604.41415 19604.41415  

x5 permanent 0 139.4945248 0.057541351 19458.72245 19458.72245  

x6 permanent 45.28 139.6019213 0.236535526 19488.69644 19488.69644  

 i=6 r Xnew rand f(x) i(i)  

x1 Movement 24.79 94.77804309 0.996738481 8982.877452 8982.877452 best 

x2 Movement 45.87 94.40554899 0.375914979 8912.40768 8912.40768  

x3 Movement 24.87 94.28858074 0.1809679 8890.336458 8890.336458  

x4 Movement 35.99 94.30009741 0.200162343 8892.508371 8892.508371  

x5 Movement 45.28 94.32890237 0.248170611 8897.941822 8897.941822  

x6 permanent 0 94.50647904 0.544131725 8931.47458 8931.47458  

 

Iteration Results 1 

Table 11. Iteration Results 1 

POPULATION f(x) i(i) 

x1 119.4869629 14277.13429 

x2 140.4514367 19726.60606 

x3 119.5405002 14289.9312 

x4 130.4995765 17030.13948 

x5 139.7974517 19543.3275 

x6 94.77804309 8982.877452 

 f(x) i(i) 

Global Bests 140.4514367 19726.60606 

In the first iteration, the brightest is in fireflies 2. 

Then the best route for ACTS-FATS is 1-2-6-5-4-3-1 and the optimum route is obtained at epoch 1 with a 

distance of 87.25 which can be seen in the tabulis list. 

Figure 3. ACTS-FATS Best Route 

DISCUSSIONS 

Table 12. Results of the TSPLIB95 A280 Dataset Experiment with ACTS-FATS 

No Iteration Optimum Distance 

(ACTS-FATS results ) 

Running Time 

1 30 54734.7814 0.384237 seconds. 

2 50 34393026 0.385471 seconds. 

3 100 22202.2237 0.484937 seconds. 

4 150 22202.2237 0.180539 seconds. 

5 200 22202.2237 0.183859 seconds. 

6 250 22170.3878 0.304696 seconds. 

7 300 22105.8323 0.297748 seconds. 

1 6 

2 

5 

4 

3 
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8 400 22105.8323 0.179085 seconds. 

9 450 22105.8323 0.175525 seconds. 

10 500 22084.4767 0.176454 seconds. 

 

 

In the TSPLIB95 A280 dataset, the best results for ACTS-FATS include the number of iterations of 100 and 

76 populations. The results obtained in increasing the TSP solving on the TSPLIB95 A280 dataset are 

22084.4767 km with running 0.176454 seconds. Route images and iterative graphs for the best results in 

improving TSP solutions on the TSPLIB95 A280 dataset, can be seen in Figures 4.11 and 4.12 below. 

Figure 4. Best Results of ACTS-FATS on the TSPLIB95 A280 Dataset 

 

While the graph of the best iteration results on the TSPLIB95 A280 dataset can be seen in the image below. 

Table 13. Comparison Results Against Previous Research 

No Datasets Previous 

Research 

Results 

ACTS-FATS 

results 

Difference Best result Enhancement 

accuracy 

1 TSPLIB95 

A280 

22851.76 22084.4767 767.29 22084.4767 3.47 % 

2 Eil51 429.11 366.6241 62.49 366.6241 17.0 % 

3 Eil76 548.37 530.0558 18.32 530.0558 3.45 % 

No Datasets Previous 

Research 

RT Results 

Results of RT 

ACTS-FATS 

Difference Best result Enhancement 

accuracy 

1 TSPLIB95 

A280 

0.225498 0.176454 0.049044 0.176454 27.79 % 
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Figure 5. Graph of Iteration Results on the TSPLIB95 A280 Dataset 

From the data in table 13 above, it was obtained that the accuracy increase in the Eil51 dataset was 17%, 

while in the Eil76 dataset it was 3.45%, and in the TSPLIB95 A280 dataset it was 3.47% with a running time of 

27.79%. 

CONCLUSION 

From the results of the research experiment, it can be concluded that the TSP (Travelling Salesman Problem) 

can be optimized by combining two algorithms, namely the ACTS algorithm and the FATS algorithm. This is 

evidenced by the results that get better running time in solving the TSP (Travelling Talesman Problem), where 

the FATS algorithm functions as a controller for the selected routes and optimal results are obtained, by 

obtaining the percentage value for increasing accuracy in the ACTS- FATS . Experiments on the Eil51 dataset 

obtained an increase in accuracy of 17%, while on the Eil76 dataset it was 3.45%, and on the TSPLIB95 A280 

dataset it was 3.47% with a running time of 27.79%. 
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