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Abstract:

There are two major optimization methods: Exact and Approximate methods. A well known exact method, Branch and
Bound algorithm (B&B) and approximate methods, Elimination-based Fruit Fly Optimization Algorithm (EFOA) and
Artificial Atom Algorithm (A®) are used for solving the Traveling Salesman Problem (TSP). For 56 destinations, the results
of total distance, processing time, and the deviation between exact and approximate method will be compared where the
distance between two destinations is a Euclidean distance and this study shows that the distance of B&B is 270 , EFOA
is 270 and A*is 288.38 which deviates 6.81%. For time processing aspect, B&B needs 12.5 days to process, EFOA needs
36.59 seconds, A® needs 35.34 seconds. But for 29 destinations, exact method is more powerful than approximate method.
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Resumen:

Existen dos métodos principales de optimizacion: Los métodos exactos y los métodos aproximados. Para resolver el
Problema del Vendedor Viajero (TSP) se utiliza un método exacto bien conocido, el algoritmo Branch and Bound
(B&B), y los métodos aproximados, Algoritmo de Optimizacion de la Mosca de la Fruta basado en la Eliminacion
(EFOA) y el Algoritmo del Atomo Artificial (A3). Para 56 destinos, se compararan los resultados de la distancia total, el
tiempo de procesamiento y la desviacion entre el método exacto y el aproximado, donde la distancia entre dos destinos es
una distancia euclidiana. Este estudio muestra que la distancia de B&B es de 270, la de EFOA es de 270 y la de A3 es de
288,38 que se desvia un 6,81%. En cuanto al tiempo de procesamiento, B&B necesita 12,5 dias para procesar, EFOA
necesita 36,59 segundos y A3 necesita 35,34 segundos. Pero para 29 destinos, el método exacto es mas potente que el
método aproximado.

Palabras clave:

Branch and Bound; Optimizacion de la Mosca de la Fruta basado en la Eliminacion; Algoritmo de atomo artificial;
Problema de vendedor ambulante.
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1. INTRODUCTION

In afierce market environment, every profit organization
is trying to be a competitive one. The goal is the same:
Maximize profit and minimize cost. In big cities, we are
dealing with a large concentration of transport needs
in time and space that occur with specific periodicity,
especially in rush hours [1]. Transport cost such as fuel
consumption is one of the factors which affects financial
condition and economic aspects [2]. Travel distance
and travel time are two factors that have a great impact
on transport cost. Jorgensen and Preston [3] concluded
that there is a relationship between travel distance and
fare. Rietveld, et.al [4] in their paper also stated that
distance relates to fuel cost and cost of maintenance,
repair, and depreciation. Those are the reasons why
professionals and researchers are searching the
methods for minimizing the travel distance, which is
known as a traveling salesman problem (TSP). TSP
[5] is the most popular combinatorial optimization
problem, proven to be NP-Hard and the goal is to find
a tour that minimizes the total distance. The tour visits
every location only once and called a Hamiltonian cycle
[6], [7], [8]. Many real-world problems can be modeled as
variants of TSP as real-world problems are often more
complicated than TSP [9], [10]. There are two major
optimization methods: exact and approximate. Branch
and bound and dynamic programming algorithms are
categorized as exact methods. Metaheuristics such
as single solution-based and population-based are
categorized as approximate methods [11]. Each of
these methods has some characteristics which exact
method explores each and every possible solution to
find the exact optimal solution, needs a mathematical
convergence proof, computationally less efficientand on
the other hand, the approximate method seeks to find a
near-optimal solution, usually has natural, physical and
biological principles, balancing between exploration
(diversification) and exploitation (intensification), and
computationally faster than exhaustive search [12].
The branch and Bound (B&B) algorithm as a first and
well-known exact algorithm is a desirable algorithm
to get an exact solution [13]. In the meanwhile, there
are numerous comparative studies on metaheuristics
algorithms. Yildirim and Karci

[14] shows that Artificial Atom Algorithm (A%) as
a nature-inspired algorithm is better than Genetic
Algorithm (GA), Particle Swarm Algorithm (PSO0),
Artificial Bee Colony (ABC) in their study of traveling
salesman problem (TSP) for 81 provinces in Turkey.
Huang, L., et al [15] have proved that the Elimination-
based Fruitfly Optimization Algorithm (EFOA) has
a better convergence rate and precision than other
algorithms: RABNET, HACO, CGAS, ACOTM, HA, DWIO.
Of course, the question arises: “How large is the gap for
the results between exact and approximate method?”
or in other words: “how large is the deviation between
optimal and near-optimal solution?”. Inacomplex world,
one tends to solve the problem faster, more accurately,
and with shorter distances. A shorter distance means
less fuel consumption, less carbon dioxide emissions,
and a greener environment [16], [17]. In this paper,
the authors do a comparative study based on 56
locations between an exact — branch and bound (B&B)
algorithm and approximate method - (A%) and EFOA
algorithm to get the value about distance, processing
time by MATLAB software, and deviation between two
optimization methods.

2. METHODOLOGY AND THEORY

Branch and Bound Algorithm

The term branch and bound was coined in conjunction
with the TSP algorithm by Little, et.al in 1963. B&B
methods solve a discrete optimization problem by
breaking up its feasible set into successively smaller
subsets, calculating bounds on the objective function,
and using them to discard certain subsets from further
consideration. The procedure ends when there is no
better solution than the existing solution. [18]. There
are several steps in this algorithm [19]:

Step 1: Collect the distance data between locations,
d; and arrange in the table, where i indicates the row
and j indicate the column
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Step 2: Reducing each element (d.);

ij

d’.=d.—r —c wherer. =min d.and c. =min (d.—
j 1 1 ] 1 Y ] 1y

r)
n n
IS
i=1 j=1

Step 4: Branching: The penalty for not utilizing trajectory

— 1 1 b 1
T —m}ndj +ml_1ndj )

The branching is the maximum penalty:

7T =max7;
j

Step 5: Etiquette Calculating: Remove p line and q
column in which related to position where element
which has a maximum penalty. This step is repeatedly
using step 2 and step 3. The sum of reduced elements
is marked with o.

Step 6: Drawing the branching tree: assign b etiquette
to the knot from which branching started.

b+nb+r to the non (p, q)
b+ob+ao to the (p, q)

Step 7: Locating the knot with the smallest etiquette.
And algorithm is completed when the table of distance
contains routes only.

Artificial Atom Algorithm (A3)

A3 is a metaheuristic algorithm and inspired by
chemical compounding processes. This algorithm has
beed developed by modelling chemical ionic bond and
covalent bond processes. The difference from other
meteheuristic algorithmis the effect of parameter values
on the result separately. There are three concepts: first
is electron which represents each parameter value that
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has an effect on the solution, second is atoms which
consist of electrons and indicate candidate solutions
and third is atom set which consists of atoms and is
determined according to the size of the problem. A3
uses two basic operators: covalent bond and ionic bond
[20].

Pseudo code for covalent bond operator is as follow:

i<1,2,...,Bn I1'i<Bn
If E[A[T] is better than E[A[]]
Copy value of Allll to A[i]
Else
Copy value of A[i] to A[i]

Pseudo code for ionic bond operator is as follow:

lonic bond (AtomSet, m, n, B)
j €1, ...m // m: number of atoms
i € Bn+1,..n// B: Covalent rate
/I n: Number of electrons

Alil €L +n*(U-L)
/Il A [i] € AtomSet

J
/I n : arandomm number generated between (0-1)
/'U. - upper bound for i" attribute
/'L, - lower bound for i" attribute

Create the atom set with random values
in permutation form

Calculate objective function values and
electron effect values

‘ Sort atom by objective function values ‘

< Toraton numbei7—No-»{_Finish |

YES

Apply the ionic bond operator
¥

‘ Calculate electron effect values ‘

v

Apply the covalent bond operator

¥

Calculate objective function values

¥

=i+l M Sort atoms by objective function values

Figure 1. The Algorithm Steps of A® Source: [14]
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Elimination-based Fruitfly Optimization Algorithm
(EFOA)

In 2011, Fruit fly algorithm as a approximate algorithm
is introduced by Wen Tsao Pan and originated from
foraging behavior of fruit flies which have a keen
vision and smell to find food quickly by following the
odor concentration in the air. This algorithm has a
simple structure and easily understood [21]. Because

X,=cxX,+(-c)x X,
Y=cxY +(-c)xY,

est

est

Where (X, V,.) indicates the current optimal
individual and c is a random number from zero to one.
After getting this, then calculate the odor concentration
value smell:

its simple structure then it can easily fall into the local
optimum and produces low optimization precision.
Then Huang, L., et al proposed improved fruit fly 1

. r e ; S =—
algorithm that eliminates some individuals — weak fruit P x24+y?
flies and some new individuals are generated in fruit fly o
foraging process, and this proposed algorithm is called Smell = F(S,)
Elimination based Fruit Fly Optimization Algorithm— Smell,,., = max(Smell)

EFOA. In EFOA algorithm, the vision search algorithm is
enhanced as follow:

The proposed algorithm is following:

‘ Initialize group size; max iteration times; the originial location of group

o

‘ Calculate odor concentration decision value ‘

v

‘ Calculate odor concentration value (fitness function value) smell ‘

Smell > smellpe

‘ Visual location: the other fruit files fly to the optimum one ‘

v

‘ Recalculate odor concentration value (fitness function value) smell ‘

Smell > smellpe

Eliminate the weak fruit flies and generate the new ones ‘

urrent iteration no. t <
max iterations?

Figure 2. The Algorithm Steps of EFOA Source: [15]

Randomly search according to smell ‘

Smellyes; = smell ‘

Smellyes; = smell ‘
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3. RESEARCH FRAMEWORK - COMPARATIVE
STUDY EXACT AND APPROXIMATE
METHODS

In this research, we use 56 locations include
coordinates and distance between two locations for
both exact and approximate methods and software
MATLAB R2015a and LINGO 18.0, Intel Core i5 7200 U
CPU 2.5 GHz, 32 bit ACPI x64 based PC will be used
to calculate the total distance and total processing
time. MATLAB as a powerful software package is used
for Approximate method — A® and EFOA algorithm and
LINGO as a comprehensive tool for building and solving
mathematical optimization more easier and more
efficientwhichis used for Exact method — B&B algorithm
in this study. This software is similar to CPLEX. These

DOI: https://doi.org/10.21501/21454086.3804

results will be compared and the deviation between
two methods is calculated. From this, we will know
how large the gap is and which approximate method is
closer to exact one. LINGO software is available on the
LINDO system website [22].

4. RESULTS

B&B algorithm as an exact method produces 270 in
distance in 1,088,494.17 seconds. On the other hand,
approximate methods, A3 produces 288.38 in distance
in average time 35.34 seconds, and EFOA produces 270
in distance in average time 36.59 seconds.

Collect data:
- coordinates of locations
- distance between locations

v

Exact Method - optimal
solution:

Branch & Bound (B&B)
Algorithm

v

Approx. Method — near opt.solution:
- Artificial Atom Algorithm (A3)
- Elimination-based Fruitfly
Optimization Algorithm (EFOA)

v

- Calculate total distance
- Calculate total processing time

v

Calculate and compare deviation for
distance and processing time between
exact and approximate method

v

Mapping the advantages and
disadvantages

v

Conclusion

Figure 3. Research Framework
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Here are the results:

Figure 4. B&B Algorithm for 56 destinations by Lingo18.0

Figure 5. A3 algorithm for 56 destinations by Matlab
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Figure 6. EFOA algorithm for 56 destinations by Matlab
The following table 1 shows the results:

Table 1. The Result of Algorithm for 56 destinations

1 B&B Exact 270 270 0 1,088,494.17
2 A3 Approximate 270 288.38 6.81 35.34
3 EFOA Approximate 270 270 0 36.59

Note: BKS is Best Known Solution

These algorithms is also tested on tsplib_
bays29 (29 cities in Bavaria, street distances
(Groetschel,Juenger,Reinelt), the result is:
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Figure 7. B&B algorithm for tsplib_bays29

Figure 8. EFOA algorithm for tsplib_bays29
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Figure 9. A3 algorithm for tsplib_bays29

Table 2. The Result of Algorithm for 29 cities (tsplib_bays29.tsp)

1 B&B Exact 9,489 9,489 0 5.65
2 A3 Approximate 9,489 10,689 12.65 11.99
3 EFOA Approximate 9,489 10,135 6.81 4155

From this case study fo 56 destinations and tsplib_
bays29, the results show EFOA algorithm produces
better total distance than A3 algorithm with deviation
0% and 6.81% from exact algorithm, but for A3 algorithm
deviates 6.81% and 12.65% from exact algorithm. Time
comparison is also produced and compared by these
three methods, B&B spent million seconds which equals
to twelve days, but for appoximate methods produced
only around thirty seconds for 56 destinations, but in
less destinations, exact algorithms — B&B algorithm
seems faster than approximate method.

5. DISCUSSION

One need to consider using exact method - B&B
algorithm in solving traveling salesman problem, it
is because the B&B method only suitable for solving
less than 60 locations (Mataija, M., et al: 2016, p.261).

To overcome this obstacle of B&B method, one
may consider to use approximate method, such as
EFOA and A3, but for the number of locations is less
than 30 points, exact method is more powerful than
approximate method.

6. CONCLUSIONS

The results of searching the shortest distance for
56 locations, exact method — B&B algorithm is 270,
and approximate method — EFOA algorithm has the
same result with exact method, 270 in distance,
another approximate method - A3 algorithm is
288.38 in distance, only deviates around 6.81% from
exact method. From processing time aspect, both
approximate method produce around 35 seconds and
exact method in 12.5 days. But for tsplib_bays29, where
the number of locations is less than 30, exact method is
powerful than approximate method

Lampsakos | N° 25 | enero-junio | 2021



Comparative Solutions of Exact and Approximate Methods for Traveling Salesman Problem
Soluciones comparativas de métodos exactos y aproximados para el problema de los vendedores ambulantes

DOI: https://doi.org/10.21501/21454086.3804

ACKNOWLEDGEMENTS

Funding: This research was supported by Universitas
Mercu Buana, Department of Industrial Engineering.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest
regarding the publication of this article.

7. REFERENCES

1]

[2].

[3].

[4].

[5].

M. Gierszewski, and A. Kozlak, “The Impact of
Congestion on The Cost of Public Transport in
Starogard Gdanski’, Transport Economics and
Logistics, vol. 84, pp. 7-18, 2019. https:/doi.
0rg/10.26881/etil.2019.84.01

L. Kavka, I. Dockalikova, Z. Cujan, and G. Fe-
dorko, “Technological and Economic Analysis
in Interior Parts Manufacturing”, Advances in
Science and Technology Research Journal,
vol. 14, no. 3, pp. 204-212, 2020. https:/doi.
0rg/10.12913/22998624/122062

F. Jorgensen, and J. Preston, “The Relationship
between Fare and Travel Distance”, Journal of
Transport Economics and Policy, vol. 41, no. 3,
pp. 451-468, 2007.

P. Rietveld, B. Zwart, B. van Wee, and T. van den
Horn, “On the Relationship between Travel Time
and Travel Distance of Commuters”, European
Congress of the Regional Science Association.
Zurich, 2016.

J. D. Little, K. G. Murty, and D. W. Sweeney, “An
Algorithm for the Traveling Salesman Problem”,
Operations Research vol. 11, no. 6, pp. 972-989,
1963. https://doi.org/10.1287/opre.11.6.972

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

S. Saud, H. Kodaz, and I. Babaoglu, “Solving the
Traveling Salesman Problem Using Optimization
Algorithms”, IAIT Conference Proceddings. The
9th International Conference on Advances in In-
formation Technology, vol. 2017, pp. 17-32.

|. Droste, “Algorithms for the Traveling Salesman
Problem”, Thesis, Universiteit Utrecht. Facuteit
Betawetenschappen. Netherland, 2017.

Chandra, A., Setiawan, B.,'Optimizing the Distri-
bution Routes Using Vehicle Routing Problem
(VRP) Method,” Jurnal Manajemen Transporta-
si dan Logistik Vol.05 no.2, 2018. Available at:
http://ejournal.stmt-trisakti.ac.id/index.php/jm-
translog.

V. Dimitrijevic, and Z. Saric, “An Efficient Trans-
formation of The Generalized Traveling Sales-
man Problem into The Traveling Salesman Prob-
lem on Diagraphs,’ Information Sciences, vol.
102, Issues 1-4, pp. 105-110, 1997. https://doi.
org/10.1016/S0020-0255(96)00084-9

P. Baniasadi, M. Foumani, K. Smith-Miles, and
V. Ejov, “A Transformation Technique for The
Clustered Generalized Traveling Salesman Prob-
lem with Applications to Logistics”, European
Journal of Operational Research, vol. 285, no.
2, pp. 444-457, 2020. https:/doi.org/10.1016/j.
€j0r.2020.01.053

E. G. Talbi, Metaheuristics;, From Design to Im-
plementation, New Jersey: John Wiley and Sons,
2009.

S. Bandaru, and K. Deb, “Metaheuristics Tech-
niques”, In: Sengupta, R.N., Gupta, A., Dutta, J.,
Decision Science: Theory and Practices”, CRM
Press, Taylor and Francis Group, 2016.

G. Zhukova, M. Ulyanov, and M. Fomichev, “Ex-
act Time Efficient Combined Algorithm for
Solving the Asymmetric Traveling Salesman

Lampsakos | N° 25 |enero-junio | 2021



http://ejournal.stmt-trisakti.ac.id/index.php/jmtranslog
http://ejournal.stmt-trisakti.ac.id/index.php/jmtranslog

Agung Chandra, Christine Natalia, Aulia Naro

[14].

[15].

[16].

[17].

Problem”. Business Informatics, vol. 3, no. 45,
pp. 20-28, 2018. https://doi.org/10.17323/1998-
0663.2018.3.20.28

A. E. Yildirim, and A. Karci, “Application of Travel-
ing Salesman Problem for 81 Provinces in Turkey
Using Artificial Atom Algorithm”, 7th Internation-
al Conference on Advanced Technologies, 2018.

L. Huang, G. C. Wang, T. Bai, and Z. Wang, “An Im-
proved Fruit Fly Optimization Algorithm for Solv-
ing the Traveling Salesman Problem”, Frontiers
of Information Technology and Electronic Engi-
neering, vol. 18, pp. 1525-1533, 2017. https://
doi.org/10.1631/FITEE.1601364

G. Dukic, V. Cesnik, and T. Opetuk, “Order Picking
Methods and Technologies for Greener Ware-
housing” Strojarstvo, vol. 52, no. 1, pp. 23-31,
2010.

A. Chandra, and B. Setiawan, “Minimasi Jalur
Distribusi di PT. XYZ dengan Metode Improved
Cluster First Route Second”’, Jurnal Metris, vol.
20, pp. 11-16, 2019, Available: http:/ojs.atma-
jaya.ac.id/index.php/metris/article/view/1449

[18].

[19].

[20].

[21].

[22].

DOI: https://doi.org/10.21501/21454086.3804

E. Balas, and P. Toth, “Branch and Bound Meth-
ods fo the Traveling Salesman Problem”, Man-
agement Science Research Report no. MSRR
488, 1983.

M. Mataija, M. R. Segic, and F. Jozic, “Solving the
Traveling Salesman Problem Using the Branch
and Bound Method", Zbomik Veleucilista u Rjeci,
vol.4, no.1, pp. 259-270, 2016.

A. E. Yilidirim, and A. Karci, “Application of Ar-
tificial Atom Algorithm to Small Scale Traveling
Salesman Problem”, Journal of Soft Comput-
ing, vol. 22, pp. 7619-7631, 2017. https:/doi.
org/10.1007/s00500-017-2735-z

H. Iscan, and M. Gunduz, “Parameter Analysis
on Fruit Fly Optimization Algorithm”, Journal
of Computer and Communications, vol. 2, no.
4, pp. 137-141, 2014. https://doi.org/10.4236/
jcc.2014.24018

E. Duka, “Traveling Salesman Problem Solved
by Branch and Bound Algorithm in Lindo Pro-
gramming”,  2018.https:/dx.doi.org/10.2139/
ssrn.3152830

Lampsakos | N° 25 | enero-junio | 2021


https://dx.doi.org/10.2139/ssrn.3152830
https://dx.doi.org/10.2139/ssrn.3152830

	_GoBack
	_Hlk71562053
	_Hlk51780642
	_Hlk51606817
	_Hlk74131665
	_Hlk74142687
	_Hlk71663869
	_Hlk71663888
	_Hlk71663901
	PointTmp
	_Hlk71632258

	Botón 10210: 
	Página 1: 

	Botón 10211: 
	Página 1: 

	Botón 10174: 
	Página 2: 
	Página 4: 
	Página 6: 
	Página 8: 
	Página 10: 
	Página 12: 

	Botón 10175: 
	Página 2: 
	Página 4: 
	Página 6: 
	Página 8: 
	Página 10: 
	Página 12: 

	Botón 10170: 
	Página 3: 
	Página 5: 
	Página 7: 
	Página 9: 
	Página 11: 

	Botón 10171: 
	Página 3: 
	Página 5: 
	Página 7: 
	Página 9: 
	Página 11: 



