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The aim of this research is to minimize the travel time costs for transport cars starting 
from the warehouse in the sub-district, and delivering rice to 6 sub-districts in 
Pekanbaru only once and the transport car returning to the warehouse location. 
Minimizing travel time costs is carried out using the Hungarian method and the Branch 
and Bound method to solve the traveling salesman problem in interval numbers. The 
traveling salesman problem has interval costs because it depends on several obstacles 
experienced by the salesman, for example travel traffic constraints, transportation 
conditions, weather, and other costs. Then convert the interval numbers into 
trapezoidal fuzzy numbers using the fuzzification method. The results of the analysis 
show that using the Hungarian method and the Branch and Bound method to solve the 
traveling salesman problem at interval numbers can provide an optimal travel route for 
visiting 6 sub-districts in Pekanbaru using rice transport cars. This optimal route is 
expected to minimize costs and also save transportation time in rice distribution 
activities to the 6 sub-districts. 
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1. Introduction 
 

Travelling salesman problem are widely applied in everyday life, for example, the efficiency of 
goods delivery, food delivery service, transportation problem, etc. The travelling salesman aims to 
find the shortest route or minimum distance carried out by a salesman in going around all cities 
exactly once returning to the city of origin [12,22]. In the travelling salesman problem, given a route 
𝑛 cities, the salesman wants to visit all citiesexactly once and return to the initial city at the cost of 
the distance or travel time between each city, which is assumed to be a number of intervals because 
it depends on traffic conditions, weather, cargo, etc [17]. In this study the type of interval used a 
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closed interval. To place a number in a closed interval is the same as limiting it to a lower bound and 
an upper bound [13,19]. 

Kumar and Gupta [10], conducted a study of several fuzzy assignment problems and fuzzy 
traveling salesman problems that could not be solved using the fuzzy ranking method. In the study, 
two new methods are proposed to solve the fuzzy assignment problem and the fuzzy traveling 
salesman problem, which can be used to solve problems that cannot be solved using the fuzzy ranking 
method. The two proposed methods show that they are easy to understand and apply to find optimal 
solutions to fuzzy assignment problems and fuzzy traveling salesman problems that occur in everyday 
life [4]. Dhanasekar et al., [5] has improved the Hungarian method for solving fuzzy assignment 
problems. This improved Hungarian method can be used to solve fuzzy assignment problems, when 
the minimum number of lines crossing the fuzzy zero is not the same as the order of the fuzzy cost 
matrix. They say that improved methods can be used to obtain optimal solutions with less 
computational work. Apart from that, this method can also be used to search for Hamiltonian series 
with minimum fuzzy costs in the fuzzy traveling salesman problem. [18] Conducted a study on the 
full interval assignment problem solving procedure (FIAP), the weighted Hungarian method. In the 
study, the weighted method, FIAP is broken down into an Interval Assignment Problem, which is 
solved using existing methods and using the optimal solution, so that the optimal interval assignment 
solution for FIAP is obtained. In fact, the assignment problem can be solved as an ordinary 
transportation problem or as a linear programming problem, but the uniqueness of its structure can 
be exploited, resulting in a special-purpose algorithm, the so-called Hungarian method. 

Based on several previous research studies, although it can be used to solve the traveling 
salesman problem, there are still problems that need to be developed in this research. In this 
research, the Hungarian method and branch and bound method for solving traveling salesman 
problems in interval numbers are used to solve rice distribution. Based on the study, economic 
activities in Pekanbaru City need to be optimized because they play a large role in the Riau Province 
region. For this reason, it needs to be optimized because by optimizing this part of the economy, 
other sectors will also have a good impact. One economic component that can be optimized is rice 
distribution activities. Distribution must be carried out optimally, namely when all regions receive a 
supply of rice according to demand with minimum operating costs. To minimize operating costs, you 
can optimize the transportation section because most distribution activities are related to 
transportation. Finding a route that has the optimal (shortest) distance in visiting each sub-district 
exactly once and returning to the sub-district that was the start of the journey is analogous to a 
problem known as the Traveling Salesman Problem (TSP). Among the approaches that can be used is 
the Hungarian Branch and Bound method. Using an approach with the Hungarian method and branch 
and bound method for solving traveling salesman problems in interval numbers, it is hoped that it 
can provide an optimal travel route for visiting 6 sub-districts in Pekanbaru using a carrier car. This 
optimal route can certainly reduce costs and also save transportation time in optimized distribution 
activities. Rice distribution activities are also optimized, the economic sector also gets a positive 
impact. 

 
2. Fuzzification Process 
 

Assuming two intervals 𝑋 = [𝑋, 𝑋]	and 𝑌 = [𝑌, 𝑌], the arithmetic operations on the intervals are 
as follow [20,24]: 

 
i. Addition :	𝑋 + 𝑌 = [𝑋 + 𝑌	, 𝑋 + 𝑌	] , 

ii. Subtraction :	𝑋 − 𝑌 = [𝑋 − 𝑌	, 𝑋 − 𝑌	] , 
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iii. Multiplication :	𝑋. 𝑌 = [min𝑋𝑌 , 𝑋𝑌	, 𝑋𝑌	, 𝑋𝑌	, max𝑋𝑌 , 𝑋𝑌	, 𝑋𝑌	, 𝑋𝑌]. 
 

Then fuzzification is the process of changing a crisp set into a fuzzy set [16,27]. To fuzzify a given 
interval cost into a trapezoidal fuzzy number, the trisectional approach fuzzification method can be 
used. Assume interval cost [𝐿, 𝐻]. The trisectional approach fuzzification method of interval cost is a 
follow [2,6,30]: 
 
𝑑 = ("#$)

&
                (1) 

 
Assume 𝐴6 = (𝑎, 𝑏, 𝑐, 𝑑)  is a trapezoidal fuzzy number. Given the following 𝛼-cut: (𝛼'$ 	, 𝛼'() =

[(𝑏 − 𝑎)𝛼 + 𝑎		, 𝑑 − (𝑑 − 𝑐)𝛼], which 𝛼 ∈ [0,1]. In the decision making process, the ordering of 
fuzzy number is very important. Robus’t ranking method is given to determine the rank of trapezoidal 
fuzzy number. Robus’t ranking method is transforming trapezoidal fuzzy number into crisp number. 
If 𝐴6 = (𝑎, 𝑏, 𝑐, 𝑑) is a trapezoidal fuzzy number, then the Robus’t ranking is as follow [1,23,28]: 
 
𝑅A𝐴6B = ∫ (0.5)(𝛼'$ 	, 𝛼'()𝑑𝛼

)
*              (2) 

 
where (𝛼'$ 	, 𝛼'() is the 𝛼-cut of the trapezoidal fuzzy number. In the case of trapezoidal fuzzy number, 
the Robus’t ranking becomes as follow [1,26,31]: 
 
𝑅A𝐴6B = (+,-,.,/)

0
.													             (3) 

 
After becoming a crisp number through the ranking method. The travelling salesman problem 

can be solved using the Hungarian method and the branch and bound method. 
 

3. Research Methods 
 
In the following subchapter discuss about Hungarian Method, Branch and bound Method and 

travelling salesman problem. 
 

3.1. Hungarian Method 
 
The Hungarian method can solve the travelling salesman problem. The Hungarian method is a 

method modifies the rows and columns of the cost matrix so that a single zero component appears 
in each row or column to be selected as an allocation in the travelling salesman problem. Assume 
that 𝑍 is 𝑛 × 𝑛 matrix.  The Hungarian method algorithm for the travelling salesman problem is as 
following steps [3,9]: 

 
1) Fore each row of the matrix 𝑍, find the smallest element and substract it from every element 

in its row. 
2) Do the same (step 1) for all columns. 
3) Cover all zeros in the matrix using minimum number of horizontal and vertical lines. 
4) If the minimum number of covering lines is 𝑛, an optimal assignment is possible and finished. 

Else if line are lesser than 𝑛, haven’t found the optimal assignment, and must proceed to step 
5 
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5) Determine the smallest element not covered by any line. Substract this element from each 
uncovered row, and then add it to each covered column. Return to step 3. 

 
3.2 Branch and Bound Method 

 
Skeleton branch and bound work is a fundamental and widely used methodology for production 

solutions of optimization problems [15]. The branch and bound method used a search strategy tree 
to enumerate all possible solutions to a given problem salesman. The branch and bound method is 
an algorithm that divide the problem into two smaller problem subsets by doing branch and bound 
to produce the optimal solution. The branching process is carried out to build a tree branch towards 
a solution, the limiting process is carried out by calculating the cost of the nodes taking into account 
the bound [12]. Branch and bound method algorithm for travelling salesman problem are as follows 
[21,25]: 

 
1) Identify the problem in the form of a travelling salesman matrix. 
2) Reducing row. Determine the smallest cost of each row, then measure the smallest cost 

sequences in each row. 
3) Reducing the column. Determine the smallest cost of each column, then subtract the smallest 

cost in each column. 
4) Add up all smallest cost of each row and column so that resulting in a root node bound cost 

𝐶6(𝛾). 
5) Determine root node and branch node to perform branching only. Change the root, branch, 

and 𝐶6(1, 𝑗) node to infinity (∞). 
6) Re-do row reduction and column reduction up to each rows and columns have 0 element. 
7) To calculate the limit cost, you can use the formula on the ratio of the (4) 
8) Repeat step 5 for aech expanded node have a limit cost. 
9) Draw a branch tree and its limit costs. Then charge the minimum found on the branch is used 

as the rood node 𝐶6(𝛾) to do the next branching. 
10)  Do it by repeating step 5 until the toot node is only has one branch.  
The formula for calculating limit cost is as follow: 

 
𝐶6(𝑆) = 𝐶6(𝛾) + 𝐶6(𝑖, 𝑗) + ∑𝑟                           (4) 

 
𝐶6(𝑆) = minimum travel cost for node 𝑆 in the tree. 
𝐶6(𝛾) = minimum travel cost through node 𝛾. 𝛾 is a node root of 𝑆. 
𝐶6(𝑖, 𝑗)= side cost (𝑖, 𝑗). 
∑𝑟 = sum of all reduction in the row and column reductiom process for node 𝑆. 

 
3.3 Travelling Salesman Problem 

	
The travelling salesman problem was first introduced by Irish Mathematician W.R. Hamilton 

[7,21]. The Traveling Salesman Problem has long history since 18th century [23]. The travelling 
salesman is a classic optimization problem combinatorial [4,29]. The travelling salesman problem is 
the problem of optimizing and finding trips with the shortest route, from a number of cities that must 
be passes by the salesman. Each city may only be passed once in its journey, and the journey must 
end at the city of departure, with the distance between each city being known. To solve problem of 
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travelling salesman must pay attention to several basic aspects, namely the number of cities to be 
passed, travel routes, and must pay attention to the distance between cities to be visited [8,11]. 

Next is the mathematical formulation for the travelling salesman problem can be written in the 
form sigma as follows [14,16]: 
 

min 𝑧 =&&𝑐!"𝑥!"

#

"$%

#

!$%

 

 
subject to, 
 

&𝑥!"

#

"$%

= 1,											𝑖 = 1,2, … , 𝑛,&𝑥!"

#

!$%

= 1,										𝑗 = 1,2, … , 𝑛, 𝑥!" + 𝑥"! ≤ 1,			1 ≤ 𝑖 ≠ 𝑗

≤ 𝑛, 𝑥!" + 𝑥"& + 𝑥&! ≤ 1,			1 ≤ 𝑖 ≠ 𝑗 ≠ 𝑘 ≤ 𝑛, ⋮ 𝑥!'% + 𝑥'%'( + 𝑥'(') +⋯+ 𝑥'!"#$
≤ (𝑛 − 2),			1 ≤ 𝑖 ≠ 𝑝1… ≠ 𝑝#*( ≠ 𝑘 ≤ 𝑛, 
𝒙𝒊𝒋 = 𝟏atau𝒙𝒊𝒋 

 
 
 
 
 
 
    (5) 

 
Research method contains explanations in the form of paragraphs about the research design or 

descriptions of the experimental settings, data sources, data collection techniques, and data analysis 
conducted by the researcher. This guide will explain writing headings. If your headers exceed one, 
use the second level of headings as below. 

 
4. Results  

 
In this section, we look for the optimal solution to the traveling salesman problem in the PT 

problem. Koto Independent. PT. Koto Mandiri is a rice warehouse located in Tampan District. The rice 
will be sent (distributed) to 6 sub-districts in Pekanbaru using transport vehicles. This distribution has 
distribution cost constraints in sending rice to 6 sub-districts in Pekanbaru. Decisions regarding rice 
delivery routes to 6 sub-districts in Pekanbaru have not yet optimized distribution costs. These 
distribution costs can be minimized by planning distribution appropriately so that the distribution 
costs incurred are optimal. This obstacle can be seen as a traveling salesman problem, so the 
Hungarian method and Branch and Bound Method can be used to find the best solution for 
distributing rice from warehouses to the 6 sub-districts in Pekanbaru at the lowest cost.  

Therefore, the aim of the traveling salesman problem in this case is to minimize the travel time 
costs for the transport car starting from the warehouse in the sub-district and delivering rice to 6 
sub-districts in Pekanbaru only once and the transport car returns to the location (warehouse). The 
estimated cost of leaving the transport vehicle is not the same as the cost of returning to the 
warehouse because it depends on road conditions, cargo, weather, etc. Therefore, travel time is a 
number that lies in an interval, so it is necessary to convert the interval number into a trapezoidal 
fuzzy number using the fuzzification method. There is a method for solving the traveling salesman 
problem based on interval data, where the traveling salesman problem is converted into a fuzzy 
trapezoidal transportation problem with trisectional fuzzification then by using the proposed ranking 
technique based on the in-center concept of the triangle, crisp values are obtained so that initial and 
optimal solutions can be determined. traveling salesman problem. The following is an estimate of 
the transport car's journey time interval in minutes. 
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𝐴 : Sub-district Tampan 
𝐵 : Sub-district Rumbai 
𝐶 : Sub-district Kulim 
𝐷 : Sub-district Sukajadi 
𝐸 : Sub-district Tenayan Raya 
𝐹: Sub-district Marpoyan Damai 
𝐺 : Sub-district Senapelan 
 
Table 1 shows the estimation of the travel time interval for every sub-district from A to G. 
 

Table 1 
Estimate of the Travel Time Interval 
 A B C D E F G 
A ∞ [40,43] [48,54] [23,26] [36,42] [20,23] [27,30] 
B [42,45] ∞ [35,41] [17,23] [35,38] [24,30] [19,22] 
C [46,52] [26,32] ∞ [35,38] [27,33] [28,31] [34,37] 
D [25,31] [25,28] [29,32] ∞ [19,22] [17,20] [6,9] 
E [35,41] [40,46] [15,18] [20,23] ∞ [16,19] [21,24] 
F [26,32] [24,27] [30,33] [15,21] [15,18] ∞ [17,20] 
G [21,24] [15,21] [35,38] [9,12] [22,25] [13,19] ∞ 

 
Then use the fuzzification method in Eq (1). The results of the fuzzification method are shown in 

Table 2 as follows. 
 

Table 2 
Fuzzification Method 

 A B C D E F G 
A ∞ (40,41,42,43) (48,50,52,54) (23,24,25,26) (36,38,40,42) (20,21,22,23) (27,28,29,30) 
B (42,43,44,45) ∞ (35,37,39,41) (17,19,21,23) (35,36,37,38) (24,26,28,30) (19,20,21,22) 
C (46,48,50,52) (26,28,30,32) ∞ (35,36,37,38) (27,29,31,33) (28,29,30,31) (34,35,36,37) 
D (25,27,29,31) (25,26,27,28) (29,30,31,32) ∞ (19,20,21,22) (17,18,19,20) (6,7,8,9) 
E (35,37,39,41) (40,42,44,46) (15,16,17,18) (20,21,22,23) ∞ (16,17,18,19) (21,22,23,24) 
F (26,28,30,32) (24,25,26,27) (30,31,32,33) (15,17,19,21) (15,16,17,18) ∞ (17,18,19,20) 
G (21,22,23,24) (15,17,19,21) (35,36,37,38) (9,10, 11,12) (22,23,24,25) (13,15,17,19) ∞ 

 
Then use Robus’t ranking to convert fuzzy number to crisp number as in Eq. (3). The cost 

estimation results using Robus't ranking are shown in Table 3 as follows. 
 

Table 3 
Estimate Cost 

 A B C D E F G 
A ∞ 41.2 51 24.5 39 21.5 28.5 
B 43.5 ∞ 38 20 36.5 27 20.5 
C 49 29 ∞ 36.5 30 29.5 35.5 
D 28 26.5 30.5 ∞ 20.5 18.5 7.5 
E 38 43 16.5 21.5 ∞ 17.5 22.5 
F 29 25.5 31.5 18 16.5 ∞ 18.5 
G 22.5 18 36.5 10.5 23.5 16 ∞ 

 
Use Table 3 to solve the travelling salesman problem using the Hungarian method. The result of 

the Hungarian method are obtained in Table 4 as follows. 
 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 48, Issue 2 (2025) 78-91 

84 
 

 
Table 4 
The Optimal Solution for the Hungarian Method 

 A B C D E F G 
A ∞ 20 29.5 3 17.5 0* 7 
B 11.5 ∞ 18 0* 16.5 7 0.5 
C 8 0* ∞ 7.5 1 0.5 6.5 
D 8.5 19 23 ∞ 13 11 0* 
E 9.5 26.5 0* 5 ∞ 1 6 
F 0.5 9 15 1.5 0* ∞ 2 
G 0* 7.5 26 0 13 5.5 ∞ 

 
The optimal route solution use the Hungarian method for carrier cars : 

 
= [27,30] 	+	 [15,18] 	+	 [15,18] 	+	 [26,32] 	+	 [26,32] 	+	 [17,23] 	+	 [6,9] 	+	 [21,24] 
= [27 + 15 + 15 + 26 + 26 + 17 + 6 + 21		, 30 + 18 + 18 + 32 + 32 + 23 + 9 + 24]

= [153,186]	. 

 
    (6) 

 
Based on the optimal solution for determining the route using the Hungarian method, the 

minimum total travel time taken by the transport car in the case of minimizing the problem of 
travelling salesman  delivering rice in Table 4 is [153,186] minute.  

Use Table 3 to solve the travelling salesman problem using the branch and bound method. The 
first is to calculate the original root node, namely by reducing the rows and columns of the cost matrix 
so that each row or column has a zero component. Obtained for the root node : 

 
𝐶6(𝐴) = 	[𝑟 = 21.5 + 20 + 29 + 7.5 + 16.5 + 16.5 + 10.5 + 12 = 133.5     (7) 

 
i. Branch out from Sub-district 𝐴 to 𝐵 in Table 4. Change (𝐴, 𝐵) and 𝐵)) as ∞, obtained: 

 
𝐶6(𝐵) = 𝐶6(𝐴) + 𝐶6(𝐴, 𝐵) + ∑𝑟 = 133.5 + 20 + 0.5 = 154 .     (8) 
  

ii. Branch out from Sub-district 𝐴 to 𝐶 in Table 4. Change (𝐴, 𝐶) and 𝐶)) as ∞, obtained: 
 

𝐶6(𝐶) = 𝐶6(𝐴) + 𝐶6(𝐴, 𝐶) + ∑𝑟 = 133.5 + 29.5 + 1 = 164 .     (9) 
 

iii. Branch out from Sub-district 𝐴 to 𝐷 in Table 4. Change (𝐴, 𝐷) and 𝐷)) as ∞, obtained: 
 

𝐶6(𝐷) = 𝐶6(𝐴) + 𝐶6(𝐴, 𝐷) + ∑𝑟 = 133.5 + 3 + (0.5 + 0.5) = 137.5 .   (10) 
 

iv. Branch out from Sub-district 𝐴 to 𝐸 in Table 4. Change (𝐴, 𝐸) and 𝐸)) as ∞, obtained: 
 

𝐶6(𝐸) = 𝐶6(𝐴) + 𝐶6(𝐴, 𝐸) + ∑ 𝑟 = 133.5 + 17.5 + (0.5 + 0.5) = 152 .   (11) 
 

v. Branch out from Sub-district 𝐴 to 𝐹 in Table 4. Change (𝐴, 𝐹) and 𝐹)) as ∞, obtained: 
 

𝐶6(𝐹) = 𝐶6(𝐴) + 𝐶6(𝐴, 𝐹) + ∑𝑟 = 133.5 + 0 + 0 = 133.5 .   (12) 
 

vi. Branch out from Sub-district 𝐴 to 𝐺 in Table 4. Change (𝐴, 𝐺) and 𝐺)) as ∞, obtained: 
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𝐶6(𝐺) = 𝐶6(𝐴) + 𝐶6(𝐴, 𝐺) + ∑ 𝑟 = 133.5 + 7 + (8.5 + 0.5) = 149.5 .   (13) 
 

Can be seen that the total cost is the limit the minimum problem for travelling salesman is from 
Sub-district 𝐴 to 𝐹, obtained Table 5. 

 
Table 5 
Branch out from Sub-district 𝐴 to 𝐹 
 A B C D E F G 
A ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
B 11.5 ∞ 18 0 16.5 ∞ 0.5 
C 8 0 ∞ 7.5 1 ∞ 6.5 
D 8.5 19 23 ∞ 13 ∞ 0 
E 9.5 26.5 0 5 ∞ ∞ 6 
F ∞ 9 15 1.5 0 ∞ 2 
G 0 7.5 26 0 13 ∞ ∞ 

 
Sub-district 𝐹 is set as the root node. Do it by repeat branch and bound. 
 

i. Branch out from Sub-district 𝐹 to 𝐵 in Table 5. Change (𝐹, 𝐵) and 𝐵)) as ∞, obtained: 
 

𝐶6(𝐵) = 𝐶6(𝐹) + 𝐶6(𝐹, 𝐵) + ∑𝑟 = 133.5 + 9 + 1 = 143,5 .   (14) 
 

ii. Branch out from Sub-district 𝐹 to 𝐶 in Table 5. Change (𝐹, 𝐶) and 𝐶)) as ∞, obtained: 
 

𝐶6(𝐶) = 𝐶6(𝐹) + 𝐶6(𝐹, 𝐶) + ∑𝑟 = 133.5 + 15 + (5 + 1) = 154.5 .   (15) 
 

iii. Branch out from Sub-district 𝐹 to 𝐷 in Table 5. Change (𝐹, 𝐷) and 𝐷)) as ∞, obtained: 
 

𝐶6(𝐷) = 𝐶6(𝐹) + 𝐶6(𝐹, 𝐷) + ∑𝑟 = 133.5 + 1.5 + (0.5 + 1) = 136.5 .   (16) 
 

iv. Branch out from Sub-district 𝐹 to 𝐸 in Table 5. Change (𝐹, 𝐸) and 𝐸)) as ∞, obtained: 
 

𝐶6(𝐸) = 𝐶6(𝐹) + 𝐶6(𝐹, 𝐸) + ∑𝑟 = 133.5 + 0 + 0 = 133.5 .   (17) 
 

v. Branch out from Sub-district 𝐹 to 𝐺 in Table 5. Change (𝐹, 𝐺) and 𝐺)) as ∞, obtained: 
 

𝐶6(𝐺) = 𝐶6(𝐹) + 𝐶6(𝐹, 𝐺) + ∑𝑟 = 133.5 + 2 + (8.5 + 1) = 145 .   (18) 
 
Can be seen that the total cost is the limit the minimum problem for travelling salesman is from 

Sub-district 𝐹 to 𝐸, obtained Table 6. 
 
 
 
 
 
 
 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 48, Issue 2 (2025) 78-91 

86 
 

Table 6 
Branch out from Sub-district 𝐹 to 𝐸 
 A B C D E F G 
A ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
B 11.5 ∞ 18 0 ∞ ∞ 0.5 
C 8 0 ∞ 7.5 ∞ ∞ 6.5 
D 8.5 19 23 ∞ ∞ ∞ 0 
E ∞ 26.5 0 5 ∞ ∞ 6 
F ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
G 0 7.5 26 0 ∞ ∞ ∞ 

 
Sub-district 𝐸 is set as the root node. Do it by repeat branch and bound. 
 

i. Branch out from Sub-district 𝐸 to 𝐵 in Table 6. Change (𝐸, 𝐵) and 𝐵)) as ∞, obtained: 
 

𝐶6(𝐵) = 𝐶6(𝐸) + 𝐶6(𝐸, 𝐵) + ∑ 𝑟 = 133.5 + 26.5 + (6.5 + 18) = 184,5 .   (19) 
 

ii. Branch out from Sub-district 𝐸 to 𝐶 in Table 6. Change (𝐸, 𝐶) and 𝐶)) as ∞, obtained: 
 

𝐶6(𝐶) = 𝐶6(𝐸) + 𝐶6(𝐸, 𝐶) + ∑𝑟 = 133.5 + 0 + 0 = 133.5 .    (20) 
 

iii. Branch out from Sub-district 𝐸 to 𝐷 in Table 6. Change (𝐸, 𝐷) and 𝐷)) as ∞, obtained: 
 

𝐶6(𝐷) = 𝐶6(𝐸) + 𝐶6(𝐸, 𝐷) + ∑𝑟 = 133.5 + 5 + (0.5 + 18) = 157 .   (21) 
 

iv. Branch out from Sub-district 𝐸 to 𝐺 in Table 6. Change (𝐸, 𝐺) and 𝐺)) as ∞, obtained: 
 

𝐶6(𝐺) = 𝐶6(𝐸) + 𝐶6(𝐸, 𝐺) + ∑ 𝑟 = 133.5 + 6 + (8.5 + 18) = 166 .   (22) 
 
Can be seen that the total cost is the limit the minimum problem for travelling salesman is from 

Sub-district 𝐸 to 𝐶, obtained Table 7. 
 

Table 7 
Branch out from Sub-district 𝐸 to 𝐶 
 A B C D E F G 
A ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
B 11.5 ∞ ∞ 0 ∞ ∞ 0.5 
C ∞ 0 ∞ 7.5 ∞ ∞ 6.5 
D 8.5 19 ∞ ∞ ∞ ∞ 0 
E ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
F ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
G 0 7.5 ∞ 0 ∞ ∞ ∞ 

 
Sub-district 𝐶 is set as the root node. Do it by repeat branch and bound. 
 
i. Branch out from Sub-district 𝐶 to 𝐵 in Table 7. Change (𝐶, 𝐵) and 𝐵)) as ∞, obtained: 
 

𝐶6(𝐵) = 𝐶6(𝐶) + 𝐶6(𝐶, 𝐵) + ∑𝑟 = 133.5 + 0 + 0 = 133,5 .   (23) 
 
ii. Branch out from Sub-district 𝐶 to 𝐷 in Table 7. Change (𝐶, 𝐷) and 𝐷)) as ∞, obtained: 
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𝐶6(𝐷) = 𝐶6(𝐶) + 𝐶6(𝐶, 𝐷) + ∑𝑟 = 133.5 + 7.5 + (0.5 + 7.5) = 149 .    (24) 
 
iii. Branch out from Sub-district 𝐶 to 𝐺 in Table 7. Change (𝐶, 𝐺) and 𝐺)) as ∞, obtained: 
 

𝐶6(𝐺) = 𝐶6(𝐶) + 𝐶6(𝐶, 𝐺) + ∑𝑟 = 133.5 + 6.5 + (8.5 + 7.5) = 156 .   (25) 
 
Can be seen that the total cost is the limit the minimum problem for travelling salesman is from 

Sub-district 𝐶 to 𝐵, obtained Table 8. 
 

Table 8 
Branch out from Sub-district 𝐶 to 𝐵 
 A B C D E F G 
A ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
B ∞ ∞ ∞ 0 ∞ ∞ 0.5 
C ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
D 8.5 ∞ ∞ ∞ ∞ ∞ 0 
E ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
F ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
G 0 ∞ ∞ 0 ∞ ∞ ∞ 

 
Sub-district 𝐵 is set as the root node. Do it by repeat branch and bound. 
 
iv. Branch out from Sub-district 𝐵 to 𝐷 in Table 8. Change (𝐵, 𝐷) and 𝐷)) as ∞, obtained: 
 

𝐶6(𝐷) = 𝐶6(𝐵) + 𝐶6(𝐵, 𝐷) + ∑𝑟 = 133.5 + 0 + 0 = 133,5 . (26) 
 
v. Branch out from Sub-district 𝐵 to 𝐺 in Table 8. Change (𝐵, 𝐺) and 𝐺)) as ∞, obtained: 
 

𝐶6(𝐺) = 𝐶6(𝐵) + 𝐶6(𝐵, 𝐺) + ∑ 𝑟 = 133.5 + 0.5 + 8.5 = 142.5 .  (27) 
 

Can be seen that the total cost is the limit the minimum problem for travelling salesman is from 
Sub-district 𝐵 to 𝐷, obtained Table 9. 

 
Table 9 
Branch out from Sub-district 𝐵 to 𝐷 
 A B C D E F G 
A ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
B ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
C ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
D ∞ ∞ ∞ ∞ ∞ ∞ 0 
E ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
F ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
G 0 ∞ ∞ ∞ ∞ ∞ ∞ 

 
Sub-district 𝐷 is set as the root node. Do it by repeat branch and bound. 
 
vi. Branch out from Sub-district 𝐷 to 𝐺 in Table 9. Change (𝐷, 𝐺) and 𝐺)) as ∞, obtained: 
 

𝐶6(𝐺) = 𝐶6(𝐷) + 𝐶6(𝐷, 𝐺) + ∑𝑟 = 133.5 + 0 + 0 = 133,5 . (28) 
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Can be seen that the total cost is the limit the minimum problem for travelling salesman is from 
Sub-district 𝐷 to 𝐺, obtained Table 10. 

 
Table 10 
Branch out from Sub-district 𝐷 to 𝐺 

 A B C D E F G 
A ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
B ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
C ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
D ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
E ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
F ∞ ∞ ∞ ∞ ∞ ∞ ∞ 
G ∞ ∞ ∞ ∞ ∞ ∞ ∞ 

 
Since it is no longer possible to form new nodes, then the optimal solution is obtained for the 

travelling salesman problem using branch and bound method is: 
 

= [27,30] 	+	 [15,18] 	+	 [15,18] 	+	 [26,32] 	+	 [26,32] 	+	 [17,23] 	+	 [6,9] 	+	 [21,24] 
= [27 + 15 + 15 + 26 + 26 + 17 + 6 + 21,30 + 18 + 18 + 32 + 32 + 23 + 9 + 24]

= [153,186]	. 

  (29) 

 
Hungarian method and branch and bound method both produce optimal solutions. The optimal 

solution based on both methods is shown in Table 11 as follows. 
 

Table 11 
Optimal Solution of Method 
Hungarian Method Branch and Bound Method 
𝐴 → 𝐹 → 𝐸 → 𝐶 → 𝐵 → 𝐷 → 𝐺 → 𝐴 𝐴 → 𝐹 → 𝐸 → 𝐶 → 𝐵 → 𝐷 → 𝐺 → 𝐴 
[153,186] [153,186] 

 
5. Discussion 

 
In this section, we discuss the comparison between the Hungarian method and the Branch and 

Bound method, especially with regard to solving the Traveling Salesman Problem in Rice Distribution 
in Riau Province. The Hungarian method can be used to solve the Asymmetric Traveling Salesman 
Problems (ATSP) problem. It is still possible to complete ATSP using the Hungarian method, if done 
manually with a number of cities less than 10. However, the Hungarian method has advantages and 
disadvantages. The Hungarian algorithm shows simpler calculations, because it uses a cost matrix, 
and calculation errors can be minimized. 

The Branch and Bound method is quite effective in solving the Traveling Salesman Problem (TSP). 
Where one of the steps will not expand and will kill the node which is unlikely to lead to a solution. 
This method is a fairly efficient algorithm for solving TSP. However, in solving this problem, the Branch 
and Bound method has a weakness, namely: this method still calculates possible solutions with real 
number variable types even though in the end this possible solution will not be considered. But this 
causes the computing time to increase. 

If you look at the performance comparison against TSPLIB instances, with a maximum data 
request of 10, the Branch and Bound method has the largest calculation time, and the Hungarian 
method has the smallest simulation time. However, as the data increases, the calculation time of the 
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Hungarian method remains stable with a small increase, and the calculation time of the Branch and 
Bound method experiences a considerable increase. 

The traveling salesman problem in this research is minimizing the travel time costs of the rice 
transporting car starting from the warehouse in the sub-district, and delivering rice to 6 sub-districts 
in Pekanbaru only once and the car transporting it back to the location. So with only less than 10 data 
requests, the traveling salesman problem is more suitable to be solved using the Hungarian method. 
 
6. Conclusions 
 

The travelling salesman problem relates to the journey of a salesman in finding the shortest route 
from the city of origin around the entire city exactly once and back to the city of origin. The travelling 
salesman problem has an interval cost because it depends on several constraints experienced by the 
salesman, for example constraint on traffic travel, transportation conditions, weather, and other 
costs. Then convert the interval numbers into trapezium fuzzy number with the fuzzification method. 
Futhermore, the travelling salesman problem can be solved by the Hungarian method and branch 
and bound method in finding the optimal solution. The travelling salesman problem with interval 
numbers can be solved using the Hungarian method and branch and bound method. Both methods 
give the same optimal route and the optimal solution which is also the same value. The optimal route 
is obtained 𝐴 → 𝐹 → 𝐸 → 𝐶 → 𝐵 → 𝐷 → 𝐺 → 𝐴 and the optimal solution is [153,186] in the form of 
interval numbers. 
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