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Optimization of delivery routes is one form of increasing business productivity to achieve the
company's main goal of distributing each product to customers. The Traveling Salesman
Problem (TSP) is a combinatorial optimization problem where a salesman goes on a
distribution journey that starts from the depot, then visits all customers exactly once, and
ends with returning to the depot. This study aims to optimize the distribution route of carton
products for packaging companies using the TSP model. The research methodology includes
observation, interviews, and document studies to understand the distribution process of
carton products at packaging companies. To complete the TSP model, Branch and Bound
(BB) and Nearest Neighbor (NN) methods are applied to find the best solution for determining
the distribution route of carton products. The way the BB method works is by utilizing branch
cuts and boundaries to reduce search space and speed up the resolution process. In the NN
method, the nearest point is chosen to get the shortest route distance. Research findings show
that the use of the BB method results in a mileage difference from the initial route of 125 km
(53% more efficient) and a fuel cost difference of 121,231 IDR (45% cheaper). Meanwhile,
the NN method results in a mileage difference from the initial route of 115 km (48.94%) and
a fuel cost difference of 109,901 IDR (41.27%). So, the method that produces the best solution
is the BB method. The limitations of this study lie in the scale of the model used and the
assumptions underlying the analysis. Future research can broaden the scope of the model
and consider other factors that may affect the distribution of carton products. The results of
this study contribute to improving the efficiency of carton product distribution.
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1. INTRODUCTION

One form of productivity in the company is delivery planning to achieve the desired target [1].
Manufacturing companies require good product distribution so that products can directly reach customers [2].
The performance of the distribution system plays an important role in serving customers because it must
ensure the mobility of products between different system nodes with high efficiency and speed [3].

Currently, the problem of determining the path in shipping activities is one of the important problems
in the industrial world to avoid delays in the delivery of goods [4]. In distribution activities, the timeliness of
delivery is the main indicator in the assessment of the quality of an enterprise. Distribution constraints are
influenced by several factors such as distance between customers and vehicle travel time which is one of the
factors that affect distribution operations [5]. Distribution activities based on the sender's intuition without
considering mileage can make distribution less than optimal. If the distribution route is not immediately
optimized, the company will continue to experience losses due to excessive costs incurred and will lose
customer trust.

Packaging companies are one of the manufacturing companies that focus on packaging and distribute
their packaging products to many places at the same time. Distance between far-flung destinations means
longer travel distances as well as higher transportation and distribution costs. If the company does not have
an optimal route, it will cause delays in the delivery of goods to consumers. This is a problem that needs to
be overcome because it can damage the company's reputation in the eyes of consumers.

To solve the problem of distribution routes, one of the problem models that can be used is the Traveling
Salesman Problem (TSP). TSP is concerned with the transportation aspect of having to go to several
companies to deliver products. Companies that have been visited are no longer skipped because they can only
be skipped once and returned to the original company. Product delivery companies can use the results of the
problem model Traveling Salesman Problem (TSP) to find the shortest route that can achieve the main goal
of minimizing the operational costs of distributing goods to customers [6].

In solving problem models Traveling Salesman Problem (TSP), two main methods can be applied,
namely the exact method and the heuristic method [7]. The exact method searches for the optimal solution
by evaluating all possible combinations of possible routes. One of the exact methods that is often used is
Branch and Bound, which takes advantage of branch cuts and restrictions to reduce search space and speed
up the completion process [8]. At the same time, the heuristic method is an approach that offers a fairly good
solution in a shorter time. One heuristic method that is often used in solving TSP is the neighbor Heuristic,
this method can solve the problem of the shipping path by choosing the closest point to the shortest delivery
path distance [9]. Both methods are used to determine distribution routes to minimize the total distance
traveled by vehicles to serve all consumers on the day of delivery.

Solving the method Traveling Salesman Problem has different optimal results. In previous research,
Karina explained that the Branch and Bound method provides more optimal results than before with a distance
of 35 Km [10]. While, based on research from Imam the Nearest Neighbor Heuristic method Provides optimal
results from the previous distribution route, which is a distance of 65 Km [11]. Based on the two previous
studies above, it can be seen that the optimal route obtained by different methods produces different optimal
distances. This is one of the considerations that must be considered when choosing the optimal route because
the less difference in travel distance will save the distance, time, and shipping costs.

Based on the problems discussed, this study will discuss the determination of the most optimal carton
product distribution route based on a comparison of the initial route used by the company, routes using the
Branch and Bound method, and routes using the Nearest Neighbor Heuristic method so that the closest
distance from the three methods is obtained which can save time and distribution costs. This study aims to
optimize the distribution of carton products from packaging companies by determining the most optimal
distribution route to minimize mileage and shipping costs.
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2. RESEARCH METHODS

2.1 Research Flowchart

The complete research step can be described through the flowchart in Figure 1.

Problem Identification

v

Goal Formulation

v

Literature & Field Study

v

Data Collecting:

1. Company Data

2. Customers Distance

3. Route and Distance Between
each Distribution Node
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Data Processing:
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Result Comparation
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Figure 1. Flowchart of Research

Based on the flowchart in Figure 1, the steps taken in the research include problem identification, goal
formulation, literature study, field study, data collection, data processing, analysis and discussion,
conclusions, and suggestions. The problem faced by packaging companies today is the problem of distribution
routes for shipping carton products to 15 customer locations. The 15 locations are converted into graph
concepts. Graphs are used to visualize the concept of the Traveling Salesman Problem so that it can be more
easily understood.

The data collection method carried out to obtain an overall picture of the problem in this study used
observation, interview, and document study methods. The observation stage is carried out by making direct
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observations and direct reviews related to the carton product distribution system in packaging companies.
This direct observation aims to be able to know and understand the distribution process of carton products.
Furthermore, the interview stage is carried out with a questions and answers process for the operations and
delivery manager at the packaging company. This interview aims to obtain data to be processed about the
problem to be studied. Then at the document study stage, it is carried out by studying and understanding
secondary data, namely data that has been obtained previously from packaging companies. This document
study aims to obtain data about the problem to be researched including company documents related to the
research focus. After all the research data has been obtained, the next step is to process the data, make an
analysis and discussion, and then draw conclusions.

2.2 Traveling Salesman Problem Model

Traveling Salesman Problem (TSP) is a model of transportation aspect problems because have to visit
several companies in sending a product. Companies that have been visited will not be skipped back because
they can only be skipped once and return to the original company [12]. The traveling Salesman Problem
(TSP) is represented using a graph shown in Figure 2.

Figure 2. Traveling Salesman Problem (TSP) Graph

Figure 2 shows that there are 4 cities, namely City A, City B, City C, and City D. So from the graph
above can be determined several trajectories using the Traveling Salesman Problem (TSP) problem model
with the condition that it successfully passes a point or city only once and returns to the departure city. The
Traveling Salesman Problem can be written in a mathematical model with the following equation:

The objective function is formulated by minimizing,

With limited constraints,
n
1x;=1  i=12,..,n (2)
"
lxi]-=1 j:1,2,...,n (3)
i
For decision variables,
x; €{0,1}i,j=1,2,..n i#j 4)
Where:
dij = the distance between point i and point j
Xij = movement from point i to point j. The value is 1 if there is a shift, the value is 0 if there is no move.

2.3 Branch and Bound Algorithm

The basic concept of the Branch and Bound algorithm is to divide and solve, which is a method of
dividing a problem into sub-sub-problems and then solving those sub-problems. The process of dividing a
problem into sub-sub problems is called branching and solving it requires limitations. What is meant by limit
is the value of the goal function, in the maximization problem an upper limit is used and in the minimization
problem a lower limit is used. Since there is only one value that is the lower bound, then this method does
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not need to calculate all possibilities [13]. The steps for completing TSP using the Branch and Bound
algorithm are listed in Figure 3.
e N
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Figure 3. Flowchart Branch and Bound Algorithm

Based on Figure 3, the steps to solve the Traveling Salesman Problem (TSP) using the Branch and
Bound algorithm consist of the first step of starting. The second step determines the starting point, namely
the initial depot of the sending company. The third step creates a TSP model. The fourth step uses ordinary
linear program methods to solve a problem using simplex methods or graph methods to obtain optimal values
or optimal results. In the fifth step of the optimal completion inspection, if the values of all decision variables
are positive integers, then an optimal assessment has been achieved. Otherwise, the iteration process must
continue. The sixth step is the preparation of branching (sub-problems) and determining the limit value
(bounding). For the preparation of branching, if the optimal solution has not been achieved, the constraint is
included in two sub-problems (branching), namely by inserting a new problem into each problem with a new
constraint variable that must be mutually exclusive constraints to meet the requirements for the formulation
of integers. Furthermore, the determination of the limit value (bounding) is by dividing the problem into
upper and lower limits. If the sub-problem contains an upper bound that is lower than the applicable lower
bound, the sub-problem is not re-analyzed. For integer solving can produce a better value than the upper limit
value on each existing problem so that the optimal integer value can be achieved. Otherwise, the sub-problem
that has the best upper bound value becomes a new sub-problem. The seventh step of solving the simplex
method problem by solving integers can produce a better value than the upper limit value for each existing
problem so that the solution of the optimal value of the integer can be achieved. Otherwise, the sub-problem
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that has the best upper limit value becomes a new sub-problem, and so the iteration process is carried out
again until it reaches the optimal value. In the eighth step of the optimal completion inspection, if the values
of all decision variables are positive integers, then an optimal assessment has been achieved. Otherwise, the
iteration process must continue. Step nine gets the best route from the results of the Branch and Bound
algorithm. The tenth step is completed.

2.4 Nearest Neighbor Heuristic Algorithm

The basic concept of the method Nearest Neighbor Heuristic is an algorithm that can solve route
problems by choosing the closest point to the shortest route distance [14]. The nearest Neighbor Heuristic
Method is included in the approach method for determining the shortest route which is simple and is one of
the initial solutions in determining the shortest route [15]. The steps for solving TSP using the Nearest
Neighbor Heuristic algorithm are listed in Figure 4.

Starting Point

v

Initial Node Selection: Closest
Distance

v o———

Data Renewal and Route
Establishment

Is There any Node
Left Behind?

Route Finalization

Figure 4. Flowchart Nearest Neighbour Heuristic Algorithm

Based on Figure 4, the steps to solve the Traveling Salesman Problem (TSP) using the Nearest
Neighbor Heuristic algorithm consist of the first steps to start. The second step determines the starting point,
namely the initial depot of the sending company. The third step selects the closest point with the shortest
route distance from the initial node. The fourth step makes data updates and routing based on the shortest
distance from the initial node. The fifth step is to perform an inspection to find out if all nodes have been
visited. The sixth step gets the best route from the calculation results using the Nearest Neighbor Heuristic
algorithm. The seventh step is completed.
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3. RESULTS AND DISCUSSION

In this research, the starting point determined in starting product distribution is represented by the code
"JP". The process of distributing carton products starts from the packaging company itself and then moves to
15 different points, where the 15 distribution points are listed in Table 1.

Table 1. The Purpose of Distributing Carton Products to Every Point

No. Purpose Company Code
1 Destination A SZK
2 Destination B MDI
3 Destination C TRC
4 Destination D Cll
5 Destination E DI
6 Destination F FJ
7 Destination G IKI
8 Destination H SM
9 Destination | HI
10 Destination J TSI
11 Destination K SD
12 Destination L MMM
13 Destination M PS
14 Destination N All
15 Destination O IMV

In the TSP concept, the route taken by packaging companies to distribute their products is only taken
once at each point. The distance between the packaging company and the distribution point is obtained from
direct observation and the distance results are adjusted using the Google Maps application. The mileage data
results are listed in Table 2.

Table 2. The Distribution Distance of Carton Products to Each Point

J» PSS SzK CIIl MMM DI FJ IMV SD TRC IKI SM AJI TSI HI MDI

JP 0 13 21 11 11 7 7 4 9 8 3 5 13 13 11 7
PS 13 0 39 29 10 20 22 22 29 29 19 24 6 40 29 15
SZK 21 39 0 15 37 32 25 17 13 22 25 24 42 10 12 31
Cll 11 29 15 0 28 21 11 13 4 7 17 16 36 8 2 25
MMM 11 10 37 28 0 18 23 16 24 22 6 16 13 29 28 21
DI 7 20 32 21 18 0 13 14 20 12 6 16 25 25 21 7
FJ 7 22 25 11 23 13 0 12 11 6 8 10 27 22 19 15
IMV 4 22 17 13 16 14 12 0 9 10 9 5 24 12 13 6
SD 9 29 13 4 24 20 11 9 0 6 15 14 32 9 3 7
TRC 8 29 22 7 22 12 6 10 6 0 30 12 30 15 7 20
IKI 3 19 25 17 16 6 8 9 15 30 0 11 10 21 16 8
SM 5 24 24 16 16 16 10 5 14 12 11 0 29 16 19 17
All 13 6 42 36 13 25 21 24 32 30 10 29 0 39 47 30
TSI 13 40 10 8 29 25 22 12 9 15 21 16 39 0 7 41
HI 11 29 12 2 28 21 19 13 3 7 16 19 47 7 0 8
MDI 7 15 31 25 21 7 15 6 7 20 8 17 30 41 8
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3.1 Initial Route Currently Used by Packaging Companies

Based on the data initial distribution route for carton products used by the company and the distribution
distance table, the results of the calculation of the initial route currently used by the company obtained the
total distribution mileage listed in Table 3.

Table 3. Initial Route Calculation Results Currently Used by Packaging Companies

Starting Point Purpose Distance

(Km)
JP SzZK 21
SZK MDI 31
MDI TRC 20
TRC o] 7
Cll DI 21
DI FJ 13
FJ IKI 8
IKI SM 11
SM HI 19
HI TSI 7
TSI SD 9
SD MMM 24
MMM PS 10
PS All 6
All IMV 24
IMV JP 4

Total Distance 235

The graph generated from the results of the calculation of the initial route currently used by the
company is presented in Figure 5.

&)
/R
/”\;;/\ / PS \(/M MD
oS f
- ©
(cn \<\/S D\

Figure 5. Initial Route Graph Currently Used by Packaging Companies

The initial distance that the packaging company must travel to deliver the product to each destination
is 235 KM. The route taken from the calculation results is JP-SZK-MDI-TRC-CII-DI-FJ-IKI-SM-HI-TSI-
SD-MMM-PS-AJI-IMV-JP. From these routes and distances, the fuel costs for a single delivery are:

Fuel Cost = Mileage x Fuel Price (5)
Fuel Cost =235 Km x 1.133 IDR
Fuel Cost = 266.255 IDR
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Based on the results of these calculations, the cost incurred to deliver the product to each point using
the initial route is Rp. 266.255.

3.2 Branch and Bound Method

Based on the results of calculations using the Branch and Bound method from WinQSB software, the
total optimal mileage is obtained as listed in Table 4.

Table 4. Branch and Bound Method Calculations

Starting Point Purpose Distance (Km)

JP MMM 11
MMM All 13
All PS 6
PS MDI 15
MDI DI 7
DI IKI 6
IKI FJ 8
FJ TRC 6
TRC SD 6
SD HI 3
HI Cll 2
Cli TSI 8
TSI SZK 10
SZK IMV 17
IMV SM 5
SM JP 5

Total Distance 128

The graph obtained based on the calculation results of the Branch and Bound method is presented in
Figure 6.

Figure 6. Branch and Bound Method Graph

The results show that the optimal distance generated by the Branch and Bound method is 128 Km. The
path taken from the calculation results is JP.-MMM-AJI-PS-MDI-DI-IKI-FJ-TRC-SD-HI-CII-TSI-SZK-
IMV-SM-JP. From this distance, the cost of fuel generated for one shipment is:

Fuel Cost = Mileage x Fuel Price
Fuel Cost =128 KM x Rp.1.133
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Fuel Cost = 145.024 IDR

From the calculation results using the Branch and Bound method, it is found that the cost incurred for
one product delivery to each point is 145.024 IDR

3.3 Nearest Neighbor Heuristic Method

Based on the results of calculations using the Nearest Neighbor Heuristic method from the WinQSB
software, the optimal total distance traveled is obtained which is listed in Table 5.

Table 5. Calculation Results of the Nearest Neighbor Heuristic Method

Starting Point Purpose Distance
(Km)
JP IKI 3
IKI DI 6
Dl MDI 7
MDI IMV 6
IMV SM 5
SM FJ 10
FJ TRC 6
TRC SD 6
SD HI 3
HI Cll 2
Cll TSI 8
TSI SZK 10
SZK MMM 37
MMM PS 10
PS All 6
All JP 13
Total Distance 138

The graph obtained based on the calculation results of the Nearest Neighbor Heuristic method is
presented in Figure 7.

‘(S)
TSI

Figure 7. Nearest Neighbor Heuristic Method Graph

The results show that the optimal distance generated by the Nearest Neighbor Heuristic method is 138
Km. The path taken from the calculation results is JP-IKI-DI-MDI-IMV-SM-FJ-TRC-SD-HI-CII-TSI-SZK-
MMM-PS-AJI-JP. From this distance, the cost of fuel generated for one shipment is:
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Fuel Cost = Mileage x Fuel Price
Fuel Cost =138 KM x 1.133 IDR
Fuel Cost = 156.354 IDR

From the calculation results using the Nearest Neighbor Heuristic method, it was found that the costs
incurred for one product delivery to each point amounted to 156.354 IDR

3.4 Summary of Calculation Results

From the calculation results obtained, the total mileage and fuel costs are summarized and presented
in Table 6.

Table 6. Summary of Calculation Results

Method Total Distance Fuel
Initial Route Currently Used by Packaging 235 266.255 IDR
Companies
Branch and Bound 128 145.024 IDR
Nearest Neighbor Heuristic 138 156.354 IDR

Based on Table 6, a recapitulation of the calculation of total distance and fuel from the Initial Route
Currently used by Packaging Companies, Branch and Bound Method, and Nearest Neighbor Heuristic
Method is obtained. The initial route currently used by packaging companies generates a total distance of 235
Km with a fuel cost of 266,255 IDR. The Branch and Bound method produces a total distance of 128 Km
with a fuel cost of 145,024 IDR. The Nearest Neighbor Heuristic method produces a total distance of 138
Km with a fuel cost of 156,354 IDR.

3.5 Distance Difference and Fuel Cost

The differences in distance and fuel cost of each method compared to the initial route currently used
by packaging companies are listed in Table 7.

Table 7. Distance Difference and Fuel Cost

Method Distance Difference Difference In Fuel Costs
Initial Route - Branch and Bound 125 121.231 IDR
Initial Route - Nearest Neighbor Heuristic 115 109.901 IDR

Based on Table 7, the difference in distance and fuel costs for each method from the initial route
currently used by packaging companies has been obtained. The Branch and Bound method result in a distance
difference of 125 Km with a fuel cost difference of 121,231 IDR from the initial route. While the Nearest
Neighbor Heuristic method produces a distance difference of 115 Km with a difference in fuel costs of
109,901 IDR.

From the calculations that have been carried out, it can be seen that the initial distribution route
produces a distance of 235 Km and fuel costs of 266.255 IDR The Branch and Bound method produces a
mileage of 128 Km and fuel costs of 145.024 IDR The Nearest Neighbor Heuristic method produces a mileage
of 138 Km and fuel costs of 156.354 IDR. Therefore, the method with the least distance is the Branch and
Bound method. The Branch and Bound method produces a smaller distance compared to the Initial Route
and the Nearest Neighbor Heuristic method so the fuel costs required are also less than the Initial Route and
the Nearest Neighbor Heuristic method. With a total mileage of 128 Km and fuel costs of 145.024 IDR, it
allows this method to achieve better results compared to the Nearest Neighbor Heuristic method. The Branch
and Bound method also has a much greater difference in distance and fuel costs compared to the Nearest
Neighbor Heuristic method. Although the Nearest Neighbor Heuristic method produces a smaller
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minimization route than the initial route chosen, the method that produces the most optimal route is the
Branch and Bound method.

Based on the results of the discussion above, it show that packaging companies can optimize their
distribution routes using the Branch and Bound method with a difference in distance from the initial route of
125 Km and a difference in fuel costs from the initial route of 121,231 IDR. The route used when using the
Branch and Bound method is JP-MMM-AJI-PS-MDI-DI-IKI-FJ-TRC-SD-HI-CII-TSI-SZK-IMV-SM-JP.
Based on the best solution obtained in this study, it can be seen that this study supports the results of previous
research from Karina, which explained that the BB method provides more optimal results than before with a
distance of 35 km [10]. However, these results contradict the results of previous research from Imam, who
explained that the NN method produced the best solution with a distance of 65 km [11]. This shows that in
distribution problems using the TSP model, several solving methods are needed as a comparison to get the
best solution.

4. CONCLUSIONS

In this study, the most optimal distribution route for carton products was determined at packaging
companies using the Traveling Salesman Problem (TSP) model. TSP is one of the popular combinatorial
problems because it can be solved by various methods. The proposed methods to complete the TSP model in
this study are the Branch and Bound (BB) and Nearest Neighbor Heuristic (NNH) methods. The stage of
determining the distribution route of carton products in this study is to compare the initial route when used
by the company with the route using the BB method and the route using the NNH method so that the closest
distance from the three methods is obtained which can save time and distribution costs. Based on the results
and discussion, two different route minimization options were obtained to complete the TSP model, namely
using the BB method resulting in a total mileage of 128 Km and fuel costs of IDR 145,024 with a difference
in mileage from the initial route of 125 Km and a difference in fuel costs from the initial route of IDR 121,231.
As for the NNH method, it produces a total mileage of 138 Km and fuel costs of Rp 156,354 with a difference
in distance from the initial route of 115 Km and a difference in fuel costs from the initial route of Rp 109,901.
so that the method that has the most minimal mileage is the BB method. The BB method has a smaller distance
result compared to the initial route method currently used by companies and the NNH method. Therefore, the
cost of fuel required is also lower compared to the initial route method currently used by the company and
the Nearest Neighbor Heuristic method. Through the use of BB and NNH methods, this research succeeded
in finding the best solution for determining the distribution route of carton products at packaging companies.
The results of this research can help packaging companies increase the efficiency and speed in the distribution
of carton products, avoid shipping delays, save distribution costs, and increase customer satisfaction.
Nonetheless, this study has limitations in terms of the scale of the model used and the assumptions underlying
the determination of distribution routes. As a next step, further research can be done by expanding the scope
of the model and considering other factors that may affect the distribution of carton products. Thus, this
research provides a solid foundation for further development in the field of product distribution optimization.
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