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Abstract:

Background: Mobility is a topic widely discussed in the literature, not only because of its notorious importance
for movement in cities and urban environments, but also for development and the economy. In this context,
customer service, at the right time, place and in the right quantity, needs to go beyond physical and material logic.
This need can be attributed mainly to electronic and communication media, which increasingly promote a
systemic integration between the user, the company and the order. Within this context, the Traveling Salesman
Problem (TSP), being a classic combinatorial optimization problem, has been widely used in the literature as a
benchmark for various applications and solutions.

Materials and Methods: The improvement measures verified in this work include different initialization
approaches, cross-approaches and local optimization approaches. Different parameterizations and comparison
criteria are used to evaluate the contribution of the proposed optimization model. The model in question is solved
using the LINGO solver. It is worth noting that the route distance, capacity and vehicle speed data were collected
on site from the company that served as the research unit.

Results: The results revealed that the greater the number of points in terms of geographical positioning and/or
number of customers to be served, the model's performance will be enhanced. The solution implemented can be
replicated for scenarios and situations involving different vehicles, different orders and different locations,
regardless of the number of customers to be served.

Conclusion: In this work, we proposed the traveling salesman problem with an optimization solution to compose
shorter critical paths to make deliveries for a pizzeria that serves exclusively in the delivery mode, with the aim
of covering several customers in the solution through one delivery person. Thus, according to the analyses and
comparisons, the proposed optimization model generated better performances in terms of the quality and
robustness of the solution. Later on, we plan to continue and advance the research and, with this, present new
approaches and ways of solving discrete optimization problems, such as the use of Artificial Intelligence, online
use of the solution, parameterization of elements, among others.
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I.  Introduction

The pandemic caused by Covid-19 has directly contributed to the growth of e-commerce. Within this
context, the Brazilian Association of Electronic Commerce highlights a significant growth in the sector's turnover
in the first eight months of 2020, with an increase of 56.8% compared to the same period in 2019 and an increase
of 65.7% in the number of orders, which led to an increase in distribution demand (Abcomm, 2020).

In parallel with this phenomenon, Mitieka et al. (2023) and Yuan et al. (2023) point out that urban
mobility has been highly compromised, whether by urban overcrowding, or other various social, political and
economic factors that directly interfere in the daily life of cities. Corroborating these authors, Alessandretti et al.
(2023) and Tori, Te Boveldt and Keseru (2023) point out that urban commercial relations have been highly
impacted by the lack of mobility in cities, requiring computer solutions that can be effective in a world increasingly
connected to technologies.

As such, companies operating in the delivery segment need to constantly improve their delivery
processes, given the growing demand in this segment in recent years (Cheikhrouhou & Khoufi, 2021).
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Consequently, they need to constantly redesign their routes in urban areas. This need is justified by the current
obligation to reduce costs, sales prices and delivery times, which can become a competitive differentiator for
companies in the delivery segment (Huerta et al., 2022).

According to Kumar and Memoria (2020), Di Placido et al. (2023) and Liu et al. (2023), in view of the
various transportation logistics studies in the literature, the Traveling Salesman Problem (TSP), due to its
versatility in adapting to various cases and also in using technologies to find shorter routes considering the lowest
cost and total distance, presents itself as a modern solution suitable for today's business models.

Therefore, considering the need for companies in the delivery sector to review and replan their routes on
a daily basis, the aim of this study was to use TSP to determine routes. To achieve this goal, a model was developed
to optimize the delivery operations of a pizzeria.

1. Material And Methods
The methodological approach presented in this section establishes the scope of the research,
distinguishing the practices adopted to identify the parameters needed to solve the TSP in 4 stages (Figure 1).
According to Lin (1965), Johnson and McGeoch (1997), and Suim et al. (2023), the problem studied in the scope
of this work is a single-collector routing problem, in which there are alternative routes to the delivery locations,
and all of them must be visited.

Figure 1 — Compendium of the methodological approach
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Source: Authors (2022).

In order to help with the operationalization and methodological development of this work, the research
unit used was a micro-company that operates in the field of pizza sales (delivery) in the municipality of Itarana -
Espirito Santo (Brazil). In this way, the investigations were carried out in order to understand and clarify the
operationalization of this company's deliveries, following the precepts of Lin (1965), Johnson and McGeoch
(1997), Applegate et al. (2006), Di Placido et al. (2023) and Liu et al. (2023) for mapping and structuring research
data.

Following the precepts of Barrena et al. (2023), the problem of optimizing the delivery routes of this
micro-enterprise was characterized through an on-site visit on July 9, 2022, when details of the operations were
presented and clarified, and data was also collected (days and times of departure and arrival of the delivery person,
as well as knowledge of the delivery routes). Based on notes from the company manager, five routes were selected
for analysis (Kumar & Memoria, 2020, Liu et al., 2023). At the same time, the company's delivery man was
interviewed to identify factors that could cause delays or seasonality in deliveries (Applegate et al., 2006, Di
Placido et al., 2023), thus concluding the first stage.

Thus, after acquiring the initial data and characterizing the problem, the distances between one stopping
point and another were determined, in the second stage, using the Google Maps application (Google, 2022).
Subsequently, an Origin-Destination (OD) matrix was designed to represent the distances between the component
sections of the routes (Lin, 1965, Johnson & McGeoch, 1997, Huerta et al., 2022). Once the OD matrix had been
obtained, the TSP was modeled using the LINGO 19.0® trial version solver, in accordance with Liu et al. (2023)
and Suim et al. (2023), taking into account the particularities and specific conditions of the research unit.

I11. Result
The research unit was chosen because it offers delivery services in an important municipality in the
Central Serrana region of the state of Espirito Santo, which stands out for its agribusiness. For this reason, the
established competition has sometimes demanded offers that need to go beyond the hygiene, pre-preparation and
preparation process, in order to guarantee fast and efficient delivery, in other words, it is also necessary to think
about the safety of this food.
In view of this, delivery data (distances traveled and stopping points for each route) was initially collected
for the five main routes. To this end, a meeting was held with the company's manager and delivery man, and the
respective delivery route locations were confirmed (Figure 2).
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Figure 2 — Representation of the routes used

q//—T——JD‘sKPzIa Gerlin . ) J

Rua Ademag
Mirabeau Fonseca, 48'

Rua Dom {Uis,
Scortegagna, 102 Q

Route 2 "o/ Route3
min |
0 4 ... K‘, l 2
) |
9 é &
SR 9
Route 4 ~R -
oute
ren:lu:u:gms':)‘g Route 1 et 18

Source: Google Maps (2022, adapted).

According to Cheikhrouhou and Khoufi (2021), the locations visited by the courier are represented by
dots in order to demarcate each route. The company is the initial origin (point A), and the deliveries are indicated
in alphabetical order (B to E). Based on these indications, the distance between each point was obtained and an
OD matrix was drawn up for each route - as shown in Table 1.

Table 1 — Distance between points on Route 1 (meters)

Points A B C D E
A 0 500 650 1,300 1,500
B 500 0 260 800 1,000
C 750 290 0 1,000 1,100
D 1,300 850 1,000 0 190
E 1,500 1,000 1,200 190 0

Source: Authors (2022).

Following the approach proposed in the methodology, the results obtained in Table 1 were inserted into
the Delivery Operations Optimization Model (Figure 3) and route simulations were carried out with the solver,
which then used the Branch and Bound algorithm to find optimal solutions (O'Neil & Hoffman, 2019).

Figure 3 — Model for optimizing delivery operations
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The solutions reached were organized in a binary matrix, where a given point in the matrix is assigned a
value of one if it is selected as the solution to the problem and, if not, it is assigned a value of zero (Kumar &
Memoria, 2020). Considering this logic, the model returned optimized solutions for each route (Table 2).

Table 2 — Overview of simulations

Routes Initial distéig;:e traveled Final dist?rr:]c)e traveled Interactions Suggested route
1 3,450 3,290 179 A—-C—oE—-D—-B—>A
2 5,500 5,400 107 A—-C—oE—-D—-B—>A
3 13,700 13,601 40 A—-E—->D—->C—-B—>A
4 5,250 4,835 158 A—-E—-D—-C—>B—->A
5 5,980 5,800 37 A—-B—->E->D—->C—oA

Source: Authors (2022).
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The processing time for all routes was a maximum of 1 second. It is worth noting that route 4, with a
reduction of 7.89%, showed the highest percentage, followed by route 1 with the second highest reduction
(4.63%), then route 5 (3.01%), then route 2 (1.81%) and finally route 3 (0.72%), although these findings indicate
a route as the best to be optimized, to implement improvements it will be necessary to review delivery scheduling
practices (Cheikhrouhou & Khoufi, 2021).

Strictly speaking, although there is no exact time for each production process (O'Neil & Hoffman, 2019),
the usual market estimate for delivery pizzas suggests that this time is around 40 minutes maximum. Another
important point to be observed and practiced refers to the delimitation of the delivery area, and from this, to ensure
that delivery times do not increase without planning and control of the various situations (Huerta et al., 2022).
This tends to be possible in the case studied, since in different circumstances (routes) there are possibilities for
improvement by shortening the route.

Another way of speeding up delivery procedures is by scheduling the fulfillment of grouped orders
(Abcomm, 2020). However, this also means that the preparation of orders must be synchronized and grouped as
much as possible, so that there is a single departure for the delivery person. According to the company manager,
this is possible up to a 28% increase in current production capacity, i.e. a limit of 150 pizzas on peak days and
times.

Therefore, in order to meet the estimated timeframe in the face of adversity and competition, the company
needs to have a dynamic and integrated ordering system, as well as organized stocks, production standards (master
plan), a defined team with the necessary profile for the projections and the definition of minimum processes to be
carried out individually (O'Neil & Hoffman, 2019).

IV. Conclusion

In recent years, the field of Operations Research has been pushing the boundaries of learning. In general,
researchers and professionals have provided the literature with better solutions than the traditional learning models
used since the 1950s. However, it is important to note that although traditional solutions are still being studied,
with the current technological development more advanced work and research will spontaneously increase in
association with other varied tools, techniques and resources, such as hybrid use with Artificial Intelligence.

This paper presents a study on the use of TSP in a delivery company. It focuses mainly on the routing
problem with the aim of reducing transportation time, which could potentially help the survival of companies in
the delivery sector by improving their operational decisions in the face of the growing trend in e-commerce.

For this reason, we propose a routing model that uses Mixed Integer Linear Programming in its
formulation, which is built mathematically to model the TSP based on the delivery scenario described in the
previous section to solve the solution optimally, thus achieving the proposed objective.

Future research could integrate other constraints, such as time windows, weather, variation in operations.
Finally, uncertainty can be considered in order to explore aspects that are as close as possible to real-life
configurations, and from this assist decision-makers in their activities - for example, with the use of multi-criteria
methods such as the Analytic Hierarchy Process (AHP).
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