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High-stress levels can trigger other diseases if emotions are
not channeled to reduce the feeling of stress. The stress-
releasing activity that is currently trending is keeping
animals, especially cats and dogs. Having a pet triggers
awareness of the importance of pet care, especially in the
context of home visiting services, highlighting the need for
increased effectiveness of veterinary services. Determining
a short route for veterinarians to visit their patients in a
certain area is necessary in planning for pet clinics with
home visit services. In the context of home visits by pet
clinics, the Traveling Salesman Problem (TSP) is used to
determine the most efficient route veterinarians can use
when visiting many patients in a certain area by minimizing
the total distance traveled to save time. This research uses
the Particle Swarm Optimization (PSO) algorithm with 2-
opt logic to solve the TSP problem. This TSP optimization
was completed by utilizing Google Colab as a machine
learning computing medium using Python. The results of
optimizing the total distance for the best routes of home
visits to pet clinics was 292.81 kilometers. This research can
still be developed for more complex routes and have
requirements for each route destination, such as visiting time
for each patient and distance between destination points.
The research is expected to impact the welfare of pets and
meet community needs positively.
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1. INTRODUCTION

Indonesia was ranked fourth in Asia as the

High-stress levels can impact human life,
especially as a trigger for other diseases. When
dealing with stress, channeling emotions is
necessary to reduce these feelings (Yaribeygi et
al., 2017). In her writing, Brigita states that one
of the activities for channeling emotions
currently trending is keeping animals (Brigita,
2021). In the Rakuten Insight survey in 2018,

country with the most pet owners, with a
percentage of 67% of the Indonesian population
(Rakuten Insight, 2021). Several types of pets
included in the survey conducted by Rakuten
Insight include cats (37%), birds (19.3%),
goldfish (15.6%), dogs (15.5%), etc. Types of
animals that have been popular for a long time,
such as cats and dogs, are among the four most
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common pets the Indonesian population keeps.
The popularity of this type of pet has also
impacted the increasing population in Indonesia
and even throughout the world, especially
during the COVID-19 pandemic (Ho et al.,
2021). This increasing pet population is directly
proportional to meeting the increasing pet
needs. As many as 70% of pet owners consider
their beloved pets to be like children or family
members who need special attention to ensure
the welfare of their pets (Quinn, 2005). Pet
owners need appropriate housing facilities to
meet the needs of these pets, providing good
food, vitamin supplements, shacks, regular
vaccinations, and quality grooming care. These
things are important to ensure your pet's health
and happiness.

Pet health needs to be maintained to ensure that
pets can survive longer. Prevention related to
keeping pets healthy can be done by regularly
checking them with a veterinarian. Routine pet
examinations are also necessary because some
pets have a habit of hiding the illness or disease
that the pet is experiencing (American
Association of Feline Practitioners, 2016).
However, the increase in pet owners' awareness
of their pets' health is not supported by an even
distribution of available pet clinics. An example
of an uneven distribution area is the Solo Raya
area, which includes Surakarta, Kartasura,
Boyolali, and Sukoharjo; only 9 pet clinics are
centered in a few places, as depicted in Figure
1.
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Figure 1. Map of the distribution of Solo Raya pet clinics
Source: Google Search

The long distances pet owners must travel can
reduce their willingness to conduct routine
checks on their pets. This condition is also
supported by habits that have changed slightly
due to the COVID-19 pandemic, which means
that all work is done at home and purchases of
necessities are processed using digitally
supported delivery orders (Sari et al., 2022).
Potential problems can be overcome by having
pet clinics implement a home visit system or
making direct visits to the animal owner's home
as a patient. Animal owners or patients who use
pet clinic facilities with home visits will be
charged an additional fee for the distance from
the pet clinic to the patient's home. However,
the advantage of this facility is that patients do
not need to take their pets out of the house to go
to the pet clinic. One pet clinic that applies this

business model is Pawless Pet Care. Home
visits carried out by Pawless Pet Care cover the
areas of Surakarta, Sukoharjo, Boyolali,
Kartasura, and Klaten. The implementation of
this system by Pawless Pet Care means that
patients need to make a reservation in advance
when using this service. Several patients who
use the home visit service from the Pawless Pet
Care pet clinic use it for routine check-ups and
to carry out several injections according to the
patient's needs and requests. Routine home
visits for Pawless Pet Care patients are carried
out every month on the 20th with twelve
patients. Twelve patients who routinely use
Pawless Pet Care's home visit services have
home addresses spread across different regions
and far apart. That situation creates problems
regarding patients' orders to be visited first.
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Modeling the route that Pawless Pet Care must
take during home visits is urgent in this
research. The best route model for home visits
for twelve patients in one day on the 20th of
each month is expected to solve the problems at
Pawless Pet Care.

Problems related to finding the best route to
save travel time or increase effectiveness in
general can be solved using the Traveling
Salesman Problem (TSP) method. The TSP
method is designed to effectively create the best
route solution from one starting point to another
destination point until it returns to the starting
point. The algorithm used in the TSP method, in
general, is Particle Swarm Optimization (PSO),
which is used to carry out continuous iteration
until the best coefficient value is obtained.
Previous literature has documented many
studies that address TSP by applying different
optimization techniques, especially the PSO
algorithm and its various adaptations and
integrations with other algorithms. Previous
studies by Kurniawan et al., related to
completing the best route with TSP, were
implemented to optimize distributor routes to
supply logistics supplies by also comparing the
algorithms used between the PSO or Brute
Force (Kurniawan et al., 2021). The results of
this research found that the shortest and best
route was produced using the PSO algorithm
with a competitive total distance. Other research
related to TSP problems was carried out on the
best routes for school transportation by Azhari
et al (Azhari et al., 2018). In this research, the
PSO algorithm was applied in the TSP method
to optimize the determination of school
transportation routes to overcome various
obstacles, such as variations in student delivery,
driver delays, and instability in operational
funds. The results show that the implemented
system can provide better route
recommendations in most  experiments,
although it is not always optimal.

Another study by Zhan et al., examined home
service problems (such as health care,
equipment repair, and banking services) to find
the best route for scheduling appointments by
considering stochastic time (Zhan et al., 2021).
However, this research does not use the PSO
algorithm; instead, it uses the mixed-integer
program (MIP) model and the L-shaped

method. However, several other studies still use
the PSO algorithm as the basis for solving TSP
in combination with other methods. Research
that combines the PSO algorithm with other
algorithms or methods includes: Mostafa et al.,
who proposed a method that integrates PSO
with Ant Colony Optimization and the 3-Opt
heuristic method (Mahi et al., 2015); Kefi et al.,
who developed a hybrid Ant Supervised-PSO
approach (Kefi et al., 2016); and Khan et al.,
who utilized a combination of PSO, Ant Colony
Optimization, and K-Opt Algorithms (Khan et
al., 2017). Referring to the existing literature
regarding TSP completion using the PSO
algorithm, there is still a research gap in its
application in the veterinary field, especially for
home visit services in Indonesia. This research
aims to fill this research gap by developing a
PSO-based TSP optimization model tailored to
pet clinics' home visit scheduling needs, which
specifically uses Pawless Pet Care as the
research object. This research will utilize
Google Colab for computational analysis,
which in previous research has not been used as
a tool for calculating TSP optimization with the
PSO algorithm. In this research, 2-opt logic will
also be used in the PSO algorithm because the
simplicity of implementing the 2-opt algorithm
allows for the development of efficient
solutions with minimal errors, which is an
important factor in the context of scheduling pet
clinic home visits (Uddin et al., 2023). Table 1
summarizes the research gap identified in this
study.

Optimizing the optimal route for home visits
using the PSO-based TSP algorithm provides
significant hope for increasing operational
efficiency and maximizing profits for pet
clinics. The results of identifying the most
efficient home visit route are expected to be
able to minimize travel distances, which will
affect fuel costs. Ultimately, the proposed
optimization model aims to design the most
efficient home visit schedule for Pawless Pet
Care, specifically on the 20th of each month,
thus facilitating improved service delivery and
customer satisfaction. This research effort
represents a novel contribution to veterinary
service optimization, offering a comprehensive
solution to the complex logistical challenges
associated with scheduling home visits.
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Table 1. Research gap in this study

No.  Research Algorithm/ Application Findings Research Gap
Method
1 Kurniawan PSO, Brute Distributor PSO produced the shortestand ~ Comparison between PSO and
etal. [8] Force route best route with a competitive Brute Force; focus on logistics
optimization total distance. supply chain. No application in
veterinary field.
2 Azharietal. PSO School PSO algorithm provided better ~ Focus on school transportation;
[9] transportation  route recommendations despite  did not address veterinary field
route some experiments not being or home visit services.
optimization optimal.
3 Zhan et al. MIP model, Home service  MIP model used to find best Did not use PSO; different
[10] L-shaped scheduling route considering stochastic field of application (home
method (healthcare, time. services rather than
etc.) veterinary).
4 Mostafa et PSO, Ant General TSP Proposed a method integrating ~ Combination approach; no
al. [11] Colony problems PSO with Ant Colony specific application to
Optimization, Optimization and 3-Opt veterinary home visits.
3-Opt heuristic method.
5 Kefi et al. Hybrid Ant General TSP Developed a hybrid Ant Hybrid approach; no specific
[12] Supervised- problems Supervised-PSO approach. application to veterinary home
PSO visits.
6 Khan et al. PSO, Ant General TSP Utilized a combination of PSO,  Combination approach; no
[13] Colony problems Ant Colony Optimization, and  specific application to
Optimization, K-Opt algorithms. veterinary home visits.
K-Opt
7 Proposed PSO, 2-opt Veterinary Aims to develop a PSO-based Specific focus on veterinary
Study home visit TSP optimization model for pet  home visit services in
scheduling clinics' home visit scheduling. Indonesia; using Google Colab

for computational analysis,
which hasn't been utilized in
prior studies.

2. THEORETICAL FRAMEWORK
Kennedy and Eberhart developed Particle
Swarm Optimization (PSO) due to their
inspiration  from  stochastic  populations
(Kennedy & Eberhart, 1995). This algorithm is
inspired by the behavior of intelligent flocks of
birds to choose the search direction and speed
(Shao et al., 2012). The social behavior of a
flock of birds can be translated into a
computational procedure to solve optimization
problems, as in PSO, where each particle
represents a possible solution. Swarms of
particles explore space in specified dimensions
and select the best answer to the current
problem (Shami et al., 2022). PSO has several
advantages over other optimization techniques,
but the most significant advantages are its ease
of implementation and limited number of
parameter adjustments. The basic concept of
PSO is that it will always look for the best
position for the herd or swarm. This basic
concept will be utilized to complete the best
route using TSP. The following are the factors
that make up the PSO algorithm (G. Goldbarg
et al., 2008)(Rizki & Nurlaili, 2021) :

1. Swarm, is the number of particles contained
in a population. The size of the problem
complex will affect the size of the swarm.

2. Particles, are individuals who have their
position and speed within a swarm and
present solutions to solve problems.

3. Personal best (pBest), is the best position of
the particle based on the results of
comparing the fitness value of the previous
particle position with the current position.

4. Global best (gBest), is the best position of
the particle compared to the best fitness
value from pBest with all the particles in the
swarm.

5. Velocity (v), is a vector that regulates the
displacement of the position of each particle
at each iteration.

6. Inertia Weight (w), functions as a
controller for changes in particle velocity.

7. Acceleration coefficient, is a factor

that controls how far a particle moves in one

iteration. The values of the acceleration
coefficients C1 and C2 are generally the same,
namely between 0 and 4. However, each study
can obtain these values independently in
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different ways. The PSO mathematical model
that displays the state update mechanism of
Equation 1, update particle velocity:

particles formulated by Kennedy and Eberhart
is as follows (Kennedy & Eberhart, 1995).

VO = Vit =1+ am (X =X = D) )+ em(@ - Xt - 1) &

Equation 2, update the particle position:

Xi(®) = Vi(©) + X;(t - 1) )

Description:
X} = Local Best

X9 = Global Best
c1,Cy = Learning Factor (0,)

LT = Random numbers [0,1]

2.1 Particle Swarm Optimization

The optimization problem known as the
Traveling Salesman Problem (TSP) is declared
NP-hard, indicating that it cannot be solved in
polynomial time and has a large search space
(Stohy et al., 2021). In computer science today,
this is one of the most important problems. TSP
uses include microchip production, GSM
packet routing, and vehicle routing. TSP aims to
find the shortest journey, where each city can
only be visited once and returned to the starting
city (Wei et al., 2021). The TSP formulation is
shown below, where the symbol n indicates the
number of all points; and the symbol k is the
number of points traversed.

k _ n!
Pn =0 )

2.3 Google Colaboratory (Colab)

Google Colab is the result of a Google
Research product, which is a product intended
to disseminate education and research that
utilizes machine learning. The Google Colab
service is Jupyter technology, which can be
used without installation and can be accessed
for free by computing resources, including

GPUs-infrastructure from Google Colab, using
hosting on the Google Cloud platform. Google
Colab also has artificial intelligence libraries
such as Tensor Flow, Matplotlib, and Keras
(Carneiro et al.,, 2018)(Soen et al.,, 2022).
Penggunaan Goole Colab akan membantu
proses penelitian untuk mengeksekusi perintah
yang digunakan untuk mendapatkan rute
terbaik menggunakan TSP dengan algoritma
PSO.

3. RESEARCH METHOD

The primary and secondary research data
used is from literature studies. The primary data
used is patient visit locations obtained directly
from the owner of Pawless Pet Care. The patient
visit data is used in patients who routinely carry
out home visit check-ups on the same day. The
location data is in the form of coordinate data
from Google Maps, converted into latitude and
longitude coordinates. Secondary data was
obtained from many published journal sources,
such as Google Scholar, websites, and GitHub.
The data obtained will be used to solve TSP
problems during home visits at Pawless Pet
Care. The research process flow is described as
follows:
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Figure 2. Research flowchart

This study begins by identifying the issues
faced by Pawless Pet Care, namely the travel
problem for monthly visits to patients' homes.
The identified issues were successfully
addressed by utilizing the Traveling Salesman
Problem (TSP) method, sourced from various
literature. The use of TSP is considered an
effective method in solving these problems. The
utilization of Google Colab as a tool for
implementing the TSP method also brings
significant novelty to the current research. The
subsequent step in the research involves
gathering location data from 12 monthly check-
up patients to be visited for pet examinations.
The locations obtained from Google Maps are
converted into latitude and longitude
coordinates for input into Google Colab. The
gathered data will undergo validity and
reliability testing to ensure that the data used is
valid and consistent.

Following the validation and reliability testing,
the data will be processed using TSP with the
assistance of Google Colab. The calculated

results will yield the best route, serving as a
solution to the initial problem addressed in this
study. The obtained best route will display the
sequence of routes that can be taken from start
to finish, along with the total distance traveled
to the 12 monthly visit patients of Pawless Pet
Care.

4. RESULT AND DISCUSSION
4.1 Google Colaboratory (Colab)

Patient Data Processing: The data used is the
patient's home location data, and the patient
routinely uses home visit services from Pawless
Pet Care on the 20th of each month. The number
of patients on the 20th of each month who
require a home visitis 12. Collecting data on the
patient's home location utilizes the home
location in Google Maps format, which the
patient has sent to Pawless Pet Care. The
patient's house location data on Google Maps is
translated into latitude (latitude) and longitude
(longitude) units. A summary of the patient's
home location data is shown in Table 1.
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Table 1. Patient location data for home visit pawless pet care

Location Latitude Longitude

Pawless Pet Care -7,57313944659414 110,775180640476
Patient 1 -7,56220932540295 110,756934855179
Patient 2 -7,54920718978647 110,745463186323
Patient 3 -7,55154014779143 110,744206957240
Patient 4 -7,56198133832656 110,721238642119
Patient 5 -7,55147257380173 110,744672915327
Patient 6 -7,57314084217059 110,771884272986
Patient 7 -7,58172889800877 110,824201808430
Patient 8 -7,59216973681323 110,817899241345
Patient 9 -7,58186897608872 110,781647897624
Patient 10 -7,57792533924635 110,779549797573
Patient 11 -7,59719951331914 110,813404526398
Patient 12 -7,58613237277995 110,822582970747

4.2 Validity Test on Patient Location Data
Validity testing is used to determine the
accuracy level of the data that will be processed
in research. The function of this test is to
validate the suitability of the research
instrument (Sekaran & Bougie, 2016). This
research uses the help of IBM SPSS Statistics
software to calculate significant values. A
significant value is required for the data to pass
the validity test if the value is less than 0.05.
The results of the validity test of the data used
in this research are presented in Figure 3. In
Figure 3, it is shown that the significant values
for latitude and longitude are 0.00, whereas the
result is worth less than 0.05. The data used in
this test can be declared valid.

Reliability Test on Patient Location Data.
Reliability testing is a test of the level of
stability and consistency of the research data
instruments used (Sekaran & Bougie, 2016).
Data is to be reliable if the Cronbach Alpha
value of the data is greater than 0.60. This
research uses the help of IBM SPSS Statistics
software to calculate the Cronbach Alpha value.

Correlations

Latitude Longitude
Latitude Pearson Correlation 1 8777
Sig. (2-tailed) .000
Sum of Squares and 0o3 -.006
Cross-products
Covariance ilulv} .0oo
N 13 13
Longitude  Pearson Correlation 877" 1
Sig. (2-tailed) 000
Sum of Squares and -.006 014
Cross-products
Covariance 000 001
N 13 13

** Correlation is significant atthe 0.01 level (2-failed)

Figure 3. Data validity test results

The results of the reliability test of the data used
in this study are shown in Figure 4. In Figure 4,
it is shown that the Cronbach Alpha value from
the home visit patient location data is 0.803,
which is greater than 0.60, so those used in this
test can be declared reliable.

Reliability Statistics

Cronbach's
Alpha Based
on
Cronbach's Standardized
Alpha ltems M oof tems
803 B35 2

Figure 4. Data reliability test results

4.3 PSO Algorithm Coding for Solving TSP
The TSP coding command in this study uses the
PSO algorithm. The initial input to the coding
command is to use the NumPy library for data
processing for scientific calculations (Astiko &
Achmad Khodar, 2020). Next, the input
command is logical for calculating the ecluded
distance because the data used uses latitude and
longitude coordinates based on the earth's round
shape. There is also logic for the 2-opt
algorithm to calculate TSP. The command to
repeat iterations to get the best route is also
applied to the coding command for this
research. The entire coding command steps in
this research can be seen or downloaded from
the Google Drive website. The following are the
steps and algorithms used to determine the best
route for a Pawless Pet Care home visit:
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1. Calculating Euclidean Distance.
Calculating the Euclidean distance is
necessary because the data used is latitude
and longitude where the point is at an angle
to the earth's curvature, so it is necessary to
calculate the euclidean distance using the
coding command shown in Figure 5.

path distance = lambda r,c:
np.zum([np.linalg.nom(c[r[p]]l-clx[p-111)
for p in range(len(x))1)

two opt swap = lambda r,i,k:
np.concatenate ((r[0:1],r[k:-len(r)+i-1:-
1], r[ktl:len(x)]))

Figure 5. Euclidean distance calculation coding command

2. 2-opt Algorithm. The 2-opt algorithm is
widely used to solve problems, especially
TSP problems. The use of the 2-opt
algorithm is because this algorithm
functions to create a solution to the problem
by moving 2 sides of the path and then
connecting the 2 paths again with optimal
results (Englert et al., 2014). With the

function of the 2-opt algorithm, the
application of the 2-opt algorithm in this
research is presented in Figure 6.

def two opt(cities,improvement threshold):
route = np.arange(cities.sﬂape[3})
improvement factor = 1
best distance =

path distance(route,cities)

Figure 6. 2-opt algorithm coding command

3. PSO Algorithm. The PSO algorithm in
this research is used to iterate until the
best route option is found. The use of
the PSO algorithm refers to the function
of PSO itself, where the particles in PSO
will explore space in the dimensions
that each particle will carry out to obtain
the g-best of the problem (Shami et al.,
2022). The application of the PSO
algorithm in this research is shown in
Figure 7.

# Command repetitions to get the best route

while improvement factor > improvement threshold:
distance to beat = best distance

# Command to move patient sequences according to the hest route
for swap first in range(l, len(route)-2):
for swap last in range(swap first+l,len(route)):
new route = two opt swap (route,swap first,swap last)
new distance = path distance (new route,cities)

# Command to stop repetition when the best route has been found
if new distance < best distance:
route = new route
best distance = new distance
improvement factor = 1 - best_distance/distance_to_beat
return route

Figure 7. PSO algorithm coding commands

4. Best Route. When searching for the ar = cities.copy ()
best route for a home visit, Pawless Pet
Care uses the MinMaxScaler command,
which can function to normalize and

process data using vector type. The

copy=True)
scaled _df = scaler.fit_transform(df)

'x2'1)

cities = np.asarray(cities)

from sklearn.preprocessing import MinMaxScaler
scaler = MinMaxScaler (feature_ range= (0,

scaled df = pd.DataFrame(scaled df, columns=['xl"',

coding command for finding the best
route in this study is presented in Figure
8.

scaled = np.asarray(scaled df)

route = two_opt (scaled, 0)
route

Figure 8. Best route finder coding commands
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Best Route Results for Pawless Pet Care. The
best route for Pawless Pet Care to conduct home
visits to patients' homes has been obtained with
the help of Google Colab. Google Colab is a
platform developed by Google to process data
using machine learning or deep learning
techniques by adapting from Jupyrter Notebook
(Sengkey et al., 2020)(Bisong, 2019). With the
help of Google Colab, shown in Table 2, the
data processing results show the best route for
Pawless Pet Care to carry out home visits on the
20th of every month. The best route starts from
Pawless Pet Care as the starting point, continues
to each patient (P), and ends back to Pawless Pet
Care as the ending point. The order of the routes
is as follows: Pawlesss Pet Care, P12, P7, P8,
P11, P9, P10, P4, P2, P3, P5, P1, P6, Pawless
Pet Care. The best route for Pawless Pet Care to
conduct home visits on the 20th of every month
is shown in Figure 9. The route in Figure 9 is
also equipped with each patient's house's
latitude and longitude coordinates. The total
distance traveled in one day when Pawless Pet
Care conducted a home visit was 292.81
kilometers.

-7.55 - latitude

-7.56

-1.57

-7.58

-7.59

110.72 110.74 110.76 110.78 110.80 110.82
longitude

Figure 9. Plot pawless pet care's best route with coordinates

5. CONCLUSION

The conclusions section show the answer or
clarification of the research questions and
opportunities for future research. The
results of the research have effectively
applied the Particle Swarm Optimization
(PSO) algorithm to overcome the Traveling
Salesman Problem (TSP) in a home visit
scenario carried out by a pet clinic (Pawless

Pet Care). Research findings show that
using the PSO algorithm in Google Colab
can produce the best (optimal) route to
reduce travel time and minimize travel
distance, thereby increasing the efficiency
of veterinary services. The best route
obtained can save the time needed to carry
out a home visit because the route obtained
is the shortest. Based on the results obtained
from Google Colab, the distance that must
be covered in one day when Pawless Pet
Care carries out a home visit on the 20th of
each month is 292.81 kilometers. The
resulting best route for a home visit is as
follows: Pawlesss Pet Care — Patient 12 —
Patient 7 — Patient 8 — Patient 11 — Patient 9
— Patient 10 — Patient 4 — Patient 2 — Patient
3 — Patient 5 — Patient 1 — Patient 6 —
Pawless Pet Care.

This  research can  significantly
contribute to optimizing animal health
services, especially in the context of home
visit services by pet clinics. These findings
can provide a basis for improving the
operational efficiency of pet clinics and
meeting public demand for high-quality
veterinary services. Although this study
concentrates on a city scale with relatively
simple pathways, there is still potential for
further progress. The study could be
expanded to cover a wider area by including
additional criteria such as time spent with
each patient during the visit and distance
between  different locations.  These
recommendations can  increase  the
relevance and practicality of research
findings in real application scenarios.
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