JSCE (Journal of System and Computer Engineering)
Vol.6, No.1, January 2025, pp. 144-150

ISSN (online): 2723-1240

DOl : https://doi.org/10.61628/jsce.v6i1.1636

Research Article Open Access (CC-BY-SA) B

Parameter Optimization Supports Vector Machine Using
Genetic Algorithms to Improve the Efficiency of Data

Transfer Prediction on Google Cloud

Respaty Namruddin 12; Ricky Mahendra #°; Aang Kunaefi 3¢ *; Ramlah Abu

Bakar 4¢;

1234 Universitas Handayani, Adiyaksa Baru No.1 , Makassar and 90213, Indonesia

a respatynamruddin@handayani.ac.id; ® rickymahendra465@gmail.com; ¢ aan.mks@gmail.com ;¢
ramlahabubakar77@gmail.com

* Corresponding author

Abstract

Data transfer efficiency is a key element in cloud infrastructure like Google Cloud.
This study aims to improve the accuracy of data transfer efficiency prediction using
a Support Vector Machine (SVM) optimized with Genetic Algorithm (GA). The
dataset contains information about file size, network latency, server utilization, and
data transfer time. The Genetics algorithm is applied to find the optimal parameters,
namely the C and gamma values. The results show that parameter optimization using
GA can increase prediction accuracy by up to 90%, compared to the traditional Grid
Search method which achieves a maximum accuracy of 88%.
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1. Introduction

In the era of rapidly developing digital technology, cloud computing has become the main
foundation for supporting various modern computing needs. Services like Google Cloud offer a
wide range of storage, data processing, and accessibility capabilities. However, one of the
challenges that is still faced is the efficiency of data transfer. Slow or inefficient data transfer not
only impacts service quality but can also lower user satisfaction levels, ultimately affecting the
reputation and competitiveness of cloud service providers (Safii et al., 2023) therefore, improving
data transfer efficiency is a priority in optimizing cloud computing services.

Some Factors that affect the efficiency of data transfer in a cloud environment include file
size, network latency, and server utilization rates. Large file sizes often extend transfer times,
while network latency, which is determined by infrastructure conditions and geographical
distance, can add complexity in maintaining transfer stability and speed. On the other hand, high
server utilization rates can lead to bottlenecks, thus hindering the data transfer process. Taking
these factors into account, a solution that can predict and improve transfer efficiency effectively
is needed.

To overcome these problems, machine learning-based approaches have shown great potential.
One of the algorithms is the support vector machine (SVM). SVM can classify data precisely, so
it is often used in various fields including prediction of data transfer efficiency. However, SVM
performance is highly dependent on parameters such as C (regularization) and gamma (kernel
parameters). Improper selection of parameters can lead to a decrease in model accuracy, thus
posing challenges in the implementation of SVM for real cases. (MARGARITA, 2024).

To overcome these obstacles, this study adopts the Genetic Algorithm (GA) as the SVM
parameter optimization method. GA is an evolution-based algorithm inspired by the natural
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selection process. Iterating on the selection, crossover, and mutation processes, GA can
effectively explore the search space to find the best combination of parameters. This method has
been widely used in various optimization applications due to its ability to handle problems with
many variables and complex search spaces. (Yunita et al., 2023).

In addition to offering parameter optimization solutions, the use of GA in this study aims to
improve the accuracy of prediction and overall system efficiency. By integrating GA into the
SVM modeling process, it is hoped that a prediction model that is more adaptive to changes in
network conditions can be produced so that it can provide consistent performance in various
scenarios. This approach is also relevant to the needs of cloud computing services, which continue
to evolve as the number of users and data complexity increases (Sulartopo et al., 2023).

Related research also shows that combining SVM with optimization algorithms, such as
Genetic Algorithms, is able to provide better results than conventional SVM use. This provides a
strong foundation for adopting this approach in the Google Cloud case study. By utilizing GA to
set SVM parameters, the prediction model can be dynamically adapted for different dataset sizes
and network conditions

2. Method

Genetic Algorithm is one of the metaheuristic-based computational methods that mimics the
process of biological evolution in solving various optimization problems or finding solutions.
This method is inspired by the principle of natural selection from Darwin’s theory of evolution,
where the best individuals in a population have a greater chance of surviving and producing
offspring (Arka, 2021).

In Genetic Algorithm, the solution to a problem is represented as an individual in the form of
chromosomes. This individual population undergoes an evolutionary process through operations
such as selection, crossover, and mutation to produce a new generation with better solutions. This
process continues iteratively until the criteria stop being met, such as achieving an optimal
solution of a certain number of iterations (Isai & Nugroho, 2024).

The main advantage of Genetic Algorithms is their ability to efficiently explore large and
complex solution search spaces, so they are often used to solve non-linear, discrete, or
multivariate problems. This method is widely applied in various fields such as optimization,
planning, scheduling, network design, and machine learning (Mukhlis, 2024).

2.1 Dataset

The Dataset consists of 10 sample data transfers in Google Cloud, with the following variables:
o File_Size_MB: File size in megabytes (Wijaya et al., 2024)
e Network_Latency_ms: Network in miliseconds (Farhan & Setiaji, 2023)
e Server_Utilization_%b: Server utillization rate in percent (Hatta, 2011)
o Data_Transfer_Time_s: Data transfer time in seconds (A. Antu et al., 2020)
Predicted_Class: Classification of data transfer efficiency (Qulub & Agustin, 2024), Is
”Efficient” and ”Inefficient”.

Table 1. Google Cloud Data Transfer Sample Data

No File_Size | Network_ Server_ Data_ Predicted_
MB Latency ms | Utilization % Transfer _Time s Class
1. 8500 180.50 70.00 20.00
2. 3500 120.75 65.00 10.50
3. 2200 50.25 85.00 30.25 Inefficient
4. 9500 160.00 60.00 18.00
5. 4500 130.50 75.00 22.50 Inefficient
6. 7500 140.25 68.00 15.75
7. 3200 110.50 72.00 12.50
8. 5000 90.75 80.00 25.00 Inefficient
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9. 4200 115.00 65.50 13.75
10. 6100 150.50 70.50 20.75

2.2 Data Proccesing

e Data Cleanup: Empty data is imputed using an average
o Data Normalization: All numerical variables are normalized within the range [0,1] to
avoid bias in the model training process.
2.3 Support Vector Machine (SVM)

SVM is used as a prediction model with the Radial Basis Funtion (RBF) kernel. The functions
of the RBF kernel are:

2
K (x;,x;) = exp (—=yl|x — x|

Calculations with Sample Data :
Suppose two data have data :

e x,=[0.85,0.7,0.6]
e x; =[0.9,0.65,0.55]

With y is 0,05
llx; — x;]]* = (0.85 - 0.9)* + (0.7 - 0.65)* + (0.6 - 0.55)* =0.0025
K (x,x;) = €xp(—0.05 X 0.0075) = exp(—0.000375) ~ 0.999625

2.4 Parameter Optimization With Genetic Algorithm (GA)

GA is used to determine the optimal parameters:
¢ Initial Population: Randomly form a parameter population (Fikriansyah et al., 2023).
e Fitness evaluation: using the following functions:

. __ Jumlah Prediksi benar
Fitness = ————

(Feronica et al., 2022)

Total Data

e Selection, crossover, and mutation: the best individual selection process and generate new
parameters (Yunita et al., 2023).

o Iteration: Repeated until optimal parameters are found (Sutomo et al., 2022).

3. Results And Discussion
3.1 Parameter Optimization Result

3.1.1 Use of Genetic Algorithm (GA) :

The optimization process begins by initializing the Support Vector Machine (SVM)
parameters using the Genetic Algorithm. The purpose of this optimization is to find the values of
the C and gamma parameters that produce the model with the best prediction accuracy.

e Initial Step:
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The process begins by initializing the initial population, which is a randomly selected set
of solution candidates in the C and gamma parameter spaces. The value of C is set in the
range [0.1, 10], while the gamma is set in the range [0.001, 1].

e Evaluasi Fitness:
Each individual (combination of C and gamma) was evaluated using the fitness function
based on SVM prediction accuracy on the validation data. The higher the accuracy, the
better the individual's fitness score.

3.1.2  Optimization iteration :

In this study, 50 iterations were carried out. Genetic algorithms process the initial population,
and perform selection, crossover, and mutation to produce individuals with the best parameters in
each generation (Saputro et al., 2015).

e Selection: Individuals with the best fitness scores are selected to produce
offspring in the next generation (Yusron Mubarok & Chotijah, 2021).

e Crossover: The best combination of two individuals is used to form a new
individual, in the hope of producing a better combination of parameters (R. R.
Pratama, 2020).

e Mutation: New individuals undergo slight random changes to maintain
population diversity and avoid being trapped in optimal localities (Farhan &
Setiaji, 2023).

3.1.3 Optimal Parameter :

After the 50th iteration, the optimal parameters are found:
e C:2.0 This value controls the hyperplane margin and the penalty for classification errors.
e Gamma: 0.05 This parameter affects the effect of a data on the hyperplane. Small values
on gamma indicate a wider influence

The results of the accuracy of the model with these parameters are:

Prediksi Benar

Accuracy =
y Total Data

><100=1’;0 X 100 = 90%

3.1.4 Model Accuracy :

With these parameters, the SVM model produces an accuracy of 90%, indicating an increase
in prediction efficiency compared to other methods.

3.2 Result Visualization

3.2.1  Graph of File Size and Transfer Time Relationship :

The graph shows the relationship between the size and transfer time variables, which are
classified based on their level of efficiency. The results of the SVM model classification are
depicted through colors that indicate the level of transfer efficiency:

e Green: Efficient Transfer

e Red: Inefficient Transfer
This classification reflects the model's ability to predict whether or not data transfer is
efficient.

3.2.2  Convergence of Genetic Algorithms :
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Convergence graphs show an increase in accuracy with each iteration. After 30 iterations, the
accuracy value starts to stabilize until it reaches a maximum value of 90% on the 50th iteration.
This ensures the effectiveness of the Genetic Algorithm in finding the optimal solution with an
efficient number of iterations.

3.2.3  Comparison with Grid Search

The following table is a comparison of the results of the Genetic Algorithm and Grid Search
methods:

Table 2. Method comparison

Compute Time )
Method Accuracy (%) Optimal Parameters
(seconds)
Genetic Algorithm 90 45 C=2.0, gamma=0.05
Grid Search 88 120 C=1.5, gamma=0.1

e  Accuracy:
The Grid Search method yielded an accuracy of 88%, slightly lower than optimization using
the Genetic Algorithm (90%).

e Compute Time:
Genetic algorithms take less time than Grid Search to find optimal parameters. This shows
GA's superiority in terms of time efficiency.

From the table, it can be seen that the Genetic Algorithm not only provides higher accuracy
but is also more efficient in terms of computational time.
3.2.4 Optimal Parameter Validation

To ensure the robustness of the results, the optimal parameters are tested on independent test
data. The results show that the prediction accuracy remains consistent at a value of 90%,
indicating that the model does not overfit during the optimization process.

3.3 Interpretation and Discussion

3.3.1 Advantages of Genetic Algorithms :

Genetic algorithms can efficiently explore a wide parameter space (Y. Pratama, 2021). With a
population-based approach, GA avoids the risk of being trapped in local optimization, which is
often the case with traditional optimization methods such as Grid Search.

3.3.2 for Data Transfer on Google Cloud :

The optimal parameters found show that the SVM model with this configuration can predict
data transfer efficiency based on file size and time (Qisthan, 2023). This is important for managing
network resources on Google Cloud, especially in large-scale data transfer scenarios.

3.3.3 Limitations and Development Potential :

e The model can be further tested on datasets with more complex variations to improve
generalization.
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e The use of hybrid methods, such as the combination of GA with other algorithms (e.g.
PSO), can also be an alternative for further exploration.

4. Conclusions

This study analyzed data transfer efficiency in Google Cloud using a dataset with 10 samples
that included file size, network latency, server utilization, and data transfer time. The prediction
model used is a Support Vector Machine (SVM) with a Radial Basis Function (RBF) kernel,
which is parameterally optimized using the Genetic Algorithm (GA). The process involves data
cleaning, normalization, and iteration to find optimal parameters.

The optimization results show that the best parameters for the SVM model are C=2.0 and
Gamma=0.05, resulting in a prediction accuracy of 90%. Compared to the Grid Search method,
the Genetic Algorithm provides higher accuracy and more efficient computing time. The
visualization also shows the relationship between file size, transfer time, and data transfer
efficiency classification.
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