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Abstract

This study aims to analyze and compare the performance of five different data sorting algorithms, namely Shell Sort, Heap Sort,
Counting Sort, Merge Sort, and Quick Sort, which are implemented using the C++ programming language. The main problem behind
this research is the need for algorithms that can sequence data efficiently, both in terms of computing time and memory usage, especially
when handling large datasets. The research method was carried out by testing each algorithm on three categories of datasets, namely
small (100 data), medium (1,000 data), and large (10,000 data), which contained random numbers with a value range of 1-100. The test
is carried out by recording the execution time and memory used during sequencing. The results show that Quick Sort is the algorithm
with the fastest execution time on small and medium datasets, while Shell Sort is superior for large datasets. Meanwhile, Merge Sort
tends to have the slowest runtime and highest memory consumption across all data categories. Implementing the right algorithm at the
scale of the dataset has proven to be important to improve the system's efficiency in data processing. Therefore, the selection of
appropriate sequencing algorithms can be a strategic solution in the development of optimal data-based systems.
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1. Introduction

In this era of rapid technological development, there has been the impact of major and significant impact on data management, from
manual systems to digital systems. In the field of digital data processing, the process of data sequencing (Sorting) is an important step
that can help in the preparation of data so that it is easier to search, access, and analyze efficiently. [1]. Sorting is not just compiling data,
it is also the foundation that underpins various search algorithms (Searching), data mining, to statistical data analysis. The data
sequencing process plays a major role in improving the efficiency of data access in database systems, structured search systems, and
complex big data management. [2].

In addition to the characteristics of the algorithm, the programming language also influences performance, Data Sorting. [3]. Previous
researcher [4], [5] Shows that the same algorithm can show different efficiencies when implemented in different programming languages.
For example, Java and C++ are known to excel in execution speed due to the nature of their compiled languages, while Python, which is
interpreted in nature, tends to be slower, but is popular in conducting data research due to its simple syntax and extensive data analysis
library.

Several previous studies have conducted tests to compare the efficiency of algorithms for sorting under a variety of specific conditions.
Researchers [6] Show that Merge Sort and Quick Sort are superior to large-scale datasets in Python. Researchers [7] Show that Shell Sort
is most optimal for medium-scale datasets in Java. Researchers [8] Show that Shell Sort is used for small-medium datasets, while Quick
Sort Superior is used for large datasets. Researchers [9] show that Python performs better at running Merge Sort than other languages
such as JavaScript, PHP, and C languages. [10] The Show Selection Sort is effectively used for small datasets in PHP.

Researchers [11] Show that Bubble Sort is not suitable for use on large datasets in Java. Researchers [12] They are also doing a
comparison of the algorithms Bubble Sort, Insert Sort, and Quick Sort using the Python programming language, and the results show that
Quick Sort has an advantage in execution time. Researchers [13] show that the Hybrid Sorting, i.e., combining algorithms Selection
Hybrid Sort and algorithms Bucket Sort It can save time and also provide the efficiency of the sequencing algorithm and is proven to be
able to speed up the sequencing process on large-scale datasets.
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Although there have been many studies conducted before, there has still been no study that has conducted a study of five algorithmic
sequences cooperatively with three different data set sizes using the C++ programming language. Most previous studies have only
compared 2-3 sequencing algorithms, and have been limited to a single dataset scale. On that basis, in this study, the researcher
conducted a comparative analysis of five different sorting algorithms, namely the Shell Sort, Heap Sort, Counting Sort, Merge Sort, and
Quick Sort algorithms implemented in the C++ programming language with the data size category that the researcher had designed,
namely 100 data, 1,000 data, and 10,000 data, using number-type data randomized with values Starting from 1-100.

Researchers [14] In his research, he emphasizes that when we talk about algorithm efficiency, often our focus is only on execution time,
and no longer on memory. In the past, computer memory limitations were indeed a crucial issue, but today, with the rapid development
of technology, memory is no longer the main obstacle. In fact, in this fast-paced data era, execution time is a major consideration,
especially when algorithms are applied to process large-scale data. In other words, it is the algorithm that is capable of giving the fastest
results that will be preferred, although it requires a little more memory space.

This makes this research's focus on time efficiency highly relevant and contextual to today's real-world needs. To determine which
algorithm is more efficient, the five sequencing algorithms will pass tests by calculating how long it takes and how much memory is used
to manage data from various data sources. This test was carried out on data that varied from the smallest size, namely (100) data, medium
(1,000) data, and large (10,000) data. So that it can be identified later which algorithm in the C++ language is the most effective in
memory usage and processing lead times on small, medium, and large data.

2. Research Methods

The researcher used a research method that started from creating a dataset filled with random numbers from the range of values 1-100 for
testing. This dataset is classified into three groups based on the amount of data: 100 data for small-scale datasets, 1,000 data for medium-
scale datasets, and 10,000 data for large-scale datasets, following the program syntax for creating datasets.

std::vector<int> createDataset(int n) {
std::vector<int> data(s);
std::mt19937 gen(std::random_device{}());
std::uniform_int distribution< dis(1, 100);
for (auto& x : data) x = dis(gen);
return data;

}

Once the dataset has been successfully created, the next step is to apply various sorting algorithms to the dataset. These algorithms work
by sequencing data in ascending order, so that their efficiency can be compared in handling different amounts of data. To measure the
performance of the algorithm, this study recorded the execution time and memory usage before, during, and after the sequencing process
was carried out. The execution time is calculated by logging the time difference before and after the algorithm is executed using the
std::chrono::high resolution clock::now() function of the <chrono> library, which provides an accuracy of up to nanoseconds and
provides a clear picture of the speed of the sequencing process.

Memory usage is measured approximately based on the memory allocation of the data container using the sizeof() function and
monitoring memory usage during runtime with the help of an external library or memory profiler, so that information about memory
usage can be seen. The measurement results of these two methods became a reference for comparing the time efficiency and resource use
of the five sequencing algorithms tested in each dataset category. Once all the tests are completed, the results are presented in the
form of a comparison table. This table shows how fast and efficient each algorithm is in handling small, medium, and large
datasets. Figure 1 shows an overview of the scheme carried out in this study.

Input data:
100, 1000, 10000

Apply sorting
algorithm

l

Output: computation
time and memory
usage

Figure 1: Sequencing Algorithm Process Network Diagram




1952 Journal of Artificial Intelligence and Engineering Applications

3. Results and Discussion

Data sequencing is a fundamental process in programming that functions to arrange elements in a data structure based on certain rules.
This process is used in various areas of computing, including data search, database processing, and algorithm optimization. Researchers
[14] Explain that sorting algorithms can be categorized based on the methods used in compiling data elements, such as in algorithms
Bubble Sort, Insert Sortand Selection Sort, which use simpler or less complicated methods. This algorithm is easy to implement, but it
has a time complexity of O(n?), which is bad, making it less than optimal for large datasets.

Quick Sort applies a more efficient method by utilizing the divide and conquer technique or a specific data structure. The complexity of
the O(n log n) time that this algorithm has makes it more suitable for large-scale data processing. Counting Sort uses an enumeration
technique to determine the position of elements without conducting a direct comparison. This approach allows for a faster sequencing
process under certain conditions, especially if the dataset has a limited range of values.

The selection of the sequencing algorithm depends on the size of the dataset, the data structure used, and the need for time and memory
efficiency. This study compares the efficiency of several sorting algorithms based on execution time and memory usage with different
dataset sizes. This research was implemented using the C++ programming language and VSCode (Visual Studio Code), which acts as a
medium to operate or run the program code to be tested. The algorithm was tested using device specifications with Windows 11 64-bit, 8
GB of RAM, AMD Ryzen 5 CPU, and 512 GB SSD.

The algorithms that have been determined by the researcher in this study are Shell Sort, Heap Sort, Counting Sort, Merge Sort, and
Quick Sort. Where each algorithm will be evaluated through a similar data set, namely 100 data, 1,000 data, and 10,000 data, using data
types in the form of random numbers ranging from 1-100. A dataset of 100 data is used for the first to third experiments of each
sequencing algorithm, while a dataset of 1,000 data is used for the fourth to sixth experiments, and a dataset of 10,000 data is used for the
seventh to ninth experiments of each sequencing algorithm.

In this study, the researcher conducted three tests so that the results obtained were valid and reliable. During the testing process,
researchers only open and run three applications to maximize CPU performance and ensure nothing interferes with CPU and memory
performance during testing: VSCode for where the test takes place, the Snipping Tool is used to take pictures of test results, and
Microsoft Word is used to manage data or record test results for comparison.

Here is the dataset link that the researchers used in this test: Experimental Dataset Link. In this test, the researcher assesses each
algorithm based on the length of computing time and the amount of memory usage during the computational time. Documentation for
each test conducted can be accessed at the following links: Shell Sort Experiment Link, Counting Sort Experiment Link, Heap Sort
Experiment Link, Merge Sort Experiment Link, and Quick Sort Experiment Link. The explanation related to the testing of each
algorithm obtained is as follows.

3.1. Shell Sort Algorithm

The Shell Sort algorithm is a development of the Insertion Sort algorithm that works by first sorting the spaced elements using a certain
interval, then gradually shrinking the interval to 1 [15]. Shell Sort is more efficient than Insertion Sort for large datasets, as it can reduce
the number of element shifts by performing initial sorting on scattered elements.

void shellSort(vector<int>& a) {
for (int g = a.size()/2; g > 0; g /=2)
for (int i = g; i < (int)a.size(); i++) {
intt=alil],j=1;
for (; j >= g &&&alj-g] > t; j -= g) a[j] = a[j-g];
aljl=t
}
H

The code view above is an example of an implementation of the Shell Sort algorithm within the C++ programming language. The dataset
obtained will be input into the program and executed based on a predetermined test scheme: the first to third tests use 100 data or small
categories, the fourth to sixth tests use 1,000 data or medium categories, and the seventh to ninth tests use 10,000 data or large categories.
And the results of this test the researcher got the results of the Shell Sort algorithm test, which can be seen in Table 2 below.

Table 1: Shell Sort Experiment

Experiment Data Size Processing Time Memory Usage

To (nanoseconds) (bytes)

1 100 7.900 8.192
2 100 10.900 8.192
3 100 10.800 8.192
4 1.000 166.900 8.192
5 1.000 114.300 8.192
6 1.000 114.400 8.192
7 10.000 1.602.900 8.192
8 10.000 1.548.900 8.192
9 10.000 1.739.700 8.192
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If you look at the table above, the average computation time is 9,866 nanoseconds for testing with 100 data (small), for testing with 1,000
data (medium) it is 131,866 nanoseconds, and for testing with 10,000 data (large) it is 1,630,500 nanoseconds. However, based on the
size of memory used during computing time, the average memory used for all data sizes is 8,192 bytes.

3.2. Counting Sort Algorithm

Algorithm Counting Sort algorithm is one of the many data sorting methods that operate by counting the number of occurrences of each
element in the list, then determining the appropriate position for each element in the final result. Called Counting Sort because the
process is based on recording the number of occurrences of elements, rather than comparisons between elements, like other sorting
algorithms. According to [16]Counting Sort has linear time complexity O(n + k), which makes it faster than algorithms like Bubble Sort
and Insert Sort when processing datasets with small value ranges.

void countingSort(vector<int>& a) {

if (a.empty()) return;

int m = *max_element(a.begin(), a.end());

vector<int> ¢(m + 1, 0);

for (int x : @) c[x]++;

inti=0;

for (int j = 0; j <= m; j++)

while (c[j]--) a[i++] =3;

}
The code view above is an example of an implementation of the Counting Sort algorithm in the C++ programming language. The dataset
obtained will be input into the program and executed based on a predetermined test scheme: the first to third tests use 100 data or small

categories, the fourth to sixth tests use 1,000 data or medium categories, and the seventh to ninth tests use 10,000 data or large categories.
And the results of this test the researcher obtained the results of the Counting Sort algorithm test, which can be seen in Table 2 below.

Table 2: Counting Sort Experiment

Experiment Data Size Processing Time Memory Usage
To (nanoseconds) (bytes)
1 100 15.400 12.288
2 100 7.500 8.192
3 100 5.700 8.192
4 1.000 21.000 8.192
5 1.000 20.900 8.192
6 1.000 38.300 12.288
7 10.000 174.400 8.192
8 10.000 179.900 8.192
9 10.000 179.400 8.192

If you look at the table above, the average computation time is 9,533 nanoseconds for testing with 100 data (small), for testing with 1,000
data (medium) it is 26,733 nanoseconds, and for testing with 10,000 data (large) it is 177,900 nanoseconds. However, based on the size
of the memory used during computing time, the average memory used for testing 100 data is 9,560 bytes, for testing with 1,000 data is
9,560 bytes, and for testing with 10,000 data is 8,192 bytes.

3.3. Heap Sort Algorithm

The Heap Sort algorithm is a data sorting method that operates by building a Heap structure from a set of elements, and then repeatedly
removing the largest or smallest elements to achieve the exact sequence. [17]. The main advantage of Heap Sort is that it doesn't require
additional space like Merge Sort, as the sorting process is done directly within an existing array.

def heap_sort(arr):
for i in range(len(arr) // 2 - 1, -1, -1): Heapify(arr, len(arr), 1)
for i in range(len(arr) - 1, 0, -1): arr[i], arr[0] = arr[0], arr[i]; Heapify(arr, i, 0)
return arr void mergeSort(vector<int>& a, int 1, int r) {
if (1 >=r) return;
intm=(l+r)/2;
mergeSort(a, 1, m);
mergeSort(a, m+1, r);
vector<int>t;inti=1,j=m+ 1;
while (i <=m && j <=r) t.push_back(a[i] <a[j] ? a[i++] : a[j++]);
while (i <=m) t.push_back(a[i++]);
while (j <=r) t.push_back(a[j++]);
for (int k = 0; k < t.size(); k++) a[l + k] = t[k];
H

The code view above is an example of an implementation of the Heap Sort algorithm in the C++ programming language. The dataset
used is input into the program and executed according to a predetermined test scheme: the first to third tests use 100 data (small), the
fourth to sixth tests use 1,000 data (medium), and the seventh to ninth tests use 10,000 data (large). The results of this test are obtained
the results of the Heap Sort algorithm test, which can be seen in Table 3 below.
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Table 3: Heap Sort Experiment

Experiment Data Size Processing Time Memory Usage

To (nanoseconds) (bytes)

1 100 12.600 8.192
2 100 19.000 8.192
3 100 13.000 8.192
4 1.000 184.000 8.192
5 1.000 184.500 8.192
6 1.000 179.600 8.192
7 10.000 2.434.600 8.192
8 10.000 2.454.600 8.192
9 10.000 2.493.700 8.192

If you look at the table above, the average computation time, which is 14,866 nanoseconds for testing with 100 (small) data, for testing
with 1,000 data (medium) is 182,700 nanoseconds, and for testing with 10,000 data (large) is 2,460,966 nanoseconds. However, based on
the size of memory used during computing time, the average memory used for all data sizes is 8,192 bytes.

3.4. Merge Sort Algorithm

The Heap Sort algorithm is a data sorting method that operates by building a Heap structure from a set of elements, and then repeatedly
removing the largest or smallest elements to achieve the exact sequence. [18]. The main advantage of Heap Sort is that it doesn't require
additional space like Merge Sort, as the sorting process is done directly within an existing array.

void mergeSort(vector<int>& a, int |, int r) {

if (1 >=r) return;

intm=(1+r)/2;

mergeSort(a, 1, m);

mergeSort(a, m+1, r);

vector<int> t;

inti=Lj=m+1;

while (i <=m && j <=1)

t.push_back(a[i] <a[j] ? a[i++] : a[j++]);

while (i <= m) t.push_back(a[i++]);

while (j <=r) t.push_back(a[j++]);

for (int k = 0; k < t.size(); k++) a[l + k] = t[k];
b

The code view above is an example of an implementation of the Merge Sort algorithm within the C++ programming language. The
dataset obtained will be input into the program and executed based on a predetermined test scheme: the first to third tests use 100 data or
small categories, the fourth to sixth tests use 1,000 data or medium categories, and the seventh to ninth tests use 10,000 data or large
categories. The results of this test are obtained from the results of the Merge Sort algorithm test, which can be seen in Table 4 below.

Table 4: Merge Sort experiment

Experiment Data Size Processing Time Memory Usage

To (nanoseconds) (bytes)

1 100 50.200 8.192
2 100 55.900 8.192
3 100 57.300 8.192
4 1.000 469.900 12.288
5 1.000 315.300 12.288
6 1.000 325.800 16.384
7 10.000 3.277.700 53.248
8 10.000 3.278.000 53.248
9 10.000 3.307.800 53.248

If you look at the table above, the average computation time is 54,466 nanoseconds for testing with 100 data (small), for testing with
1,000 data (medium) it is 370,333 nanoseconds, and for testing with 10,000 data (large) it is 3,287,833 nanoseconds. However, based on
the size of the memory used during compute time, the average memory used for testing 100 data is 8,192 bytes, for testing with 1,000
data is 13,653 bytes, and for testing with 10,000 data is 53,248 bytes.

3.5. Quick Sort Algorithm

Algorithm Quick Sort is one of the algorithms with a data sequencing method that uses the principle of divide and conquer In the
sequencing method, where one existing element will be selected as a pivot and then the list is divided into two parts namely: on the left
the element is considered smaller than the pivot and on the right the element is considered to be larger than the pivot [19].
void quickSort(vector<int>& arr, int low, int high) {

if (low < high) {

int p = partition(arr, low, high); pivot at the end

quickSort(arr, low, p-1);

quickSort(arr, p + 1, high);
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The code view above is an example of an implementation of the Quick Sort algorithm within the C++ programming language. The
dataset obtained will be input into the program and executed based on a predetermined test scheme: the first to third tests use 100 data or
small categories, the fourth to sixth tests use 1,000 data or medium categories, and the seventh to ninth tests use 10,000 data or large
categories. And the results of this test the researcher obtained the results of the Quick Sort algorithm test, which can be seen in Table 5
below.

Table S: Quick Sort Experiment

Experiment Data Size Processing Time Memory Usage

To (nanoseconds) (bytes)

1 100 11.600 8.192
2 100 6.700 8.192
3 100 7.600 8.192
4 1.000 88.200 8.192
5 1.000 89.000 8.192
6 1.000 89.400 8.192
7 10.000 1.701.600 8.192
8 10.000 1.679.800 8.192
9 10.000 2.083.200 8.192

If you look at the table above, the average computation time is 8,633 nanoseconds for testing with 100 data (small), for testing with 1,000
data (medium) it is 88,866 nanoseconds, and for testing with 10,000 data (large) it is 1,821,533 nanoseconds. However, based on the size
of memory used during computing time, the average memory used for all data sizes is 8,192 bytes.

Based on the analysis that has been carried out, all test results are obtained with the average value of each algorithm, and we summarize
the results in Table 6 below.

Table 6: Average Results of Five Sequencing Algorithms

Algorithm Name Data Size Processing Time Memory Usage
(nanoseconds) (bytes)
Shell Sort 100 9.866 8.192
Counting Sort 100 12.866 8.192
Heap Sort 100 14.866 8.192
Merge Sort 100 54.466 8.192
Quick Sort 100 8.633 8.192
Shell Sort 1.000 131.866 8.192
Counting Sort 1.000 182.700 8.192
Heap Sort 1.000 182.700 8.192
Merge Sort 1.000 370.333 13.653
Quick Sort 1.000 88.866 8.192
Shell Sort 10.000 1.630.500 8.192
Counting Sort 10.000 2.460.966 8.192
Heap Sort 10.000 2.460.966 8.192
Merge Sort 10.000 3.287.833 53.248
Quick Sort 10.000 1.821.533 8.192

Based on the results of testing five sorting algorithms with three categories of data quantity, namely 100, 1,000, and 10,000, some
information can be obtained as follows:

1. Almost all algorithms in the dataset of 100 data show the same memory usage, which is 8,192 bytes. The fastest processing
time was achieved by Quick Sort with an average of 8,633 nanoseconds, followed by Shell Sort and Counting Sort.
Meanwhile, Merge Sort is an algorithm with the slowest execution time, which is 54,466 nanoseconds.

2. In a dataset of 1,000 datasets, the memory usage of most algorithms remained stable at 8,192 bytes, except for Merge Sort,
which requires a larger memory of 13,653 bytes. Quick Sort remains the fastest algorithm with a processing time of 88,866
nanoseconds, followed by Shell Sort. Merge Sort is again an algorithm with the slowest execution time, which is 370,333
nanoseconds.

3. For datasets of 10,000 data points, almost all algorithms use 8,192 bytes of memory, except for Merge Sort, which increases
significantly to 53,248 bytes. Shell Sort became the algorithm with the fastest processing time, which was 1,630,500
nanoseconds, followed by Quick Sort. Merge Sort still shows the slowest performance with a time of 3,287,833 nanoseconds.

4. Conclusion

Based on the research that has been conducted, each sequencing algorithm shows significant differences in computing time efficiency
and memory usage. On a small dataset (100 data points), Quick Sort was the algorithm with the fastest execution time, followed by Shell
Sort and Counting Sort, while Merge Sort showed the slowest performance. For medium datasets (1,000 data points), Quick Sort remains
superior in execution speed, while Shell Sort and Counting Sort also maintain stable performance. Merge Sort consistently uses the most
memory at this dataset size. When the amount of data increases to 10,000, Shell Sort becomes the best choice because it has the fastest
computation time, followed by Quick Sort. Merge Sort remains the algorithm with the highest time and memory usage on all dataset size
variations. Therefore, when choosing a sorting algorithm, Shell Sort and Quick Sort are more recommended for different dataset sizes,
while Merge Sort is more suitable when data sequence stability is a top priority. These findings provide important insights into

determining the most efficient sequencing algorithm based on dataset size, as well as time and memory optimization needs.
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