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ABSTRACT

An algorithm is a series of logical actions used to solve important problems in contemporary programming and data
processing. The purpose of this study is to compare the time efficiency of three sorting algorithms: Bubble Sort,
Radix Sort, and Quick Sort. All algorithms are used on small (10-100 elements), medium (1,000-10,000 elements),
and large (more than 100,000 elements) arrays, with execution time using Java. The results show that Radix Sort
and Quick Sort are generally more efficient and scalable than Bubble Sort, especially for large arrays and random or
semi-sorted data. Radix Sort excels on small and medium arrays under various conditions, while Quick Sort excels
on large arrays in the average and nearly sorted cases. Although Bubble Sort can be the fastest in the best case for
large arrays, its performance drops drastically in the average and nearly sorted cases. In conclusion, the selection
of the best sorting algorithm depends heavily on the type of input data, such as its size and the degree of initial
sorting.
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1. INTRODUCTION

An algorithm is a series of systematic and logical steps [1] used to solve a problem. A programming
algorithm, on the other hand, is a set of sequential steps used to solve a computer programming problem.
We can say that an algorithm is the first step that must be taken before creating a program in basic
programming. Besides being correct, an algorithm must be effective [2]. Therefore, a correct algorithm
may not be useful for certain types and sizes of input because it requires a lot of memory space or time
to run.

Computers can use algorithms to make fast, repeatable, and precise decisions. The output
produced by an algorithm depends on the values and constraints set by its developer. Only algorithms
created by programmers can be used by computers. An algorithm can be briefly defined as knowledge
that considers how to approach a problem in a certain way and then structures it in a logical language
for a specific purpose.

The goal of a sorting algorithm [3] is to reorder the items of a list without reducing their value
or content. One of the important processes in programming and data processing is data sorting. As
technology advances, various sorting algorithms have been developed, each with different
characteristics, efficiency, and complexity. This study tests and compares three popular sorting
algorithms: Bubble Sort [4], Radix Sort [5], and Quick Sort [6]. These three algorithms are tested with
various array sizes [7], including small, medium, and large, as well as with various input data conditions,
such as best case (data already sorted), average case (random data), and nearly sorted (approximately
90% of the data already sorted).

Each algorithm in its application has two unique characteristics that can be used as comparison
parameters: the number of processes performed and the amount of memory used to perform the
processes. The number of processes is called time complexity, and the amount of memory is called space
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complexity, respectively. The goal of this study is to determine how well the three algorithms perform
under various conditions so that we can decide which algorithm is most suitable for use.

2. RESEARCH METHOD/MATERIAL AND METHOD/LETERATURE REVIEW

A. Radix Sort

The Radix Sort algorithm is one of the most efficient sorting algorithms because it doesn't perform direct
comparisons. For integers, this algorithm groups data based on digits that have the same value and
significant position. These groups of digits are stored in variables called buckets, which are usually
represented as arrays.

B. Quick Sort

The Quick Sort method, also known as Partition Exchange Sort, was introduced by C. A. R. Hoare. To
increase efficiency, this method first swaps elements that are far apartin the initial stage, before focusing
on the elements in the middle. Quick Sort can be implemented in two ways:

¢ Recursive

¢ Non-recursive

To sort elements in ascending order, we can perform the swap N/2N/2N/2 times, namely by swapping
the leftmost element with the rightmost element, then gradually moving towards the middle. However,
this method can only be applied if the initial order of the data is known (i.e., descending).

3. RESULTS AND DISCUSSION

A. Comparison Table

To determine the performance and scalability of each algorithm, Bubble Sort, Radix Sort, and Quick Sort
are compared based on their execution time. Algorithm speed is measured in milliseconds (ms).

This analysis focuses primarily on the best-case scenario, where the data elements are perfectly sorted
or the desired element is found at its starting position, requiring few or no swap operations.

Table 1. Best case

Waktu
. (ms) — Waktu (ms) — Waktu (ms) —
Algoritma 0 an Ukuran 1000 Ukuran 100000
100
Radix 0.000017 0.000236 12.437
Quick 0.0253 0.1234 0.1453
Bubble 0.0052 0.0061 0.0376

Random data conditions are often the best representation of variable data scenarios, representing the
most common conditions in real-world applications. Therefore, this analysis is important for
understanding the practical performance of the three sorting methods.

Table 2. Avarage case

Waktu
. (ms) - Waktu (ms) — Waktu (ms) —
Algoritma UKkuran Ukuran 1000 Ukuran 100000
100
Radix 0.000027 0.000197 15.104
Quick 0.0286 0.5321 0.4798
Bubble 0.2775 55.577 226.295.610
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This condition indicates that approximately 90 percent of the data elements are in their correct
positions. This demonstrates the algorithm's ability to optimize the sorting process with minimal
adjustments. This condition is particularly important for applications where data often has a certain
degree of structure or order prior to sorting. The obtained results allow for a comprehensive analysis of
how the efficiency of each algorithm changes when only a few elements need to be rearranged in small,
medium, and large arrays.

Table 3. Hampir terurut 90%

Waktu
. (ms) -  Waktu (ms)— Waktu (ms) —
Algoritma )\ an Ukuran 1000 Ukuran 100000
100
Radix 0.000020 0.000149 13.840
Quick 0.0279 0.1938 0.1937
Bubble 0.2012 44,100 226.295.610

B. Algorithm Comparison Results Graph

This graph shows the time comparison results more clearly, with increases and decreases in the graph
corresponding to the times shown in the table.

Radix Sort is excellent for small and medium-sized arrays, and its scalability for large arrays remains

good, although the measured execution time is longer.
Radix Sort Execution Time by Array Size and Condition
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Execution Time (ms)
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Fig. 1. Radix sort

Quick Sort is very effective and exhibits fast and scalable performance for most scenarios, especially on
large arrays in the average and nearly sorted cases. However, its execution time increases with array
size, but remains relatively low compared to Bubble Sort.
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Quick Sort Execution Time by Array Size and Condition
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Fig. 2. Quick sort

Bubble sort is not recommended for large data sets or when time efficiency is critical, as its
performance drops dramatically in average and near-sorted cases. However, in the best case for large

arrays, bubble sort may be the fastest.

Bubble Sort Execution Time by Array Size and Condition
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Fig. 3. Bubble sort

4. CONCLUSION
Radix Sort is a highly effective and stable algorithm for a wide range of input types and sizes. This makes
it a good choice, especially for sorting numeric data. For most scenarios, Quick Sort is also very effective,
demonstrating fast and scalable performance. Conversely, Bubble Sort is not recommended for very
small data sizes or when the data is known to be nearly perfectly sorted. In other cases, time efficiency
is not important.
1) Best Case

e Fastest:

o Small Array: Radix Sort

0 Medium Array: Radix Sort

o Large Array: Bubble Sort

e Worst:

o Small Array: Quick Sort

0 Medium Array: Quick Sort

o Large Array: Radix Sort
2) Average Case

e Fastest:

o Small Array: Radix Sort

0 Medium Array: Radix Sort

o Large Array: Quick Sort

e Worst:

o Small Array: Bubble Sort

0 Medium Array: Bubble Sort

o Large Array: Bubble Sort
3) Nearly 90% Sorted
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e Fastest:

o Small Array: Radix Sort

0 Medium Array: Radix Sort
o Large Array: Quick Sort

e Worst:

o Small Array: Bubble Sort

0 Medium Array: Bubble Sort
o Large Array: Bubble Sort
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