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Abstract : Sorting algorithms are fundamental components in computer science and data processing systems. However, selecting
the most efficient sorting algorithm depends on the characteristics of the input data, such as size, distribution, and order. Traditional
approaches rely on static selection, which may lead to sub-optimal performance in dynamic environments. This research proposes
an intelligent machine learning-based framework that dynamically selects the most appropriate sorting algorithm based on dataset
features. The model is trained on performance metrics of multiple sorting algorithms under different data conditions to predict the
optimal choice. Experimental results demonstrate that the proposed approach improves overall sorting efficiency in terms of time
complexity and execution performance compared to static selection methods.
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1. Introduction:

Sorting algorithms play a crucial role in computer science and data processing, as they are widely used in organizing and

managing large datasets efficiently. The performance of these algorithms varies depending on the characteristics of the input data,
such as size, order, and distribution.

In traditional systems, a fixed sorting algorithm is usually selected regardless of the nature of the data, which may lead to
inefficient performance in many cases. This static approach does not adapt to changes in data characteristics and may result in
increased execution time and computational cost.

To address this limitation, this research proposes an intelligent machine learning-based framework that dynamically selects the

most suitable sorting algorithm based on input data features. By learning from previous performance patterns of different
algorithms, the model can predict the most efficient choice for new datasets.

This adaptive approach aims to improve overall sorting efficiency and optimize computational performance compared to
conventional static selection methods .

2. Obijectives :

The main objectives of this research are:

1. To analyze the performance of different sorting algorithms under varying data characteristics such as size, order,
and distribution.

2. Toidentify the limitations of traditional static selection of sorting algorithms.

3. To design a machine learning-based model capable of predicting the most suitable sorting algorithm for a given
dataset.

4. To improve the overall efficiency of sorting in terms of execution time and computational cost.

5. To compare the proposed adaptive approach with traditional fixed algorithm selection methods.

www.ijeais.org/ijaisr
58



International Journal of Academic Information Systems Research (IJAISR)
ISSN: 2643-9026
Vol. 10 Issue 7 July - 2026, Pages: 58-62

3.

Problem Statement :

Despite the wide use of sorting algorithms in computer science, there is no single sorting algorithm that performs
optimally across all types of datasets. The efficiency of each algorithm depends heavily on the characteristics of the
input data, such as size, order, and distribution. In most traditional systems, a fixed sorting algorithm is chosen
regardless of these variations, which often leads to suboptimal performance, increased execution time, and unnecessary
computational cost. This lack of adaptability creates a gap between algorithm selection and actual data requirements.
Therefore, the main problem addressed in this research is the inability of traditional methods to dynamically select the
most efficient sorting algorithm based on data characteristics. This study aims to overcome this limitation by introducing
a machine

learning-based approach that can intelligently predict the best sorting algorithm for a given dataset .

Literature Review :

The problem of selecting an appropriate algorithm for a given computational task has been widely studied in computer
science and machine learning. Traditional approaches often rely on using a single fixed algorithm regardless of input
characteristics, which may lead to suboptimal performance in different scenarios.

One of the foundational works in this area is presented by Rice (1976), who introduced the concept of the Algorithm
Selection Problem. Rice formalized the idea that no single algorithm is optimal for all problem instances, and that algorithm
performance depends on the characteristics of the input instance. This work provides the theoretical basis for adaptive
algorithm selection systems and is considered the cornerstone of this research direction.

In the context of sorting algorithms, Cormen et al. (2009) provide a comprehensive analysis of classical sorting techniques
such as Quick Sort, Merge Sort, and Insertion Sort. Their work highlights that each algorithm has different time complexities
and performance behaviors depending on input size and structure. This variability supports the idea that selecting a sorting
algorithm dynamically can lead to performance optimization.

Similarly, Skiena (2008) emphasizes the importance of algorithm engineering and practical performance considerations. He
argues that theoretical complexity alone is not sufficient in real-world applications, as factors such as input distribution,
constant factors, and data characteristics significantly affect performance. This further supports the need for adaptive
algorithm selection mechanisms.

From a machine learning perspective, Mitchell (1997) defines the fundamental principles of learning from data, where
systems improve their performance through experience. Machine learning techniques can be applied to predict the most
suitable algorithm based on input features, transforming algorithm selection into a predictive modeling problem.

Overall, the literature suggests that combining theoretical algorithm analysis with machine learning techniques provides a
promising approach for adaptive sorting algorithm selection. This integration enables systems to dynamically choose the most
efficient algorithm based on input characteristics, improving computational efficiency and performance.

Methodology :

This research adopts a machine learning-based methodology for adaptive sorting algorithm selection. The proposed
framework consists of several stages :

- First, datasets with different characteristics, including varying sizes, distributions, and levels of sortedness,
are generated or collected.

These datasets are then processed using multiple sorting algorithms such as Quick Sort, Merge Sort, Heap Sort,
and Insertion Sort.

- Second, the performance of each sorting algorithm is measured using metrics such as execution time and
computational efficiency. The collected results are used to create a training dataset that links data
characteristics with the best-performing sorting algorithm.

- Third, a machine learning model is trained using the generated dataset.
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The model learns the relationship between dataset features and the most suitable sorting algorithm.

- Finally, the trained model is evaluated on unseen datasets to determine its ability to accurately predict the
optimal sorting algorithm. The performance of the proposed adaptive approach is then compared with
traditional fixed algorithm selection methods.

6. Practical Implementation :

To demonstrate the proposed approach, a simple prototype was implemented using Python. Different datasets with
varying sizes and distributions were generated and tested using multiple sorting algorithms, including Quick Sort, Merge
Sort, Heap Sort, and Insertion Sort. For each dataset, execution time was recorded to identify the best-performing
algorithm.

The collected performance data were then used to train a machine learning classification model. The model learned the
relationship between dataset characteristics and the most suitable sorting algorithm. When presented with a new dataset,
the trained model was able to predict the algorithm expected to provide the best performance. This implementation
demonstrates the feasibility of applying machine learning techniques to adaptive sorting algorithm selection.

A Flow Chart explaining the practical implementation :

Dataset

l

Feature Extraction

I
Machine Learning Model

l
Best Sorting Algorithm

l

Sorting Process

7. Results:
e A Decision Tree model was trained using datasets with different characteristics.
e The model learned the relationship between dataset features and the most suitable sorting algorithm.
e The model achieved high prediction accuracy on the test datasets.
e For small datasets, the model most frequently selected was Insertion Sort.
e For medium-sized datasets, it generally selected Quick Sort.
e For large datasets, it tended to select Merge Sort.
e The results showed that intelligent algorithm selection is more efficient than using a fixed sorting algorithm in all
cases.
8. Discussion :
e The results demonstrated that artificial intelligence is capable of selecting the most appropriate sorting
algorithm.
e The algorithm selections made by the model were logical and aligned with the known characteristics of sorting
algorithms.
e The proposed approach proved to be more effective than consistently using a fixed sorting algorithm.
e Some limitations exist, as the study used a limited number of features and sorting algorithms.
e Inthe future, the model can be enhanced by incorporating additional sorting algorithms and more dataset features .
9. Conclusion:
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This study proposed an intelligent machine learning-based approach for adaptive selection of sorting algorithms based on input
data characteristics. The experimental results demonstrated that the proposed model is capable of selecting appropriate sorting
algorithms in a way that improves overall performance compared to using a single fixed algorithm for all cases.

The findings show that the model’s decisions are generally consistent with the theoretical behavior of sorting algorithms. For
example, algorithms such as Quick Sort and Merge Sort are selected for larger datasets, while simpler algorithms are preferred
for smaller or nearly sorted inputs.

However, the proposed approach has certain limitations, including the use of a limited set of features and a restricted number of
sorting algorithms. Despite these limitations, the results confirm the potential of integrating machine learning techniques into
algorithm selection tasks.

Future work can focus on expanding the dataset, incorporating more features (such as data distribution characteristics), and
including additional sorting algorithms to further improve accuracy and generalization.
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