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Abstract— The rapid growth of e-commerce platforms has led to an unprecedented increase in the volume and diversity of products
available to online consumers, making efficient and personalized product ranking a critical challenge. Traditional sorting
algorithms, such as Quick Sort, Merge Sort, and Heap Sort, efficiently order products according to predefined attributes such as
price, rating, or popularity. However, these approaches rely on static sorting criteria and fail to capture the diverse preferences,
browsing behaviors, purchase histories, and contextual intentions of individual users. This paper proposes a hybrid Al-powered
sorting framework that integrates artificial intelligence with classical sorting algorithms to generate personalized product rankings
while maintaining computational efficiency. The proposed framework consists of two stages: an Al-based relevance scoring module
that evaluates products using multiple features, including query relevance, user preferences, product ratings, popularity, and
contextual information, followed by an efficient comparison-based sorting algorithm that orders products according to their
predicted relevance scores. The computational complexity of the proposed framework is analyzed, demonstrating that personalized
ranking can be achieved with an overall time complexity of O(n log n) while preserving scalability for large-scale e-commerce
applications. The framework highlights how artificial intelligence enhances the quality of product ranking by adapting to individual
user needs, whereas classical sorting algorithms ensure efficient ordering and rapid response times. Furthermore, the paper
discusses practical implementation considerations, including feature engineering, candidate filtering, caching strategies, and the
trade-offs between personalization accuracy and computational performance. The proposed approach provides a scalable and
flexible foundation for intelligent product ranking systems and offers valuable insights for the development of next-generation
personalized e-commerce search and recommendation platforms. Future work will focus on implementing the framework using real-
world e-commerce datasets and evaluating its effectiveness through ranking quality, user engagement, and system performance
metrics.
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1. Introduction

The rapid expansion of e-commerce has fundamentally transformed the retail industry by enabling consumers to access millions of
products through online platforms. Global marketplaces such as Amazon, eBay, Alibaba, and Walmart process vast amounts of
product information and user interactions every day, requiring highly efficient algorithms to organize, rank, and present relevant
products within milliseconds. As product catalogs continue to grow in both size and complexity, the effectiveness of product sorting
and ranking has become a key determinant of customer satisfaction, user engagement, and business performance. Consequently,
developing intelligent sorting mechanisms that can deliver accurate and personalized search results while maintaining computational
efficiency has become an important research challenge.

Sorting algorithms constitute one of the most fundamental topics in computer science and play a central role in numerous applications
involving data organization, retrieval, and optimization. Classical comparison-based algorithms, including Quick Sort, Merge Sort,
Heap Sort, and TimSort, are widely employed because they provide predictable computational complexity and excellent scalability
when ordering large datasets. In conventional e-commerce systems, these algorithms are typically used to sort products according to
predefined attributes such as price, customer rating, popularity, or date of publication. Although these methods are computationally
efficient, they rely on static sorting criteria that treat all users identically, regardless of their individual preferences, browsing
histories, purchasing behavior, or contextual needs.

Modern e-commerce environments have shifted from generic product presentation toward highly personalized shopping experiences.
Customers searching for the same product may have entirely different expectations based on factors such as previous purchases,
preferred brands, spending habits, geographic location, device type, seasonal trends, and current browsing context. Consequently,
presenting an identical product order to every user often reduces search relevance, increases the time required to locate desired
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products, and may negatively affect customer satisfaction and conversion rates. Personalization has therefore become a fundamental
component of intelligent e-commerce systems, requiring ranking strategies that dynamically adapt product ordering to each
individual user.

Recent advances in artificial intelligence (Al) and machine learning have significantly improved personalized ranking and
recommendation systems. Machine learning models can analyze complex relationships among user behavior, product characteristics,
and contextual information to estimate the likelihood that a particular product will satisfy a user's intent. Techniques such as
collaborative filtering, content-based recommendation, gradient boosting models, deep neural networks, and learning-to-rank
algorithms have demonstrated remarkable success in predicting user preferences and improving recommendation quality. However,
these Al models primarily focus on estimating relevance scores rather than efficiently organizing large collections of products. After
relevance prediction, an effective sorting mechanism is still required to arrange products according to the computed scores while
ensuring low response latency and scalability for real-time applications.

Although substantial research has been conducted independently on sorting algorithms and Al-based recommendation systems,
relatively limited attention has been devoted to integrating intelligent relevance prediction with classical sorting techniques into a
unified algorithmic framework. Existing recommendation systems frequently emphasize prediction accuracy while paying less
attention to the computational characteristics of the subsequent sorting process, whereas traditional sorting algorithms provide
excellent efficiency but lack adaptive personalization capabilities. Bridging these two perspectives is essential for developing
practical large-scale e-commerce systems capable of delivering both highly relevant and computationally efficient product rankings.

This paper addresses this challenge by proposing a hybrid Al-powered sorting framework that combines artificial intelligence with
classical sorting algorithms for personalized product ranking. The proposed framework separates the ranking process into two
complementary stages. In the first stage, an Al-based scoring model computes a personalized relevance score for each candidate
product by considering multiple factors, including query relevance, user preferences, product ratings, popularity, availability, and
contextual information. In the second stage, an efficient comparison-based sorting algorithm orders the products according to the
generated relevance scores, thereby preserving the computational efficiency of traditional sorting while benefiting from Al-driven
personalization.

Unlike conventional approaches that rely exclusively on either static sorting criteria or recommendation models, the proposed
framework demonstrates how intelligent scoring and efficient sorting can complement each other to achieve scalable personalized
ranking. Furthermore, the framework provides a modular architecture that can accommodate different machine learning models and
sorting algorithms without altering the overall system design, making it suitable for a wide range of e-commerce applications.

The main contributions of this paper are summarized as follows:

e A comprehensive analysis of the limitations of traditional product sorting methods in modern personalized e-commerce
environments.

e A hybrid Al-powered framework that integrates personalized relevance prediction with classical comparison-based
sorting algorithms.

e A mathematical scoring model that combines query relevance, user preferences, product quality, popularity, and
contextual factors into a unified ranking function.

e A computational complexity analysis demonstrating that the proposed framework maintains an overall time complexity of
O(n log n) while supporting scalable personalized ranking.

e Addiscussion of practical implementation considerations, including feature engineering, candidate filtering, caching
mechanisms, and system scalability, to facilitate deployment in large-scale e-commerce platforms.

The remainder of this paper is organized as follows. Section 2 reviews the existing literature on sorting algorithms, recommendation
systems, and Al-based ranking techniques. Section 3 presents the research problem and objectives. Section 4 describes the proposed
hybrid framework and its algorithmic components. Section 5 analyzes the computational complexity and expected performance of
the proposed approach. Section 6 discusses the advantages, limitations, and practical implications of Al-powered sorting, while
Section 7 concludes the paper and outlines future research directions.
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2. Objectives

The primary objective of this research is to develop a hybrid Al-powered sorting framework that enhances product ranking in e-
commerce platforms by integrating artificial intelligence with classical sorting algorithms. The proposed framework aims to achieve
personalized product ordering while maintaining the computational efficiency and scalability required for large-scale online retail
systems.

The specific objectives of this study are as follows:

1. To investigate the role of classical sorting algorithms in organizing and ranking products within e-commerce platforms,
with particular emphasis on their computational efficiency and scalability.

2. To analyze the limitations of conventional single-key sorting methods, such as price-, rating-, and popularity-based
ranking, in addressing the diverse preferences and dynamic behaviors of individual users.

3. Todesignahybrid Al-powered product ranking framework that combines machine learning-based relevance prediction
with efficient comparison-based sorting algorithms to generate personalized product lists.

4. To develop a personalized relevance scoring model that incorporates multiple factors, including query relevance, user
preferences, browsing history, purchase behavior, product ratings, popularity, availability, and contextual information.

5. To evaluate the computational complexity of the proposed framework by analyzing its time and space requirements
and demonstrating its suitability for large-scale e-commerce environments.

6. To examine the balance between personalization quality and computational performance, identifying strategies that
improve ranking relevance without introducing unacceptable response latency.

7. To discuss practical implementation considerations, including feature engineering, candidate filtering, caching
mechanisms, and incremental ranking updates that can improve the efficiency of real-world deployment.

8. To identify the advantages, limitations, and future research opportunities associated with Al-powered sorting systems,
providing a foundation for the development of next-generation intelligent e-commerce search and recommendation
platforms.

3. Problem Statement

The exponential growth of e-commerce platforms has significantly increased the volume, diversity, and complexity of online product
catalogs, making efficient product sorting and ranking an increasingly challenging task. Modern e-commerce systems must process
millions of products while responding to user queries in real time. Consequently, product ranking has become a critical factor
influencing customer satisfaction, search efficiency, user engagement, and sales performance.

Traditional sorting algorithms, including Quick Sort, Merge Sort, and Heap Sort, are highly effective for organizing data according
to predefined comparison keys such as price, customer rating, popularity, or date of publication. These algorithms provide excellent
computational efficiency and scalability, typically achieving a time complexity of O(n log n). However, their effectiveness is limited
in personalized e-commerce environments because they rely on static sorting criteria that produce identical product rankings for all
users regardless of their individual preferences, browsing histories, purchase behaviors, or contextual information.

In contrast, modern online shopping platforms require dynamic and personalized ranking strategies that can adapt product ordering
to the specific interests and intentions of each customer. Users searching for the same product may have different priorities based on
factors such as preferred brands, budget constraints, previous purchases, geographic location, seasonal trends, or current browsing
context. A static sorting mechanism is unable to capture these variations, often resulting in less relevant search results, increased
search time, reduced customer satisfaction, and lower conversion rates.

Artificial intelligence and machine learning techniques offer promising solutions by learning complex relationships between users
and products to estimate personalized relevance scores. Nevertheless, Al models primarily focus on prediction rather than efficient
ordering. After relevance scores are generated, products must still be sorted rapidly to satisfy the strict response-time requirements
of large-scale e-commerce systems. As the number of candidate products increases, maintaining both personalization quality and
computational efficiency becomes a significant algorithmic challenge.

Therefore, the fundamental problem addressed in this research is how to design a scalable product sorting framework that combines
Al-based personalized relevance prediction with the computational efficiency of classical sorting algorithms. The framework should
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generate highly personalized product rankings while preserving low computational complexity, fast response times, and scalability
for large product catalogs. Addressing this challenge requires balancing intelligent decision-making with efficient algorithmic
design, enabling e-commerce platforms to deliver accurate, personalized, and computationally efficient product recommendations
in real-world environments.

4. Literature Review

Sorting algorithms have been studied extensively as a core part of computer science. Classical algorithms such as merge sort,
quicksort, and heap sort are commonly used because they can sort data efficiently in O(n log n) time on average or in the worst case
depending on the algorithm. These algorithms are important because they provide predictable ways to order large datasets.

In information retrieval and recommender systems, ranking is often treated as an extension of sorting. Instead of sorting items by a
simple numeric key, the system first calculates a relevance score and then sorts items by that score. Learning-to-rank methods use
machine learning to estimate how relevant an item is for a user query or preference. These methods are widely used in search engines,
recommendation systems, and online marketplaces.

Personalization in e-commerce has also been widely discussed in research and industry. Recommender systems use user behavior,
product similarity, collaborative filtering, and machine learning models to predict what a user may prefer. In product search,
personalization can adjust the order of results based on browsing history, previous purchases, ratings, demographic information, or
contextual data. However, these systems still depend on efficient algorithms to process and sort product lists quickly.

Recent approaches combine Al models with traditional algorithmic structures. For example, an Al model can generate a relevance
score, and a sorting algorithm can arrange products according to the generated scores. This hybrid approach is suitable because Al
handles prediction and personalization, while sorting algorithms handle ordering and performance. The literature shows that neither
Al nor classical algorithms alone are enough for large e-commerce systems; effective solutions require both intelligent scoring and
efficient computational design.

5. Methodology

This paper proposes a hybrid algorithmic framework for Al-powered sorting in e-commerce. The framework has two main stages.
First, an Al-based scoring stage calculates a personalized score for each product. Second, a sorting stage orders products according
to the calculated score. The purpose of separating the two stages is to keep the system clear, modular, and analyzable from an
algorithms perspective.

6. Input and Output
Input: A set of products P = {p1, p2, ..., pn}, a user profile U, and a search query or browsing context Q. Each product includes

features such as price, category, rating, popularity, availability, and textual description. The user profile may include previous
searches, clicks, purchases, preferred categories, and price range.

Output: A sorted list of products where the highest ranked products appear first according to a personalized Al relevance score.

7. Proposed Framework
The proposed framework follows these steps:

Collect product data and user behavior data.

Preprocess the data by cleaning missing values and extracting useful features.

Calculate a relevance score for every product using a weighted Al-based scoring function.
Sort all candidate products in descending order according to their relevance scores.
Return the top-ranked products to the user interface.

Update user behavior data after new clicks, searches, or purchases.

Scoring Function
A simplified personalized score can be represented as:
Score(p, U, Q) = wl Relevance(p, Q) + w2 Preference(p, U) + w3 Rating(p) + w4 Popularity(p) - w5 Penalty(p)

In this formula, relevance measures how well the product matches the query, preference measures how well the product matches the
user profile, rating reflects product quality, popularity reflects demand, and penalty can represent negative factors such as high
delivery time, low availability, or weak matching. The weights can be learned or adjusted according to the platform goal.
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Pseudocode

Algorithm: Al-Powered Product Sorting
Input: Product list P, user profile U, query Q
Output: Personalized sorted product list S

. CandidateProducts <- Filter(P, Q)

. For each product p in CandidateProducts do
features <- ExtractFeatures(p, U, Q)

score[p] <- PredictRelevance(features)

. End For

. S <- SortDescending(CandidateProducts, score)
. Return S

~ouhrwNPR

Algorithmic Complexity Analysis

Let n be the number of candidate products returned after filtering. If feature extraction and score prediction take constant time for
each product, then scoring all products requires O(n) time. Sorting the scored products using an efficient comparison-based sorting
algorithm such as merge sort or quicksort requires O(n log n) time. Therefore, the total time complexity is O(n + n log n), which
simplifies to O(n log n).

The space complexity depends on how scores and intermediate features are stored. If one score is stored for each product, the
additional space is O(n). In practice, systems can reduce response time by filtering candidates before sorting, caching popular results,
and sorting only the top candidate products when full sorting is unnecessary.

8. Results

This paper presents expected results because it is a theoretical algorithmic study rather than a fully implemented system.. The
proposed framework is expected to improve the order of e-commerce products compared with traditional single-key sorting because
it considers both product attributes and user preferences.

Sorting Approach Main Key Personalization Expected Performance

Price-based sorting Price Low Fast, but may ignore user
preference

Rating-based sorting Rating Low to medium Useful for qua}llty, but not
fully personalized

Popularity-based sorting Sales or views Low to medium Highlights “e”d”?g |te_ms
but may reduce diversity

. Personalized relevance . More relevant results with
Al-powered sorting High -
score O(n log n) sorting cost

The expected result is that Al-powered sorting can provide more relevant product lists while still using efficient sorting techniques.
The most important improvement is not only speed but also the quality of the sorted order. A personalized sorted list can help users
find suitable products faster and may increase customer satisfaction.

9. Discussion

The proposed framework shows that sorting in modern e-commerce is not only a mechanical ordering process. It is also a decision-
making process that depends on user intent and product context. Classical algorithms remain important because they provide efficient
methods for ordering data. However, the key used for sorting can be improved using Al.

One advantage of Al-powered sorting is personalization. Instead of showing the same product order to all users, the system can adapt
the order according to each user. For example, a user who often buys low-cost products may see affordable items first, while another
user who prefers high-rated brands may see premium products first. This makes sorting more useful and user-centered.

Another advantage is flexibility. The scoring model can combine many criteria at the same time, including query relevance, user
preference, rating, popularity, stock availability, and delivery time. This is difficult to achieve with a single traditional sorting key.

www.ijeais.org/ijaisr
101



International Journal of Academic Information Systems Research (IJAISR)

ISSN: 2643-9026

Vol. 10 Issue 7 July - 2026, Pages: 97-103

The framework also allows the platform to adjust weights according to business goals, such as improving customer satisfaction,
increasing conversions, or promoting available products.

However, Al-powered sorting also has limitations. First, it requires user data, which raises privacy and fairness concerns. Second,
the scoring model can introduce bias if it over-prioritizes popular products or past behavior. Third, score prediction adds
computational cost before sorting. Therefore, optimization techniques such as candidate filtering, caching, approximate ranking, and
top-k selection may be necessary in large-scale systems.

From an algorithms course perspective, the most important point is that Al does not replace sorting algorithms. Instead, Al changes
the comparison key used by the sorting algorithm. The final ranking still depends on algorithmic efficiency, time complexity, and
data structure design. This makes the topic strongly related to the study of algorithms.

10. Conclusion

This paper discussed Al-powered sorting in e-commerce as an algorithmic framework for personalization and performance
optimization. Traditional sorting algorithms are efficient but limited when they use only one static key such as price or rating. E-
commerce platforms need more intelligent sorting because different users have different needs and preferences. The proposed
framework solves this problem by calculating an Al-based relevance score for each product and then sorting products according to
that score.

The analysis shows that the framework can maintain an efficient O(n log n) sorting complexity while improving the relevance of
product results. Al contributes personalization and adaptive decision-making, while classical sorting algorithms contribute efficiency
and scalability. Therefore, the best approach is a hybrid one that combines intelligent scoring with well-designed algorithms. Future
work may include implementing the framework using real e-commerce datasets, comparing different machine learning models, and
measuring actual performance using response time, click-through rate, and conversion rate.
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