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Abstract

In the era of hyper-competitive digital markets, e-commerce platforms
increasingly face the challenge of information overload, where
traditional recommendation systems struggle to maintain precision and
relevance. This study addresses the critical limitation of isolated
recommender systems, which often fail to account for the
multidimensional and non-linear patterns of consumer behavior in the
Iranian e-commerce ecosystem. We propose a robust, integrated hybrid
framework—utilizing Self-Organizing Maps (SOM), Support Vector
Machines (SVM), and the Apriori algorithm—designed to optimize
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product bundling strategies. By effectively segmenting users through
unsupervised learning and predicting preferences via supervised
classification, our model achieves a prediction accuracy of 93.8%. This
research bridges the gap between customer loyalty modeling and
actionable product association, providing a scalable solution for
retailers to enhance cross-selling performance and streamline the user
journey.

1. Introduction

The rapid expansion of online retail in Iran has transformed consumer
purchasing behavior into a high-dimensional data environment, where
decision-making is increasingly influenced by algorithmic
recommendations. Despite the prevalence of standard recommendation
engines, many platforms—most notably within the lranian market—
encounter significant friction in creating personalized bundles that
resonate with diverse customer segments. Existing literature often relies
on monolithic models that either focus strictly on transactional history
or demographic profiles, leaving a significant void in models capable
of synthesizing structural user segmentation with behavioral prediction.

The primary motivation for this study lies in the “bundle mismatch”
phenomenon, where recommended products fail to align with a user’s
specific price sensitivity or historical purchasing trajectory. This
necessitates a hybrid approach that can discern latent user groups while
simultaneously predicting specific product affinity. To address this, our
research is guided by three fundamental Research Questions (RQSs):

e RQ1: How can a hybrid framework integrating SOM and SVM
effectively segment heterogeneous customer data within the
Iranian e-commerce context?

e RQ2: Towhat extent does the integration of Apriori association
rules enhance the precision of personalized product bundling
compared to isolated algorithmic approaches?



¥ 0Ken 5 Ugl o 3 (S31 515 pb ok 55 33 31 ) p33 3 Jg okt 5 (S5 5

o RQ3: What are the quantitative implications of utilizing RFM-
based segmentation for increasing bundle conversion rates?

By answering these questions, this study proposes a paradigm shift
from traditional, linear recommendation systems to a more
sophisticated, structure-aware architecture. We argue that by
prioritizing the synergy between structural clustering and supervised
preference modeling, retailers can mitigate the volatility of consumer
demand and create more stable, profitable product associations.

1.1.Research Gap and Positioning of the Present Study

The reviewed literature exhibits a clear division of labor that no single
study has yet integrated. Economic studies establish that bundling and
discounting raise sales (Choi and Chen 2019) but reveal
heterogeneous behavioral responses across customer segments (Zhang
et al. 2022; Zandi Nasab et al. 2020). Recommender research
demonstrates substantial sales impact (Arnotaki et al. 2021; Zhao et al.
2022) yet typically relies on either collaborative filtering or single-
technique pipelines. Methodological studies validate SOM-based
clustering (Carvalho et al. 2022) and SVM-based classification (Long
et al. 2018) in isolation, while Iranian research has examined trust,
loyalty, and bundling perception (Ebrahimi et al. 2020) without
embedding them in an algorithmic recommendation engine.

The present study fills this gap by proposing a hybrid model for Iranian
e-commerce in which the SOM segments customers hierarchically on
the basis of loyalty and behavioral variables—price, product type,
gender, age, and purchase history; the Apriori algorithm then mines
association rules to generate candidate product bundles within each
segment; and an SVM classifier selects and recommends the bundle
most likely to convert each customer. By uniting segmentation, rule
mining, and supervised decision-making, the model operationalizes the
segment-level bundling logic that the empirical literature demands,
with reported classification accuracy of 94 percent on real transaction
data from Digikala.

Methodology
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The research employs a multi-stage data mining strategy grounded in
the transactional data extracted from Digikala. The methodology is
structured into four distinct phases: (1) Preprocessing and Data
Transformation: Raw data, including user demographics (age,
education) and transactional history, were normalized via Z-score to
ensure uniformity. (2) Structural Clustering: We applied Self-
Organizing Maps (SOM) to identify optimal customer segments. The
Silhouette index was used to validate the model, resulting in three
distinct loyalty clusters and seven unique product-scenario clusters
(Product Scenario 1: 0.3308; Product Scenario 8: 0.501). (3) Predictive
Classification: A Support Vector Machine (SVM) was deployed to
classify user preferences and determine the likelihood of bundle
acceptance, acting as a “decision hyperplane” for the recommendation
engine. (4) Pattern Association: Finally, the Apriori algorithm was
utilized to extract significant association rules, identifying high-
frequency product combinations that form the basis for effective
bundling strategies. All computations were executed within a
MATLAB R2024 environment to ensure computational efficiency and
validation.

Results

The empirical results underscore the efficacy of the proposed hybrid
framework, which achieved an overall predictive accuracy of 93.8%,
substantially exceeding the performance of individual SOM (59%) or
SVM (48%) models. Data analysis revealed a strong correlation
between customer loyalty clusters and specific product categories,
particularly within the food and household essentials sector, which
accounted for 45% of total purchasing volume. The findings
demonstrate that by using SOM-derived clusters as input features for
the SVM, the model successfully reduces the noise inherent in sparse
transactional data. Furthermore, the application of Apriori rules across
the identified clusters demonstrated that bundling strategies are most
effective when tailored to specific “loyalty segments,” rather than
applying a universal bundle recommendation. This confirms that the
integration of structural and predictive techniques effectively resolves
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the misalignment issues found in traditional systems, providing a clear
pathway for optimized cross-selling.

Conclusion

This study demonstrates that the future of e-commerce recommendation
lies in the intelligent integration of diverse data mining techniques. Our
findings validate that a hybrid framework—specifically one that
combines SOM for structure discovery, SVM for classification, and
Apriori for association—offers a superior approach to managing the
complexity of modern consumer behavior. The results have significant
implications for retail management; by implementing this framework,
businesses can transition from generic promotional activities to
precision-based personalization, thereby reducing customer churn and
maximizing revenue. We conclude that institutionalizing such data-
driven architectures is not merely a technical upgrade but a strategic
imperative for competitive advantage. Future research should focus on
extending this model to include real-time sentiment analysis and neural
network-based prediction windows to further enhance the adaptability
of the bundle recommendation system.

Keywords: Recommender system, self-organizing neural networks,
support vector machine, product bundling, machine learning
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