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ABSTRACT

This research presents a digital twin-enhanced sentiment analysis model for optimiz-
ing targeted marketing strategies using multi-objective optimization. By integrating
BERT-based sentiment analysis, digital twin simulation, and evolutionary algorithms,
the framework dynamically adjusts marketing actions to maximize engagement,
minimize costs, and enhance personalization accuracy. The proposed Greedy Man
Optimization Algorithm (GMOA) outperforms traditional methods, achieving
superior results in consumer targeting and cost efficiency. Findings demonstrate
the effectiveness of Al-driven adaptive marketing, providing a scalable and ethical
approach to modern digital advertising.
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1-INTRODUCTION

The rapid evolution of artificial intelligence (Al), data analytics, and digital
transformation has significantly reshaped marketing strategies, enabling businesses to
adopt more adaptive, personalized, and data-driven approaches. Traditional marketing
methods often rely on historical consumer data and static segmentation, limiting
their ability to respond dynamically to evolving customer sentiments. In contrast,
real-time insights derived from sentiment analysis and Al-driven models provide
a deeper understanding of consumer emotions, allowing businesses to refine their
marketing strategies continuously. However, while sentiment analysis offers valuable
predictive insights, it lacks the ability to dynamically adjust marketing actions in
real time, necessitating an integrated framework that bridges consumer sentiment,
behavioral predictions, and decision-making optimization (Abdi et al., 2025).

To address this challenge, this research introduces a digital twin-enhanced sen-
timent analysis model, where each consumer digital twin acts as a virtual replica of
anindividual’s sentiment, preferences, and pastinteractions. Unlike traditional static
customer profiling, digital twins continuously update based on real-time consumer
sentiment fluctuations, enabling a more adaptive and personalized marketing approach.
Through this mechanism, businesses can simulate various marketing actions before
execution, ensuring that campaigns are optimized for engagement, relevance, and
cost-efficiency. However, while digital twins provide a dynamic consumer modeling
approach, optimizing multiple conflicting objectives in marketing remains a key
challenge, requiring advanced multi-objective optimization techniques to balance
engagement maximization, cost efficiency, and personalization accuracy (Movahed
et al., 2024 (a)).

This study integrates multi-objective optimization algorithms within the digi-
tal twin framework, ensuring that marketing strategies remain adaptive, scalable,
and efficient. By leveraging evolutionary algorithms such as NSGA-II, MOEA/D,
and the Greedy Man Optimization Algorithm (GMOA), the framework identifies
Pareto-optimal solutions that balance competing marketing objectives dynamically
(Nozari & Abdi, 2024). The interaction between digital twins and optimization
models ensures that consumer sentiment-driven insights directly influence the
decision-making process, where optimized marketing actions are updated in real
time based on changing consumer behaviors. This seamless integration of Al-driven
sentiment analysis, digital twin simulation, and multi-objective optimization enables
businesses to maximize consumer engagement while optimizing budget allocations
and improving overall marketing effectiveness (Irani et al., 2024).

Beyond performance optimization, ethical compliance is an essential consider-
ation in Al-driven marketing. Ensuring responsible data usage, preventing consumer
manipulation, and maintaining transparency are critical for regulatory compliance.
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