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Structure

This tutorial is organized into five key sections that collectively explore the fusion of evolutionary optimization tech-
niques with both large language models and multimodal LLMs (MLLMs). We begin with an overview of conventional
evolutionary optimization, laying the groundwork for understanding how EVC tackles complex systems. Next, we
introduce LLM-enhanced evolutionary optimization, where the incorporation of MLLM insights further refines tra-
ditional methods. The subsequent section examines how evolutionary algorithms can optimize prompt engineering
for both LLMs and MLLMs, enhancing their contextual and multimodal outputs. We then demonstrate the inte-
grated synergy of these approaches in revolutionizing code generation. Finally, we conclude with a discussion of
future research directions, highlighting emerging opportunities for deeper integration of LLM, MLLM, and EVC in
addressing the challenges of systems science and cybernetics.

1. Introduction of Evolutionary Optimization on Complex Systems

This section sets the stage by presenting foundational concepts of evolutionary optimization and its relevance to
complex networks. We will explain how evolutionary algorithms (EAs) mimic natural evolution to solve challenging
optimization problems. In the context of complex networks—such as social networks, communication infrastructures,
and biological networks—the discussion will highlight how EAs help navigate intricate connectivity patterns, optimize
network topology, and manage dynamic interactions. Practical demonstrations will include optimizing network resil-
ience, influence maximization, or community detection, providing a robust background for later enhancements.

2. LLM-Enhanced Evolutionary Optimization

Here, we explain how large language models (LLMs) and multimodal LLMs (MLLMs) can be integrated into evolu-
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tionary algorithms to serve as advanced operators. The tutorial will cover how LLMs and MLLMs can provide in-
formed mutation and crossover strategies by leveraging vast domain knowledge, thereby directing the search pro-
cess more intelligently and efficiently. We will explore mechanisms for incorporating heuristic guidance into the
evolutionary process and demonstrate how these enhancements accelerate convergence.

Examples include optimizing spreading speed, designing resilient network architectures, and fine-tuning community
detection algorithms. Through comparative studies and live demonstrations, we will show cases where LLM-en-
hanced evolutionary strategies outperform traditional methods, particularly in scenarios where the network exhib-
its high complexity and dynamic behavior.

3. EA-Enhanced LLM: Optimizing Prompt Engineering

This part delves into how evolutionary algorithms can be employed to improve prompt engineering for large lan-
guage models. The focus will be on using EA as a black-box optimizer to explore and refine prompt structures. We
will discuss strategies for evolving prompt templates that maximize the quality and relevance of LLM outputs, em-
phasizing iterative refinement and performance measurement.

We will showcase examples where an EA is applied to optimize prompts for various tasks, such as text generation,
summarization, and creative writing. Real-world cases demonstrating improved model performance through sys-
tematically evolved prompts will be presented, along with interactive sessions where participants can experiment
with prompt optimization techniques.

4. Integrated Synergy of LLM and EA: Revolutionizing Code Generation

In this segment, the tutorial demonstrates the combined power of LLMs and evolutionary algorithms in the realm
of code generation. We will explain how LLMs can generate initial code candidates, while EAs refine and optimize
these suggestions to produce efficient, robust, and readable code. The content covers the workflow integration, the
iterative feedback loop, and how both methods complement each other to enhance software development pro-
cesses.

Practical examples include automated code generation used in influence maximization, community detection, etc.
Live demonstrations and case studies will illustrate how this synergy leads to faster development cycles and higher-
quality ideas and heuristic tailored to the challenges of managing and analyzing complex networks.

5. Future Work

This final section outlines potential directions for future research and development. It will discuss emerging frame-
works for deeper integration of LLMs and EAs, scalability challenges, and broader applications in fields. The tutorial
will also highlight open research questions and encourage discussion on theoretical foundations and new evaluation
metrics, providing participants with a roadmap for advancing this interdisciplinary area.
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Outline

This tutorial explores the integration of cutting-edge large language models (LLMs) and multimodal LLMs (MLLMs)
with conventional evolutionary optimization techniques to solve complex problems in systems science and cyber-
netics. By harnessing the domain expertise embedded within LLMs and MLLMs, we enhance evolutionary algorithms
(EAs) to drive more informed search strategies, enabling rapid convergence and improved performance in diverse
applications such as network routing, resilient architecture design, and automated code generation. Furthermore,
the tutorial demonstrates how EAs can optimize prompt engineering for LLMs, fostering a dynamic interplay be-
tween natural language understanding and algorithmic refinement. This innovative approach not only paves the
way for breakthroughs in human-machine systems but also aligns with the themes of IEEE SMC 2025, emphasizing
interdisciplinary methods in cybernetics and complex systems analysis. Attendees will benefit from live demonstra-
tions, comparative case studies, and interactive sessions that collectively underscore the transformative potential
of this synergy in tackling real-world challenges.



