
Abstract

The proliferation of artificial intelligence (AI) technologies has led to the emergence of increasingly complex and autonomous agents across various domains. However, the absence of a unified framework to classify these diverse models has resulted in conceptual ambiguity and design inconsistency. This paper presents a multidimensional taxonomy of AI agent models, integrating recent scholarly and industry-based classifications. By examining reasoning styles, autonomy levels, task complexity, cognitive paradigms, application roles, and control structures, we offer a comprehensive framework to support systematic development, evaluation, and regulation of AI agents.



1. Introduction

As AI systems become embedded in social, industrial, and scientific infrastructures, the term "AI agent" has evolved to encompass a wide spectrum of functionalities, from rule-based automation to autonomous, goal-adaptive entities. The expanding diversity of AI agents necessitates a structured taxonomy to support both theoretical analysis and practical deployment. This paper synthesizes and refines recent taxonomies to propose a coherent, multi-criteria classification scheme that accounts for key operational and conceptual dimensions of AI agent models.



2. Reasoning and Response Styles

Reasoning forms the core mechanism by which AI agents interact with their environments. The taxonomy distinguishes among:

· Reactive Agents: Stateless systems that rely on condition-action mappings. They lack internal representations and planning capabilities, responding solely to immediate inputs (e.g., simple reflex-based automation).
· Deliberative Agents: Maintain internal models of the environment and engage in planning and inference to select actions based on anticipated outcomes. These include goal-based and utility-based agents.
· Hybrid Agents: Integrate reactive and deliberative modules to balance responsiveness with strategic foresight, particularly useful in dynamic environments where real-time action and planning must co-exist.
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3. Levels of Autonomy

Autonomy reflects an agent's capacity to operate independently of human intervention:


· Low Autonomy Agents: Function under constant human supervision, performing narrowly defined tasks.
· Medium Autonomy Agents: Execute tasks semi-independently with occasional human input, typically in well-structured domains.
· High Autonomy Agents: Capable of self-directed operation across extended timeframes, dynamically adapting goals and plans without external oversight.

This axis is crucial for aligning AI deployment with levels of accountability and safety assurance.



4. Task Complexity and Scope

Task complexity determines the agent's problem-solving depth:


· Tool-Level Agents: Execute singular, predefined functions (e.g., calling APIs, formatting text).
· Process-Level Agents: Orchestrate multi-step workflows or sequences of tool interactions.
· Task-Level Agents: Solve ill-structured problems through adaptive planning and reasoning, demonstrating context-sensitive behavior and cross-domain capabilities.

This dimension aligns with the increasing functional demands placed on agents across application contexts.



5. Conceptual and Cognitive Paradigms

Recent discourse has emphasized the need to differentiate among AI models based on cognitive depth and agentic properties:

· Generative AI: Stateless systems producing outputs based on prompts without persistence or intentionality (e.g., autoregressive language models).
· AI Agents: Operate with bounded task memory and limited goal representations; often integrate tool use and short-term planning.

· Agentic AI: Exhibit characteristics such as persistent memory, hierarchical goal decomposition, and autonomous coordination across tasks-suggesting a trajectory toward general-purpose agency.

This classification supports normative discussions on the cognitive status and ethical accountability of AI systems.



6. Application-Oriented Categories

Functionality-driven classification highlights use-case specificity:


· Chatbots: Low complexity agents limited to conversational interfaces and scripted dialogue.
· Search Agents: Intermediate complexity systems designed for information retrieval through structured query workflows.
· Operator Agents: Interface with external software or hardware via multimodal commands.
· Research Agents: High-complexity agents supporting autonomous hypothesis generation, data synthesis, and scientific analysis.

Understanding application domains helps align agent capabilities with human needs and regulatory expectations.



7. Control Structures and Learning Mechanisms

The taxonomy further distinguishes agents by their control logic and capacity for learning:


· Rule-Based Agents: Fixed behavior defined by pre-programmed rules; no adaptability.
· Planner Agents: Utilize symbolic or algorithmic planning to sequence actions.
· Adaptive Agents: Leverage machine learning to evolve their behavior over time.
· Centralized vs. Distributed Control: Agents may function as isolated units or within cooperative multi-agent systems, influencing robustness and scalability.

This dimension is essential for architectural design and systemic resilience.

8. Conclusion

This taxonomy provides a systematic and multidimensional framework for understanding the architecture, behavior, and purpose of AI agents. By incorporating reasoning, autonomy, task complexity, cognition, application, and control structure, it enables clearer differentiation among agent types and offers guidance for development, evaluation, and policy-making. As AI systems become increasingly agentic, such taxonomies are essential for shaping transparent, ethical, and effective human-AI interaction.
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