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Abstract—Large Language Models (LLMs) demonstrate
remarkable text generation capabilities but exhibit critical
limitations in autonomous operation, including the inability to
maintain states across sessions or iteratively refine solutions
without human intervention. This systematic literature review
examines 30 publications (2022-2025) that explore how
foundational LLM capabilities can be augmented with
decision-making loops, persistent knowledge structures, and
tool integration mechanisms. Our synthesis reveals three
interconnected research trajectories: reasoning architectures
that enable sequential task decomposition, compositional
memory systems that bridge short- and long-term state
management, and collaborative agent frameworks that
distribute cognitive load across specialized components. The
survey identifies substantive research gaps, including
architectural fragmentation, performance degradation in
extended reasoning tasks, and inadequate safety mechanisms
for code generation contexts. We propose that convergence
toward standardized modular agent designs is essential for
enterprise deployment, establishing a theoretical foundation
for engineering next-generation autonomous systems that are
suitable for real-world software development workflows.
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I. INTRODUCTION

Contemporary large language models (LLMs) exhibit
superior performance across language understanding and
generation tasks. However, their deployment remains
fundamentally reactive; each inference depends entirely on
explicit user prompting, with no mechanism for
maintaining context between sessions, executing complex
workflows, or  self-correcting  outputs  through
environmental feedback [1], [2].
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This architectural constraint motivates research on
extending the capabilities of LLMs through external
decision-making frameworks.

We define autonomous systems as architectures that
embed language models within iterative processes
incorporating hierarchical task decomposition and subgoal
sequencing, external function integration and API
orchestration, dual-layer state preservation (immediate
context and persistent knowledge), iterative error detection
and correction procedures, and multi-component
coordination with role-based specialization [3], [4].
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Fig. 1: Evolution Timeline (2022-2025)

The field exhibits rapid maturation, with foundational
concepts emerging in 2022 and increasingly sophisticated
integrated systems emerging in 2024-2025 (Figure 1). This
survey examines how these capabilities have been
instantiated in recent research, with particular attention to
their applications in software engineering.

Il. ARCHITECTURALFOUNDATIONS

A. Theoretical Architecture for Agentic Systems
Contemporary agentic architectures coalesce around five
primary functional components [3], [4]:
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(1) Identity and Capability Definition—explicit
specification of agent persona, domain expertise, and
operational constraints; (2) Information Retrieval and State
Access—mechanisms for accessing immediate task context
and accumulated historical knowledge; (3) Objective
Decomposition—conversion of high-level goals into
executable sequences; (4) Action Execution and
Environmental Interaction—mechanisms for invoking
external functions and processing results; and (5) Outcome
Evaluation and Adaptive Response—assessment of action
consequences and modification of subsequent behavior.
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Fig. 2.1: Agentic Loop Architecture

These constituents form a cyclical process, as illustrated
in Figure 2: perception of state — objective development
— action selection — outcome assessment — learning
integration.

B. From Monolithic to Iterative Paradigms

Recent research emphasizes that iterated reasoning
substantially surpasses single inference approaches.
Frameworks, including ReAct, Tree-of-Thoughts, and
RAP, instantiate this insight through different architectural
choices [5], [6], [7]- Empirical investigations have
confirmed that iterative strategies produce superior results
in tasks that require extended problem-solving,
environmental adaptation, and outcome optimization,
particularly when solutions depend on intermediate

feedback.

MULTLAGINT
OMUEPATMATION

NMEAMORS
ARLIUTEL TU AN

N St Leng
Torw

Fig. 2.2: Taxonomy of Agentic Al

NN T ALEN]
PATTENNS

.

i
.
a d

90

I1l. FUNCTIONAL COMPONENTS AND TECHNICAL
IMPLEMENTATIONS

A. Tool Integration and Function Invocation

A systematic investigation of LLM capabilities
regarding external function utilization revealed that models
can acquire competence in API selection and parameter
binding through appropriately structured training examples
[8]. Three large-scale investigations quantified this
competence: the ToolBench Framework (16,000+ distinct
APIs) [9], API-Bank Evaluation Set (diverse function
categories) [10], and ToolAlpaca Research (3,000+
controlled scenarios) [11].

Despite this progress, research has identified pronounced
performance deterioration when task completion requires
sequential tool application. When the output from one
function must serve as the input parameter for a subsequent
function, the failure rates exhibit substantial increases. This
"chaining degradation" represents a critical unresolved
research challenge with 60-70% failure rates in sequential
operations [11].

B. State Management and Adaptive Refinement

Substantial performance improvements were achieved
by integrating the three mechanisms as follows:

Decision-making Approaches: ReAct Architecture [5]
alternates between reasoning exposition and environmental
interaction, establishing the contemporary standard for
agent design. Multi-Branch Exploration [6] evaluates
multiple candidate paths before committing to specific
actions. Search-Integrated Planning [7] incorporates the
Monte Carlo tree search methodology, positioning the
language model simultaneously as a domain reasoner and
exploration guide.

Bifurcated Knowledge Architecture [12], [13]: Session-
Specific Context maintains recent transaction records
spanning 2,000-8,000 token positions. The Persistent
Knowledge Repository accumulates relevant
documentation and previously successful resolution
procedures, which are frequently implemented through
semantic vector databases.

The Iterative Self-Assessment: Reflexion Framework
[14] captures explicit feedback commentary and leverages
it for systematic improvement across repeated attempts.
The self-refinement Methodology [15] generalizes iterative
correction through structured self-evaluation,
demonstrating substantial reductions in hallucinated
content and logical inconsistencies.
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Fig. 3: Performance Comparison Bar Chart

[

Humusl val

Figure 3 illustrates that agents employing iterative self-
assessment mechanisms achieve 40-60% improvement in
Pass@1 accuracy on coding benchmarks (HumanEval and
SWE-bench) compared to standard approaches,
demonstrating a marked reduction in hallucination
phenomena, logical contradictions, and runtime exceptions.

IV. DISTRIBUTED AND COLLABORATIVE AGENT
FRAMEWORKS

The decomposition of complex objectives across
specialized agents communicating through structured
protocols enables sophisticated workflow orchestration
[16], [17].

A. Multi-Agent System Implementations

TABLE I.
COMPARISON OF MULTI-AGENT SYSTEM ARCHITECTURES

System Architectural Design Strength
Pattermn
Hierarchical Clear authority hierarchwv
MetaGPT organizational supporting complex
structure projects
Simulated Unified workflow
ChatDev commercial spanning complete
organization development phases
Flexible agent . Adaptable role .
AntoGen . assignment for varving
SRR collaboration .
task requirements
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Fig. 4: Performance Comparison Bar Chart

Role-based specialization yields measurable
improvements in output caliber, reduced logical error
frequency, and more comprehensive documentation of the
work. Effective multi-agent coordination depends on well-
defined exchange protocols, coordinated access to shared
knowledge repositories, explicit articulation of agent
responsibilities, and safeguards that prevent inappropriate
task delegation [18], [19].

V. SYSTEMATIC ANALYSIS OF RESEARCH
CONTRIBUTIONS

An analysis of 30 primary research publications (2022—
2025) revealed distinct evolutionary phases. The 2022
Phase established reasoning articulation foundations
through CoT prompting [5]. The 2023 Phase witnessed the
emergence of iterative agent architectures (ReAct), tool
integration mechanisms (Toolformer), feedback integration
frameworks (Reflection), and advanced reasoning
strategies (Tree-of-Thoughts, RAP). The 2023-24 Phase
introduced collaborative multi-agent systems (MetaGPT,
ChatDev, AutoGen), emphasizing role-based
specialization. The 2024-25 Phase focuses on integrated
software development systems enabling end-to-end
automation spanning complete development lifecycles.

Research  contributions span  seven categories:
Foundational Systems advancing model architectures [1],
[2]; Systematic Analysis providing comprehensive
taxonomies [3], [4]; Reasoning Architectures enabling
iterative problem-solving [5], [7]; Tool Integration
frameworks [6], [9], [10], [11]; Knowledge Management
systems implementing dual memory architectures [12],
[13], [17], [18]; Adaptive Learning mechanisms [8], [14],
[15], [19]; Distributed Systems enabling multi-agent
coordination [10], [11], [16], [20], [21]; and Evaluation
Methodology establishing standardized benchmarks [24],
[25], [26], [27].
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VI. UNRESOLVED RESEARCH PROBLEMS

TABLE II.
CRITICAL RESEARCH GAPS AND THEIR IMPLICATIONS

Research Gap Practical Impact Status
. System incompatibility .
Architectural ! p g Actively
. and absence of . .
Heterogeneity L investigated
- standardization
Functionality ..
Extended Task . y Critical
degradation bevond 30-
Performance ! unresolved
step sequences
Transparent .
P Unsafe code generation Urgent
Reasoning and . . .
and factual inaccuracies requirement
Safety
Resource Prohibitive deplovment Optimization
Consumption expenses focus
Sequential Tool | 60-70% failure rates in .. .
o . . Critical barrier
Limitations function compaosition
Evaluation Unclear progress .
. . prog . Requires effort
Standardization | metrics across domains

VII. CONCLUSION

The progression from conventional language models to
autonomous agent systems represents fundamental
reconceptualization of Al system capabilities. Integration
of planning mechanisms, environmental interaction,
persistent memory, and iterative self-correction enables
transition from reactive to genuinely autonomous agents.
Primary findings include sustained research momentum
with convergence toward standardized patterns, empirical
evidence supporting superior performance through
specialization, critical deficiencies in fragmented
implementations and long-horizon performance with
underdeveloped safety frameworks, and deployment
readiness requiring architectural standardization. Future
research  must  prioritize ~ convergence  through
standardization, performance extension to sustained multi-
step reasoning, comprehensive safety frameworks for code
generation, and real-world deployment integration with
enterprise infrastructure. This study establishes foundation
for engineering autonomous systems capable of handling
realistic software development with appropriate reliability
and safety characteristics.
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