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Recent advances in large language models (LLMs) have accelerated the development of autonomous agents
capable of performing complex tasks across diverse domains. However, the deployment of LLM-based multi-agent
systems (MAS) in real-world environments remains limited, primarily due to the lack of dynamic interoperability
among heterogeneous agents and the difficulty of establishing structured integrations with external tools and services.
To address these challenges, this paper proposes a practical framework that integrates Google’s Agent-to-Agent (A2A)
protocol with Anthropic’s Model Context Protocol (MCP). A2A enables standardized inter-agent communication
through agent cards, structured messages, and task-based workflows, while MCP supports safe, context-aware
interactions with external APIs and resources via a JSON schema - based interface. This study analyzes the technical
architectures and core operational mechanisms of both protocols and presents unique integration design principles that
maximize their synergistic potential. The proposed framework is implemented on LangGraph, enabling agent
workflows with cyclic logic and dynamic context propagation. As a practical case study, we implement a stock
information system in which agents collaboratively process complex user queries by integrating real-time financial
data, news scraping, and analytical tools. The framework significantly enhances the development efficiency, scalability,
and practicality of LLM-based agent systems. This research provides reproducible implementation methodologies and
architectural design guidelines for developers and researchers aiming to build interoperable, enterprise-grade
autonomous agent systems, thereby laying the groundwork for the practical adoption of Al agent technologies.
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based on extensive training data, enables users to

1. Introduction

leverage Al services with ease (Jeong, 2023a;

Recent advancements in artificial intelligence 2023b). In particular, the development of Al has

(AD) have highlighted the importance of large led to a growing utilization of autonomous agents

language models (LLMs) across various domains
(Jeong, 2025). Generative Al, which can create

new content such as text, images, audio, and video

—AI systems capable of independently performing
tasks, solving problems, and supporting decision-

making based on user inputs. However, complex
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real-world problems often exceed the capabilities
of a single agent. This has given rise to the necessity
of multi-agent systems (MAS), where multiple agents
collaborate to overcome such limitations. With the
emergence of LLMs, LLM-based MASs have gained
attention as a new paradigm (Yang, et al., 2023).
Unlike traditional MASs, these systems enable more
flexible and adaptive collaboration through natural
language processing. Each agent can specialize in a
specific domain while coordinating complex tasks
through natural language interaction (Liu et al., 2023).

For agents to be effectively utilized in real-world
environments, seamless integration with external
tools, APIs, and databases is critical. To address this,
Anthropic released the Model Context Protocol
(MCP) as open source in November 2024 (Anthropic,
2024). Similarly, efficient communication and
collaboration among agents is a prerequisite for
successful MAS deployment. However, agent systems
developed by different frameworks and vendors have
faced interoperability limitations. To resolve this,
Google released the Agent-to-Agent (A2A) protocol
as an open source project in April 2025 (Google,
2025a). A2A provides a standardized communication
framework for agents to collaborate across different
environments, while MCP offers a structured I/O
system that enables agents to interact with external
tools and resources (Google, 2025b). Although
these protocols function independently, they serve
complementary roles and form a foundational basis
for building practical agent ecosystems.

While prior research has examined A2A and
MCP as independent protocols, this study proposes

a novel integrated framework that harnesses their
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complementary characteristics to address key
limitations of existing LLM-based MAS, namely,
the lack of real-time, dynamic collaboration among
heterogeneous agents and contextual mismatches
when interfacing with complex external systems.
This study presents an in-depth analysis of
how the integration of the A2A protocol and the
MCP produces synergistic effects that maximize
interoperability and efficiency in LLM-based MAS.
In particular, we introduce novel design principles
showing that, when A2A’s standardized inter-agent
communication capabilities are combined with MCP’s
external-tool integration facilities, agents can collaborate
organically while efficiently leveraging external
resources such as real-time financial data, news
scraping, and analytic tools. The proposed framework
unifies A2A’s “task-management” mechanisms with
MCP’s “context-management” functions to realize
a cyclic logic and dynamic context-propagation
architecture that continuously transmits and manages
the context required for external tool usage within
complex agent workflows. We demonstrate that
this integrated approach amplifies the strengths of
both protocols and enables flexible construction of
sophisticated multi-agent workflows, thereby offering
a new paradigm that addresses longstanding MAS
limitations—namely, the lack of real-time dynamic
collaboration among heterogeneous agents and context
inconsistencies when interfacing with complex
external systems. To that end, we analyze the technical
architectures and operational principles of A2A
and MCP and investigate how their complementary
properties can be harnessed to construct a practical

agent ecosystem. We further present an integration
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architecture and core implementation logic based
on LangGraph, providing a detailed account of how
the proposed theoretical concepts are instantiated
in a real-world application.

By leveraging the complementary capabilities of
A2A and MCP, this research offers a concrete approach
to enhancing the interoperability and development
efficiency of LLM-based autonomous agent systems
across diverse enterprise environments. In doing
so, it explores the potential for agent technologies
to move beyond experimental proto-types and

evolve into deployable, service-ready solutions.

2. Literature Review

2.1. Concept and Evolution of Autonomous
Agents

An automation agent refers to more than just a
task executor—it is an intelligent software robot
that integrates Al technologies to perceive complex
situations, analyze data, interact with users, and
even improve its performance through learning
(Jeong et al., 2025). Autonomous agents are systems
that perceive their environment, autonomously set
goals or formulate plans to achieve predefined
objectives, and make decisions and act independently
by learning and adapting (Margaret & Natalie,
2024; Salesforce, 2025). These agents can respond
flexibly to unpredictable or dynamic environments,
solving problems on their own as needed. The
recent advancement of large language models

(LLMs) has significantly expanded the capabilities

and application areas of autonomous agents. They
are now widely used in information retrieval, data
analysis, decision support, and task automation,
and are increasingly being adopted as productivity
tools in enterprise environments.

Autonomous agents

possess several key

characteristics, as summarized in Table 1:

(Table 1) Key Characteristics of Autonomous Agents.

[tem Description

The ability to operate independently without

Autonomy . .
external intervention.

The ability to formulate and execute plans

Goal-Oriented . . L
to achieve specific objectives.

The capability to adjust behavior in response

Adaptabilit .
APEOTIY | 4o environmental changes.

The ability to interact with other agents or

Social Ability
users.

However, due to constraints in knowledge,
functionality, and resources, a single agent often
faces limitations in solving complex problems.
To overcome these limitations, Multi-Agent Systems
(MAS) have emerged, where multiple agents

collaborate toward a shared goal.

2.2. Necessity of MAS

A MAS is a framework in which multiple
autonomous agents collaborate to solve complex
problems. Each agent is assigned a specific role
and area of expertise, and their cooperation enables
the resolution of problems that would be infeasible
for a single agent alone (Jeong, 2025).

The main advantages of MAS include:
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1. Distributed Problem Solving: Complex problems
are decomposed into sub-problems, with each
agent addressing a specific domain.

2. Scalability: System functionality can be
expanded by adding or modifying agents.

3. Robustness: System functionality is maintained
even if some agents fail.

4. Diverse Perspectives: Agents with different

expertise analyze problems from varied angles.

However, effective MAS operation requires
seamless communication and collaboration among
agents, necessitating standardized communication

protocols and collaboration mechanisms.

2.3. Importance of Agent Communication
Protocols

Agent communication protocols define how
agents exchange messages, including the format,
communication rules, and semantic interpretation.
Communication is fundamental to MAS, enabling
autonomous entities to coordinate and collaborate
in solving complex problems (Finin et al., 1994).
An effective communication protocol must satisfy

the following requirements:

1. Interoperability: Support communication between
agents developed on different platforms and
frameworks.

2. Extensibility: Accommodate new functions and
requirements.

3. Security: Provide mechanisms for secure

communication.
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4. Efficiency: Minimize communication overhead
and support efficient message exchange.
5. Standardization: Offer standardized formats

and rules for broad adoption.

Traditional protocols like FIPA ACL and KQML
have not fully met the demands of modern Al agents,
particularly with the rise of LLM-based agents
requiring natural language processing, multimodal
communication, and dynamic task management. In
this context, Google’s A2A protocol and Anthropic’s
MCP have emerged as modern standards addressing
these needs. As shown in Figure 1, an integrated
implementation architecture combining these protocols
enables the construction of standardized MAS. User
requests are processed through a central agent core,
with A2A facilitating agent-to-agent collaboration

and MCP handling connections to external tools.

[ User Request ]

User Interface Layer

|

Agent Core Layer

- Work planning and Distribution
- Request Analysis

|

A2A Module MCP Tool Module ‘

( Agent Communication)

Other Agents

(Figure 1) Integrated Implementation
Architecture Concept

( API call processing )

l

External APl / DB ‘

Exchange messages
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2.4. Technical Analysis of the A2A Protocol

2.4.1 Concept and Structure of A2A Protocol

The A2A protocol is a standardized communication

protocol designed to enable autonomous agents

developed in different environments to collaborate

effectively. Open-sourced by Google, this protocol

abstracts the complexity of inter-agent communication

and

provides a consistent interface to ensure

interoperability. As shown in Figure 2, A2A facilitates

dynamic multi-modal communication between diverse

agents, acting as peers, while the MCP connects

agents to tools, APIs, and resources through structured

input/output mechanisms (Google, 2025c).
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(Figure 2) Open Standard A2A (Google, 2025a)

The core structure of the A2A protocol consists of:

L.

Agent Card: Metadata in JSON format
specifying an agent’s functions, roles, and
capabilities, enabling other agents to discover
and determine appropriate collaboration
methods.

Message Format: Defines a structured format

. Artifacts:

for agent communication, including headers,
body, and parts, supporting various content
types (text, images, structured data).

. Task Management: Adopts a task-based

communication model, tracking task status,
progress, and outcomes.
Standardized  data

representing task outcomes, such as documents,

structures

code, or images.

The A2A protocol achieves loose coupling and
high cohesion, enhancing the flexibility and scalability

of agent systems.

2.4.2 Core Functions of the A2A Protocol

A2A supports a range of core functionalities

that enable collaborative operations among agents:

1. Capability Discovery: Agents advertise their

capabilities using an “Agent Card” in JSON
format. This mechanism functions similarly to
service registries in Service-Oriented Architecture
(SOA), allowing for dynamic discovery and
coordination (Google, 2025b). Each Agent Card
includes essential information such as agent ID,
name, description, supported functions, input/
output formats, authentication requirements,
and version information. This mechanism
supports dynamic expansion of the agent
ecosystem, enabling existing agents to
recognize and collaborate with newly added

agents automatically.

. Task and State Management: A2A structures

agent communication around tasks, each with

a unique identifier and life cycle states (e.g.,
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created, in-progress, completed, failed). Results
are returned as standardized artifacts (Google,
2025b). This task-oriented design supports
asynchronous processing, real-time monitoring,
task interruption and resumption, and consistent
handling of results. It facilitates coordination
in complex collaboration scenarios and provides
a foundation for recovery strategies in case
of failure.

Secure Collaboration: A2A includes mechanisms
to ensure secure communication between agents.
It supports enterprise-grade authentication and
OpenAPI-based authorization, enabling safe
exchanges of context, responses, artifacts, and
user directives (Google, 2025b; Habler et al.,
2025; Model Context Protocol, 2025). Key security
elements include authentication, authorization,
encryption, access control, and audit trails.
These features allow for secure inter-agent
communication while maintaining data protection,
which is essential for enterprise use cases.
User Experience Negotiation: Each A2A
message can include fully composed “parts”
that represent complete content blocks—such as
formatted text, images, or interactive elements.
The protocol supports negotiation for user
interface elements, enhancing user experience
consistency across different clients (Google,
2025b). This feature provides benefits such
as multimodal content support, consistent UX
delivery, adaptation to various client environments,
and standardized representation of interactive
content. It ensures consistent rendering of

agent-generated content across interfaces.

The proposed MCPxA2A integrated framework

extends beyond text-centric agent interactions,

inherently supporting expansion into diverse
multimodal interfaces such as speech and video.

* Multimodal Support in the A2A Protocol:
The A2A protocol is designed to incorporate
and exchange not only text but also various
forms of multimodal data—including images,
audio, and video—through the concepts of
artifacts and parts within messages. In
particular, its User Experience Negotiation
feature enables agent-generated multimodal
content to be optimally rendered across
heterogeneous client environments (e.g., voice
assistants, augmented reality applications,
and web browsers). For example, complex
data visualization results produced by an
agent can be delivered in image format,
while lengthy explanations can be converted
into audio output via Text-to-Speech (TTS)
synthesis.

* Multimodal Tool Integration via MCP:
MCP provides a standardized mechanism for
agent - tool interactions, thereby facilitating
integration with external APIs and services
that support multimodal processing. For
instance, a Speech-to-Text (STT) API can
convert spoken user commands into text for
agent processing, while an image analysis
API can enable agents to interpret and
process visual information. Furthermore,
integration with video streaming services
or 3D modeling tools allows agents to

engage in richer multimodal interactions.
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This multimodal extensibility suggests that the
proposed framework provides a robust foundation
for accommodating increasingly complex and
diverse user interface environments in the future,
thereby significantly broadening the applicability
of LLM-based agent systems.

2.4.3 Technical Advantages of the A2A
Protocol

The A2A protocol provides the following technical

advantages:

1. Standardized Communication: Standardizes
communication among agents developed in
different frameworks and vendors, ensuring
interoperability (Google, 2025b; Habler et al.,
2025).

2. Loose Coupling: Agents can collaborate
without knowledge of each other’s internal
implementation, enhancing system flexibility
and scalability.

3. Dynamic Discovery: Dynamic capability
discovery through agent cards enables easy
integration of new agents and functionalities.

4. Multimodal Commmumication: Supports exchange
of various types of content, including text,
images, and structured data.

5. Extensible Design: JSON-based message
format and modular structure allow easy
accommodation of new requirements and
functionalities.

6. Enterprise Support: Provides essential security
features such as authentication, authorization,

and auditing for enterprise environments.

These technical advantages significantly reduce
the development and deployment costs of agent
systems and improve collaboration efficiency among

diverse agents.

2.5. Technical Analysis of the Model Context
Protocol (MCP)

2.5.1 Concept and Structure of MCP

The MCP is a standardized protocol designed to
enable Al agents to connect effectively with external
tools, APIs, and resources (Model Context Protocol,
2025). As a core component enhancing agent
practicality, MCP establishes a structured input/output
framework that facilitates seamless interactions
between agents and diverse external resources (Google,
2025b).

The primary structural elements of MCP include:

1. Context Definition: Specifies the context in
which the agent interacts with external tools,
including tool functionalities, input parameters,
and output formats.

2. Schema-Based Interface: Uses JSON Schema
to clearly define the input and output types
for each tool. This allows the agent to
understand the tool’s interface and provide
appropriate input.

3. Function Calling Mechanism: Provides a
standardized mechanism for agents to invoke
external tool functions and retrieve their results.

4. State Management: Maintains state information
during tool usage, supporting complex multi-

step interactions.
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The structure of MCP balances clearly defined

boundaries between agents and tools with the

flexibility necessary for dynamic interaction.

2.5.2 Core Functions of MCP

MCP provides various core functions for agents

to interact effectively with external tools:

1.
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Tool Discovery and Description: MCP provides
a mechanism to clearly describe tool functionality
and usage. This is achieved through JSON
schema-based tool descriptions, which include
tool name and description, list of supported
functions, input parameters and types, output
formats and types, examples, and usage
instructions (Google, 2025b). This tool discovery
mechanism enables agents to dynamically
discover available tools and select appropriate
tools to perform tasks.

Function Calling and Result Handling: MCP

provides a standardized way for agents to

call functions of external tools and handle
results. This process consists of the following
steps (Google, 2025b):

- Function Selection: The agent analyzes the
user’s request and selects an appropriate
function.

- Parameter Construction: The agent constructs
the parameters required for function execution.

- Function Call: The agent calls the function
with the constructed parameters.

- Result Reception: The agent receives the
result of the function execution.

- Result Interpretation: The agent interprets

the received result and provides it to the
user or uses it for subsequent tasks.
This function calling mechanism enables agents
to utilize various external tools and APIs to
perform actual tasks.

3. Context Management: MCP provides functions
to effectively manage context during interaction
between agents and tools. This includes session
management, state tracking, context propagation,
and memory management (Google, 2025b).
These context management functions enable
agents to maintain consistent state and interact
with tools during complex multi-step tasks.

4. Error Handling and Recovery: MCP provides
mechanisms to handle and recover from errors
that may occur during tool usage. This includes
standardization of error codes and messages,
retry strategies, fallback paths, and graceful
degradation (Google, 2025b). These error
handling mechanisms enable agents to operate

robustly even in unexpected situations.

2.5.3 Technical Advantages of MCP

MCP provides the following technical advantages:

1. Standardized Tool Integration: Enables consistent
integration of various tools and APIs, making
it easy to extend agent functionality.

2. Type Safety: JSON schema-based interfaces
ensure type safety, reducing errors in agent-
tool interaction.

3. Self-documenting: Tool descriptions are included
as part of the protocol, allowing tool usage to

be understood without separate documentation.
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4. Extensible Design: Provides an extensible

structure for easily adding new tools and

functionalities.

5. Language and Platform Independence: Adopts

an open standard that can be implemented in

various programming languages and platforms.
6. Developer-friendly Interface:

intuitive interface that is easy for developers

to understand and implement.

These technical advantages significantly expand

Provides

the practical utility and scope of agents and make it

easier for developers to build and extend agent systems.

2.6. Comparison of MCP, A2A, and API

The main characteristics of MCP, A2A, and

general APIs are compared in Table 2.

an

This comparison table shows the main characteristics

and differences of each protocol/interface. MCP

with external tools,

focuses on enabling agents to interact effectively

A2A facilitates collaboration

(Table 2) Comparison of MCP, A2A, and API

Feature MCP A2A General API
Primary Connecting agents to external Communication and collaboration | Data exchange between client and
Purpose tools/services between agents server
Communication .
L Agent — Tool Agent «— Agent Client < Server
Direction

Message Format

JSON Schema-based

Structured messages (Header, Body,
Parts)

Varies: REST, SOAP, etc.

Stat . .
ate Context-based state tracking Task-based state management Stateless or session-based
Management
Di . API d tation, OpenAPI
1scov§ry Tool Descriptions Agent Cards ocumentation, Lpen
Mechanism specs
Authentication S ot . hani Enterprise authentication, Varies: API Kev. OAuth. et
upports various mechanisms aries: e uth, etc.
Method PP OpenAPI-based ¥ ?

Error Handling

Standardized error codes and
recovery strategies

Task failure handling and
recovery

HTTP status codes, error
responses

Scalability Easy integration of new tools Easy integration of new agents Scalable through endpoint expansion
fmp lemente.mon Moderate High Low to moderate
Complexity
Multimodal Limited Comprehensive (Text, Image, Limited
Support Structured Data)
Level of . . . .
Standardization Emerging standard Emerging standard Widely varied
Devel
eve .Op e Self-descriptive, schema-based Discovery via Agent Cards Highly documentation-dependent
Experience
Real-time . i
. Limited Supported Depends on API design
Interaction

Security Model

Tool-specific access control

Inter-agent authentication and
authorization

Endpoint-specific access control

Typical Use
Cases

Tool/API connection, automation
via function calls

Collaborative problem solving,
long-running coordination

Information retrieval, command
dispatch
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among agents, and general APIs provide a standard
interface for data exchange between services. These
three approaches are complementary and, when

used together, can build a powerful agent ecosystem.

principles for effectively implementing both protocols.
The integrated implementation architecture of

MCP and A2A consists of the following main layers
(Figure. 3):

1. User Interface Layer: Responsible for interaction

between users and the agent system, handling

3. MCP - A2A Integrated Implementation
Methodology

user requests and displaying results. This layer
provides a consistent user experience across

diverse client environments and effectively

3.1. Implementation Architecture represents multimodal content using A2A’s

3.1.1 Implementation Architecture Overview user experience negotiation features.

2. Agent Management Layer: Manages the

To impl t MCP and A2A i 1 systems, . L
O thpiemen an i reatl systetns, a lifecycle, state, and functionality of agents,

systematic architectural design is required. This section . . .
vS & including creation and management of agent

explains the architectural components and desi L. Lo
P P & cards and coordination of agent communication.

[ MCP x A2A Integration Architecture for LLM-based Autonomous Agents ]
User Interface Layer
Agent Multimodal Content User Request Extemnal
Environment Processing Handler Tools
g E o Ecosystem
| |
L 4 Agent Management Layer 4 —
Agent Al Agent Card Agent Task Agent o| PEERED
1 Manager Registry Manager Discovery T —
| A R |
“‘ ; 1 ‘ 7| service
| Core Protocol Layer '
|
1 A2A Message MCP Content Artifact State “ ) LLM
‘ Format Protocol Manager Tracker | Provider
/| P N [[ J
| T T | ——
| | | s
| A4 Tool Integration Layer L 4 !l Base
Tool Description Function Schema Result | [ )
Agent)/ Manager Caller Validator Handler ) File
4 4 & System
| |
| | |
¥ Security & Authentication Layer 4
. i } Access
Authentication Authorization Encryption Control

(Figure 3) The MCPxA2A Framework integrates agent-to—agent communication with tool
connectivity in a layered architecture
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According to Habler et al. (2025), this layer
creates a flexible collaboration environment
through dynamic agent discovery and capability
negotiation.
. Core Protocol Layer: Implements the basic
protocol specifications of A2A and MCP,
providing core functions such as message
formats, commumnication rules, and error handling.
This layer ensures protocol compliance and
enables consistent implementation across diverse
environments.
. Tool Integration Layer: Integrates external
tools and APIs through MCP, managing tool
descriptions and processing function calls.
According to the latest specification of the
MCP (2025), this layer provides type safety
and self-documenting features through JSON
schema-based interfaces.
. Security and Authentication Layer: Responsible
for securing agent communication and tool
usage, handling authentication, authorization,
and data encryption. According to Cloud
Security Alliance (2025), this layer builds a
secure agent collaboration environment using
OAuth 2.0-based authorization mechanisms
and end-to-end encryption.
The security and authentication layer implements
a detailed token-based authentication flow to
ensure the integrity and confidentiality of
communications between agents as well as
between agents and tools.
* Authentication Token Flow: Each agent
obtains a JSON Web Token (JWT) from a

central authentication server (e.g., OAuth

2.0 provider) and includes this token in the
header of A2A messages. The receiving agent
verifies the token’s validity to confirm the
identity and permissions of the sending agent.
* Delegated Authorization Mechanism: When
invoking external tools via MCP, agents
leverage the OAuth 2.0 scope concept to
obtain only the minimum set of permissions
required for accessing the tool.
¢ Concurrency and State Conflict Handling:
To address potential state conflicts arising
from simultaneous access to the same resource
by multiple agents, the central Task Manager
and State Tracker layers apply optimistic
locking or distributed locking mechanisms. For
example, during write operations on a given
resource, version control ensures that only the
most recent version of the data is updated.
These strategies contribute to ensuring the
high level of trustworthiness and stability
required for the MCPxA2A integrated framework

in enterprise environments.

This layered architecture improves system
maintainability and scalability through separation
of concerns. Each layer can be developed and tested
independently and can be extended or replaced as
needed, allowing the architecture to evolve flexibly

with the agent system.

3.1.2 Design Principles for the Implementation
Architecture

Beyond the simple combination of A2A and
MCP, this study proposes unique integration design
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principles that maximize the synergies generated * Tool Expansion: By leveraging MCP’s Tool
through their interaction. Description, new external tools can be added,

and once their information is provided to the
1. Principle of Functional Separation

* Role of A2A: Responsible for high-level

inter-agent collaboration, dynamic workflow

LLM, agents can immediately utilize them.
* Synergy: This principle ensures that the

system is not tied to any specific technology
management, and real-time interaction.

¢ Role of MCP: Handles low-level structured

or agent, enabling the flexible addition and

replacement of a wide range of agents and

data input and output operations that occur tools

when each agent interacts with external
tools, databases, or other systems. .
4 3.2. A2A Implementation Procedure
* Synergy: Under this principle, A2A governs
the “flow of conversation” between agents, The implementation of the A2A protocol involves

while MCP accurately manages the a structured sequence of steps, including the definition

“information and tool usage” required for of agent metadata, the setup of communication
that conversation, thereby enhancing the logic, and task management. These steps ensure that
overall efficiency and stability of the system. agents can interact effectively in a standardized

and interoperable manner.
2. Principle of Context Consistency
* The parts field in A2A messages conveys 32.1 Agent Card Definition
context among agents. MCP structures this

context to align with the schema of external An agent card is JSON-formatted metadata that

tools and, through function calling, ensures specifies an agent’s functionality and role. Agent

card definition consists of the following steps (Google,
2025b):

that the LLM invokes tools accurately.
e Synergy: This principle enables agents

operating in different contexts to share . Define Agent Identifier and Basic Information:

identical information and interpret responses Define basic information such as agent ID,

from external tools in a consistent manner, . .
name, description, and version.

thereby  minimizing errors  caused by 2. Define Capabilities: Define the list of functions

information mismatches. provided by the agent, including parameters

3. Principle of Scalability and Extensibility and return values for each function.

« Agent Expansion: A new agent can collaborate 3. Define Authentication Requirements: Define

with existing agents simply by registering authentication methods and permission scopes

its information in the A2A Agent Card. required for agent usage.
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4. Add Metadata: Define additional metadata
such as agent category, tags, and creator

information.

Agent cards, as JSON-formatted metadata, define
agent ID, function list, and authentication requirements,
enabling other agents to discover and utilize them
(Google, 2025b). According to Salimbeni (2025),
standardized agent cards support the dynamic
scalability of the agent ecosystem, allowing existing
agents to automatically recognize and collaborate

with new agents added to the system.

3.2.2 Message Processing Implementation

A2A message processing is implemented through
the following steps (Google, 2025b):

1. Message Reception: Receive messages from
other agents through various communication
channels such as HTTP requests, message
queues, or WebSocket.

2. Message Parsing: Parse the received message
to extract headers, bodies, and parts. A2A
messages are structured in JSON format, making
parsing easy.

3. Message Validation: Validate the message
format and content, including schema validation,
signature verification, and permission checks.

4. Message Processing: Perform appropriate tasks
according to the message content, including
function execution, state updates, and information
provision.

5. Response Generation: Generate a response

message according to the task result. The

response must comply with the A2A message
format and include all necessary information.
6. Response Transmission: Send the generated
response to the original message sender through
the same communication channel used for the

original request.

This message processing can be performed
asynchronously, and additional messages may be
exchanged to update the status of long-running tasks.
According to Habler et al. (2025), the asynchronous
nature of A2A message processing enables effective

agent coordination in complex collaboration scenarios.

3.2.3 Task Management Implementation

A2A task management is implemented with the

following elements (Google, 2025b):

1. Task Creation: Create a new task according
to the client’s request. Each task has a unique
identifier and includes information such as
task type, parameters, and status.

2. Task Status Tracking: Track and update task
progress. Task status can be created, in progress,
completed, or failed, and timestamps are
recorded for status changes.

3. Task Result Management: Manage the results
(artifacts) when a task is completed. Results
can be in various forms (documents, code, images,
etc.) and are stored with metadata.

4. Task Emror Handling: Manage error information
and execute appropriate recovery strategies in
case of task failure. Error information may

include error codes, messages, and stack traces.
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Task management implementation enables effective
coordination and management of long-running tasks
among agents. According to Pajo P. (2025), the task
management mechanism of A2A facilitates agent
coordination in complex collaboration scenarios and
provides a foundation for implementing recovery

strategies in case of task failure.

3.3. MCP Implementation Procedure

The implementation of the MCP involves defining
tool specifications, handling function invocations,
and managing interactions between agents and
external tools. The following outlines the major

stages of MCP implementation.

3.3.1 Tool Description Definition

In MCP, tool descriptions are defined using
JSON schema. Tool description definition consists
of the following steps (Google, 2025b; Model
Context Protocol, 2025):

1. Define Tool Basic Information: Define basic
information such as tool name, description,
and version.

2. Define Function List: Define the list of functions
provided by the tool, including description,
parameters, and return values for each function.

3. Define Parameter Schema: Define JSON schema
for each function’s parameters, including type,
constraints, and required status.

4. Define Return Value Schema: Define JSON
schema for each function’s return value,

including type, structure, and expected values.
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These tool descriptions provide a foundation for
agents to understand and utilize tool functionality
and usage. According to Schmid (2025), the self-
documenting nature of MCP enables developers to
understand tool usage without separate documentation,

significantly improving development productivity.

3.3.2 Function Call Processing Implementation

MCP function call processing is implemented
through the following steps (Google, 2025b; Model
Context Protocol, 2025):

1. Function Call Request Reception: Receive
function call requests from agents in various
forms such as HTTP requests or RPC calls.

2. Parameter Validation: Validate that the requested
parameters match the schema defined in the
tool description, including type checks, required
parameter checks, and value range validation.

3. Function Execution: Execute the actual function
using the validated parameters, which may
include internal logic execution, external API
calls, or database queries.

4. Result Conversion: Convert the function
execution result to the return format defined
in the tool description, including data format
conversion, field mapping, and error handling.

5. Response Return: Return the converted result
to the agent in the form of an HTTP response,

RPC response, etc.

This function call processing implementation
enables agents to effectively utilize external tools
and APIs. According to KeywordsAl (2025), the
type safety and schema-based validation of MCP



A Practical MCPxA2A Integration Framework for Interoperability in LLM-Based Autonomous Multi—-Agent Systems

significantly reduce errors in agent-tool interaction,

improving system stability and reliability.

3.4. Integrated Implementation of A2A and
MCP

Built on open protocols like A2A and MCP,
these agents allow faster development cycles, reduced
technical debt, and adaptability to evolving Al models
and business needs (Sharma, 2025). In particular,
MCP adopts a client-server decoupling architecture,
where Al applications act as clients that connect to
MCP servers responsible for managing access to
external tools and resources. This architectural
approach offers several key advantages, including
modular development that allows components to
be independently developed, tested, and deployed.
It helps reduce system complexity and enables
specialized teams to focus on specific integration
domains (Karimova & Dadashova, 2025).

By integrating the A2A and MCP protocols, it
becomes possible to build agent systems with high
interoperability and scalability that combine inter-
agent collaboration with structured tool interaction.
The following subsections present a step-by-step
methodology for implementing such an integrated

system.

3.4.1 Integrated Architecture Design

The integrated architecture of A2A and MCP
can be designed with the following components
(Google, 2025a; Model Context Protocol, 2025):

1. A2A Communication Module: Responsible for

agent-to-agent communication, implementing
the A2A protocol to handle message exchange,
task management, and agent card processing.

2. MCP Tool Module: Responsible for connecting
with external tools, implementing the MCP
protocol to manage tool descriptions, function
call processing, and result conversion.

3. Agent Core: Implements the core logic of the
agent, handling user request processing, task
planning, and decision-making.

4. Context Manager: Manages the state and context
of the agent, including session management,
state tracking, and memory management.

5. Security Manager: Responsible for authentication
and authorization, including user authentication,
agent-to-agent authentication, and tool access

control.

This modular design improves system maintainability
and scalability through separation of concerns. Each
module can be developed and tested independently

and can be extended or replaced as needed.

3.4.2 Utilizing Google ADK (Agent Developer
Kit)

Google’s ADK (Agent Developer Kit) provides
tools and libraries for easily implementing A2A
and MCP. Implementation using ADK consists of
the following steps (Google, 2025b):

1. ADK Installation: Install and configure Google
ADK, which supports various programming
languages such as Python, JavaScript, and Java.

2. Agent Definition: Define an agent compliant
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with the A2A protocol, including writing agent
cards, implementing message processing logic,
and setting up task management.

3. Tool Integration: Integrate external tools using
MCP, including writing tool descriptions,
implementing functions, and setting up error
handling logic.

4. Agent Deployment: Deploy and test the
implemented agent. ADK supports various
deployment options such as local development

environments and cloud environments.

ADK abstracts the complexity of A2A and
MCP, allowing developers to focus on core agent
functionality. According to Pajo P. (2025), using
ADK can reduce agent development time by up to
60% and significantly improve code quality and

standard compliance.

3.4.3 Implementation Strategy Using LangGraph

LangGraph can be utilized to construct multi-

agent workflows, enabling the definition of flows

that include cycles—an essential feature for most
agent architectures (Jeong, 2024; Langgraph, 2024),.
LangGraph is an agent framework that supports the
A2A protocol and enables integrated implementation
of A2A and MCP. As shown in Figure 4, using
the LangChain MCP adapter library makes it possible
to connect to multiple MCP servers and load tools
from those servers (Langchain, 2025).

MCP tools can be converted into LangChain
tools and used with LangGraph agents, and a client
implementation that connects to multiple MCP servers
and loads tools from them is feasible. LangGraph
can be used to implement agents compliant with
the A2A protocol and integrate tools such as
currency exchange rate lookup tools via MCP. The
agent processes user requests and, as needed, calls
the currency exchange rate lookup tool via MCP to
return results. Through this process, the integrated
use of A2A and MCP enables the extension of
agent functionality and the standardization of

connections with external tools.

MCP Server MCP Clients App
Servers provide context, tools, Clients maintain 1:1 with
and prompts to clients servers, inside the host app
Each Server Math Math Math
Can have > >
© add() add( ) add( )
Mehy toots Divide( ) Divide( ) Divide( )
—>
Data Data Data
load_mcp_tools
...... () eenmal ) ()
...... () () ()
— — —

(Figure 4) LangChain MCP Adapters
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3.5. Implementation Considerations

When implementing an integrated agent system
using A2A and MCP, several key factors must be
considered to ensure security, scalability, reliability,
and maintainability. This section outlines the primary
technical considerations and recommended best

practices.

1. Security and Authentication: Appropriate
authentication and authorization mechanisms
must be implemented to secure agent
communication and tool usage. According to
Cloud Security Alliance (2025), security
implementation for A2A and MCP should
utilize standard technologies such as OAuth
2.0, JWT, and TLS.

2. Scalability: The system must be designed to
accommodate increasing loads and new
requirements. This can be achieved through
horizontal scaling, asynchronous processing,
and caching.

3. Enor Handling:

implemented to appropriately handle various

Mechanisms must be

error situations such as communication errors
and tool failures. This can be achieved through
strategies such as retry, fallback paths, and
graceful degradation.

4. Performance Optimization: Strategies to minimize
latency in agent communication and tool usage
should be applied. This can be achieved
through connection pooling, batch processing,
and asynchronous 1/O.

5. Monitoring and Logging: Logging mechanisms

must be implemented to monitor system

operation and diagnose problems. This can be
achieved through structured logging, distributed

tracing, and metric collection.

Implementation that appropriately reflects these
considerations can significantly improve the stability,
security, and scalability of agent systems. According
to Habler et al. (2025), implementation of A2A
and MCP that incorporates these considerations is
a key factor in promoting the actual adoption of

agent technology in enterprise environments.

4. Use Cases of A2A and MCP

4.1. Application Areas in Enterprise
Environments

A2A and MCP can be utilized in various ways
in enterprise environments. This section examines
various use cases of how these two protocols can

be applied in real business settings.

4.1.1 Recruitment Process Automation

As demonstrated in Google’s official demo (Google,
2025a), A2A and MCP can be effectively leveraged
to automate the recruitment pipeline. The following
agents collaborate across various stages of the hiring

process:

1. Candidate Screening Agent: Analyzes resumes
and evaluates basic qualifications. This agent
connects via MCP to resume parsing tools and
qualification databases to perform efficient

screening.
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2. Interview Scheduling Agent: Coordinates
schedules between interviewers and candidates
and schedules interviews. According to
Salimbeni (2025), this agent connects via
MCP to calendar APIs and email systems to
automate complex scheduling tasks.

3. Imterview Preparation Agent: Prepares
customized interview questions based on the
candidate’s background. This agent receives
candidate information from the screening agent
via A2A and generates appropriate questions.

4. Feedback Collection Agent: Collects and
summarizes feedback from interviewers after
interviews. This agent connects via MCP to
feedback forms and evaluation systems to

collect structured feedback.

These agents communicate with each other via
the A2A protocol and connect to external tools
such as email systems, calendar management tools,
and HR management systems via MCP. According
to Pajo P. (2025), such automation systems can
improve recruitment process efficiency by up to 40%
and significantly enhance candidate experience. For
example, in a company processing 1,000 candidates,
a system based on A2A and MCP reduced average
processing time from 15 to 9 days and achieved an
ROI of 120% within 3 months. Initial development
required about 2 weeks for API integration and
agent setup, but maintenance costs were kept below

$5,000 per month thanks to standardized protocols.

4.1.2 Customer Support System

A2A and MCP also offer substantial benefits in
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modernizing customer support systems. The following

agent roles are typically involved (Google, 2025b):

1. Initial Response Agent: Receives customer
inquiries and collects basic information. This
agent connects via MCP to customer databases
and previous inquiry history to understand
customer context.

2. Prblem Diagnosis Agent: Analyzes and diagnoses
customer problems. According to Habler et al.
(2025), this agent receives customer information
and problem descriptions from the initial response
agent via A2A and performs accurate diagnosis.

3. Solution Proposal Agent: Proposes appropriate
solutions based on diagnosis results. This
agent connects via MCP to knowledge bases
and product information systems to provide
customized solutions.

4. Escalation Agent: Escalates complex problems
to human agents. This agent collaborates
with other agents via A2A to determine the
need for escalation and connects via MCP to

ticketing systems for smooth handover.

These agents collaborate via A2A and connect
to external tools such as CRM systems, knowledge
bases, and ticketing systems via MCP. According
to Cloud Security Alliance (2025), such systems can
reduce average inquiry resolution time by 60% and

increase first contact resolution rate by more than 25%.

4.1.3 Code Review and Quality Management

A2A and MCP can be applied to automate code

review and software quality assurance tasks. The
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following agents participate in this workflow (Google,
2025a):

1. Code Analysis Agent: Analyzes code structure,
complexity, and coding standard compliance.
This agent connects via MCP to static analysis
tools and code metric systems to perform
in-depth code analysis.

2. Security Review Agent: Checks code for
security vulnerabilities. According to KeywordsAl
(2025), this agent connects via MCP to
security scanners and vulnerability databases
to identify potential security risks.

3. Performance Optimization Agent: Identifies
performance  bottlenecks and  suggests
optimization strategies. This agent collaborates
with the code analysis agent via A2A to
identify performance issues and connects via
MCP to profiling tools to provide specific
optimization strategies.

4. Documentation Support Agent: Evaluates
code documentation quality and suggests
improvements. This agent connects via MCP
to documentation generation tools and API
documentation systems to support effective

documentation.

These agents collaborate via A2A and connect
to development tools such as version control systems,
CI/CD pipelines, and issue trackers via MCP.
According to Schmid (2025), such systems can
improve code quality by an average of 35% and

increase developer productivity by more than 20%.

4.1.4 Developer Support System

In developer enablement, A2A and MCP can be
used to construct intelligent assistants that automate

routine development tasks (Google, 2025b):

1. Code Generation Agent: Generates code

according to developer requirements. This
agent connects via MCP to code repositories
and API documentation to generate code

appropriate for the project context.

. Debugging Support Agent: Analyzes the cause

of errors and suggests solutions. According
to the Model Context Protocol specification
(2025), this agent connects via MCP to log
systems, debuggers, and error databases to

support effective debugging.

. Learning Material Provision Agent: Provides

developers with necessary learning materials
and documentation. This agent collaborates
with other agents via A2A to understand the
developer’s current task context and connects
via MCP to documentation systems and
learning platforms to provide customized

learning materials.

. Task Management Agent: Tracks developer

tasks and manages schedules. This agent
connects via MCP to project management
tools and scheduling systems to support

efficient task management.

These agents collaborate via A2A and connect
to tools such as IDEs, documentation systems, and
project management tools via MCP. According to

Pajo P. (2025), such systems can improve developer
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productivity by up to 50% and significantly improve

code quality and documentation standards.

4.2. Implementation Case Study: Stock
Information System

This section introduces a practical application
case that applies the implementation methodology
of A2A and MCP described in Chapter 3. This
case uses LangChain and LangGraph to build
a system that retrieves and analyzes various
stock information, with multiple specialized agents
collaborating to process users’ complex financial
information requests. In Korea, there has been a
recent surge in interest in the U.S. stock market,
accompanied by a significant increase in the demand
for related research and information (Jo et al.,
2015; Moon et al., 2022). The widespread public
interest in stock investment transcends age and
gender, yet individuals with limited expertise in
the stock market often encounter difficulties in
searching for and interpreting relevant information
(Kim & Yu, 2022). To effectively address these
challenges, the Stock Information System has been
developed to provide users with systematic and
useful information through a question-and-answer
function based on natural language processing,
leveraging the capabilities of various agents.

The case system is designed so that when a user
asks a question about stock or company information
in natural language, multiple specialized agents
collaborate to provide a comprehensive answer. The
system uses A2A protocol-based agent communication

and MCP-based external tool access as core
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technologies. Main functions include:

* Stock Price Lookup: Provides basic stock
information such as current price, change rate,
and trading volume for a specific company.

* Listed Company News Lookup: Collects the
latest news and disclosure information related
to the company.

* Listed Company Status Lookup: Provides
basic information, financial statements, and
key indicators of the company.

* Company Analysis: Integrates collected
information to provide SWOT analysis and

investment perspective analysis.

4.2.1 System Architecture

The system strictly follows the layered structure
presented in Chapter 3 and consists of the following

main layers:

—_—

. Ul Layer: User interface and multilingual
support.

2. Agent Management Layer: Agent orchestration
and workflow management.

3. Core Protocol Layer: Implementation of A2A
and MCP protocols.

4. Tool Integration Layer: Integration with
external data sources and APIs.

5. Security Layer: Authentication and authorization

management.

The system follows a multi-layered architecture,

as shown in Figure 5.
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a2a_mep_stock_app/
f——sre/
| —— ui_layer/ # User Interface layer
main.py
templates/
—— index.html
—— stock.html
| | | F——news.html
|—— company.html
L—— analysis.html
static/

css/
| ——style.css
s/
| L——mainjs
|——images/
| | “—— service-worker,js
| L LC_MESSAGES/
| —— messages.po

The user interface layer includes a multilingual
input module. The agent management layer is a
LangGraph-based workflow manager. The core
protocol layer includes an A2A message handler
and an MCP tool call module. The tool integration
layer includes financial APIs and news scrapers.
The security layer includes an OAuth 2.0-based

authentication module.

| —— workflow.py

|—— core_protocal/
| —— a2a_utils.py

|
\
\
| —— agent_management/
\
\
\
| | —— mcp_utils.py

# Agent management layer
## LangGraph workflow

# Core protocol Hierarchy
## A2A protocol utilities

#i# MCP protocol utilitics

4.2.2 System Implementation

tool_integration/ # Tool integration layer
—— descriptions/

| —— stock_data.json

| —— web_scraperjson

| —— company info.json

| ——financial_data.json
\

L—— analysis_engine.json

—— implementations/ ## Tool implementation modules
agent_registry/ # Agent registry
L cards/ ## Agent card JSON file

|—— stock_price_agentjson
—— news_agent,json

|—— company_info_agentjson
| | F—— analysis_agent.json

| | —— orchestrator_agent.json

| —— security layer/

L—— requirements.txt

# Security layer

# List of dependencies

(Figure 5) Project Source Structure — Multi-Layer
Architecture for Stock Information System

1. A2A Module Implementation

The A2A protocol was implemented in the
LangChain and LangGraph environment. Agent
communication follows a standardized JSON message

format, and each agent has a unique ID and role.

a. Agent Card Definition
Each agent is defined by a JSON-formatted
“agent card,” which specifies the agent’s metadata

and functionality. Figure 6 shows an example of a

\/ A2A_MCP_STOCK [CODESPACES... (3. 7 U & | registry > cards > stock_price_a
v a2a_mcp_src 1 -
v agent_management 2 Agent Card Definition - Stock Price Inquiry Agent
3 A M i P
@ workflowpy v :?%?n( etadata according to A2A Protocol
“ agent_registry/ cards P .
analysis_agent;json U 6 "agent_id": "stock-price-agent”,
company_info_agentjson u 7 "name": "Stock Price Inquiry Agent”,
news_agentjson u 8 “name_en": “"Stock Price Agent",
orchestrator_agentjson u 9 "description”: "An agent that retrieves stock prices, changes, volumes and other basic stock information”,
S e 0 10 description_en": “An agent that retrieves stock prices, changes, volumes and other basic stock information®,
tocel 11 “version": "1.0.0",
v core_protoco 5 $14ti0c™s [
P 12 capabilities”: [
@ a2a_utils.py U 13 r
3 {
% mcp_utils.py u 14 “name”: “"get_stock_price”,
v security_layer 15 "description”: "Get current stock price information for a specific symbol”,
v tool_integration / descriptions 16 "description_en": "Get current stock price information for a specific symbol",
analysis_enginejson U a7 parameters”: {
18 “symbol": “string"
company_info,json ] s X
financial_datajson u zé 'J"returns"' ¢
stock_datajson u 21 "symbol”: "string”,
web_scraper.json U 22 “price": “"number”,
v ui_layer 23 "change": "number”,
> static 24 “change_percent": “"number",
-~ 25 “volume": “"number",
> templates wi (. suiem
26 timestamp”: "string
> translations 27 5
]
% main.py u 28 1

(Figure 6) Example of Stock Price Lookup Agent Card
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stock price lookup agent card.

b. A2A Message Structure and Agent Registry
Agent communication follows a standardized
message structure, and the system supports agent
search and function lookup through an agent
registry that manages agent cards. Figure 7 shows
part of the code for the A2AMessage class, which
defines methods for serializing and deserializing
message objects in JSON format, used to implement
the A2A protocol. This code enables conversion of
messages to standardized JSON format for agent
communication and restoration of JSON data to

message objects.

def to_json(self) -> str:
"""Convert message to JSON string"""
return json.dumps(self.to_dict(), ensure_ascii=False)

@classmethod

def from_dict(cls, message_dict: Dict[str, Any]) -> 'A2AMessage’
“""“Generate A2A message from dictionary"""
header = message_dict.get("header”, {})

message = cls(
sender_agent_id=header.get("sender_agent_id", "")
recipient_agent_id=header.get("recipient_agent_id", ""),
task_id=header.get("task_id"),
message_id=header.get("messag
body=message_dict.get("body",
parts=message_dict.get("parts”, []),
status=header.get("status”, "pending")

)

# Restore timestamp

if "timestamp" in header
message.header["timestamp”] = header["timestamp"]

return message

@classmethod

def from_json(cls, json_str: str) -> 'A2AMessage’:
"""Generating A2A message from JSON string"""
message_dict = json.loads(json_str)
return cls.from_dict(message_dict)

(Figure 7) A2A Message Structure and Agent
Registry Sample Code

2. MCP Module Implementation
Each agent can call one or more independent
modules according to the MCP method to

connect with external data sources and perform
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preprocessing and analysis. In this system, tools
such as stock data, news scraping, company
information, financial data, and analysis engines

are integrated via MCP.

a. stock data - Stock Price Lookup Module:
Returns real-time price data for a specific
stock via financial data APIs (e.g., Yahoo
Finance, Alpha Vantage).

b. web_scraper - Listed Company News
Collection Module: Operates as a simple
web crawler to collect news article
headlines based on company names. Can
also be linked to disclosure information
APIs as needed.

c. financial data - Financial Information
Lookup Module: Parses and returns key
data from financial statements based on
K-IFRS standards. This module is linked to
the company status lookup agent.

d. analysis_engine - Integrated Analysis
Module: Uses LangChain-based LLM to
generate text-based insights. Integrates

company status and news data to derive

future outlook for the company.

Each tool is defined by a JSON-formatted
description file that specifies the tool’s functionality
and parameters. Figure 8 shows sample code for
the stock data module, where the MCP client loads
the tool description and processes function calls.
The provided code includes the extract tickers
function, which extracts stock tickers from user
input strings. This function handles tickers in

various formats (English tickers, Korean stock
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codes, company names, etc.) and is used in the
stock information system based on the A2A and
MCP framework described in Section 4.2 of the
paper, integrating with external financial data sources

(e.g., yfinance).

def to_json(self) -> str:
"""Convert message to JSON string"""
return json.dumps(self.to_dict(), ensure_ascii=False)

@classmethod
def from_dict(cls, message_dict: Dict[str, Any]) -> 'A2AMessage’:
“""“Generate A2A message from dictionary"""
header = message_dict.get("header”, {})
message = cls(
sender_agent_id=header.get("sender_agent_id", ""),
recipient_agent_id=header.get("recipient_agent_id", ""),
task_id=header.get("task_id"),
message_id=header.get("message_id"),
body=message_dict.get("body", {}),
parts=message_dict.get("parts”, []),
status=header.get("status”, "pending")
)
# Restore timestamp
if "timestamp" in header
message.header["timestamp”] = header["timestamp"]
return message

@classmethod

def from_json(cls, json_str: str) -> 'A2AMessage’:
"""Generating A2A message from JSON string"""
message_dict = json.loads(json_str)
return cls.from_dict(message_dict)

(Figure 8) Sample Code for stock_data — Stock
Price Lookup Module

3. LangGraph-based Workflow Implementation

The system uses LangGraph to manage workflows
among agents. Workflow state and workflow graph
definitions are implemented. The orchestrator agent
analyzes user requests and calls appropriate agents
in sequence to generate comprehensive responses.

The code in Figure 9 is the create workflow
method that defines the workflow for the stock
information system using LangGraph. This method
creates a state-based workflow for processing user
requests in a multi-agent system based on the A2A
protocol and MCP.

def _create_workflow(self) -> StateGraph
"""Create a workflow graph"""
# Initialize state graph
workflow = StateGraph(WorkflowState)

# Add node
workflow.add_node("parse_request"”, self._parse_request)
workflow.add_node("plan_tasks", self._plan_tasks)
workflow.add_node("get_stock_data", self._get_stock_data)
v.add_node("get_news_data", self._get_news_data)
add_node("get_company_info", self._get_company_info)
add_node("get_financial_data", self._get_financial_data)
workflow.add_node("analyze_data", self._analyze_data)
workflow.add_node("“generate_response”, self._generate_response)
workflow.add_node(“handle_error”, self._handle_error)

# Add Edge (State Transition Rule)
workflow.add_edge(“parse_request”, "plan_tasks™)

# Determine next steps in plan_tasks
workflow.add_conditional_edges(
“plan_tasks",
self._route_after_planning
{
"get_stock_data": "get_stock_data",
"get_news_data": "get_news_data",
“get_company_info": "get_company_info",
"get_financial_data": "get_financial_data",
"analyze_data": "analyze_data",
“generate_response”: "generate_response”,
“error": "handle_error"

)

(Figure 9) Sample Code Defining Workflow
for Stock Information System Using LangGraph

4. User Query Processing Flow
The following is an actual example of how the

system processes user queries:

a. User asks: “Please provide the recent stock
price, news, and investment perspective
analysis for Samsung Electronics.”

b. Orchestrator agent analyzes the query and
plans to call stock price lookup, news,
company information, financial information,
and analysis agents in sequence.

(1) Requests stock price information from
the stock price lookup agent.

(2) Requests recent news from the news
agent.

(3) Requests company information from

the company information agent.
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(4) Requests financial data from the
financial information agent.
(5) Requests integrated analysis from the
analysis agent.
c. Each agent accesses the necessary tools via
MCP to collect data.
d. Analysis agent performs investment perspective
analysis by integrating collected information.
e. Orchestrator generates a final response and

delivers it to the user.

4.2.3 Implementation Results Analysis

The implementation results of the LangGraph

example show the following characteristics:

L.
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Concise Implementation: The complexity of
A2A and MCP is abstracted by the framework,
allowing developers to focus on core agent
functionality. According to Salimbeni (2025),
implementation using LangGraph can reduce
code volume by more than 70% compared to
traditional methods.

Standard Compliance: Implemented agents
comply with A2A protocol standards and can
be easily integrated with other A2A-compatible
agents, greatly improving ecosystem scalability

and interoperability.

. Easy Tool Integration: Connection with external

APIs is simplified via MCP, making it easy to
integrate various tools and services. According
to the MCP specification (Model Context
Protocol, 2025), MCP’s standardized interface
reduces tool integration time by an average
of 65%.

. Scalability: The basic example can be easily

extended to more complex functionalities and
multi-agent systems. According to Habler et
al. (2025), LangGraph-based systems maintain
stable performance even when scaled to

dozens of agents.

4.3. Implications of Application Areas and

Implementation Cases

The various application areas and implementation
cases of A2A and MCP provide the following

implications:

1. Importance of Agent Collaboration: Collaboration

among multiple specialized agents is essential
for solving complex problems, and A2A
effectively supports this. According to Pajo
P. (2025), collaborative agent systems have
problem-solving capabilities more than three

times higher than single agents on average.

. Need for Tool Integration: Practical agent

systems must be connected to external tools,
and MCP supports this in a standardized way.
According to the MCP specification (Model
Context Protocol, 2025), tool integration via
MCP is a key factor in enhancing the

practical value of agents.

. Value of Standardization: Standardized protocols

facilitate integration of diverse agents and
tools, greatly improving ecosystem scalability.
According to Schmid (2025), standardized
protocols can reduce agent development costs
by up to 60% and shorten time to market by
40%.
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4. Importance of Practical Implementation:

Beyond theoretical concepts, providing
practical implementation methodologies and
tools accelerates the actual adoption of agent
technology. According to Habler et al.
(2025), developer-friendly tools and clear
implementation  guidelines can increase
adoption rates of agent technology by more

than three times.

These implications demonstrate that A2A and
MCP are not just technical protocols but core
elements for building practical agent ecosystems.
The integrated use of these two protocols is
expected to play an important role in advancing
agent technology from the experimental stage to

actual service application.

5. Discussion and Conclusion

This paper systematically analyzed the technical
structure and operational principles of Google’s
A2A protocol and Anthropic’s MCP, and explored
how these two protocols complement each other to
build a practical agent ecosystem. A2A enables
standardized communication and collaboration among
heterogeneous agents, while MCP is a standardized
protocol designed to allow agents to securely connect
with various external tools, APIs, and resources.

A2A enhances interoperability and collaboration
efficiency among agents through mechanisms such
as agent cards, structured messages, and task

management. MCP enables agents to interactively

integrate with external resources through JSON
schema-based tool descriptions, function calling,
and context management. These two protocols
operate independently but, when used together,
form the foundation for building practical and
scalable multi-agent-based Al systems. From an
implementation perspective, the case study using
LangGraph and other frameworks detailed the
process of translating theoretical concepts into
real-world applications. Practical approaches for
securing interoperability and improving development
efficiency for LLM-based autonomous agent
systems in various enterprise environments were
suggested through the complementary use of A2A
and MCP. Use cases such as recruitment automation,
customer support, code review, and developer
support demonstrated the practical applicability of
the proposed approach. In particular, the stock
information system implementation case demonstrated
that the integrated use of A2A and MCP is
applicable to complex real-world scenarios.

This analysis and case study suggest that A2A
and MCP are not just technical protocols but core
elements for building practical agent ecosystems.
The introduction of standardized protocols can
significantly reduce the development and deployment
costs of agent systems and greatly improve
interoperability and scalability.

The significance of this study lies in its
systematic analysis of the technical structure and
operational principles of A2A and MCP, which
provided essential knowledge for understanding and
practically implementing these protocols. Practical

implementation case studies and methodologies
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offered actionable guidelines for developers and
enterprises to integrate agent technology into real-
world services. Various use cases demonstrated
that A2A and MCP can facilitate the transition of
agent technology from experimental applications to
practical, real-world services.

However, several limitations remain.

Both A2A and MCP are newly released protocols
(2024 - 2025), and their long-term stability in
large-scale production environments—such as
those involving medical data processing—has not
yet been thoroughly validated.

In addition, as an early exploratory study on
these protocols, this work focuses on presenting a
practical integration model rather than establishing
a comprehensive theoretical framework, indicating
the need for future in-depth research to reinforce
the theoretical foundations.

The case study in this research primarily
emphasizes implementation feasibility and operational
demonstration, lacking quantitative performance
benchmarks and comparative evaluations with
existing systems.

Furthermore, the implementation example is
centered on a stock information system, and the
applicability of the proposed framework to other
domains—such as complex stock trading management
or industries requiring multimodal (e.g., speech,
video) processing—has not been sufficiently explored.

Finally, the analysis of security and privacy
considerations is limited, and additional research is
required to ensure safety and compliance for
real-world deployment.

Future research should focus on enhancing the
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practicality and scalability of A2A and MCP. First,
scalability issues such as performance bottlenecks,
message routing, and state management in systems
with hundreds or thousands of collaborating agents
must be addressed. Second, research is needed
to strengthen security, including encryption,
authentication, access control, and audit trails for
Third,

architectures and application cases for finance,

agent communication. industry-specific
healthcare, manufacturing, etc., should be explored.
Fourth, an open governance model should be
established through collaboration with standardization
bodies and stakeholders for the long-term development
of the protocols. Finally, research on agent systems
that process not only text but also images, voice,
and video (multi-modal data) is required. These
directions will contribute to advancing A2A and

MCP as practical solutions in diverse environments.
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