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Intro:

Picture yourself at a global conference, surrounded by brilliant minds from across the

world, all eager to present their innovative and inspiring ideas to the audience.

However, there's a small issue: everyone speaks a different language, and only a few
translators are available. It's frustrating, isn’t it? Having access to a wealth of

knowledge, yet being restricted by communication barriers.

That's exactly the situation our Al models face today: they're incredibly capable, yet

confined within their own limitations, struggling to communicate with other Als and
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external sources of information.

Introducing the Model Context Protocol (MCP) — a revolutionary open standard created
to tear down these barriers and enable true connectivity for Al. But what exactly is MCP,

and why does it matter? Let's dive in and explore.

The Model Context Protocol is a new standard designed to link Al assistants with data
sources, allowing them to access information they couldn't previously. Initially
introduced by Anthropic, the innovative team behind Claude, it is an open-source system

that empowers anyone to create their own MCP connectors.

It's the key that opens doors we didn’t even realize were there in the Al world. Consider it
the ultimate universal power adapter for Al — not just linking your laptop to various

outlets, but connecting powerful Al models to nearly any data source you can think of.

Take a look at what's happening today: Al assistants are capable of writing poetry,
creating art, and even developing complex applications. Models like SORA from OpenAl
can generate images in a specific art style from just one prompt. We also have Gemini,
which can build mockup applications from the ground up, and the possibilities don’t end

there.

However, these amazing Al systems are still functioning like isolated islands in a vast
digital ocean, unable to tap into the wealth of data around them. It's like having a

Lamborghini stuck in a parking garage — full of power but no way to move forward.

The conventional method of building these systems involves creating custom
connectors for each data source. It's like constructing a new bridge every time you need
to cross a river. This approach is costly, time-consuming, and frankly outdated in today’s

interconnected world. This is where MCP steps in — it introduces a standardized



two-way communication protocol that transforms the Al landscape.

We now have a basic understanding of the concept, so let's explore the technical details

of how it functions.

The Brilliant Architecture Behind Model Context Protocol

Let’'s now take a look at how the MCP architecture operates, focusing on its three main

MCP Client — The Messenger

components:
Your Computer
MCP Host
(Claude, IDEs, Tools)
MCP Protocol MCP MCP Protocol
Protocol
MCP MCP MCP
Server A Server B Server C
Local Local l’
L Resource A | L Resource B J
Resource C
(via Web APIs)

The MCP Client is responsible for making the request. It acts as a communicator,



understanding what information your Al requires and how to request it. It retrieves data

from the appropriate source and delivers the answer or result for the Al to use.

For example, if you're using a coding assistant in your IDE, the MCP client is the one

silently interacting with the tool or database to provide assistance.

MCP Server — The Translator

This is where the real magic unfolds. The MCP server acts as a universal translator and
is the heart of the MCP. It receives requests from Al clients, converts them into a format
that any data source can understand, and then sends the information back to the client

in a clear, usable format.

For example, if you request your latest sales report from an Al assistant, the server
knows how to communicate with your CRM or database, retrieves the data, and returns

it in a format the Al can process.

Local Source — The Data Vault

This is your data repository, your treasure chest of information — whether it's a large
database, an advanced business tool, or a state-of-the-art development environment.

With MCP  it's now accessible to Al in a way that makes sense.

For example, imagine you're developing an Al assistant to retrieve data from your
company's database. In this scenario, the database is the local source where the

information resides, and with MCP, the assistant can access it securely and efficiently.

The strong connection between these three components allows the system to operate

and link the Al agent. Now that we understand the architecture of MCP, let's explore how



it functions in practice.

Part I: The Dawn of Universal Al Connectivity

Chapter 1: The Context Conundrum: Why Modern Al Needs a Lingua Franca

The rapid evolution of artificial intelligence, particularly the advent of powerful large
language models (LLMs), has ushered in an era of unprecedented computational
reasoning. Yet, for all their sophistication, these models have been fundamentally
constrained by a critical limitation: isolation. This chapter explores the core challenges
born from this isolation—the context conundrum and the resulting "NxM" integration
problem—that created an urgent, industry-wide need for a universal standard like the
Model Context Protocol (MCP).

Deconstructing the Isolation of Large Language models (LLMs)

At their core, LLMs are powerful reasoning engines, trained on vast but static
datasets. This makes them akin to a "brain in a vat"—capable of profound thought but
disconnected from the dynamic, real-time world of live data and external systems.'
Even the most advanced models are inherently trapped behind information silos and
legacy systems, unable to access proprietary documents, interact with business tools,
or query live databases without a specific, custom-built bridge." This isolation severely
cripples their potential for practical, real-world applications. An Al assistant, for
instance, cannot provide a relevant sales update if it cannot access the company's
CRM, nor can it help a developer debug code if it cannot read the files in the local
project repository. Every new data source or tool requires its own bespoke
implementation, a process that is not only difficult to scale but also fundamentally
unsustainable in a rapidly expanding Al landscape.’

The "NxM" Integration Problem: A Barrier to Scalable Al



The challenge of connecting Al to the outside world is best understood as the "NxM"
integration problem.? In this equation, 'N' represents the ever-growing number of Al
models and agentic systems from various providers (OpenAl, Anthropic, Google, etc.),
while 'M' represents the countless external tools, APIs, and data sources that these
agents need to be useful (databases, CRMs, code repositories, messaging platforms,
etc.).?

Without a common standard, connecting each of the 'N' agents to each of the 'M'
tools requires a unique, point-to-point integration. This creates a combinatorial
explosion of development work. Connecting five agents to ten tools requires fifty
separate, custom-coded connectors. This ad-hoc approach leads to several critical
issues *:

e Redundant Development Efforts: Engineering teams across the industry
repeatedly solve the same integration problems, writing brittle "glue code" for
each new Al model or data source.

e Excessive Maintenance Burden: APIs and models evolve constantly. A minor
update to a single tool's API can break every custom integration connected to it,
creating a cascading maintenance nightmare.

e Fragmented and Inconsistent Implementations: Different developers and
companies implement similar functions in wildly different ways, leading to
unpredictable behavior, poor user experiences, and a lack of interoperability.

This fragmented ecosystem was becoming an acute, industry-wide bottleneck. The
sheer cost and complexity of building and maintaining these proprietary integration
ecosystems were beginning to outweigh any competitive advantage gained from
them. This shared pain point created a powerful incentive for collaboration, even
among fierce rivals, setting the stage for a standardized solution. The industry did not
just need a better way to build connectors; it needed a fundamental shift in how Al
systems communicate with the world.

Introducing the Model Context Protocol: The "USB-C for Al"

The Model Context Protocol (MCP) emerged as the definitive answer to this challenge.
Introduced by Anthropic in November 2024, MCP is an open standard and
open-source framework designed to standardize how Al models integrate and share



data with external systems.® It is frequently and aptly described as the "USB-C for Al
applications".”> Just as USB-C created a universal physical port for power and data,
ending the chaos of proprietary chargers and cables, MCP provides a universal

contextual port for AL® It establishes a standardized, plug-and-play interface that
allows any MCP-compliant Al application to connect with any MCP-compliant tool or
data source.’

Crucially, MCP is a protocol, not just an API.° It defines a shared language and a set of
rules for interaction, enabling seamless, two-way connections between Al systems
and the data they need." Instead of building NxM custom integrations, developers can
now build once against a single, stable protocol. An Al model provider can build one
MCP client, and a tool provider can build one MCP server, and they will be ableto
communicate instantly and reliably. This simple but profound concept replaces
fragmented, brittle integrations with a single, sustainable architecture, unlocking the
true potential of context-aware Al.'

Chapter 2: The Genesis and Rise of an Open Standard

The journey of the Model Context Protocol from a visionary proposal to an
indispensable industry standard was remarkably swift. Its rapid, cross-competitor
adoption underscores its significance not merely as a clever piece of technology, but
as a foundational piece of infrastructure for the emerging era of agentic Al. This
chapter traces the key milestones in MCP's development and examines the strategic
importance of its open, collaborative nature.

From Anthropic's Vision to Industry-Wide Adoption

MCP was officially introduced and open-sourced by Anthropic in November 2024." It
was conceived as an open standard to connect Al assistants with the vast landscape
of enterprise data, including content repositories, business tools, and development
environments.' From its inception, Anthropic's strategy was clear: to create a universal,
open protocol that would replace fragmented integrations and solve the "information
silo" problem that constrained even the most sophisticated models.’



This open approach was a deliberate and strategic departure from previous,
vendor-specific solutions like OpenAl's 2023 "function-calling" API and its original
ChatGPT plugin framework, which required proprietary connectors and locked
developers into a single ecosystem.® By establishing MCP as a neutral, open-source
project, Anthropic invited the entire community to build the future of context-aware Al
together, fostering trust and encouraging broad adoption.’

A Timeline of Key Milestones

The protocol's ascent was marked by a series of pivotal endorsements from major
industry players, cementing its status as the de facto standard for Al connectivity.

e November 2024: The Launch. Anthropic released the first version of the MCP
specification, accompanied by a suite of software development kits (SDKs) and an
open-source repository of reference server implementations for popular systems
like Google Drive, Slack, and GitHub." The launch was met with immediate interest
from early adopters, including the financial technology company Block and
development toolmakers like Replit, Sourcegraph, and Zed, who began integrating
MCP to enhance their platforms.’

e March 2025: OpenAl's Landmark Adoption. In a move that signaled a major
industry shift, OpenAl, a primary competitor to Anthropic, officially announced its
adoption of MCP.° The decision involved integrating the standard across OpenAl's
entire product line, including the ChatGPT desktop application, the OpenAl
Agents SDK, and the Responses APL.° OpenAl CEO Sam Altman described the
move as a crucial step toward standardizing Al tool connectivity, effectively
validating MCP as the industry's chosen path forward.®

e April 2025: Google DeepMind's Endorsement. The consensus around MCP
grew even stronger when Demis Hassabis, CEO of Google DeepMind, confirmed
that upcoming Gemini models and their related infrastructure would support the
protocol.® Hassabis characterized MCP as "rapidly becoming an open standard
for the Al agentic era," indicating that the world's leading Al labs were now
aligned on this foundational technology.®

e May 2025: The Ecosystem Explosion. The rapid, community-driven growth of
the MCP ecosystem became undeniable. By May 2025, public directories like
Glama were listing over 5,000 active and publicly available MCP servers,
showcasing a vibrant and expanding landscape of tools and integrations built by
the community.®



The Power of an Open, Collaborative Ecosystem

The success of MCP is inextricably linked to its open-source nature. An open protocol
fosters a level of trust and collaboration that proprietary systems cannot match. It
prevents vendor lock-in, giving developers the flexibility to switch between different
LLM providers and tools without having to rebuild their integrations from scratch.’

This collaborative spirit is embodied in the official Model Context Protocol GitHub
organization, which hosts the protocol specification, documentation, and official
SDKs." The project is managed by Anthropic but is open to contributions from the
entire community.” This has led to the development of a rich ecosystem of tools,
including:

e Multi-Language SDKs: Official SDKs are available for a wide range of popular
programming languages, including TypeScript, Python, Java (in collaboration with
Spring Al), C# (in collaboration with Microsoft), Go, and Kotlin (in collaboration
with JetBrains), lowering the barrier to entry for developers across different
technology stacks."

e The MCP Inspector: An interactive visual testing tool that allows developers to
debug their server implementations without needing a full client application,
significantly speeding up the development cycle.’

e A Growing Repository of Servers: The official servers repository on GitHub
contains a massive collection of both reference implementations and
community-contributed servers, providing a plug-and-play library of integrations
for developers to use and build upon.”

The language used by industry leaders and the protocol's design focus on enabling
autonomous systems position MCP as more than just an API connector.” It is
foundational infrastructure, analogous to how the Language Server Protocol (LSP)
transformed integrated development environments (IDEs) by decoupling
language-specific features from the editor itself.? In the same way, MCP is decoupling
agentic reasoning from the specific tools an agent uses. This clears the path for a
future where intelligent agents are the primary interface for many digital tasks, with
MCP serving as the universal nervous system that connects these agents to the vast
world of data and services.’



Part Il: The Architectural Blueprint of MCP

To effectively build with the Model Context Protocol, a deep understanding of its
architecture is essential. MCP is not a simple request-response API; it is a
sophisticated, stateful protocol with a deliberately designed three-tier structure that
prioritizes security, orchestration, and flexibility. This section provides a granular,
technical deconstruction of the MCP blueprint, from its core architectural
components and communication layers to the powerful primitives that enable rich,
context-aware interactions.

Chapter 3: The Host, Client, and Server: Deconstructing the MCP Architecture

MCP's architecture follows a client-host-server model, a distinction that is crucial for
understanding its operational flow and security model.” This three-tier structure is a
deliberate design choice that separates concerns and centralizes control, enabling
the safe and coordinated use of powerful Al capabilities. A simpler client-server model
would have been easier to specify, but the explicit inclusion of a "Host" is what allows
MCP to solve the critical problems of security and orchestration in agentic Al. The
Host acts as a trusted intermediary or a control tower, centralizing the most sensitive
operations: user consent and permission enforcement.

The Role of the Host (e.g., Claude Desktop, Cursor, an IDE)

The Host is the main, user-facing application where the Al interaction takes place.
Examples include the Claude Desktop app, an Al-powered IDE like Cursor, or a
custom-built enterprise Al assistant.” The Host serves as the primary orchestrator and
security gatekeeper of the entire MCP ecosystem.™ Its key responsibilities include:

e Managing Client Instances: The Host is responsible for creating, managing the
lifecycle of, and controlling permissions for multiple MCP Client instances."
e Enforcing Security and Consent: The Host is the ultimate authority for security.



It is responsible for obtaining explicit user consent before any tool is executed or
any data is shared with an MCP Server. It presents the necessary Ul for reviewing
and authorizing all operations.™

e Coordinating Al Integration: The Host integrates with the underlying LLM,
aggregating context from various clients and coordinating the Al's reasoning and
sampling processes."

By having the Host manage client lifecycles, it can enforce granular policies, such as
allowing one client to access the local filesystem while restricting another to
network-only access, or requiring user approval every time a sensitive tool is invoked.
This architecture prevents a chaotic and insecure free-for-all where every Al agent
would otherwise manage its own connections and permissions.

The MCP Client

The MCP Client is a protocol-handling component that lives inside the Host
application.” It is not a standalone application but rather a connector that the Host
uses to communicate with a specific MCP Server. Each client instance maintains a
dedicated, one-to-one, stateful session with a single server.” Its role is purely
technical and focused on the protocol itself:

e Session Management: The client establishes and manages the connection,
handling protocol version negotiation, capability negotiation, and session state
(e.g., timeouts, interruptions, reconnections).™

e Message Transport: It handles the low-level communication, sending and
receiving JSON-RPC messages over the appropriate transport layer (e.g., stdio or
HTTP)."

e Tool and Resource Interaction: It sends requests to the server to discover and
execute tools, access resources, and interact with the prompt system.

The MCP Server

The MCP Server is a lightweight, often standalone program that acts as an
intermediary or wrapper for an external system.? A server's purpose is to expose a
specific set of capabilities from an underlying data source or API—such as a



PostgreSQL database, the GitHub API, or a local filesystem—to an MCP Client through
the standardized protocol.? Servers are designed to be simple and focused, with the
Host handling the more complex orchestration responsibilities.” The server's primary
function is to respond to client requests by providing one or more of the core MCP
primitives:

Tools, Resources, and Prompts.™

Chapter 4: The Language of Connection: Protocol and Transport Layers

At its heart, MCP is a communication protocol. It defines a precise set of rules for how
messages are structured, how connections are managed, and how data is transported
between clients and servers. This standardization is what enables seamless
interoperability across the entire Al ecosystem.

Foundation on JSON-RPC 2.0

MCP is built upon the JSON-RPC 2.0 specification.” This choice provides a
lightweight, text-based, and stateless remote procedure call (RPC) protocol that is
both human-readable and easy to parse. It defines a simple and consistent structure
for all communications, abstracting away the underlying transport mechanism."

Anatomy of an MCP Message

All communication in MCP consists of three core message types, each with a specific
structure and purpose.'

e Requests: These are bidirectional messages sent from either the client or the
server to initiate an operation. A request must include:
o jsonrpc: Set to "2.0".
o method: A string containing the name of the method to be invoked (e.g.,
tools/list).



o params: An optional object containing the parameters for the method.
o id: A unique identifier (string or number) for the request. MCP adds a
constraint that this id must not be null, unlike the base JSON-RPC spec.™

JSON
{
“jsonrpc": "2.0",
"id": 1,
"method": "tools/call",
"params": {

"name": "get_weather",
"arguments": { "city": "London" }

}
}

Responses: Sent in reply to a request, a response must include the same id as
the request it corresponds to. It will contain either a result or an error field, but
never both.”

o Success Response:

JSON
i
“jsonrpc": "2.0",
"id": 1,
"result": {
"content":

}
}

o Error Response:
JSON

{
“jsonrpc": "2.0",
“id": 1,
"error": {
"code": -32601,
"message": "Method not found"

}
}

Notifications: These are one-way messages that do not require a response. They
must not include an id. Notifications are used for events like progress updates or

state changes."
JSON



{
“jsonrpc”: "2.0",
"method": "notifications/progress",
"params": {
"progressToken": "abc-123",
"progress": 50,
"total": 100
}
}

The Connection Lifecycle

MCP defines a rigorous, stateful lifecycle for every client-server connection to ensure
proper negotiation and state management."

1. Initialization: The connection begins with a handshake. The client sends an
initialize request, advertising its capabilities and the protocol version it supports.
The server replies with an initialize result, confirming the protocol version to be
used and declaring its own capabilities. If the client cannot support the server's
chosen version, it must disconnect.™

2. Operation: Once initialization is complete (confirmed by an initialized notification
from the client), the session enters the operational state. In this phase, the client
and server can exchange any number of requests, responses, and notifications as
defined by the protocol.™

3. Shutdown: The connection is terminated gracefully via a shutdown request and
response, followed by an exit notification, ensuring that both parties can clean up
resources properly.™

Transport Mechanisms

The transport layer is responsible for the physical delivery of JSON-RPC messages.
MCP supports multiple transport mechanisms to provide flexibility across different
environments.'



Stdio (Standard Input/Output): This transport is used for local integrations
where the MCP server runs as a subprocess of the Host application.?
Communication happens over the standard input and output streams, which is
simple, efficient, and secure for accessing local resources like the filesystem or a
local database.®

Streamable HTTP (incorporating Server-Sent Events - SSE): This is the
standard transport for remote connections over a network.? It uses standard
HTTP POST requests for client-to-server communication. For server-to-client
communication, particularly for long-running tasks or notifications, it leverages
Server-Sent Events (SSE) to stream data over a persistent HTTP connection. This
transport also includes features for resumable connections, allowing a client to
pick up where it left off if a connection drops mid-stream.?

Chapter 5: The Core Primitives: Tools, Resources, and Prompts

The power of MCP lies in its well-defined set of primitives—the fundamental
capabilities that a server can expose to a client. These primitives are not arbitrary;
they map directly to the conceptual needs of an advanced Al agent, providing the
standardized building blocks for knowledge, action, and structured workflows. This
design suggests that MCP is not just a technical protocol but a framework for
structuring agentic behavior.

Server-Side Capabilities (What servers offer)

An MCP server can offer one or more of the following capabilities to a connected
client.”

Tools: This is the most dynamic and powerful primitive. Tools are executable
functions that allow an Al model, with user consent, to perform actions in the
external world." This could involve querying a database, calling a third-party AP,
sending a message on Slack, or manipulating files in a Git repository." Each tool is
defined by a schema that includes a unique

name, a human-readable description to help the LLM understand its purpose, and
a formal inputSchema and optional outputSchema (typically using JSON Schema)



to define its parameters and expected return structure.? This self-describing
nature allows an Al agent to discover and learn how to use a tool at runtime.

e Resources: Resources represent file-like, read-only data intended to provide
context to the LLM." They are the primary mechanism for
informing the model. A resource could be the content of a text file, a row from a
database, or the JSON response from an APl endpoint.”” Unlike tools, resources
are not meant to have side effects; their purpose is to supply the information an
agent needs to reason about a problem.

e Prompts: Prompts are reusable, pre-defined templates or workflows that guide
an Al model or a user toward accomplishing a specific task."? For example, a
GitHub server might offer a "Code Review" prompt that, when selected, provides
the LLM with a structured template for analyzing a piece of code. This helps
standardize common interactions and improves the reliability of the Al's output.

Client-Side Capabilities (What clients can offer to servers)

Communication in MCP is bidirectional, and clients can also offer capabilities to
servers, enabling more advanced and recursive interactions."

e Sampling: This is a powerful feature that allows an MCP server to request that
the client's Host application use its LLM to perform a completion or generation
task.” This enables server-initiated agentic behaviors. For example, a "Sequential
Thinking" server could use sampling to have the LLM break down a complex
problem into a series of steps, execute the first step using another tool, and then
feed the result back into the LLM to determine the next step. This creates a
recursive "thought-action" cycle, which is the foundation of many advanced
agentic architectures.

e Roots: A client can provide a server with information about its root directories or
filesystem boundaries.” This is particularly important for local
stdio servers, as it allows them to operate safely within a user-defined scope,
preventing them from accessing unauthorized parts of the filesystem.

e Elicitation: This capability allows a server to explicitly request additional
information from the user via the Host application's UL." If a tool is invoked with
missing or ambiguous parameters, the server can use elicitation to trigger an
interactive clarification loop, asking the user to provide the necessary details
before proceeding.



Part lll: Building with the Model Context Protocol

Understanding the architecture of MCP is the first step; the next is to apply that
knowledge to build functional and secure integrations. This section provides
hands-on, practical guidance for developers. It walks through the process of creating
MCP servers and clients, offers a deep dive into the critical security considerations
that every implementer must address, and highlights the emerging "MCP-native"
development patterns that are shaping the ecosystem.

Chapter 6: Developing Your First MCP Server: A Practical Guide

This chapter provides a step-by-step tutorial for building a simple but functional MCP
server that exposes tools and resources from an external API. We will build a "GitHub
Issue Fetcher" server in both Python and TypeScript to demonstrate the core
development workflows.

Setting Up the Development Environment

A clean and consistent development environment is crucial.

e For Python: The recommended approach is to use uv, a fast and modern Python
package manager.”
1. Install uv: Follow the official installation instructions.
2. Create and initialize a new project: uv init github-mcp-server && cd
github-mcp-server
3. Create and activate a virtual environment: uv venv and
source.venv/bin/activate (or .venv\Scripts\activate on Windows).
4. Install the MCP SDK and other dependencies: uv add "mcp[cli]" httpx
python-dotenv.?
e For TypeScript: A standard Node.js project setup is required.
1. Initialize a new project: npm init -y



2. Install dependencies: npm install @modelcontextprotocol/sdk zod dotenv and
npm install -D typescript @types/node ts-node.”’

3. Configure tsconfig.json for a modern Node.js project (ESM modules, strict
type checking).

4. Update package.json to include build and start scripts.

Tutorial: Building a "GitHub Issue Fetcher" Server (Python & TypeScript)

The goal is to create a server that can fetch open issues from a public GitHub
repository and retrieve the repository's README file.

Step 1: Basic Server Setup
The first step is to instantiate the server object.
e Python (server.py): Using the FastMCP class from the Python SDK, which

simplifies server creation by leveraging decorators and type hints.**
Python
from mcp.server.fastmcp import FastMCP
import 0S
import httpx
from dotenv import load_dotenv

load_dotenv()
server = FastMCP(
"GitHub Issue Fetcher",
"A server to fetch issues and READMEs from GitHub."

e TypeScript (src/index.ts): Using the McpServer class from the TypeScript SDK.?’
TypeScript
import { McpServer } from "@modelcontextprotocol/sdk/server/mcp”;
import { StdioServerTransport } from "@modelcontextprotocol/sdk/server/stdio";
import { z } from "zod";
import 'dotenv/config’;

const server = new McpServer({
name: "github-issue-fetcher”,
version: "1.0.0"



N;

Step 2: Defining a Tool (get_issues)
This tool will take a repository name (e.g., "facebook/react") and return a list of open issues.
e Python: The @server.tool decorator makes registration simple. We use

Pydantic-style type hints for automatic schema generation.”
Python
@server.tool(

name="get_issues",

description="Fetches open issues for a given GitHub repository."

)

async def get_issues(repo_name: str) -> list[dict]:

Fetches the top 5 open issues from a GitHub repository.
:param repo_name: The repository name in ‘owner/repo’ format.

url = f"https://api.github.com/repos/{repo_name}/issues?state=open&per_page=5"
async with httpx.AsyncClient() as client:

response = await client.get(url)

response.raise_for_status()

issues = response.json()

return [{"title": issue["title"], "url": issue["html_url"]} for issue in issues]

e TypeScript: We use server.registerTool and define the schema explicitly with
zod.”’
TypeScript
server.registerTool("get_issues", {
title: "Get GitHub Issues”,
description: "Fetches open issues for a given GitHub repository.”,
inputSchema: z.object({
repo_name: z.string().describe("The repository name in ‘owner/repo’ format.")
)
handler: async (params) => {
const { repo_name } = params;
const Url = "https:/api.github.com/repos/${repo_name}/issues?state=open&per_page=5';
const response = await fetch(url);
if ('response.ok) throw new Error(’Failed to fetch issues: ${response.statusText}');
const issues = await response.json();
const issueData = issues.map((issue: any) => ({ title: issue.title, url: issue.html_url

N);



return { structuredContent: issueData };
}
D

Step 3: Exposing a Resource (get_repo_readme)
This resource will provide the content of a repository's README file.

e Python: The @server.resource decorator is used for read-only data endpoints.”
Python
@server.resource("github://{owner}/{repo}/readme")

async def get_repo_readme(owner: str, repo: str) -> str:
"""Returns the content of the repository's README file."""
url = f*https://api.github.com/repos/{owner}/{repo}/readme"
headers = {"Accept": "application/vnd.github.raw"}
async with httpx.AsyncClient() as client:
response = await client.get(url, headers=headers)
response.raise_for_status()
return response.text

e TypeScript: We use server.registerResource with a URI template.?’
TypeScript
server.registerResource({
uri: "github://:owner/:repo/readme”,
handler: async ({ owner, repo }) => {
const url = "https:/api.github.com/repos/${owner}/${repo}/readme’;
const response = await fetch(url, { headers: { "Accept": "application/vnd.github.raw" }
1
if (Iresponse.ok) throw new Error("README not found");
return { content: [{ type: 'text’, text: await response.text() }] };
}
1

Step 4: Running the Server
Finally, we connect the server to a transport layer, in this case stdio.
e Python:
Python
if _name__=="_main_":
server.run()



e TypeScript:
TypeScript
const transport = new StdioServerTransport();
server.connect(transport);

Debugging and Testing with the MCP Inspector

The MCP Inspector is an indispensable tool for server development.” It provides a
graphical interface to interact with your server without needing to build a full client
application. To use it, you run it from the command line, pointing it to your server's
execution command.?

Bash

# For Python
uv run mcp inspect -- python server.py

# For TypeScript (after building)
npx @modelcontextprotocol/inspector node build/index.js

Once launched, the Inspector allows you to *"

e Establish a connection to your server.

List all available tools and resources, verifying that they are registered correctly.
Inspect the schemas for each tool and resource.

Invoke tools with custom arguments and view the raw JSON response.

e Read the content of resources by providing a URI.

e Ping the server to ensure it is responsive.

This provides a tight feedback loop, allowing developers to test every aspect of their
server's functionality before integrating it with a real Al host like Claude Desktop or
Cursor.”®



Chapter 7: Integrating MCP into Al Applications: The Client Perspective

While servers expose capabilities, it is the client-side integration within a Host
application that brings MCP to life. This chapter focuses on how to build applications
that can consume MCP services, dynamically adapt to their capabilities, and manage
the connection lifecycle effectively.

Connecting to an MCP Server

The client-side SDKs provide abstractions for connecting to different types of servers.

Connecting to a Local stdio Server: This is common for tools that need access
to the local environment. The client SDK manages the lifecycle of the server as a

subprocess.”
Python
# Python Example

import asyncio
from mcp import ClientSession, StdioServerParameters
from mcp.client.stdio import stdio_client

server_params = StdioServerParameters(command="python", args=["server.py"])

async def main():
async with stdio_client(server_params) as (read, write):
async with ClientSession(read, write) as session:
await session.initialize()
#... interact with the session

asyncio.run(main())

Connecting to a Remote Streamable HTTP Server: For services hosted on the
network, the client connects via a URL. The SDK handles the HTTP/SSE

communication.”

Python

# Python Example

from mcp.client.streamable_http import streamablehttp _client



mcp_server_url = "https://example.com/mcp-server"

async def main():
async with streamablehttp_client(mcp_server_url) as (read, write, ):
async with ClientSession(read, write) as session:
await session.initialize()
#... interact with the session

Dynamic Tool Discovery and Invocation

A core tenet of MCP is dynamic discovery. A client does not need to have prior
knowledge of a server's tools; it can learn them at runtime. This is a significant
departure from traditional REST APIs, where developers must read static
documentation and hard-code endpoint calls.*

The process is straightforward:

1. After initializing a session, the client calls session.list_tools().

2. The server returns a list of all available Tool objects, including their names,
descriptions, and input schemas.

3. The Host application can then present these tools to the user or the LLM. When a
tool needs to be executed, the client calls session.call_tool(name, arguments).

Python

# Python Example (within an active session)
tools_response = await session.list_tools()
print(“Available tools:")
for tool in tools_response.tools:

print(f'- {tool.name}: {tool.description}")

# Let's say the LLM decides to call the 'get_issues' tool
result = await session.call_tool(
"get_issues",



{"repo_name": "modelcontextprotocol/modelcontextprotocol"}

)

print("Result:", result.structuredContent)

This runtime adaptability is what makes MCP so powerful for building flexible and
future-proof Al systems. If a server adds a new tool, an existing client can start using
it immediately without any code changes.

Managing Session Lifecycles and Caching

For performance, especially with remote servers, managing the session and its data
efficiently is key. The list_tools() operation can have some latency, as it may involve a
network round-trip.?’ The OpenAl Agents SDK, for example, highlights the importance
of this by providing a built-in caching mechanism. A client can cache the list of tools
returned by a server to avoid repeatedly calling

list_tools() on every interaction.?’

The client should only use a cached list if it is confident the toolset will not change. If
there's a possibility of change, the client can implement a cache invalidation strategy,
such as periodically re-fetching the tool list or providing a manual refresh option.”

Case Study: Enhancing an IDE with MCP

Let's consider a conceptual walkthrough of how an Al-powered IDE like Cursor
leverages MCP to provide powerful, context-aware assistance.*

Scenario: A developer highlights a function and asks the Al assistant, "Refactor this
function to align with our team's official coding style guide, which is stored in Notion."

MCP-Powered Workflow:

1. Host Action: The Cursor IDE, acting as the Host, receives the user's request.
2. Multi-Client Orchestration: The Host orchestrates two separate MCP Clients:
o Client A connects to a local filesystem MCP Server. This server is a



standard stdio process that has been granted access to the project's
directory.

o Client B connects to a remote Notion MCP Server. This is an HTTP-based
server that requires authentication (e.g., an API key provided via environment
variables *3).

3. Context Gathering:

o The Host uses Client A to read the content of the highlighted function from
the local file. This becomes the first piece of context.

o The Host uses Client B to execute a search_document tool on the Notion
server to find and retrieve the content of the "Official Coding Style Guide."
This becomes the second piece of context.

4. LLM Invocation: The Host aggregates both pieces of context (the code and the
style guide) and sends them to the underlying LLM with the original prompt.

5. Response: The LLM generates the refactored code, which the Host then displays
to the developer.

This example illustrates the power of the Host-Client-Server architecture. The Host
securely manages access to both local and remote resources, aggregates context
from multiple specialized sources, and provides a seamless experience to the user, all
orchestrated through the standardized language of MCP.

Chapter 8: Security by Design: A CISO's Guide to MCP

The Model Context Protocol enables powerful capabilities through arbitrary data
access and code execution, but with this power comes significant security
responsibility.” The protocol itself is a framework; the enforcement of security lies
with the implementers of the Host, Client, and Server components. A failure to
address these considerations can expose enterprises to substantial risks, including
data exfiltration, unauthorized actions, and system compromise. This chapter provides
a comprehensive guide to MCP security, operationalizing its core principles and
analyzing threats based on academic research to provide actionable mitigation
strategies.

The design of MCP deliberately shifts the primary security burden to the Host
application. While the protocol provides the structure for secure interactions, it is the
Host (e.g., Claude Desktop, Cursor, or a custom enterprise agent) that must act as the
ultimate guardian of user data and actions.” This makes the Host's security model the



most critical checkpoint in the entire ecosystem.

Implementing the Core Principles

The MCP specification outlines four key security principles that all implementers must
carefully address."

User Consent and Control: Users must be the ultimate arbiters of what their Al
agent does. Hosts must implement clear, unambiguous Ul prompts for any action
that involves data access or tool execution. The user must explicitly consent to
and understand what data is being shared and what operations are being
performed. For example, before calling a delete_file tool, the Host must present a
confirmation dialog showing the exact file to be deleted and require explicit user
approval.

Data Privacy: Hosts must obtain explicit user consent before exposing any user
data to an MCP server. Furthermore, data provided by a server as a resource
should be protected with appropriate access controls and not be transmitted
elsewhere without the user's permission.

Tool Safety: Tools represent arbitrary code execution and must be treated with
extreme caution. Tool descriptions provided by servers, especially untrusted ones,
should not be implicitly trusted, as they could be crafted to mislead the LLM or
the user. The Host must obtain explicit user consent before invoking any tool, and
the Ul should clearly explain what the tool does before the user authorizes its
use.”

LLM Sampling Controls: For the advanced sampling capability, where a server
can request the LLM to perform a task, user control is paramount. The user must
have the ability to approve any sampling request, review the exact prompt that
will be sent to the model, and control what results the server can see.”

Threat Modeling the MCP Lifecycle

Recent academic research has provided a structured analysis of the security threats
facing the MCP ecosystem, broken down by the server lifecycle phase.** Enterprises
and developers must be aware of these risks to build a robust defense-in-depth



strategy. The following table summarizes these threats.

Table 2: MCP Security Threat Matrix

| Threat | Lifecycle Phase | Description | Primary Point of Vulnerability | Key Mitigation Principle
I
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| Name Collision / Impersonation | Creation | A malicious server is registered with a name
deceptively similar to a legitimate one, tricking users or agents into connecting to it. | Host
Application / Server Registry | Centralized, Verified Server Registry |

| Installer Spoofing | Creation | An attacker distributes a modified MCP server installer that
contains malicious code or backdoors. | Deployment Process / User | Code Signing & Trusted
Repositories |

| Code Injection / Backdoor | Creation | Malicious code is embedded directly into the server's
codebase, potentially through a compromised dependency. | MCP Server Implementation |
Supply Chain Security (SCA/SAST) |

| Tool Name Conflicts | Operation | Multiple servers expose tools with the same name, leading
to ambiguity and the potential execution of a malicious tool. | Host Application / LLM |
Namespace Management & User Approval |

| Slash Command Overlap | Operation | Similar to tool name conflicts, but specific to Ul-based
slash commands, creating ambiguity and risk of unintended actions. | Host Application Ul |
Strict Command Parsing & Ul Clarity |

| Sandbox Escape | Operation | A vulnerability in the server's execution environment allows a
tool to break out and gain unauthorized access to the host system. | MCP Server
Implementation | Secure Sandboxing & Least Privilege |

| Post-Update Privilege Persistence | Update | After a server update, outdated or revoked
permissions remain active, allowing for continued unauthorized access. | MCP Server / Host
Auth System | Dynamic, Just-in-Time Permissions |

| Re-deployment of Vulnerable Versions | Update | A user or system unintentionally rolls back
to an older, vulnerable version of a server. | Deployment Process | Version Pinning &
Vulnerability Scanning |

| Configuration Drift | Update | Unintended changes to a server's configuration over time
deviate from the secure baseline, creating exploitable gaps. | Deployment Process |
Infrastructure as Code (laC) & Auditing |

Recommendations and Mitigation Strategies

Addressing these threats requires a concerted effort from all participants in the
ecosystem.

For Server Developers:



Validate and Sanitize: Rigorously validate all inputs received from the client and
sanitize all outputs before sending them back. Never trust that the client-side
validation is sufficient.?

Implement Least Privilege: The server process itself should run with the
minimum permissions necessary to function. If a tool only needs to read from a
database, its credentials should not allow write access.

Secure Dependencies: Regularly scan dependencies for known vulnerabilities
using tools like Software Composition Analysis (SCA) and perform static analysis
(SAST) on the codebase to identify potential injection points or backdoors.

For Host/Client Developers:

Build Robust Consent Flows: As emphasized, the Host is the primary line of
defense. Implement clear, explicit, and non-bypassable user consent prompts for
all sensitive operations.?

Validate and Verify: Do not blindly trust the description field of a tool. Validate
tool results, especially if they are to be passed back to an LLM or used in
subsequent operations. Implement timeouts for all tool calls to prevent
denial-of-service issues.?

Secure Logging: Log all tool usage for auditing purposes, but be careful not to
log sensitive data (like API keys or PII) that may be present in tool arguments or
results.

For Enterprises (The CISO Perspective):

Adopt Zero Standing Privilege (ZSP): This is the most critical security strategy
for enterprise adoption of MCP. In a ZSP model, users (and by extension, their Al
agents) have no default access to resources. Permissions are granted
dynamically, on-demand, and for the minimum duration necessary to complete a
specific task. When an MCP server is invoked, it must execute with the
requesting user's just-in-time privileges, not with a pre-configured,
over-privileged service account. This ensures that the Al agent can never access
data or perform actions that the user themselves is not currently authorized to
do, providing a strong, auditable security boundary.*

Curate a Trusted Server Registry: Enterprises should not allow users to connect
to arbitrary MCP servers. Instead, they should maintain an internal registry of
vetted, approved, and security-scanned MCP servers to prevent threats like
server impersonation and installer spoofing.

Enforce Immutable Infrastructure: Deploy MCP servers using Infrastructure as
Code (IaC) principles to prevent configuration drift and ensure that every instance



is deployed from a known, secure baseline.

The emergence of "MCP-native" development patterns, such as the de facto use of
schema validation libraries like Zod and Pydantic, is a positive trend.?° These practices
build robustness directly into the development workflow. By combining these patterns
with the rigorous security principles outlined above, organizations can harness the
power of MCP with confidence.

Part IV: The Broader Ecosystem and the Road Ahead

The Model Context Protocol does not exist in a vacuum. It is a vital component within a
rapidly evolving ecosystem of Al technologies and standards. Understanding its
relationship to other key technologies is crucial for architects and strategists looking
to build coherent and future-proof Al systems. This final part places MCP in its proper
context, compares it with related standards, and explores the future trajectory of
connected, agentic Al.

Chapter 9: MCP in Context: A Comparative Analysis

To fully appreciate MCP's unique contribution, it is essential to contrast it with other
standards and platforms that address different facets of the Al and software
integration landscape. MCP's role is specific and complementary, not competitive, to
many of these technologies. The clear distinction and complementary nature of MCP
and its sibling protocol, A2A, in particular, reveal a sophisticated, layered vision for the
future architecture of Al systems. This suggests a modular, microservices-like
approach where specialized components are composed to create complex solutions.

Table 1: MCP vs. Alternative Integration Standards

| Feature | Model Context Protocol (MCP) | REST / GraphQL APIs | ONNX | MLflow |
Agent-to-Agent (A2A) Protocol |
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| Primary Purpose | Standardize agent-to-tool communication for providing context and
actions to a single Al agent. | General-purpose software-to-software data exchange and
remote procedure calls. | Standardize the machine learning model format for interoperability



between training frameworks. | Manage the ML development lifecycle: experiment tracking,
model registry, and deployment. | Standardize agent-to-agent communication for
collaboration and task delegation between autonomous agents. |

| Key Abstraction | Tools, Resources, Prompts | Endpoints, Resources, Queries | Computational
Graph, Operators | Experiments, Runs, Registered Models | Tasks, Agent Cards, Messages |

| Communication Model | Stateful, bidirectional session over various transports (stdio,
HTTP/SSE). | Primarily stateless, request-response over HTTP. | N/A (File format) |
Client-server for logging and tracking metadata. | Stateful or stateless, bidirectional
task-oriented communication over HTTP/SSE. |

| Discovery Mechanism | Dynamic, Runtime Discovery (e.g., tools/list) | Static, Design-Time (via
external documentation like OpenAPI/Swagger) | N/A (Model inspection) | Ul and API for
querying registered models and runs. | Dynamic, Runtime Discovery (via Agent Cards) |

| State Management | Session state managed by client and server within a connection. |
Stateless by design (client must maintain state). | N/A | Centralized server tracks experiment
and model state. | Task state managed by remote agent, tracked by client. |

| Al-Native Design | Yes. Designed specifically for the conversational, context-aware workflows
of LLMs. | No. General-purpose; not optimized for fluid, agentic interaction patterns. | Yes.
Designed for ML models, but at the representation level, not the interaction level. | Yes.
Designed for the ML lifecycle, but not for runtime agent interaction. | Yes. Designed
specifically for multi-agent collaboration and opaque, autonomous systems. |

MCP vs. Traditional APIs (REST, GraphQL)

MCP is not a replacement for APIs but rather a new, Al-native abstraction layer built
on top of them.** Many, if not most, MCP servers are simply wrappers around existing
REST or GraphQL APIs.*” The fundamental difference lies in two areas:

1. Dynamic Discovery: With a REST API, a developer must read external
documentation (e.g., an OpenAPI specification) to understand its capabilities and
then hard-code calls to its endpoints. MCP inverts this: an Al agent can query an
MCP server at runtime using tools/list to ask, "What can you do?" and receive a
machine-readable response that it can immediately act upon.

2. Al-Native Design: REST APIs are stateless and were not designed for the fluid,
iterative, and context-dependent conversational patterns of LLMs. MCP is
purpose-built for these workflows, with stateful sessions and primitives that map
directly to an agent's needs.*

MCP vs. ONNX (Open Neural Network Exchange)



These two standards are entirely complementary and operate at different levels of the
Al stack.*®

ONNX standardizes the model format. It provides a common, interoperable
representation for a trained neural network, allowing a model trained in PyTorch
to be deployed using a TensorFlow runtime, for example.*® It is concerned with the
static representation of the "brain."

MCP standardizes the runtime interaction. It defines how a running Al agent
communicates with its external environment—its "senses and hands." An agent
whose reasoning engine is an ONNX-formatted model could absolutely use MCP
to connect to its tools.*

MCP vs. MLflow

Again, these are complementary tools used at different stages of the machine
learning lifecycle.”

MLflow is an MLOps platform. It focuses on the development and operational
management of models, providing tools for experiment tracking, model versioning
in a model registry, and managing deployments.*

MCP is a runtime communication protocol. It governs how a deployed agent
interacts with the world. A typical workflow would involve using MLflow to track
the experiments that produced the best model, registering that model with the
MLflow Model Registry, and then deploying it as part of an agent that uses MCP
to call tools and access data.

MCP & A2A (Agent-to-Agent Protocol): The Twin Engines of Agentic Al

This is the most critical comparison, as both are emerging standards for agentic
systems. They are explicitly designed to be complementary, addressing two distinct
types of communication.**

MCP defines Agent-to-Tool communication. It is the protocol for how a single
agent connects to its "toolbox"—the APIs, databases, and files it needs to



perform its tasks.*

e A2A defines Agent-to-Agent communication. Developed by Google and now
hosted by the Linux Foundation, A2A is the protocol for how multiple,
autonomous, and potentially opaque agents collaborate, delegate tasks, and
communicate with each other.**

A powerful analogy illustrates the relationship: if an Al agent is a car mechanic, MCP
is the universal standard for the sockets, wrenches, and diagnostic scanners in their
toolbox, ensuring they can connect to any make or model of car. A2A is the
standardized language the mechanic uses to talk to the parts supplier, other specialist
mechanics, and the customer to coordinate the entire repair job.** A complex
enterprise workflow, such as orchestrating a supply chain, will inevitably require both:
individual agents using MCP to interact with inventory and logistics systems, and A2A
to coordinate with each other to fulfill an order.*®

Chapter 10: The Future of Connected Al

The Model Context Protocol has already reshaped the landscape of Al integration, but
its journey is far from over. As a living open standard, it continues to evolve to meet
the growing demands of an increasingly agentic world. This chapter explores the
protocol's future roadmap, the emerging research directions that will define its next
generation, and the ultimate vision of a truly interoperable Al ecosystem that MCP
helps make possible.

The MCP Roadmap

While MCP has achieved widespread adoption, the community and its stewards at
Anthropic recognize several key areas for future development. These enhancements
are critical for maturing the protocol and unlocking its full potential, especially in
enterprise environments.

e Standardized Authentication and Authorization: This is arguably the most
critical unresolved challenge. Currently, the protocol largely defers authentication
to the implementer, which is a significant barrier for the secure use of remote
servers.”” Future work is focused on creating a standardized, robust



authentication framework, potentially based on open standards like OAuth, that
can handle the dynamic, user-specific permissions required for enterprise-grade
security and Zero Standing Privilege models.* Without this, the enterprise
adoption of remote MCP will remain limited.

Official Trusted Server Registry: To combat security threats like name collision
and installer spoofing, there is a recognized need for an official, curated registry
of trusted and verified MCP servers.*® Such a registry would provide a centralized
discovery mechanism where developers and enterprises can find and connect to
servers with confidence in their authenticity and security posture.

Protocol Enhancements: Ongoing development includes improvements to the
core protocol, such as more efficient streaming mechanisms, standardized
discovery endpoints, and enabling more proactive server behaviors (e.g., a server
pushing a notification to a client without a prior request).*

Emerging Research and Advanced Applications

Academic and industry research is already pushing the boundaries of what is possible
with MCP, highlighting future challenges and opportunities.*® Key research directions
include:

Centralized Security Oversight and Monitoring: Developing formal package
management systems and robust, standardized monitoring frameworks to detect
anomalies, prevent system failures, and mitigate security incidents in real-time
across the ecosystem.*

State Management for Complex Workflows: Creating more effective
mechanisms for managing state and handling errors in multi-step, cross-system
workflows to ensure consistency and prevent the loss of intermediate results.®
Scalability in Multi-Tenant Environments: As MCP moves toward remote,
cloud-hosted models, research is needed into resource management, tenant
isolation, and policy enforcement to prevent data leakage and performance
degradation in multi-tenant architectures.*

Integration with Smart Environments: Exploring the application of MCP in the
Internet of Things (loT), smart homes, and industrial automation, which presents
unique challenges related to real-time responsiveness, interoperability with
physical devices, and the security of critical systems.*



Concluding Thoughts: The Path to a Truly Interoperable Al Ecosystem

The Model Context Protocol is more than just a technical standard; it is a paradigm
shift. It represents the moment the Al industry collectively recognized that the future
of intelligence is not isolated but connected. By providing a universal language for
communication, MCP is transforming Al models from isolated "brains" into versatile
and effective "doers" capable of interacting with the world in meaningful ways.*

It solves the crippling NxM integration problem, replacing a chaotic web of brittle,
custom connectors with a simple, elegant, and scalable architecture. This
foundational layer of interoperability is what will enable the next generation of Al
applications: sophisticated, multi-tool agents that can reason, act, and collaborate to
solve complex, real-world problems. The journey ahead will require continued
collaboration on security, governance, and protocol evolution, but the path is clear.
MCP is the universal connector, the essential infrastructure clearing the way for a
future of truly intelligent, context-aware, and connected Al.

MCP In Action: The Sales Report

To illustrate how this process works, let’s consider a scenario. Imagine your manager

asks your Al assistant:
"Show me the top 5 best-selling products from last month."
Here's how MCP makes it happen behind the scenes, step by step:

1. The MCP Client interprets the Al's query and sends a well-organized request. The
assistant comprehends the manager's question and formulates a formal request. It's

similar to an office secretary drafting a memo that says, "Kindly provide the top 5



best-selling products from last month."

Please provide last
month’s top 5 products
by sales.

2. The MCP Server processes the request and queries your company's sales database.
The server reads the memo and knows exactly where to direct it — to the sales records

room. It delivers the request and asks for the specific report required.



The server reads the memo SALES
and knows exactly where to RECORDS
send it — the sales records

room.

3. The Local Source provides the raw data. The sales database reviews last month'’s
records, extracts all transaction details, and sends them back, similar to a records clerk

retrieving physical files and handing them over.
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and handing them over. -

SERVER

4. The MCP Server organizes the data neatly. Once it has the information, the server
sorts it by sales numbers, selects the top five, and arranges it in a user-friendly format,

much like converting chaotic spreadsheets into a clear chart.



The MCP Server formats it cleanly

With the data in hand, the server organizes it — sorting by
sales numbers, selecting the top five, and arranging it in
an easy-to-read format.

SERVER

5. The MCP Client sends the formatted data back to your Al model for a response. The
refined information is returned to the assistant, which then presents the top 5 products

to the manager in a clear and professional summary.



The polished information is delivered
back to the assistant, who now
presents the top 5 products to the
manager in a professional and friendly
summary.

r N

TOP 5 PRODUCTS

1. Product A
2. Product B
3. Product C

g Product D

. Product E

Key Adoptions: Where the Magic is Already Happening

The use of MCP isn't just a concept; it's already a reality. You can explore these

groundbreaking applications that are making an impact in the Al field.

1. Al-Powered Development Environments

Websites like Replit, Zed, and Sourcegraph are currently utilizing MCP to enhance their
coding assistants. These tools enable their Al to access real-time codebase version
control systems and users' build pipelines, facilitating features such as smart code
suggestions and automated debugging. Some developers have also leveraged MCP to

detect issues across multiple services and pinpoint API contract mismatches.


https://replit.com/
https://zed.dev/ai
https://sourcegraph.com/

2. Enterprise Al Assistants

Companies like Block (formerly known as Square) and Apollo have implemented MCP to
enhance their internal Al assistants. These assistants can access proprietary
documents, company knowledge bases, and CRM systems to provide knowledge

retrieval, automate tasks, and offer personalized financial advice.

3. Intelligent Content Management Systems

Moreover, MCP allows Al to engage with Content Management Systems (CMS), turning
them into smart content generators. Al assistants can access and analyze documents,
summarize content, and create new material to boost productivity and improve content
quality. A prime example is customer support chatbots that can retrieve product details

and company policies in real time, ensuring accurate and relevant responses.

4. Real-Time Web Integration

The Claude Desktop App, developed by Anthropic, showcases MCP’s ability to link Al
assistance directly to real-time web information. You can also customize and build your
own MCP to connect with your repositories or databases, granting access to essential
information. By integrating tools like GitHub, the Al can efficiently interact with
codebases, such as creating repositories, managing pull requests, and enhancing

development workflows.

What is Possible using Model Context Protocol

The use of MCP opens up numerous possibilities, particularly for the Al agents we have

today.

e Lower Integration Costs: With MCP, the expense of creating custom connectors


https://block.xyz/news
https://www.apollo.io/
https://claude.ai/download

for Al systems is greatly reduced. Only one protocol is required to establish the
connection between the MCP client and the Local Source.

Improved Al Capabilities: It greatly enhances the abilities of Al systems by
providing access to vast amounts of real-time data from various sources. It’s like
having thousands of experts working together at once.

Enhanced Security: It's important to remember that this is still a protocol, and
with a standardized protocol in place, we can introduce additional layers of
security within our Al systems.

Accelerated Development: Developers can now focus on building the
application’s features instead of being bogged down by the task of establishing

connections between interfaces.

MCP: A Universal Connector for Al




From Context to Communication: Where MCP Stops and
A2A Begins

Despite the powerful capabilities of the Model Context Protocol, it has one key
limitation: it doesn't enable Al agents to communicate with each other. MCP excels at
allowing a single Al model to access data, retrieve real-time information, and work with
context. But what happens if one Al needs to pass a task to another? Or if multiple

agents need to collaborate towards a common goal?
That’'s where MCP on its own encounters a limitation.

However, it's not a dead end — it’s an ideal point for handoff. Enter Google’s
Agent-to-Agent Protocol (A2A), a system created to address this exact gap. A2A
introduces agent interoperability, enabling multiple Al agents to communicate,

coordinate, and delegate tasks.

Now, let's explore how they work together.

MCP vs A2A — Better Together

MCP enables Al models to interact with data, but it doesn't facilitate communication

between models. This is where Google’s Agent-to-Agent Protocol (A2A) steps in.
MCP offers context, while A2A facilitates collaboration.

Consider MCP as allowing an Al to read the map, and A2A as enabling that Al to assign

tasks to another agent who can take the wheel.

Together, they are laying the groundwork for multi-agent ecosystems, where specialized



Als collaborate to tackle complex tasks.

This is just a brief overview of how A2A works. If you'd like to explore this concept

further, feel free to read the article: Google’'s A2A Article.

Getting Started with Model Context Protocol

Curious to explore this further? We've got you covered:

If you're looking to explore the journey of MCP servers in more detail, there are plenty of
resources available for you to experiment with. A comprehensive collection of MCP
servers can be found in this repository, categorized by their application fields. You'll find
resources in areas like data science, social media, and gaming, showcasing just how

powerful this tool is for Al systems.

You can also access detailed, hands-on documentation and specifications for MCP
through Anthropic’s documentation page. It provides information on how to build and
connect MCP servers using various programming languages, including Python, Java,
C#, Kotlin, and TypeScript.

We also have an article here on Tutorials Dojo that delves deeper into MCP Servers,
specifically how they are implemented with AWS using Amazon Q, an Al coding
assistant from AWS. It also covers concepts like how to get hands-on with the
implementation. Learn more from this article: AWS MCP Servers: AWS MCP Servers:

Enhancing Al-Powered Coding — Tutorials Dojo.


https://tutorialsdojo.com/google-new-agent2agent-a2a-protocol-is-here-a-way-ai-agents-to-chat/
https://github.com/punkpeye/awesome-mcp-servers
https://modelcontextprotocol.io/introduction
https://tutorialsdojo.com/how-aws-mcp-servers-are-transforming-code-assistants-with-deep-cloud-expertise/
https://tutorialsdojo.com/how-aws-mcp-servers-are-transforming-code-assistants-with-deep-cloud-expertise/

Conclusion

The Model Context Protocol feels almost too good to be true, as it's not just
revolutionizing the game but creating a whole new playing field. We're witnessing the
emergence of technology that makes our current Al capabilities seem obsolete. Instead
of relying on various modal inputs, MCP allows us to access our data directly through

our Al tools.
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