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Abstract

This supplementary research document provides a comprehensive technical and historical
analysis of the Model Context Protocol (MCP), an open standard introduced by Anthropic in
November 2024 that has rapidly become the de facto protocol for connecting artificial
intelligence systems to external tools and data sources. The document traces the protocol's
development from an internal Anthropic project addressing developer workflow frustrations to
its current status as industry infrastructure governed by the Linux Foundation's Agentic Al
Foundation. Technical details of the client-server architecture, JSON-RPC 2.0 messaging, and
transport mechanisms are examined alongside the protocol's relationship to antecedent
technologies, particularly the Language Server Protocol (LSP). The evolution of Claude skills
and their complementary relationship with MCP servers is explored, demonstrating how these
technologies work together to create sophisticated agentic workflows. Particular attention is
given to the application of MCP in digital forensics contexts, including a detailed pseudocode
example demonstrating the development of an MCP server for accessing command-line
forensic utilities to process dd disk images. The document also examines OpenClaw, an
autonomous Al agent platform, and its integration capabilities with MCP for various use cases
including forensic analysis workflows. This research serves as foundational material for

understanding the rapidly evolving landscape of Al agent connectivity standards.
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1. Introduction

The emergence of large language models (LLMs) as practical tools for software development,
data analysis, and business automation has created an urgent need for standardised methods of
connecting these models to external systems. While LLMs demonstrate remarkable capabilities
in reasoning and natural language processing, they remain fundamentally limited by their
training data and their inability to interact directly with live systems, databases, and APIs
(Anthropic, 2024). The Model Context Protocol (MCP) represents a significant advancement
in addressing these limitations, providing an open standard that enables secure, bidirectional

connections between Al applications and external data sources.

Prior to MCP's introduction, developers faced what Anthropic characterised as an 'NxM
integration problem'—connecting N different Al models with M different tools required
potentially NxM unique integrations (Spahr-Summers & Soria Parra, 2024). Each Al
application required custom connectors for every data source it wished to access, resulting in
fragmented ecosystems, duplicated development effort, and inconsistent implementations
across platforms. This situation mirrored the challenges that plagued development tools before
the Language Server Protocol (LSP) standardised communication between code editors and

language-specific analysis servers.

This research document provides a comprehensive examination of MCP's history, technical
architecture, and evolving role in the agentic Al ecosystem. The analysis draws upon official
documentation, technical specifications, academic commentary, and industry reports to present
a thorough understanding of the protocol's capabilities and limitations. Particular attention is
given to practical applications in digital forensics, where the ability to connect Al assistants to
command-line analysis tools presents significant opportunities for workflow automation and

evidence processing.

2. Historical Development of the Model Context Protocol

2.1 Origins and Initial Development

The Model Context Protocol originated as an internal project at Anthropic in July 2024,
conceived and developed by software engineers David Soria Parra and Justin Spahr-Summers
(Orosz, 2025). The protocol emerged from a practical frustration encountered during day-to-

day development work: the constant need to copy code and context between Claude Desktop
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(Anthropic's consumer-facing Al assistant interface) and integrated development environments

(IDEs).

As Soria Parra explained in subsequent technical discussions, the impetus for MCP came from
recognising the complementary strengths and limitations of existing tools. Claude Desktop
offered powerful features such as Artifacts (interactive code and visualisation outputs) but
lacked extensibility mechanisms. Meanwhile, IDEs provided access to local file systems and
development tools but lacked the conversational Al capabilities that Claude Desktop offered.
The friction of constantly copying information between these environments motivated the

development of a protocol that could bridge them seamlessly (Soria Parra, 2025).

The internal prototype proved immediately compelling to Anthropic engineering colleagues.
During an internal hackathon, developers built a variety of applications using the nascent
protocol, including—notably—an MCP server controlling a 3D printer, demonstrating the
protocol's potential for interfacing with physical systems beyond typical software development
contexts (Orosz, 2025). This positive reception confirmed the intuition that MCP could prove

valuable beyond Anthropic's internal use cases.

2.2 Public Release and Initial Adoption

Anthropic publicly released the Model Context Protocol as an open-source project on 25
November 2024, accompanied by software development kits (SDKs) for Python and
TypeScript—the two languages most commonly used in Al application development
(Anthropic, 2024). The release included reference server implementations for popular
enterprise systems including Google Drive, Slack, GitHub, Git, PostgreSQL, and Puppeteer
(for browser automation), providing developers with practical examples of MCP server

construction.

At launch, MCP was positioned primarily as a tool for developers seeking to improve their Al-
assisted coding workflows. The protocol enabled Al assistants like Claude Desktop to access
local file systems, query databases, and interact with version control systems directly, rather
than requiring developers to manually copy relevant context into conversation windows.
Development tools companies including Zed, Replit, Codeium, and Sourcegraph announced
early adoption of MCP, integrating the protocol into their platforms to enhance Al capabilities

(Anthropic, 2024).
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Early enterprise adopters included Block (formerly Square) and Apollo, who integrated MCP
into their internal systems. Block's involvement proved particularly significant, as the company
would later become a co-founder of the governance body overseeing MCP's continued

development (Agentic Al Foundation, 2025).

2.3 Industry-Wide Adoption

The trajectory of MCP's adoption accelerated dramatically in early 2025. On 26 March 2025,
OpenAl CEO Sam Altman announced the company's full support for MCP via social media,
stating: 'People love MCP and we are excited to add support across our products. Available
today in the Agents SDK and support for ChatGPT desktop app + responses API coming soon'
(Altman, 2025). This represented a remarkable strategic decision—OpenAl's endorsement of
aprotocol developed by a direct competitor—driven by recognition that the growing ecosystem

of MCP servers and clients created powerful network effects that would benefit all participants.

Google DeepMind followed in April 2025, with CEO Demis Hassabis confirming MCP
support in upcoming Gemini models. The Verge reported that MCP addressed 'growing
demand for Al agents that are contextually aware and capable of pulling from diverse sources'
(The Verge, 2025). This convergence of major Al providers around a single connectivity
standard was unprecedented, effectively ending competition between proprietary integration

frameworks.

Microsoft's entry at Build 2025 (19 May 2025) consolidated MCP's position as industry
infrastructure. GitHub and Microsoft announced they were joining MCP's steering committee,
with David Weston, Microsoft's Corporate Vice President for Enterprise and OS Security,
declaring: 'As Al agents become more capable and integrated into daily workflows, the need
for secure, standardised communication between tools and agents has never been greater'
(Microsoft, 2025). Microsoft subsequently announced early preview support for MCP in
Windows 11.

2.4 Foundation Governance and Current Status

In December 2025, Anthropic donated MCP to the newly formed Agentic Al Foundation
(AAIF), a directed fund established under the Linux Foundation's governance structure. The
foundation was co-founded by Anthropic, Block, and OpenAl, with platinum founding

members including AWS, Bloomberg, Cloudflare, Google, and Microsoft (Linux Foundation,
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2025). This transition marked MCP's evolution from a vendor-led specification to neutral

industry infrastructure, providing assurances of long-term stability and vendor independence.

By early 2026, MCP has achieved remarkable scale. The protocol has accumulated over 97
million monthly SDK downloads, with the ecosystem comprising more than 10,000 active
MCP servers and 300+ MCP client implementations (Gupta, 2025). Major deployments at
Block, Bloomberg, Amazon, and numerous Fortune 500 companies demonstrate enterprise
readiness, while a thriving community of independent developers continues to expand the

available server ecosystem.

A significant protocol update in March 2025 (specification version 2025-03-26) introduced
Streamable HTTP as the standard transport mechanism, replacing the earlier HTTP+SSE
(Server-Sent Events) transport. This update enabled MCP servers to be deployed on serverless
infrastructure such as AWS Lambda without requiring long-lived connections (Model Context
Protocol Specification, 2025). The same release introduced tool-call batching, allowing clients
to send multiple tool invocations in a single JSON-RPC request, addressing earlier criticisms

regarding token efficiency.

3. Technical Architecture and Protocol Design

3.1 Design Philosophy and Relationship to LSP

The Model Context Protocol deliberately draws upon design patterns established by the
Language Server Protocol (LSP), which Microsoft introduced in 2016 to standardise
communication between code editors and language-specific analysis servers. LSP successfully
transformed what had been an MxN integration problem (M editors times N languages) into
an M+N problem—each editor need only implement the LSP client protocol once, and each

language need only implement an LSP server once (Microsoft, 2016).

MCP applies this same principle to Al integrations. Rather than requiring each Al application
to implement custom connectors for every external tool or data source, MCP defines a standard
protocol that both sides can implement once. The resulting architecture enables any MCP client
to communicate with any MCP server, dramatically reducing integration overhead and

enabling ecosystem growth through composability (NSHipster, 2025).

Both protocols share fundamental architectural elements: client-server models, capability

negotiation during initialisation, and JSON-RPC 2.0 as the underlying message transport. This
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commonality is intentional—MCP's designers recognised that LSP's success validated these
architectural choices for standardising tool-to-tool communication (Model Context Protocol

Specification, 2025).

3.2 Three-Layer Architecture

MCP's architecture comprises three distinct layers that work together to enable secure,
structured communication between Al applications and external resources. Understanding
these layers is essential for both implementing MCP-compliant systems and reasoning about

the protocol's security model.

The Host layer represents the Al application that coordinates user interactions and manages
connections to multiple MCP servers. Examples of MCP hosts include Claude Desktop,
integrated development environments with Al capabilities (such as Cursor, Windsurf, or Zed),
and custom applications built using the Claude API or other LLM providers. The host maintains
overall responsibility for user experience, permission management, and coordination between

multiple concurrent MCP connections (Model Context Protocol Architecture, 2025).

The Client layer comprises components that maintain individual connections to MCP servers.
Each client instance manages a single connection and is responsible for protocol negotiation,
message routing, and lifecycle management for that specific server relationship. A host may
spawn multiple client instances simultaneously, each connected to a different MCP server

(Model Context Protocol Architecture, 2025).

The Server layer consists of programs that expose context, capabilities, and tools to connected
clients. MCP servers are typically lightweight, focused processes that encapsulate a specific
domain—for example, interfacing with a particular database, API, or local file system. Servers
declare their capabilities during initialisation, and clients can then invoke available functions

through standardised message formats (Model Context Protocol Architecture, 2025).

3.3 JSSON-RPC 2.0 Protocol Foundation

All MCP communication is built upon the JSON-RPC 2.0 specification, a lightweight remote
procedure call protocol using JSON for message encoding. This foundation provides several
advantages: it leverages a well-defined, widely-implemented standard; it uses human-readable

JSON for message serialisation; and it supports asynchronous, stateful communication patterns

essential for Al agent workflows (JSON-RPC Working Group, 2013).
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JSON-RPC defines three fundamental message types used throughout MCP. Request messages
initiate operations and require responses; they contain a unique identifier (id), a method name,
and optional parameters. Response messages provide results for specific requests, including
either a result object (for success) or an error object (for failures), along with the original
request's identifier for correlation. Notification messages provide one-way communication
without expecting responses—useful for events, progress updates, and state changes (Model

Context Protocol Specification, 2025).

A typical MCP tool invocation follows this pattern. The client sends a request message

specifying the tools/call method, with parameters identifying the tool name and arguments:

"jsonrpc": "2.0",
"method": "tools/call",
"params": {
"name": "get-weather",
"arguments": { "city": "Auckland" }
br
"id": 1

}

The server processes this request, executes the specified tool, and returns a response containing

the result:
{

"jsonrpc": "2.0",

"result": {

"content": [{ "type": "text", "text": "Auckland: 18°C, partly cloudy"

H]

bo

"id": 1

3.4 Transport Mechanisms
MCP supports multiple transport mechanisms for exchanging JSON-RPC messages between
clients and servers. The transport layer abstracts communication details from the protocol layer,

enabling the same message formats across all transport mechanisms.

Standard Input/Output (stdio) transport is commonly used when clients and servers run on the
same machine. The host application launches the server as a subprocess, wiring its stdin and
stdout streams to the MCP client. Communication occurs entirely over these pipes, with
messages delimited using Content-Length headers similar to the HTTP header format. This
approach is simple, requires no network configuration, and provides natural process isolation

(Model Context Protocol Architecture, 2025).
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Streamable HTTP transport, introduced in the March 2025 specification update, uses HTTP
POST for client-to-server messages with optional Server-Sent Events (SSE) for streaming
capabilities. This transport enables remote server communication and supports standard HTTP
authentication methods including bearer tokens, API keys, and custom headers. The OAuth 2.0
framework is recommended for obtaining authentication tokens. Streamable HTTP supports
chunked transfer encoding and progressive message delivery over a single HTTP connection,
enabling deployment on serverless infrastructure without long-lived connections (Model

Context Protocol Specification, 2025).

3.5 Core Primitives
MCP defines three core primitives that form the vocabulary of Al-tool interaction. Each

primitive serves a specific purpose in enabling sophisticated agent workflows.

Tools enable Al models to perform actions. Each tool definition includes a unique name, a
human-readable description (which forms part of the prompt context provided to the LLM),
and an inputSchema conforming to JSON Schema standards that specifies the structure and
types of parameters the tool accepts. When a model determines that tool use is appropriate, it
generates a tool call request specifying the tool name and arguments; the client routes this
request to the appropriate MCP server for execution, returning results that the model can then

incorporate into its response (Model Context Protocol Specification, 2025).

Resources provide structured access to information that Al applications can retrieve and
provide to models as context. Unlike tools, which perform actions, resources represent data
that can be read—files, database records, API responses, or any other contextual information.
Resources support URIs for identification, MIME types for content classification, and can
include metadata such as modification timestamps (Model Context Protocol Specification,
2025).

Prompts provide reusable templates that shape how language models respond. MCP server
authors can define parameterised prompts for specific domains or use cases, encapsulating
expertise about optimal ways to interact with the tools and resources the server provides. This
primitive enables workflow standardisation and reduces the burden on end users to craft

effective prompts (Model Context Protocol Specification, 2025).

4. MCP Server Configuration and Tool Development
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4.1 Configuration File Structure

MCP clients typically store server configurations in JSON format, following an emergent
standard that has developed across the ecosystem. The configuration defines how clients should
launch and connect to MCP servers, specifying executable commands, arguments, environment

variables, and optional parameters such as timeouts.

The standard configuration structure uses a mcpServers object where each key represents a
server name and the value contains the server's configuration. For stdio-transport servers, the
configuration includes the command to execute, an array of command-line arguments, optional
environment variables, and optional timeout specifications. For HTTP-transport servers, the
configuration specifies a URL endpoint and optional authentication headers (Amazon Web

Services, 2025).

A typical configuration file follows this structure:

{

"mcpServers": {
"local-server-name": {
"command": "command-to-run-server",
llargsll: [llarglll’ "arg2"] ,
"env": {
"API KEY": "${API KEY}",
"DEBUG": "true"

br
"timeout": 60000

by

"remote-server-name": {
"url": "https://api.example.com/mcp",
"headers": {
"Authorization": "Bearer ${API TOKEN}"

}

4.2 Tool Definition Schema

When implementing an MCP server, developers define tools using a structured schema that
enables LLMs to understand available capabilities and invoke them appropriately. Each tool
definition comprises three essential elements: a name (serving as a unique identifier), a
description (providing instructions for the LLM about when and how to use the tool), and an

inputSchema (specifying parameters using JSON Schema standards).

The name field functions similarly to a function identifier in programming languages. Best

practice suggests using snake case or camelCase strings that clearly categorise the action, such
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as database query or file write. The description field differs fundamentally from code
comments—it becomes part of the prompt context provided to the LLM and should explain not
only what the tool does but also the circumstances under which it should be used (APXML,
2025).

The inputSchema property must be a JSON object following the JSON Schema standard. At
the top level, the type is almost always 'object', representing the dictionary of arguments the
function expects. Within this object, developers define properties corresponding to argument
names, specifying types (string, integer, boolean, array), descriptions, and constraints such as

enum restrictions or required fields (APXML, 2025).

4.3 Server Implementation Patterns

MCP servers can be implemented using official SDKs in TypeScript, Python, Java, or C#, with
the TypeScript and Python SDKs being most widely used. The SDKs abstract protocol
handling details, allowing developers to focus on business logic while the framework manages

capability negotiation, request routing, and JSON Schema conversion.

A minimal MCP server implementation involves creating a server instance, registering tools
with their schemas and handler functions, connecting to a transport, and responding to

incoming requests. The following pseudocode illustrates the essential structure:

// Create server instance

const server = new McpServer ({
name: "example-server",
version: "1.0.0"

1)

// Register tool with schema and handler
server.registerTool ("calculate sum", {
description: "Add two numbers together",
inputSchema: {
a: z.number () .describe ("First number"),
b: z.number () .describe ("Second number")
}
}, async ({ a, b }) => ({
content: [{ type: "text", text: String(a + b) }]
1))
// Connect to transport
const transport = new StdioServerTransport();
await server.connect (transport) ;

5. Claude Skills, Agents, and MCP Integration

5.1 The Evolution of Claude Skills

Page 12 of 32



Model Context Protocol: A Technical and Historical Analysis

Anthropic introduced Claude Skills in October 2025, building upon the MCP foundation to
provide a mechanism for packaging repeatable expertise into reusable, portable modules. While
MCEP servers define what Claude can access—external tools, data sources, and APIs—Skills
define how Claude should approach specific tasks, encapsulating workflow knowledge, best

practices, and domain expertise (Anthropic Skills Documentation, 2025).

Skills are organised as folders containing instructions, scripts, and resources that Claude
discovers and loads dynamically when relevant to a task. The central element is a SKILL.md
file written in Markdown with YAML frontmatter that describes the skill's purpose, triggers,
and detailed instructions. This progressive disclosure approach keeps context efficient—
Claude only loads skill instructions when a relevant task is detected, rather than maintaining

all skill content in the active context window (Anthropic Skills Documentation, 2025).

The relationship between Skills and MCP is complementary rather than competitive.
Anthropic's documentation uses the analogy of a hardware store: MCP provides access to the
aisles (tools and materials), while Skills provide the expertise of a knowledgeable employee

who can guide appropriate use of those resources (Anthropic Skills Documentation, 2025).

5.2 Skills and MCP Working Together

The practical power of combining Skills and MCP emerges in complex workflow automation.
An MCP connection to a system like Notion enables Claude to search a workspace and retrieve
documents. Adding a Skill for meeting preparation teaches Claude which pages to retrieve,
how to format preparation documents, and what standards to apply—transforming generic tool

access into workflow-specific expertise (Anthropic Skills Documentation, 2025).

Skills can orchestrate multiple MCP servers, while individual MCP servers can support
multiple Skills. This separation of concerns enables modular development: adding a new MCP
connection makes its capabilities available to existing Skills, while refining a Skill improves
outcomes across all connected tools. Clear discovery patterns prevent Claude from guessing
where to find information—a meeting preparation Skill might specify to check project pages
first, then previous meeting notes, then stakeholder profiles (Anthropic Skills Documentation,

2025).

In January 2026, Anthropic expanded MCP significantly with the introduction of MCP Apps—
an extension allowing MCP tools to return interactive user interface components (dashboards,

forms, visualisations) that render directly in conversation interfaces. This development blurs
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the boundary between Skills and MCP, as Skills can now trigger rich Ul delivered by MCP
servers, fundamentally expanding what integrations can deliver beyond text responses

(IntuitionLabs, 2026).

5.3 Agent Architecture and Subagents

Claude Code and the Claude Agent SDK provide mechanisms for creating autonomous agents
with defined capabilities, tool access, and workflow logic. An agent in this context is a Claude
instance running in an agentic loop with access to tools, instructions, Skills, and MCP servers.
Agents are defined declaratively using Markdown files with YAML frontmatter, specifying

name, description, available tools, and the model version to use (AntStack, 2026).

Subagents provide controlled delegation for complex workflows. A primary agent can spawn
subagents with specific tool permissions and isolated context windows to handle discrete tasks,
receiving results back for integration into the overall workflow. This architecture enables
patterns such as parallel exploration (multiple subagents researching different aspects
simultaneously) and separation of concerns (distinct subagents for analysis, implementation,

and review) (AntStack, 2026).

Agent Teams, introduced in February 2026 alongside Claude Opus 4.6, extend this model
further by enabling multiple Claude instances to coordinate, message each other, and divide
work in parallel. Unlike subagents that report to a single supervisor, Agent Team members can
communicate directly, self-assign tasks from shared lists, and challenge each other's findings.
This capability enables complex multi-phase projects—in Anthropic's demonstration, 16

agents built a 100,000-line C compiler in Rust over two weeks (Medium, 2026).

6. Application to Digital Forensics: MCP Server for dd Image
Analysis

6.1 Digital Forensics Tool Landscape

Digital forensics analysis relies upon a well-established toolkit of command-line utilities for
examining disk images and recovering evidence. The Sleuth Kit (TSK), originally developed
by Brian Carrier as a successor to The Coroner's Toolkit, provides a comprehensive collection
of command-line tools and a C library for analysing disk images and recovering files. These

tools are used in Autopsy (a graphical interface) and numerous commercial forensics tools,
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supporting analysis of dd (raw), Expert Witness (EO1/EnCase), VHD, VMDK, and AFF file
system images (Sleuth Kit, 2025).

Key Sleuth Kit utilities include fls (listing allocated and deleted files), icat (extracting file
contents by inode), mmls (displaying partition layouts), fsstat (filesystem statistics), blkls
(extracting unallocated blocks), and mactime (generating file activity timelines). These tools
operate at different layers of abstraction—file system layer, metadata layer, and data layer—

enabling comprehensive examination of disk evidence (Carrier, 2005).

The dd utility itself, native to Unix-like operating systems, creates bit-for-bit copies of storage
devices suitable for forensic analysis. The command 'dd if=/dev/sda of=evidence.dd bs=4M
conv=noerror,sync' creates a complete image preserving all data including deleted files and
unallocated space. Variants such as dc3dd add additional features including hashing and

progress reporting (Digital Residue, 2015).

6.2 MCP Server Design for Forensic Tools

An MCP server providing Al assistant access to forensic command-line utilities must balance
capability with security constraints. The server should expose structured tools that wrap
underlying command-line operations, providing type-safe interfaces while preventing arbitrary
command execution. Each tool should validate inputs, handle errors appropriately, and return

structured results suitable for LLM processing.

The following pseudocode demonstrates a conceptual MCP server implementation for
processing dd disk images using Sleuth Kit utilities. This implementation assumes the server
runs on a forensic workstation with the necessary tools installed and appropriate access to

evidence files.

6.2.1 Server Configuration

// mcp_forensics_config.json

{

"mcpServers": {
"forensics-toolkit": {

"command": "node",

"args": ["forensics-mcp-server.js"],

"env": {
"EVIDENCE DIR": "/evidence/cases",
"TSK_PATH": "/usr/local/bin",
"MAX OUTPUT BYTES": "10485760"

b
"timeout": 300000
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6.2.2 Pseudocode Implementation

// forensics-mcp-server.js - Pseudocode Implementation

import { McpServer } from "@modelcontextprotocol/sdk/server/mcp.]js";

import { StdioServerTransport } from "@modelcontextprotocol/sdk/server/stdio.js";
import { z } from "zod";

import { execSync, exec } from "child process";

import path from "path";

const EVIDENCE DIR = process.env.EVIDENCE DIR || "/evidence";
const TSK PATH = process.env.TSK PATH || "/usr/bin";

// Security: Validate image path is within evidence directory
function validateImagePath (imagePath) ({
const resolved = path.resolve (EVIDENCE DIR, imagePath);
if (!resolved.startsWith (EVIDENCE DIR)) {
throw new Error ("Path traversal detected: access denied");
}
return resolved;

}

// Create MCP server instance
const server = new McpServer ({
name: "forensics-toolkit",

version: "1.0.0"

1)

// Tool: List partitions in disk image (mmls wrapper)
server.registerTool ("list partitions", {
description: "List partition layout of a dd disk image. Returns partition " +
"table with start/end offsets, sizes, and types. Use this first to " +
"identify partition offsets for subsequent analysis.",
inputSchema: {
imagePath: z.string() .describe ("Path to dd image file relative to evidence
directory")
}
}, async ({ imagePath }) => {
const fullPath = validateImagePath (imagePath);
const result = execSync (' ${TSK PATH}/mmls "${fullPath}"");
return { content: [{ type: "text", text: result.toString() }1 };
1) ;

// Tool: List files in filesystem (fls wrapper)
server.registerTool ("list files", {
description: "List files and directories in a filesystem within a dd image. " +
"Shows allocated and deleted files with inode numbers. Requires partition " +
"offset from list partitions. Use -r for recursive listing.",
inputSchema: {
imagePath: z.string() .describe ("Path to dd image file"),
offset: z.number () .optional().describe ("Partition offset in sectors"),
directory: z.string() .optional () .describe ("Directory inode to list"),
recursive: z.boolean().default (false).describe("List recursively")

}

}, async ({ imagePath, offset, directory, recursive }) => {
const fullPath = validateImagePath (imagePath);
let cmd = “${TSK PATH}/fls ;
if (recursive) cmd += " -r";
if (offset) cmd += ° -o S${offset}’;
cmd += ° "${fullPath}";
if (directory) cmd += ° ${directory} ;

const result = execSync (cmd) ;
return { content: [{ type: "text", text: result.toString() }1 };
1) i

// Tool: Extract file by inode (icat wrapper)
server.registerTool ("extract file", {
description: "Extract file contents from dd image by inode number. " +
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"Saves to output directory. Use list files first to find inode.",
inputSchema: {
imagePath: z.string(),
inode: z.number () .describe ("Inode number of file to extract"),
offset: z.number () .optional(),
outputName: z.string() .describe ("Output filename")
}
}, async ({ imagePath, inode, offset, outputName }) => {
const fullPath = validateImagePath (imagePath) ;
const outputPath = path.join (EVIDENCE DIR, "extracted", outputName);
let cmd = "${TSK PATH}/icat’;
if (offset) cmd += ~ -o ${offset};
cmd += ° "${fullPath}" ${inode} > "${outputPath}"’;
execSync (cmd) ;
return { content: [{ type: "text", text: ‘Extracted to ${outputPath} ™ }] };
1) i

// Tool: Generate timeline (mactime wrapper)
server.registerTool ("generate timeline", {
description: "Generate MAC timeline from filesystem. Creates chronological " +
"listing of file modification/access/creation times.",
inputSchema: {
imagePath: z.string(),
offset: z.number () .optional(),
startDate: z.string() .optional() .describe ("Filter: start date YYYY-MM-DD"),
endDate: z.string () .optional () .describe ("Filter: end date YYYY-MM-DD")
}
}, async ({ imagePath, offset, startDate, endDate }) => {
const fullPath = validateImagePath (imagePath);
const bodyFile = /tmp/body ${Date.now()}.txt";
let flsCmd = "${TSK PATH}/fls -r -m "/" °;
if (offset) flsCmd += “-o S$S{offset} °;
flsCmd += ""${fullPath}" > ${bodyFile} " ;
execSync (f£1sCmd) ;
let mactimeCmd = "S${TSK PATH}/mactime -b ${bodyFile}";
if (startDate && endDate) mactimeCmd += ° ${startDate}..${endDate} " ;
const result = execSync (mactimeCmd) ;
return { content: [{ type: "text", text: result.toString() }1 };
1) i

// Start server
const transport = new StdioServerTransport();
await server.connect (transport);

6.3 Security Considerations

Forensic analysis MCP servers demand rigorous security controls. The pseudocode above
demonstrates several essential patterns: path validation ensuring access remains within
designated evidence directories, explicit parameterisation preventing shell injection attacks,

and output size limits preventing denial-of-service through excessive data retrieval.

Additional security measures for production deployments should include audit logging of all
tool invocations, cryptographic verification of evidence integrity (hash comparison before and
after operations), role-based access controls limiting which users can invoke potentially
destructive operations, and network isolation preventing evidence exfiltration. The human-in-
the-loop pattern—requiring explicit user approval before executing sensitive operations—
provides an additional safeguard appropriate for forensic workflows where maintaining chain

of custody is paramount.

Page 17 of 32



Model Context Protocol: A Technical and Historical Analysis

7. OpenClaw: Autonomous Al Agent Platform

7.1 Background and Development

OpenClaw (formerly known as Clawdbot and Moltbot) is a free and open-source autonomous
artificial intelligence agent developed by Austrian developer Peter Steinberger. Originally
published in November 2025, the project achieved viral popularity in late January 2026,
accumulating over 140,000 GitHub stars and establishing itself at the centre of industry
conversation around agentic Al (Wikipedia, 2026).

Unlike conversational Al interfaces that respond to individual prompts, OpenClaw operates as
an autonomous agent capable of executing multi-step tasks using large language models,
interacting with messaging platforms (Telegram, Discord, Slack), and connecting to external
APIs and services. Steinberger characterised the platform as 'Al that actually does things',
positioning it as a practical tool for automating business workflows, lead generation, CRM

integration, and task management (Wikipedia, 2026).

On 14 February 2026, Steinberger announced he would be joining OpenAl, with the OpenClaw
project transitioning to an open-source foundation to ensure continued community
development (Wikipedia, 2026). This transition reflects a broader pattern in the Al agent
ecosystem, where successful individual projects achieve sufficient scale and importance to

warrant neutral governance structures.

7.2 Architecture and MCP Integration

OpenClaw's architecture comprises several interconnected components: a Gateway Daemon
that routes messages and coordinates agents, an Agent Runtime that executes reasoning loops
and orchestrates workflows, a Skills/Plugin System for extensible tool access, and various
Interfaces (Web UI, CLI) and Channels (Telegram, Discord) for user interaction (AnChain.Al,
2026).

MCP integration occurs at the Skills/Plugin System layer, where MCP servers expose
capabilities that agents can invoke through structured tool calls. OpenClaw fully supports MCP
integration, providing structured tool calling, message history handling, and model
orchestration while MCP servers handle capability discovery and execution (Composio, 2026).
This architecture enables OpenClaw agents to access any MCP-compliant service without

requiring custom integration code.
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The OpenClaw MCP bridge (openclaw-mcp) provides secure connectivity between Claude.ai
and self-hosted OpenClaw installations using OAuth 2.1 authentication. The bridge runs as an
MCP server that proxies requests to the OpenClaw Gateway, enabling users to orchestrate their

OpenClaw agents from within the Claude interface (GitHub, 2026).

7.3 OpenClaw Configuration for Forensic Tool Access

Configuring OpenClaw to access forensic tools requires deploying an MCP server that wraps
the desired command-line utilities, then connecting that server to the OpenClaw agent through
the platform's plugin configuration. The following configuration demonstrates enabling the

forensics toolkit MCP server developed in Section 6:

// openclaw.json plugin configuration

{
"plugins™: {
"entries": {
"forensics-mcp": {
"enabled": true,
"type": "mcp",

"command": "node",
"args": ["/opt/mcp-servers/forensics-mcp-server.js"],
"env": {

"EVIDENCE DIR": "/evidence/active-cases"

With this configuration active, the OpenClaw agent can access forensic tools through natural
language requests via configured channels. For example, a forensic analyst communicating
with their OpenClaw agent through Telegram might request: 'Examine the disk image for case
2026-0142. List all partitions, then show me deleted files from the NTFS partition.' The agent
would invoke the appropriate MCP tools (list_partitions followed by list_files with the delete

flag), returning results to the analyst through the messaging interface.

7.4 Security Considerations for OpenClaw Deployments

OpenClaw's powerful capabilities create significant security considerations that practitioners
must address. CrowdStrike's security research team identified OpenClaw as susceptible to
prompt injection attacks, where malicious instructions embedded in processed data could
commandeer agent behaviour (CrowdStrike, 2026). In forensic contexts, where evidence may

contain adversarial content, this vulnerability demands careful mitigation.
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Recommended security measures for forensic OpenClaw deployments include: binding the
Gateway to localhost only (using SSH tunnelling for remote access), never exposing port 18789
to the internet, storing credentials in environment variables rather than configuration files,
installing only verified skills from trusted sources, setting strict scope limits in the SOUL.md
configuration file, limiting file system access, disabling shell command execution for untrusted
inputs, and enabling comprehensive logging for all agent actions (GitHub Awesome OpenClaw
Agents, 2026).

8. Rapid Developments and Future Directions

8.1 Protocol Evolution

The MCP specification continues to evolve rapidly. The next specification release, tentatively
planned for June 2026, focuses on making the protocol stateless while supporting stateful
applications—addressing enterprise deployment concerns around horizontal scaling and

session management (IntuitionLabs, 2026).

Recent additions to the specification include Tasks (experimental), which provide durable
execution wrappers enabling deferred result retrieval and status tracking for long-running MCP
requests. This capability supports expensive computations, workflow automation, batch
processing, and multi-step operations that may span extended time periods (Model Context

Protocol Architecture, 2025).

The November 2025 specification update introduced server identity through .well-known
URLs for capability discovery, asynchronous operations for long-running tasks, and an official
community-driven registry for discovering MCP servers. These additions address practical

deployment concerns while maintaining the protocol's core simplicity (Pento, 2025).

8.2 Skills Ecosystem Growth

The Claude Skills ecosystem has expanded dramatically since the October 2025 introduction.
By March 2026, the ecosystem includes official Anthropic skills, verified third-party skills,
and thousands of community-contributed skills compatible with the universal SKILL.md
format. The same skill files work across Claude Code, Cursor, Gemini CLI, Codex CLI, and

other compatible platforms (Medium, 2026).

Notable skill categories include frontend design (providing distinctive Ul aesthetics that avoid

generic Al-generated appearances), document creation (specialised formatting for legal,
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medical, and business documents), code review (implementing organisation-specific standards
and security practices), and API design (following REST, GraphQL, or OpenAPI best
practices). The frontend-design skill alone has achieved over 277,000 installations as of March

2026 (Medium, 2026).

Skills have also been published as an open standard by Anthropic, reflecting the belief that
skills should be portable across tools and platforms. The standard enables the same skill to
work whether deployed in Claude, other Al platforms, or custom agentic applications

(Anthropic Skills Documentation, 2025).

8.3 Enterprise Adoption Patterns

Enterprise adoption of MCP has followed predictable patterns: initial deployment for developer
workflows (Al-assisted coding), expansion to knowledge work (document analysis, research),
and eventual integration with core business systems (CRM, ERP, custom applications). Boston
Consulting Group characterised MCP as 'a deceptively simple idea with outsized implications',
noting that without MCP, integration complexity rises quadratically as Al agents spread

throughout organisations (Gupta, 2025).

Security remains the primary enterprise concern. Multiple vendors now offer MCP gateway
products providing centralised authentication, tool access controls, and observability—
addressing gaps in the base protocol. Major identity providers including Auth0O, Okta, and
WorkOS have introduced enterprise authentication solutions specifically for MCP

deployments (Gupta, 2025).

8.4 Implications for Digital Forensics

The convergence of MCP, Skills, and autonomous agents creates significant opportunities for
digital forensics practice. Al assistants connected to forensic toolkits can automate routine
evidence processing, generate preliminary timelines, identify anomalies warranting

investigator attention, and maintain detailed audit trails of analytical steps taken.

However, forensic applications demand careful consideration of evidentiary standards. Any
Al-assisted analysis must be reproducible, with clear documentation of tools invoked,
parameters used, and results obtained. The structured nature of MCP tool calls—with explicit
parameter schemas and typed responses—actually supports these requirements better than ad

hoc scripting approaches.
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Future developments may include specialised forensic MCP servers implementing common
analysis patterns (registry analysis, browser history extraction, email parsing), skills encoding
best-practice forensic methodologies, and agent architectures that maintain chain-of-custody
documentation automatically. The key challenge lies in balancing automation benefits against

the requirement for human expert oversight in legal proceedings.

9. Technical Deep Dive: Transport Mechanisms and Session
Management

9.1 Standard Input/Qutput (stdio) Transport

The stdio transport mechanism represents the simplest and most commonly used method for
local MCP server communication. When a host application (such as Claude Desktop or an IDE)
launches an MCP server using stdio transport, it spawns the server as a child process and
establishes communication through the process's standard input and output streams. This
approach offers several advantages: it requires no network configuration, provides natural
process isolation, and leverages well-understood inter-process communication patterns

available on all major operating systems.

Message framing in stdio transport follows conventions established by the Language Server
Protocol. Each JSON-RPC message is prefixed with HTTP-style headers, most importantly a
Content-Length header specifying the byte length of the subsequent JSON payload. The format
follows the pattern: Content-Length: <bytes>\r\n\r\n<json-payload>. This explicit framing
ensures reliable message delimitation even for large messages or when multiple messages are
written in quick succession. The double carriage-return-linefeed sequence (\r\n\r\n) separates

headers from the payload body.

Lifecycle management for stdio-based servers is straightforward: the host process manages
server startup by spawning the subprocess, monitors the process for unexpected termination,
and can terminate the server by closing the communication streams or sending appropriate
signals. The MCP specification does not define a specific shutdown message; instead,
implementations rely on transport-layer closure to signal session termination. Robust
implementations establish timeouts for pending requests and handle process cleanup

gracefully.

9.2 HTTP with Server-Sent Events Transport
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For scenarios requiring network-based communication between clients and servers on different
machines, MCP supports HTTP-based transport with Server-Sent Events (SSE) for server-to-
client streaming. In this configuration, the MCP server operates as an HTTP service exposing
endpoints for client connections. Clients initiate communication through HTTP POST requests,

and servers can push asynchronous notifications and responses through SSE channels.

Server-Sent Events use a text-based framing protocol where messages are structured as events
with specific fields. The event field identifies the message type, the data field contains the
JSON payload, the id field enables resumption of interrupted connections, and the retry field
specifies reconnection timing. Each field appears on a separate line, and events are terminated
by a double newline. MCP JSON-RPC messages are encoded as JSON strings within the data
field of SSE events.

The March 2025 specification update introduced Streamable HTTP as the recommended
transport, superseding the earlier HTTP+SSE approach. Streamable HTTP supports chunked
transfer encoding and progressive message delivery over a single HTTP connection,
eliminating the requirement for long-lived connections that complicated serverless
deployments. This evolution enables MCP servers to run on platforms like AWS Lambda,
Cloudflare Workers, and similar function-as-a-service environments without timeout

constraints.

9.3 Session Management and Capability Negotiation

MCP sessions follow a defined lifecycle beginning with capability negotiation. When a client
establishes a connection, it sends an initialise request containing its protocol version and
capability declarations. The server responds with its own protocol version and capabilities,
establishing mutual understanding of supported features. The client then sends an initialised

notification confirming readiness, after which the connection is ready for normal operation.

Capability negotiation serves multiple purposes: it enables graceful degradation when client
and server capabilities differ, allows forward compatibility as the protocol evolves, and
provides servers with information about client features that might affect their behaviour. For
example, a server might adjust its sampling requests based on whether the client advertises

sampling capability support.

The protocol supports optional Mcp-Session-Id headers for stateful session management in

HTTP-based transports. Session identifiers enable servers to maintain state across multiple
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requests and support features like subscription management and progress tracking for long-
running operations. However, the protocol's design emphasises statelessness where possible,
with the forthcoming June 2026 specification update expected to formalise patterns for stateless

operation while maintaining stateful application semantics.

9.4 Error Handling and Resilience

MCP leverages JSON-RPC 2.0's standard error response format, where error objects contain a
numeric code, human-readable message, and optional additional data. The specification
reserves error codes from -32768 to -32000 for standard JSON-RPC errors: -32700 indicates
parse errors (invalid JSON), -32600 indicates invalid requests, -32601 indicates unknown
methods, -32602 indicates invalid parameters, and -32603 indicates internal errors.
Applications may define custom error codes above -32000 for domain-specific error

conditions.

Tool execution errors merit special handling. The MCP specification recommends reporting
tool errors within the result object rather than as protocol-level errors. This approach allows
the LLM to observe and potentially handle the error, rather than simply failing the request. A
tool encountering an error returns a result containing an isError field set to true, along with
descriptive content explaining the failure. This pattern enables more sophisticated error

recovery in agentic workflows.

For long-running operations, MCP supports progress notifications and cancellation. Clients
and servers can exchange progress updates containing tokens linking updates to specific
operations, current progress values, optional total values, and human-readable status messages.
Either party can initiate cancellation by sending a cancelled notification referencing the request

identifier, enabling graceful termination of expensive operations.

10. Comparative Analysis: MCP and Alternative Integration
Approaches

10.1 Function Calling and Tool Use APIs

Prior to MCP's emergence, Al providers developed proprietary mechanisms for enabling
model-tool interaction. OpenAl introduced function calling capabilities in June 2023, allowing
models to generate structured JSON specifying function names and parameters based on

conversation context. Anthropic developed a similar tool use capability for Claude. These
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approaches successfully demonstrated that language models could reliably decide when and

how to invoke external functions.

However, function calling APIs require developers to embed tool definitions directly in
prompts or API calls, typically as JSON schemas describing available functions. This approach
works well for a small number of well-defined tools but scales poorly as tool counts increase.
Each additional tool consumes context window tokens, and applications must manage the full
set of tool definitions client-side. Furthermore, these APIs do not standardise the execution
side—they specify how to request tool use but leave actual tool implementation entirely to

application developers.

MCP addresses these limitations by moving tool definition and execution to servers that clients
discover and connect to dynamically. Rather than embedding all tool schemas in every
conversation, clients query connected servers for available tools on demand. The October 2025
introduction of MCP Tool Search further optimises this pattern by enabling lazy loading—
tools are discovered through search rather than enumerated in advance, reducing context

consumption by up to 95% in scenarios with many available tools.

10.2 Plugin Architectures

OpenAl's ChatGPT plugin framework, announced in March 2023, represented an early attempt
at standardising Al-external system integration. Plugins registered OpenAPI specifications
describing their capabilities, and ChatGPT could invoke plugin endpoints based on user
requests. While innovative, the plugin architecture had limitations: it was proprietary to
ChatGPT, required plugins to expose HTTP APIs conforming to OpenAl's expectations, and

provided limited support for complex interaction patterns.

MCP improves upon plugin architectures in several ways. The protocol is vendor-neutral and
explicitly designed for multi-model, multi-client scenarios. Servers can run locally (avoiding
network round-trips for local resources) or remotely. The three-primitive model (tools,
resources, prompts) provides richer semantics than simple API endpoints. Most importantly,
MCP's donation to the Agentic Al Foundation ensures that no single vendor controls the

specification's evolution.

10.3 Retrieval-Augmented Generation (RAG)

Page 25 of 32



Model Context Protocol: A Technical and Historical Analysis

Retrieval-Augmented Generation represents another approach to extending LLM capabilities
with external information. RAG systems retrieve relevant documents from knowledge bases
and inject them into prompts as context, enabling models to generate responses grounded in
specific information. This approach has proven effective for knowledge-intensive tasks but

differs fundamentally from MCP's action-oriented model.

RAG systems are read-only—they provide information but cannot perform actions. MCP tools
can both retrieve information (similar to RAG) and execute actions that modify external state.
The resources primitive in MCP provides RAG-like document retrieval capabilities, while tools
enable the broader set of operations necessary for agentic workflows. In practice, sophisticated
applications may combine both approaches: MCP resources for structured data access and

RAG for unstructured document retrieval.

10.4 Agent Frameworks

Agent frameworks such as LangChain, AutoGPT, and CrewAl provide abstractions for
building autonomous Al systems. These frameworks typically define agents as entities with
goals, available tools, and decision-making logic. LangChain, for example, provides a
standardised tool interface for integrating external capabilities, with a library of pre-built tool

implementations.

MCP complements rather than competes with agent frameworks. LangChain has added MCP
support, enabling agents to discover and use MCP servers as tool sources alongside native
LangChain tools. This integration exemplifies MCP's role as infrastructure: the protocol
standardises the interface between agents and tools, while frameworks provide the

orchestration logic that determines when and how to use available capabilities.

11. Implementation Best Practices and Common Patterns

11.1 Tool Design Principles

Effective MCP tool design requires balancing granularity, clarity, and composability. Tools
should represent coherent units of functionality—neither so fine-grained that common
operations require many tool calls, nor so coarse that the model cannot express nuanced
requests. For example, a database integration might expose query records, create record,
update record, and delete_record as separate tools rather than a single do_database operation

tool requiring complex parameters.
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Tool descriptions serve as documentation for the LLM, influencing when and how the model
chooses to invoke tools. Effective descriptions explain not only what the tool does but when it
should be used, what prerequisites apply, and what results to expect. Including example use
cases in descriptions can improve model selection accuracy. Descriptions should be written

from the perspective of instructing the model, not documenting an API for human developers.

Input schemas should use appropriate constraints to guide model behaviour. Enum types
restrict inputs to valid options, preventing hallucinated parameter values. Required fields
ensure the model provides necessary information. Description fields on individual parameters
explain expected values and formats. These schema elements become part of the tool's prompt

representation, so clarity benefits both validation and model understanding.

11.2 Resource Organisation

MCP resources represent read-only data that applications can retrieve as context. Effective
resource organisation considers both discovery (how will the model find relevant resources?)
and efficiency (how can we minimise unnecessary data transfer?). URI schemes should be
meaningful and consistent—for example, file:///path/to/document for local files,
db://database/table/record for database records, or custom schemes for application-specific

resources.

Resource subscriptions enable clients to receive notifications when resource content changes,
supporting reactive patterns where models receive updated context without polling. Servers
implementing subscriptions should consider notification frequency, ensuring updates are
timely without overwhelming clients. The updated event type signals that resource content has
changed, while the listChanged event type indicates additions or removals from the available

resource list.

11.3 Error Messages and Debugging

Error messages in MCP implementations serve multiple audiences: the LLM (which may
attempt recovery), the end user (who may need to take corrective action), and developers (who
must diagnose problems). Effective error handling provides context at each level. Tool-level
errors should explain what went wrong in terms the model can reason about, potentially

including suggestions for alternative approaches.
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Logging and observability remain critical for production MCP deployments. Servers should
log all tool invocations with parameters, timing, and outcomes. Clients should track
conversation flows and tool selection patterns. Correlation identifiers linking related operations
across client and server logs simplify debugging. Several vendors now offer MCP-specific

observability tools, and the protocol's structured message format facilitates automated analysis.

11.4 Security Patterns

Security considerations permeate MCP implementation at multiple levels. Transport security
should use TLS for HTTP-based communications, with certificates validated appropriately.
Authentication mechanisms should follow OAuth 2.0 best practices, with short-lived access
tokens and secure token storage. Authorisation should operate at both connection level (which

servers can this user access?) and tool level (which operations can this user perform?).

Input validation must defend against both malformed data and malicious payloads. Path
parameters should be validated against traversal attacks. Query parameters should be sanitised
to prevent injection. Content parameters should be checked for size and format. The JSON
Schema validation provided by SDK frameworks addresses basic type checking but cannot

replace domain-specific validation logic.

The principle of least privilege should guide server design. Servers should request only
necessary permissions, expose only required capabilities, and implement appropriate resource
isolation. Human-in-the-loop patterns—requiring explicit user approval for sensitive
operations—provide additional safeguards for high-risk actions. Audit logging of all operations

supports forensic analysis and compliance requirements.

12. Conclusion

The Model Context Protocol represents a foundational shift in how artificial intelligence
systems connect to external tools and data sources. From its origins as an internal Anthropic
project addressing developer workflow frustrations, MCP has evolved into industry
infrastructure governed by the Linux Foundation, supported by all major Al providers, and

deployed across thousands of enterprise systems.

The protocol's technical design—drawing upon proven patterns from the Language Server
Protocol, using JSON-RPC 2.0 for standardised communication, and supporting multiple

transport mechanisms—provides a robust foundation for diverse deployment scenarios. The
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three-layer architecture (Host, Client, Server) enables clean separation of concerns while

maintaining security through mediated access patterns.

The complementary relationship between MCP and Claude Skills demonstrates how
connectivity (what Al can access) and expertise (how Al should work) can be separated and
composed independently. This separation enables modular development, workflow

standardisation, and reuse across contexts.

Applications in digital forensics illustrate both the potential and the requirements for
specialised MCP deployments. The pseudocode example demonstrates how command-line
forensic utilities can be exposed through structured tool interfaces, while security

considerations highlight the additional safeguards necessary for sensitive analytical workflows.

OpenClaw's emergence as a popular autonomous agent platform, with full MCP integration
capabilities, suggests that the ecosystem will continue expanding beyond developer tools into
broader business automation contexts. Security research identifying vulnerabilities in such

deployments underscores the importance of careful configuration and ongoing vigilance.

As MCP enters its second year under Linux Foundation governance, the protocol appears
positioned to serve as durable infrastructure for the emerging agentic Al landscape. Continued
specification evolution, growing enterprise adoption, and expanding skill ecosystems suggest
that understanding MCP will remain essential for practitioners working at the intersection of

artificial intelligence and external system integration.
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