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The Foundations of Intelligent Systems
What You Need to Know Before Building Al Agents




DATA

Understanding and labelling your data



Al

Identify Al applications



API
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VCP

Standardize Al-to-tool communication







DATA

Understanding and labelling your data



® Why data is the foundation of Al | g
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- Alis entirely dependent on Data .l

« Data quality = Al Quality z/’}///’

e AEC data often incomplete, heterogeneous ;



6 main data types
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Numeric Text Audio
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Visual (2D) Video Geometric (3D)
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Numeric data

Information expressed as numbers for measurement or calculation.
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Cost data
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Text data
Information conveyed by sequences of characters or words.
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l | Audio data

Information captured as variations in sound over time.
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Visual data (2D)

Information represented as a flat grid of pixels.
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2D CAD drawings




Video data

Information represented by a sequence of images played over time to represent motion.
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Geometric data (3D)

Information defined by points or shapes in three-dimensional space.
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GIS Model Point Cloud
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4 Data Quality Attributes

Accuracy

Completeness

Consistency

Accessibility
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Accuracy

The data correctly reflects real-world facts or events, free of errors or distortions.
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Accurate dataset Precise dataset
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Consistency

Ensuring data is represented identically across systems in both value and format.

A01-Cube
25x%x25x25m

AO2-Beam
32x1.2x1.2m

A03-Pyramid
1.3x13x20m

Consistent dataset

cube a1
25x25x25m

A-beam-02
32x12x12dm

A003 Pyramid
13x13x20dm

Inconsistent dataset



Completeness

All required data is captured with no necessary parts missing.
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Complete dataset Incomplete dataset



Accessibility

The ease with which authorized users can locate, retrieve and use data when they need it.
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Accessible Inaccessible



Internal vs. external quality

E
D
A
T
A

Internal data quality External data quality

Evaluate the data contained in your Evaluate the quality of your data interface
organization's systems. with external systems.

> You have full control over internal »  Comply with industry standards and

data management. partner specifications.



Structured vs. Unstructured Data
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D
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Structured data Unstructured data
* Organized in a defined format (tables, *  No fixed format, difficult to analyze
columns, fields) automatically
*  Easy to query and connect across systems *  Oftenrich in context or semantics
Examples: Excel table, SQL database, sensor Examples: Emails, PDF documents, images, videos,
measurements, inventories, costs, dates conversations, scanned drawings/plans
Transformation

Unstructured data can be analyzed to extract structured elements:
*  Automatic document classification
*  Object detection in an image

* Entity recognition (names, places, numbers) in free text



Data Quantity

D
A
T Risks

A
* Too little data limits analysis and the reliability of results
*  Too much data makes management, storage, and access more complex

Assessing data quantity

Total volume: overall size (GB, TB) and number Granularity: level of detail of each record
of files
Coverage: range of cases or situations
Number of records: rows, objects, represented
measurements, images, documents
Reuse rate: share of data that is actually usable
Frequency: collection or sampling rate over
time

A database with 1 million records can be less useful than a sample of 100,000 that covers all observed
situations.
Data quantity should always be evaluated against its coverage and intended use.



Noise in data

Noise refers to erroneous, inconsistent, or random values that do not represent the observed reality.It
hides real trends and reduces the reliability of analyses.

Possible sources

* Data entry or measurement errors * Incorrect conversion or transmission
* Miscalibrated or faulty sensors * External disturbances (temperature,

movement, interference)
* Incomplete or poorly synchronized data

Noise reduction

* Regular verification and calibration of sources  * Averaging or filtering depending on the
context

* Detection and handling of outliers * Using domain knowledge

Noise never disappears completely, but it can be greatly reduced by combining technical tools and domain
expertise.
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AEC Data Pipeline

Collection Evaluation

Structuring
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Al

Identify Al applications



Algorithm vs. Al

Algorithm

« Analgorithm follows a fixed series of
steps to solve a task.

« It always behaves in the same way when it
is provided with the same inputs.
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STEP 4

Artificial intelligence

Artificial intelligence uses data to
improve over time.

Al can adapt to new situations and make
decisions without explicit instructions.
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Cadre des capacités humaines
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Hear and Understand
Speak Language
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Learn Find Reason
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Input Data Goal

Information extraction,
pattern & object

@ [3:] @ recognition m X KLAI
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Input Data Goal

' | | l' Transcription & speech

synthesis

Noox o KLAI

nacorm
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Understand
Language

Xp

Input Data

Extract meaning,
behavior & emotion
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Input Data Goal

Perform physical &
virtual tasks, make

#
@ @ decisions Nl X KLAI
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Input Data Goal

# Pattern recognition,

outcome prediction &

@ @ rule discovery X KLAl
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Input Data Goal

Quick retrieval of

relevant information
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Input Data Goal

; ; Make informed decisions

based on available data

X KLAI
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API



What is an API?

An API (Application Programming Interface) is a contract between two software systems. It defines how one
system can request data or trigger actions in another.

Key characteristics:

Defined endpoints (URLs) for specific Authentication via API keys or tokens
operations

Structured request/rsecs;pc))nse format (usually Documented and versioned
JSON




How an API works

The request-response cycle:

1. The client sends a request to a specific endpoint (e.g., GET /projects/123)

D .
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3. The server returns a structured response (status code + data)

Core elements:
* Endpoint: The URL that identifies the resource
* Method: The action to perform (GET, POST, PUT, DELETE)
* Headers: Metadata (authentication, content type)

* Body: The payload (for POST/PUT requests)

2. The server processes

the request, accesses
its database or logic



Weakness - The NxM problem

Without a standard, connecting N Al models to M tools requires N x M custom integrations.

Example:

* ” O — 12 custom
* @ ‘.';h - adapters

> Built from scratch
> Maintained independently
> Updated when either side changes

The result: Integration cost grows exponentially, not linearly. Every new model or tool multiplies the work.




Fixed endpoints

Traditional APIs are static by design:

* Each capability requires a dedicated endpoint
* Adding a feature means modifying the server and updating all clients

* The client must know in advance what the API can do

Consequences for Al:

* The LLM cannot discover new capabilities at runtime
* Every tool change requires rewriting integration code

* No flexibility to adapt to unforeseen use cases

APIs are powerful for structured, predictable workflows but they struggle with the dynamic, open-ended
nature of Al agents.




APl examples

Autodesk Platform Services (APS)

»4 AUTODESK
Platform Services * Access BIM data, manage files, translate models

* RESTful endpoints for Data Management, Model Derivative, ACC

OpenAl / Anthropic / Gemini

@ A\ * * Send prompts, receive completions

* Fixed request format: model, messages, parameters

ACC API

»#4 AUTODESK

h * Retrieve issues, RFls, project members
Construction Cloud

* Automate workflows across the construction lifecycle
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VCP

Standardize Al-to-tool communication




What is the MCP protocol (Model Context Protocol)?

Definition
MCP is an open standard for communication between Large Language Models (LLMs) and external systems

such as tools, APIs, databases, and even other LLMs. It is often referred to as “the USB-C of Al.”

The problem it solves
Before MCP, each connection was custom-built. A developer had to create a different proprietary “adapter”

for each LLM (Claude, ChatGPT, Gemini, etc.) and each tool (Google Drive, VSCode, GitHub, etc.).

The solution
MCP creates a standard “plug.” Any MCP-compatible LLM can instantly connect to any MCP-compatible tool,

making Al agents reusable and interoperable.




MCP flexibility: Build once, connect anywhere

MCP solves the NxM problem with a 1-to-many approach:

» Build one MCP server per tool — it works with any MCP-compatible client

» Build one MCP client per host — it works with any MCP server

What this enables:

v/ v v
Swap LLMs without rewriting Add new tools without Reuse servers across projects,
tool integrations modifying the Al agent teams, and organizations

The same MCP server you build for Autodesk APS today works with Claude, Copilot, or any future MCP-
compatible host, no adapter needed.



MCP Server vs Client

MCP Client (the host side)

¥ § 3

The server doesn't need to know which LLM is calling it. The client doesn't need to know how the tool works

Lives inside the Al application (IDE,
chatbot, desktop agent)

Manages the connection to one or more
MCP servers

Forwards tool calls from the LLM to the
right server

Returns tool responses back to the LLM

internally. The protocol handles the translation.

MCP Server (the tool side)

¥ & 3

A lightweight service that exposes
capabilities to Al

Registers tools, resources, and prompts

Handles the actual execution (API calls,
file reads, database queries)

Can run locally (stdio) or remotely
(HTTP/SSE)



The 3 MCP primitives

Prompts (user-controlled) Resources (application-controlled)
* Pre-built templates for common workflows * Data the server makes available for context
* Example: "Analyze this Revit model for code * Example: project files, BIM model metadata,
compliance" user preferences
. -l!_-l'l;igEEll\-/IEd by the user, not autonomously by * Similar to GET endpoints, read-only context
e

Tools (model-controlled)

* Functions the LLM can call to perform actions

» Example: create_issue, get_model_properties,
run_clash_detection

* The LLM decides when and how to use them




Context is everything

LLMs are powerful, but they operate in a limited context window. MCP helps manage what goes in:

Why context matters:

>¢  An LLM with no project context gives generic answers

«~ An LLM with relevant project context gives specific, useful answers

How MCP delivers context:

* Prompts frame the task with the right instructions
* Resources inject structured data into the conversation

* Toolresults provide real-time information from live systems




Validation and Security

MCP introduces structured control over what Al can do:

Input validation
@ * Every tool defines a schema (using Zod/JSON Schema)

* Parameters are validated before execution, malformed requests are rejected

* The LLM cannot call a tool with unexpected arguments

Human-in-the-loop

©)
R

* The host can require user approval before executing sensitive actions

* Critical operations (delete, modify, publish) go through a confirmation step

Transport security
O * Local servers use stdio (no network exposure)

* Remote servers use HTTPS + authentication

* OAuth 2.1 support for secure, scoped access to external APIs

The principle: MCP doesn't give the Al unrestricted access. It gives it controlled, validated, auditable
access with humans staying in the loop for high-stakes decisions.




Practical example: how GitHub Copilot works

Scenario

A developer in their IDE asks Copilot:
“The latest release broke the login feature. Run the test suite, find the failing test, and tell me what’s wrong.”

The “actors” (architecture)

a 3 O

The “host” (your IDE) The “brain” (Remote LLM) The “hand” (local MCP server)
The VS Code interface where you The powerful reasoning engine A service running on your machine
type the command. running in the cloud and the MCP with approved access to your local

client that decides which tools to call. terminal and file system.




Practical example: how GitHub Copilot works

a 3




Practical example: how GitHub Copilot works

1 The host (IDE) sends your complex prompt (“...run the test
® suite..."”) to the remote “brain”.

a P




Practical example: how GitHub Copilot works

1 The host (IDE) sends your complex prompt (“...run the test
® suite..."”) to the remote “brain”.

o >

'
2 The “brain” understands that a command is needed. It
® sends an action plan (a standardized tool call message)
back to the IDE, specifying:
tool_name: run_terminal_command
parameters: { command: "npm test" }




Practical example: how GitHub Copilot works

1 The host (IDE) sends your complex prompt (“...run the test
® suite..."”) to the remote “brain”.

o, -
' Y
2 The “brain” understands that a command is needed. It
® sends an action plan (a standardized tool call message)
back to the IDE, specifying:

tool_name: run_terminal_command
3 parameters: { command: "npm test" }
[ ]

The host (IDE) receives this
plan. It validates the
command (e.g., asks for
approval), then forwards the
tool call to the local “hand”
(MCP server).




Practical example: how GitHub Copilot works

1 The host (IDE) sends your complex prompt (“...run the test
® suite..."”) to the remote “brain”.

o, -
' Y
2 The “brain” understands that a command is needed. It
® sends an action plan (a standardized tool call message)
back to the IDE, specifying:

tool_name: run_terminal_command
3 parameters: { command: "npm test" }
[ ]

The host (IDE) receives this
plan. It validates the 4
command (e.g., asks for °
approval), then forwards the
tool call to the local “hand”
(MCP server).

The “hand” (local server) runs the
npm test on your local terminal. The
test fails and produces a raw error
log.

>




Practical example:

3.

The host (IDE) receives this
plan. It validates the
command (e.g., asks for
approval), then forwards the
tool call to the local “hand”
(MCP server).

how GitHub Copilot works

The host (IDE) sends your complex prompt (“...run the test
suite...”) to the remote “brain”.

>

The “brain” understands that a command is needed. It
sends an action plan (a standardized tool call message)

back to the IDE, specifying: A

tool_name: run_terminal_command
parameters: { command: "npm test" }

4,

The “hand” (local server) runs the O
npm test on your local terminal. The o

test fails and produces a raw error
log.

>

5.

The “hand” captures that error
log and sends it back (as a tool
response) to the “brain”. The
“brain” reads the log,
understands which test Ffailed,
and generates the final smart
answer: “The test suite failed. The
error is in tests/auth.test.js on the
‘User login’test ..."”



Practical example:

3.

The host (IDE) receives this
plan. It validates the
command (e.g., asks for
approval), then forwards the
tool call to the local “hand”
(MCP server).

how GitHub Copilot works

The host (IDE) sends your complex prompt (“...run the test
suite...”) to the remote “brain”.

>

The “brain” understands that a command is needed. It
sends an action plan (a standardized tool call message)

back to the IDE, specifying: A

tool_name: run_terminal_command
parameters: { command: "npm test" }

4,

The “hand” (local server) runs the O
npm test on your local terminal. The o
test fails and produces a raw error
log.

>

5.

The “hand” captures that error
log and sends it back (as a tool
response) to the “brain”. The
“brain” reads the log,
understands which test Ffailed,
and generates the final smart
answer: “The test suite failed. The
error is in tests/auth.test.js on the
‘User login’test ..."”

Summary: The local “hand” can act and see results in the real world. The remote “brain” provides the
intelligence needed to decide what to do and interpret those results.
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1 - Establishing MCP Communication




1 - Establishing MCP Communication

3

Brain (MCP Client)

Rl




1 - Establishing MCP Communication

i g e

Brain (MCP Client) — (/@ @
Hand (MCP Server)

add greet
Sl A e B Returns personalized

greeting




2 - Linking with External Tools

3

Brain (MCP Client) —*/» @
Hand (MCP Server)

add greet
Sl A e B Returns personalized

greeting
I get_weather
Returns the current
O temperature and wind
Host l
) ' 04

\I @ a)

Weather API




3 - Connecting Autodesk APS (2-Legged)
{ /nco apssenerss

i =s ™

Brain (MCP Client) —— Y/ @ Hand (MCP Server)
One-to-many relationship Hand (MCP Server)

* * @ add Ret greet lired list_buckets
eturns personalize
Sum of Aand B Lists all OSS storage buckets

greeting
in given region

I get_weather
Returns the current create_bucket
O temperature and wind Creates a new OSS bucket
Host l
<. S
- 2 AUTODESK
W I @ Q‘ Platform Services
Weather API APS APIs
. J




4 - User Authentication with APS (3-Legged)
T ¢ e apsoners

e ™

Brain (MCP Client) —— Y/ @ Hand (MCP Server)
One-to-many relationship Hand (MCP Server)

* * @ add Ret greet lired list_buckets
eturns personalize
Sum of Aand B Lists all OSS storage buckets

greeting
in given region

I get_weather
Returns the current create_bucket
O temperature and wind Creates a new OSS bucket
Host l get_user_info .
\ )| Returns Autodesk profile
[ |
- »~2 AUTODESK
9 cj Platform Services
@ /auth/login
Weather API APS APIs

@ /auth/callback




Thank you

nacorm.com
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