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IzvleCek: Veliki jezikovni modeli (LLM) imajo edinstvene prednosti in potencial v okoljih
informacijskega modeliranja gradenj (BIM). Njihova metodologija podpira interakcijo v naravnem
jeziku s kompleksno programsko opremo za nacrtovanje, kar omogoca ucinkovito komunikacijo med
sistemi umetne inteligence in platformami, ki temeljijo na BIM-u. Vendar pa za delovne tokove
strukturnega in arhitekturnega modeliranja integracijska zmogljivost obstojecih pristopov AI-BIM
predstavlja nekatere omejitve, ki jih je treba resiti z najbolj§imi moznimi reSitvami. Ti izzivi vkljucujejo
enosmerne komunikacijske vzorce in kompleksne programske zahteve, ki ovirajo implementacijo
pogovornih delovnih tokov umetne inteligence v BIM nacrtovalskih pisarnah.

Ta Studija se osredoto¢a na analizo procesa omogocanja dvosmerne komunikacije med LLM-i in BIM
programsko opremo, hkrati pa razvija edinstven delovni tok za implementacijo znotraj nacrtovalskih
orodij, platform umetne inteligence in projektnih ekip. Razviti sta bili dve $tudiji primerov za testiranje
prakti¢nih interoperabilnostnih delovnih tokov: BIMCP za integracijo z Autodesk Revitom in Kolektor-
BONCP za manipulacijo IFC preko Blenderjevega dodatka Bonsai. Namen je identificirati in resiti
omejitve, povezane s procesiranjem ukazov v naravnem jeziku in pretokom podatkov med asistenti
umetne inteligence in BIM programsko opremo. Komunikacijski procesi so dvosmerni, z uporabo
ogrodja Model Context Protocol (MCP) in povezav, ki temeljijo na vti¢nicah, za interakcijo v realnem
casu.

Integracija AI-BIM in pogovorni nacrtovalski delovni tokovi so relativno premalo izkoris¢eni. To je
predvsem posledica problemov z interoperabilnostjo in ovir pri dostopnosti. Kljub identificiranim
omejitvam in tehni¢nim izzivom rezultati $tudije znotraj razvoja Studij primerov prikazujejo, kako ima
delovni tok odlicne prednosti pri razvoju projektov BIM s pomocjo umetne inteligence in njegovi
implementaciji v nacrtovalskih pisarnah gradbene industrije. Validacija v realnem svetu pri podjetju
Kolektor Koling dokazuje merljive izboljSave produktivnosti, saj pretvarja vecurne rocne procese v
minutno dolge pogovorne poizvedbe.



\Y Khan, S. 2025. Generative Design Proposals via LLM-BIM Integration.
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+.



Khan, S. 2025. Generative Design Proposals via LLM-BIM Integration. VI
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+.

BIBLIOGRAPHIC- DOKUMENTALISTIC INFORMATION AND ABSTRACT

UDC: 004.42:69(043.2)

Author: Sangeen Khan

Supervisor: Prof. Ziga Turk, Ph.D.

Cosupervisor:

Title: Generative Design Proposals via LLM-BIM Integration

Document type: Master Thesis

Scope and tools: 57p., 14 fig.

Keywords: Model Context Protocol, Natural Language Prompts, Building

information =~ Modeling, AI-BIM  Integration,  Bidirectional

Communication, Conversational Interfaces

Abstract:

Large Language Models (LLMs) have unique advantages and potential in Building Information
Modeling (BIM) environments. Their methodology supports natural language interaction with complex
design software, offering efficient communication between Al systems and BIM-based platforms.
However, for structural and architectural modeling workflows, the integration capacity of existing Al-
BIM approaches presents some limitations that must be resolved with best possible solutions. These
challenges include unidirectional communication patterns and complex programming requirements that

hinder implementing conversational Al workflows in BIM design offices.

This study focuses to analyze the process of enabling bidirectional communication between LLMs and
BIM software while developing a unique workflow for implementation within design tools, Al
platforms, and project teams. Two case studies have been developed to test practical interoperability
workflows: BIMCP for Autodesk Revit integration and Kolektor-BONCP for IFC manipulation through
Blender's Bonsai addon. This is to identify and resolve the limitations involved in natural language
command processing and data flow between Al assistants and the BIM software. The communication
processes are bidirectional, using the Model Context Protocol (MCP) framework and socket-based

connections for real-time interaction.

AI-BIM integration and conversational design workflows are relatively underutilized. This is mainly
due to interoperability problems and accessibility barriers. Despite the identified limitations and
technical challenges, the study outcomes within the case study development illustrate how the workflow
has excellent advantages in developing Al-assisted BIM projects and its implementation in construction
industry design offices. Real-world validation at Kolektor Koling demonstrates measurable productivity

improvements, transforming multi-hour manual processes into minute-long conversational queries.
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1 INTRODUCTION

1.1 BACKGROUND:

Computers are invented to make human life easy but at the same time advanced IT systems are used to
make it easy for stupid computers to understand. Computers always need to be spoon-fed with structured
data, the data which is organized in a predefined manner, such as databases or spreadsheets or libraries
inside tools like Revit etc, while humans always have the capability to work with unstructured data. At
the same time, in the built environment, there are Al based technologies like self-driving cars which
work on unstructured data. It leads to the question that how to have both worlds: humans using common
sense and natural language concepts but resulting information is transformed into structured data for

software to analyze it?

In BIM, to transform the unstructured data (natural language prompt) to structured data (Complex BIM
Models), machine learning and artificial intelligence techniques like neural networks and computer
vision integration is a hope but it also has some challenges. First challenge is that large datasets need to
be trained on Al to generate a perfect model inside softwares which is based on thousands of training
data and a lot of time to train and test these models. The second challenge is the BIM software for which
the data is trained as each software has different architecture and technical constraints due to which

changes in that software are difficult and exhaustive.

To solve this problem, researchers started using Large Language Models (LLMs) instead of traditional
machine learning. The good thing about LLMs is that these models already know how to understand
language - there is no need to train them with thousands of BIM examples like other Al systems require.
Models like GPT-4 and Claude can understand what architects mean when something is said in plain
English and then convert it to BIM commands. This is much better than the old way where separate
training was needed for each BIM software. Now researchers can quickly make systems where user can
talk to BIM software using normal language but most of these approaches remain limited to

unidirectional information flow.

Current implementations can generate 3D building models from natural language descriptions or
automate specific tasks like wall detailing, but they cannot query users for clarification when instructions
are ambiguous or report back when operations fail. These systems operate as one-way pipelines that
process commands without validating whether the outputs actually meet the user's intent. Even voice-
based interfaces, despite their promise of natural interaction, still create steep learning curves and heavy
cognitive loads because users receive no feedback when commands are misinterpreted or fail to execute.
The fundamental issue is that these interfaces lack mechanisms for the BIM system to request

clarification or provide contextual feedback about the current model state. While LLMs can successfully
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translate human language into BIM operations, the absence of bidirectional communication prevents the

truly conversational interaction needed to bridge the human-computer divide.

This unidirectional limitation becomes more problematic when considering the complex nature of
architectural design tasks. Current systems process each command in isolation without understanding
what was done before or maintaining any memory of previous operations. If an architect says, "make
that wall taller," existing systems fail because they have no concept of "that wall" - they don't remember
which wall was just created or modified. Similarly, when operations fail due to BIM's internal
constraints like invalid geometry or missing prerequisites, these systems cannot explain what went
wrong or suggest alternatives in human-understandable language. The absence of true dialogue means
architects must carefully structure their requests to avoid ambiguity and manually verify results after

each operation.

The lack of visual understanding further compounds these issues, as the systems operate blindly without
knowing the current state of the model. An architect might unknowingly request impossible operations
like "add a door to the curved wall" without the system being able to see that the wall's geometry doesn't
support door placement. Additionally, existing implementations hard-code specific BIM operations,
making them inflexible when new design requirements emerge. These fundamental limitations mean
that despite the promise of natural language interaction, current LLM-BIM integrations still require
users to think like programmers rather than designers. The disconnect between how architects naturally
conceptualize designs and the rigid, sequential manner in which these systems operate undermines the

very purpose of natural language interfaces - to make BIM software more intuitive and accessible.

The integration of Large Language Models (LLMs) with Building Information Modeling (BIM)
environments represents an emerging frontier in architectural design automation. As the construction
industry increasingly adopts digital workflows, researchers are exploring how natural language
interfaces can make BIM systems more accessible and powerful. This review examines current
approaches to LLM-BIM integration, focusing on technical architectures, semantic translation

challenges, and implementation constraints.

1.2 PROBLEM STATEMENT

While the background shows that LLMs could solve BIM's complexity problem, there is no complete
framework for creating real two-way communication between natural language interfaces and BIM
software. Without this framework, the construction industry cannot use Al to its full potential because
current solutions only fix small parts of the problem. This missing piece stops us from building systems
that could change BIM from something hard to use into something that helps everyone adopt digital
tools in construction. As a result, the industry cannot use advanced technology to work faster and design

better buildings.
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1.3 RESEARCH QUESTIONS AND OBJECTIVES
1.3.1 Primary Research Question

How can Large Language model be integrated with Building Information Modeling environments to
enable direct, bidirectional interaction that assists architects, engineers and construction industry

professionals?
Subsidiary Research Questions

RQ1: What technical architectures enable reliable communication between Al assistants and BIM

authoring tools?

RQ2: How effectively can natural language commands express complex BIM operations compared to

traditional programming approaches, and what are the semantic challenges in translating design intent?

RQ3: What are the technical constraints when implementing Al-driven BIM automation within existing

software ecosystems, and how can these limitations be addressed?
1.3.2 Research Objectives

The objective of this research is to find the answers to these questions through studying the literature

and to explore new ways of development for AI-BIM integration.
1.4 THESIS STRUCTURE OVERVIEW

This thesis presents a systematic journey from theoretical foundations through practical implementation,
demonstrating how natural language interfaces can enable AI-BIM integration through the Model

Context Protocol framework.

Chapter 2: Literature Review examines current approaches to LLM-BIM integration, analyzing
frameworks for natural language communication with BIM systems, semantic translation challenges,
and technical constraints within existing software ecosystems. The review establishes gaps in current
integration approaches and positions Model Context Protocol as an enabling technology for bidirectional

AI-BIM interaction.

Chapter 3: LLM-BIM System Architecture provides comprehensive coverage of the Model Context
Protocol, detailing its components, system architecture, protocol design, and core concepts including
resources, prompts, tools, sampling, roots, and transports. This chapter establishes the theoretical and
technical foundation for implementing AI-BIM integration through standardized communication

protocols.
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Chapter 4: Co-pilots For BIM Softwares presents two practical implementations of MCP-based
systems. BIMCP (Building Information Model Context Protocol) demonstrates integration with
Autodesk Revit through dynamic C# code execution, comprehensive resource systems, and socket-
based communication. Kolektor-BONCP showcases [FC manipulation through Blender's Bonsai addon,
featuring specialized tools for data extraction, visual feedback capabilities, and Docker deployment for
enterprise integration. Both implementations validate the MCP approach through real-world

applications.

Chapter 5: SWOT Analysis provides a strategic assessment of the developed systems, analyzing
strengths such as bidirectional communication and productivity improvements, weaknesses including
platform dependencies and cost constraints, opportunities for expansion to additional BIM platforms

and integration modalities, and threats from rapidly evolving Al technologies and industry resistance.

Chapter 6: Conclusion synthesizes research achievements, systematically addresses the research
questions, documents contributions to the AEC industry The chapter emphasizes how natural language
interfaces can democratize access to advanced BIM capabilities while establishing foundations for

continued innovation in Al-assisted construction workflows.

The thesis demonstrates that natural language interfaces become practical when systems prioritize
accessibility alongside technical capability. Both BIMCP and Kolektor-BONCP prove that
conversational Al can serve as the universal interface enabling construction professionals to harness the

full potential of digital building information systems.
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2 LITERATURE REVIEW

Going through the landscape of papers published on this topic, three core research areas that are

dominating the field are discussed here
2.1 FRAMEWORKS FOR LLM-BIM COMMUNICATION

Recent research has established several promising frameworks for enabling communication between
LLMs and BIM platforms.[1] introduced a six-step LLM-augmented BIM framework (interpret-fill-
match-structure-execute-check) demonstrated through NADIA-S, a speech-to-BIM application that
addresses the cognitive burden of remembering complex command sequences. Building on this,[2]
developed Text2BIM, a multi-agent framework where LLMs collaborate to generate executable code
that produces native BIM models. Their approach represents building models as imperative code scripts
invoking BIM APIs, enabling iterative improvement through feedback loops and domain-specific rule

checking.

2.2 TRANSLATING SUBJECTIVE NATURAL LANGUAGE INTO OBJECTIVE BIM
OPERATIONS

[3]introduced an intelligent retrieval engine that leverages natural language processing (NLP)
techniques to facilitate user-friendly access to BIM object databases. Their system interprets user queries
in natural language and retrieves relevant BIM objects, focusing on improving accessibility for non-
expert users and streamlining the search process within BIM platforms. Building on this initial work,[4]
advanced the field by developing an ontology-aided semantic parser capable of handling multi-
constraint queries. Their approach introduces a modular ontology that maps natural language
expressions to Industry Foundation Classes (IFC) concepts and relationships, enabling the system to
process complex queries involving multiple attributes and relational constraints. The key relation
between the two studies lies in their shared goal of bridging the gap between human language and BIM
data retrieval; Yin et al. extend the capabilities explored by Wu et al. by incorporating ontological
reasoning and semantic parsing, allowing for more precise and fine-grained information retrieval from

BIM models.

Similarly,[5] introduced NADIA, which implements strategic separation between specification and
creation of building elements, using appropriate prompting to guide LLMs toward architecturally

rational responses while maintaining seamless BIM-LLM chaining.

Understanding user intent and extracting relevant parameters from natural language remains a critical
challenge.[6] proposed T2S4BIM, a text-to-structure approach that extracts both user intent (operation
type) and slots (targeted elements and properties) from natural language requests. Their research

demonstrated that encoder-decoder models like T5 achieved performance comparable to larger decoder-
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only models while improving efficiency. This work highlights the importance of synthetic data

generation for training domain-specific language understanding systems.

Other studies detail approaches that allow speech interaction with the design tools. For example,[7] and
[8], developed a framework that requires no knowledge of BIM commands, allows natural language
voice input for searching and manipulating BIM data directly in software. This could significantly lower

the learning curve of new users interacting with complex BIM software.

Two comprehensive meta-analyses, by [9] and [10], offer a detailed portrait of how natural language
processing (NLP) and text mining are transforming the construction industry, particularly in their
integration with BIM. Together, these studies map the evolution, research trends, and practical
applications of NLP and text mining, highlighting the sector’s shift towards managing unstructured data
and advancing digitalization.[9] analyzes 254 papers from the Scopus database (1989-2020), using
science mapping tools (BiblioShiny, VosViewer, Gephi) to visualize research trends, conceptual
structures, and collaboration networks which revealed that NLP-BIM integration has grown steadily,
with notable increases since 2015, and specific core research in topics like automated compliance
checking and semantic BIM enrichment, two trends that reveal the importance of managing unstructured
data in construction.[10] reviewed 205 articles focusing on the applications of text mining and natural
language processing (NLP) within the construction industry. The authors systematically analyse how
these technologies are being leveraged to address the sector's unique challenges, such as managing vast
amounts of unstructured textual data from documents, reports, and communications. The review
highlights key application areas including automated document classification, information extraction,
sentiment analysis, compliance checking, and knowledge management. It also discusses the evolution
of methods from traditional rule-based and statistical approaches to more advanced machine learning

and deep learning techniques.

These analysis present major research trends, technological gaps, and future opportunities, emphasizing
the growing importance of NLP and text mining in enhancing digitalization, efficiency, and decision-

making in construction projects.
2.3 TECHNICAL CONSTRAINTS IN BIM ECOSYSTEMS

The practical applications of LLM-BIM integration span the entire building lifecycle. In design phases,
systems enable automated detailing, space planning, and code compliance checking through natural
language queries.[11] demonstrated autonomous construction robot control through LLM
communication, successfully handling complex tasks like material stacking and pipeline installation.
For construction management, transformer language models map schedule activities to standard
categories, enabling intuitive project interfaces [5]. These applications extend to facility management,

where natural language interfaces facilitate maintenance requests and energy performance queries.
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Despite these advances, significant gaps remain. The lack of standardized communication protocols
between Al systems and BIM platforms creates integration challenges across different software
ecosystems. Current implementations primarily focus on command execution rather than design
reasoning, suggesting opportunities for systems that can criticize designs, explain decisions, and propose
alternatives. The success of multi-agent approaches indicates potential for more sophisticated

collaborative systems with specialized agents for different design disciplines.

The emergence of Model Context Protocol and similar standardized approaches offers a path forward
for achieving truly bidirectional interaction between LLMs and BIM systems. While academic research
on MCP-BIM integration remains limited, [12] recently spoke a conceptual multi-agent system
framework that leverages MCP and Agent-to-Agent (A2A) protocols for engineering design workflows.
This framework addresses the fragmentation across structural, geotechnical, fluid dynamics, and BIM
tools by enabling agents to interpret and utilize tool functionalities without explicit programming. The
approach shifts from traditional linear processes toward decentralized, intelligence-driven paradigms,
supporting use cases such as parametric design optimization and automated BIM synchronization.
However, Ghosh identifies significant challenges including state management, security validation, and

legacy API interoperability that must be addressed in practical implementations.

As demonstrated by recent implementations, these protocols can handle the complexities of BIM
database transactions, context preservation across interactions, and thread-safe operations. The
integration of LLMs with BIM represents not merely a technical advancement but a fundamental shift
in how designers interact with digital building models, promising to enhance design quality,

productivity, and accessibility.
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3 LLM-BIM SYSTEM ARCHITECTURE
3.1 COMPONENTS

The architecture of LLM-BIM integration contains the apart from BIM software and LLM, User, BIM
Model and connection between the LLM and BIM Software which in this case is the socket connection

and model context protocol. Each one of these is discussed below in detail.

Model
User Software
Traditional BIM Qutput 14
_ —_— Software _—
EEO w e,
= Output 3

Natural
Language| Input

MCP Client » Claude @ cﬂg
ki CURSOR

MCP Server Plugin

LLM
Figure 3-1 Traditional Workflow and Advanced Workflow with Natural Language Input
3.1.1 User

The user is the human which can be from Architecture Engineering, Construction and Operation
(AECO) industry or it can be any stakeholder in the BIM industry, for example owner or client of the

project. In this research the users are architects, engineers, managers, cost estimators and sales persons.
3.1.2 Large Language Model

As mentioned in the chapter 1 the large language model (LLM) is a type of artificial intelligence model
which is trained on human written text data to learn the pattern and then translate and generate text based
on that pattern. Initially it was trained for plain text now various companies are producing their models

for coding and programming stuff and for image translation and generation.

Some LLMs are open source and freely available for developers to use and modify, while others are
proprietary and require paid access through APIs. Generally, larger and more sophisticated models tend

to perform better but come with higher computational costs and pricing. The effectiveness of these
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models often correlates with their size, training data quality, and the resources invested in their

development, making premium models typically more capable than their free counterparts.

Recent examples include DeepSeek-R 1, which had its full public release in January 2025 as an improved
open-source reasoning model that can compete with OpenAl's expensive ol model while costing much
less to develop and run, with continued updates like the R1-0528 version released in May 2025. There's
also GPT-40 from OpenAl, which handles text, images, and voice all together with fast response times.
Anthropic offers Claude 4 with different versions like Sonnet 4 and Opus 4 that are specifically built to

be safe and reliable for businesses to use.

From China, we've seen Qwen 3 from Alibaba released in April 2025, which performs well across
various tasks. Google's Gemini 2.5 Pro can process enormous amounts of text at once - up to 1 million

tokens, which means it can handle entire books or lengthy documents in a single conversation.

On the open-source side, companies like Mistral provide models that researchers and businesses can
freely use and modify, while IBM's Granite family offers completely open-source options under
permissive licenses. This mix of free and paid options gives developers and companies flexibility to

choose what works best for their needs and budgets.

Open source models have also some constraints for example the best models which are trained on more
data, requires more computation power which normal computer don’t have so for this reason in this
research, Claude LLM is used with paid subscription and it is discussed in the coming section of model

context protocol that why Claude models were chosen and not the others.

3.1.3 BIM Model

The name indicates, this is a detail digital model of an actual physical structure in the form of 3D
geometric elements along with meta data like material properties etc about the geometry in proprietary

software format like .rvt etc. or Industry Foundation Class (IFC) .ifc format.

Unlike 2d format the BIM model is intelligent model which contains a database of information which
helps professionals to analyze and visualize the projects throughout their lifecycle from planning and

design to construction and operation and maintenance.

3.1.4 Software Tools

For creating these BIM models several BIM softwares are used. BIM software is specialized computer
programs designed to create, edit, and manage digital building models and infrastructure projects. These
applications allow users to design buildings, roads, bridges, tunnels, and other infrastructure in 3D while
automatically generating 2D drawings, schedules, and reports from the same model. The software

integrates architectural, structural, MEP (mechanical, electrical, plumbing), and civil engineering
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systems into a single coordinated model that multiple team members can work on simultaneously.
Famous BIM software includes Autodesk Revit for general building design, Graphisoft ArchiCAD for
architecture, Tekla Structures for structural engineering, Bentley MicroStation for infrastructure

projects, and Civil 3D for roads, highways, and site development.

3.1.5 Connection between LLM and Softwares

Here comes the important thing in the LLM-BIM integration workflow. BIM software primarily
connects to LLMs using HTTP REST API calls through native add-ins or plugins. For Revit, this
typically involves C# .NET add-ins that make direct HT'TP requests to services like OpenAl's ChatGPT
APT using the standard HttpClient class with API key authentication. Other BIM software like AutoCAD
and ArchiCAD use similar approaches with their respective plugin architectures making JSON-based
REST calls to LLM services. This direct API integration pattern is more widely adopted than complex
multi-language frameworks, with MCP being a newer emerging standard that aims to simplify these

connections further.

3.1.6 Model Context Protocol

MCP originated as part of internal project by anthropic initially intended to improve the performance of
Claude Desktop so that it can interact with local file system and other external systems like google drive,
Gmail, calendar and github etc. It was then made open source so that every ai application can be
connected for better performance and to get more benefits. Anthropic published its specifications to

make it available for developers.

The MCP ecosystem consists of a growing number of mcp servers which are created by Anthropic MCP
team and the open source community. MCP is model agnostic, and it is possible to hooked into different
language models. Since it is open source so everyone can make mcp server and connect it to their

application.

MCP is very important because to give context to LLM models makes the model perform in the best
way. This is what mcp is doing. It is basically a protocol written to give context to any large language

model to perform action on external applications, that’s why it is named as Model Context Protocol.

There can be a very intelligent model in the front but if it is not connected well or if it is not connected
to application and it cannot get context and live information from the application, it will not perform
well. On the other hand, if the model is even weak but if it is given context, it performs well so that’s

why the importance of mcp in this regard cannot be denied.

Here a question raises that “Everything which is done with mcp, can be done without mcp?” The answer

is yes, it can be done without mcp but the problem is that as it is discussed previously about MXN
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problem which means that every large language model will need a separate protocol for every
application which limits its functionality and makes it more tedious for doing it for every model and
application separately. The problem even becomes more complex when new models are developed, and

new applications and data sources are produced. This repetitive process becomes exhausting and time

Khan, S. 2025. Generative Design

consuming ultimately leads to loss in productivity and interest.

The model context protocol borrows a lot of its ideas from other protocols which were developed for
the same kind of idea, for example the Language server protocol or LSP. It was developed by Microsoft
in 2016 which standardized how integrated development environments interact with language specific
tools. When extensions are created for particular languages and particular development environments,
the protocol is not written over and over again for all those development environments. Yet having same

idea but MCP is novel and a bit advance in standardizing the interaction between ai application and

external systems.
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Figure 3-2 Integration of Tools with LLM without MCP and with MCP
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MCP System Architecture

MCP follows a client-server pattern with four main components that work together seamlessly. Host,
client, server and transport layer. Each component has its own unique function. The client and server

basically send messages to each other for communication.

Hosts are LLM applications that want to access data through mcp. Hosts initiate connections.
Applications like Claude Desktop, Cursor Al etc exemplify typical hosts—software that needs external
data access. Hosts embed MCP clients, manage server lifecycles, and coordinate message routing.
Discovery happens through JSON configuration files. Process management handles launching,

monitoring, and restarting failed servers.

Clients maintain one-to-one connections with servers inside host applications. Each client represents an
independent communication channel with its own state, capabilities, and message queues. State
management becomes critical with multiple concurrent operations. Request queues prevent

overwhelming servers—typical implementations limit concurrent requests to 50-100.

Server is a lightweight program which expose specific capabilities through standardized interfaces. Each
server focuses on a particular domain—file access, database queries, API integrations, or computational
tools. Connection pooling prevents resource exhaustion. Database servers maintain 10-20 connections,

reusing them across requests.

Transport layers handle the actual message exchange between clients and servers. MCP defines two
standard transports. Stdio uses standard input/output streams for local communication. HTTP with

Server-Sent Events enables web-based communication.

The overall process is that when user ask something from LLM, inside the host application, the client
which is also inside the host takes the messages to the corresponding mcp server. The responsibility of
client is to take the message but also to the relevant server. The server process the message and then

send back the response through the client to the LLM. LLM then shows the output to the user.
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Figure 3-3 Capabilities of MCP Server

Core Concepts

Resources

Resources are similar to get requests. These are the read only data which is exposed by the server. The
application can consume or use these resources but it not always brought to the context. Resources
represent MCP's foundational primitive for exposing data. Each resource has a unique URI following
the pattern protocol://host/path. Standard protocols include file://, postgres://, http://, and custom

schemes for domain-specific resources.

Resources fall into two categories. Text resources contain UTF-8 encoded strings—source code,
configuration files, logs, and structured data. Binary resources require base64 encoding—images, PDFs,

audio files, and compiled binaries. Base64 encoding inflates size by 33 percent.

Discovery happens through direct listing or URI templates. Direct listing returns concrete resources with
metadata. URI templates enable dynamic resource construction following RFC 6570. Templates scale

better than listing thousands of individual resources.

Real-time updates work through subscriptions. Clients subscribe to specific URIs and receive
notifications when content changes. File watchers detect filesystem modifications. Database triggers

capture record updates.

Prompts
The prompt templates aim to achieve a very reasonable task which is the reduction in prompt engineering

by the user. Prompts enable servers to define reusable templates and workflows that clients can surface

to users and LLMs. Each prompt combines metadata, arguments, and message generation logic.

There are two kind of prompts one is static prompts which return fixed messages. The other is dynamic
prompts, which adapt based on arguments and context. Workflow prompts guide multi-step interactions.

Arguments make prompts reusable across contexts with schema validation ensuring correct usage.
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Prompts can incorporate real-time data through resource embedding. Multi-step workflows build on
previous responses, enabling complex guided interactions. The system supports rich interaction patterns

beyond simple question-answer exchanges.

Tools
Tools represent MCP's mechanism for enabling LLMs to perform actions. Unlike resources (read-only)

and prompts (templates), tools execute operations that can modify state or interact with external systems.

Tools are functions that can be invoked by the client. Each tool defines a name, description, and input
schema using JSON Schema. Annotations guide Al behavior—read-only tools don't modify state,

destructive tools require extra caution, idempotent tools can be safely retried.

Common tool patterns include system operations (file manipulation, process control), data processing
(analysis, transformation), and external integrations (API calls, database queries). Tool composition

enables complex workflows by combining multiple tools.

Sampling
Sampling reverses the typical flow, allowing servers to request LLM completions through the client.

This enables sophisticated agentic behaviors while maintaining security through human oversight.

The human-in-the-loop design ensures users maintain control. Clients review requests before sending to

LLMs. Users can modify prompts, reject requests, or approve with conditions.

Model selection balances multiple factors. Hints suggest preferred models. Priority values weight cost,

speed, and intelligence. The client makes final selection based on available models and preferences.

Common patterns include clarification requests when user intent is ambiguous, multi-step reasoning for

complex tasks, and dynamic documentation generation based on context.

Roots
Roots define operational boundaries for MCP servers. Clients declare which roots servers should focus

on—URIs that suggest relevant resources and locations.

Common use cases include project directories, repository locations, API endpoints, and configuration

paths. While primarily used for filesystem paths, roots can be any valid URI.

Servers interpret roots based on their capabilities. File servers use roots to filter accessible paths.

Database servers might limit queries to specific schemas. API servers could restrict endpoints.

Root-based security isolation enforces boundaries. Resources outside declared roots may be
inaccessible. Cross-root operations might require additional permissions. Each root can have

independent access policies
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Transports

Transports provide the communication foundation for MCP. All transports implement a common

interface enabling diverse mechanisms while maintaining consistency.

Stdio transport leverages standard input/output streams. Perfect for local processes, it offers minimal
latency—typically under Sms for round trips. Messages flow through newline-delimited JSON. Buffer
management handles messages up to 64KB by default.

HTTP transport enables remote communication. Clients POST JSON-RPC messages to server
endpoints. Servers respond with single JSON responses or Server-Sent Events for streaming.

Authentication happens through standard HTTP headers.

Performance varies significantly. Stdio achieves sub-millisecond latency for small messages. HTTP
adds 10-50ms depending on network conditions. Large messages over 1MB stress both transports

differently.
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4 CO PILOTS FOR BIM SOFTWARES
4.1 BIMCP

The BIMCP means “Building Information Model Context Protocol written in python language”. Its
name shows the idea that this project is the integration of BIM and Al through model context protocol.
The system was intended to integrates multiple BIM softwares to address fundamental challenges in
building information modeling workflows but for now it is only developed for Autodesk Revit. Natural
language interaction with BIM systems becomes possible through this multi-layer architecture. The
implementation emerged through multiple techniques applied to use mcp server in over 3 months to get

this fully functional project.

4.1.1 System Architecture Overview

The main components of this system are MCP and Revit application and the socket communication
between these two. Each one has sub components. For MCP, the architecture is discussed in the previous
chapter which contains client inside host application and mcp server. The host application also contain
LLM which in this case is the claude LLM because Claude Desktop was used for connecting mcp with
Revit. The application part comprise of Revit Plugin and Revit software itself which contains the revit
plugin. Each of these are explained in the next section.
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Figure 4-1 Tradional and Natural language wrokflow in Revit
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Figure 4-2 Integration of softwares with MCP

MCP Server

The mcp server contains Resources, Prompts and Tool. These three components work together to
perform action on Revit model either creating geometry or querying information. Each component is
registered in its corresponding separate file. For example for tool.py, resourses.py and prompts.py. Then
these file are collectively registered in main server.py file. All of the three can be registered at the same
time in main server.py file but its confusing and error in one part of the code can disturbed the whole
functionality of the server so its better to have separate files even if one file or a part of file has error it
can be easily inspected and debugged in the mcp inspector and can be corrected. It is explained in the

mcp inspector and debugging section in detail.
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from mcp.server.fastmcp import FastMCP
mcp_server = FastMCP(Python-BIMCP)

def run_server(transport: str = "stdio", port: int = 8001) -> None:
register_all tool(mcp_server)
register_all_resources(mcp_server)
register_prompts(mcp_server)

Tools

In this server there is only one tool which is the execute revit code which is used for sending C# code
to Revit plugin which compiles the code and run it in Revit as API. Implementation in server.py uses
FastMCP from the official Python MCP SDK for protocol handling. The code is generated by the LLM
and then the tool function is only used for sending the code to Revit plugin which means that the tool is

not generating a C# code but it is the LLM which is responsible for this.

Many tools can be added to this server for example get selected, which can be used for getting
information about selected elements in revit and many more tools like this kind. These tools will bypass
the execute revit _code tool which is used for writing a fresh code each time it is called. But for this
project it is kept simple to just have idea how LLM can generate perfect code for each operation with

the help of mcp.

@mcp_server.tool()

async def execute_revit_code(
code: str,
use_transaction: bool False,
transaction_name: str = "API Operation”,
transaction_strategy: str = "single",
ctx: Context = None

) -> Dict[str, Any]:

The @mcp_server.tool() decorator acts like a smart assistant that handles the messy details. Before
running anything, it ensures all parameters are correct (right types, required fields present). It converts
MCP protocol messages into regular Python function calls - developers don't need to worry about
protocol details. If something goes wrong, it packages the error in a standard format that Claude can
understand. For operations that take a long time, it can update Claude with progress messages like "Step

20of5.."

The tool is developed with a built-in "instruction manual” for Revit. The tool's documentation tells Al
assistants that Revit uses old C# (version 7.3), so fancy new features won't work. It explains when code
needs to be wrapped in transactions (like when changing the model). It reminds users that Revit thinks

in feet, not meters - so conversions are needed: millimeters + 304.8 = feet.

These instructions are also added as a prompt which is presented in the prompts section.
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Resources

The resource implementation represents one of the most extensive components of the BIMCP system.
Multiple distinct BIM operations are exposed through a standardized URI-based interface. This resource
system transforms Revit models into queryable data sources accessible via MCP and these data sources

can be bring in to context either by the client itself or by the user to update the LLM for next operation.

As it is discussed in the previous section, that resources are registered in a separate file but inside that
file each resource is implemented through a constant pattern which make it quick readable and also

maintainable.

@mcp_server.resource("revit://model/info")

async def model_info() -> Dict[str, Any]:
"""Get information about the current Revit model.™""
logger.info("Resource accessed: revit://model/info")
return await get_revit_model_info()

Resources create C# code fresh each time you ask for data, instead of storing old information. When
they send data back, they include everything you might need - summaries, details about types, and useful
numbers. If something goes wrong with the connection, they don't crash - they send back helpful error
messages instead. All resources work in the background without blocking other operations, so the server

stays fast and responsive even when handling multiple requests.

The resource system works in a hierarchical URI schema which provides intuitive navigation while
maintaining extensibility for future additions. The revit:// protocol clearly indicates domain-specific

resources preventing confusion with web protocols.

# Resource URI Structure
revit://category/subcategory/specific-resource

# Actually implemented resources in your project:

revit://model/info # General model information
revit://model/health # Model health and diagnostics
revit://elements/walls # Wall elements
revit://elements/columns # Structural columns
revit://elements/beams # Structural beams
revit://elements/floors # Floor elements
revit://elements/levels # Building levels
revit://elements/rooms # Room spaces
revit://elements/openings # Doors and windows combined
revit://elements/views # All view types
revit://validation/warnings # Model warnings
revit://structural/analysis # Structural analysis
revit://structural/connections # Connection details
revit://structural/reinforcement # Rebar information
revit://schedules/quantities # Quantity takeoffs
revit://schedules/cost-estimation # Cost calculations
revit://schedules/specifications # Material specifications
revit://schedules/custom # Custom schedules
revit://geometry/materials # Material geometry
revit://geometry/spatial # Spatial relationships
revit://validation/standards-compliance/

slovenian-residential # Standards compliance
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Figure 4-3 Resources developed in BIMCP

One of the example resource’s code snippets for ("revit://model/info") is given below:

-~

"fileName": "ASN-STR-ZONE2-MA-SDR_R0©",
"pathName": "D:\\REVIT\\Structural\\01-Structure\\ASN-STR-ZONE2-MA-SDR_ROO@.rvt",
"isModified": false,
"version": "Autodesk Revit 2024",
"build": "24.3.10.22",
"totalElements": 15755,
"viewCount": 102,
"sheetCount": 13,
"categories": {
"Phases": 2,
"Materials": 106,
"Levels": 8,
"Primary Contours": 2,
"Area Schemes": 2,
"Elevations": 6,
"Views": 75,
"Shared Site": 2,
"Work Plane Grid": 42,
"Revision": 1,
"Project Information": 1,
"Structural Load Cases": 8,
"Sun Path": 113,
"Cameras": 5,
"Section Boxes": 5,
"Internal Origin": 1,
"Color Fill Schema": 8,
"HVAC Zones": 1,
"HVAC Load Schedules": 25,
"Building Type Settings": 33,
"Space Type Settings": 125,
"Survey Point": 1,
"Project Base Point": 1,
"Electrical Demand Factor Definitions": 4,
"Electrical Load Classifications": 6,
"Panel Schedule Templates - Branch Panel": 3,
"Panel Schedule Templates - Data Panel": 1,
"Panel Schedule Templates - Switchboard": 1,
"Electrical Load Classification Parameter Element": 36,
"Material Assets": 66,
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"Pipe Segments": 13,

"Legend Components": 105,

"Grids": 12,

"Floors": 40,

"Span Direction Symbol": 113,
"<Sketch>": 305,

"Dimensions": 256,

"Structural Foundations": 29,
"Walls": 2@,

"Structural Columns": 123,
"Structural Framing": 524,
"Foundation Span Direction Symbol": 5,
"Spot Elevations": 33,

"Automatic Sketch Dimensions": 64,
"Shaft Openings": 3,

"Stairs": 4,

"Runs": 8,

"Landings": 4,

"Stair Paths": 9,

"Railings": 8,

"Top Rails": 8,

"Reference Planes": 36,

"Railing Rail Path Extension Lines": 40,
"Balusters": 40,

"Structural Framing Tags": 186,
"Structural Rebar": 4697,
"Structural Area Reinforcement": 5,
"Structural Area Reinforcement Symbols": 10,
"Structural Area Reinforcement Tags": 5,
"Constraints": 15,

"Windows": 10,

"Scope Boxes": 2,

"Sheets": 13,

"Title Blocks": 13,

"Viewports": 24,

"Lines": 17,

"Text Notes": 14,

"Guide Grid": 1,

"Matchline": 1,

"View Reference": 4,

"Structural Column Tags": 35,
"Structural Foundation Tags": 37,
"Wall Tags": 3,

"Detail Items": 11,

"Stair Tread/Riser Numbers": 4,
"Structural Rebar Tags": 14,
"Schedules": 28,

"Revision Numbering Sequences": 2,
"Analytical Panels": 57,
"Analytical Members": 647,
"Analytical Openings": 19,
"Analytical Nodes": 2862
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Prompts:

The third important component of mcp server is the prompt which isd discussed in previous chapter in
detail. This Python BIMCP server contain three prompts i-e revit_coding standards, model overview
and analyze walls but the important one is the only revit coding standards prompt. This prompt
contains all the instructions and code example which are necessary for LLM to write the code in ensuring
that Al-generated code is compatible with Revit's NET Framework 4.8 environment, which requires C#

7.3 syntax.

The prompt is designed in five parts.
Compatibility Rules (22 Rules)
Transaction Management

Unit Conversion Standards

Best Practices

Code Examples

Each one has an equal important role. The 22 rules which are given below enforces restrictions on the

modern C# features which are not supported in the Revit;s runtime environment.

# COMPREHENSIVE REVIT CODING STANDARDS
## BASE COMPATIBILITY RULES

NO string interpolation ("$"..." )- Use string.Format() or + concatenation instead.

NO null conditional operators ("?. )- Use explicit null checks instead.

NO LINQ extension methods (.Where(), .Select(), etc.)- Use traditional foreach loops.

NO pattern matching ("if (obj is Type t) )- Use traditional casting (" Type t = obj as Type; if
t I= null)’).

. NO expression-bodied members (" Method() => expression )- Use traditional method bodies with
return statements.

6. NO tuple returns or deconstruction- Use traditional classes or out parameters.

7. Always use explicit braces “{ }  for control structures, even for single-line blocks.

8. Set the 'result' variable to return data before using return statements.

9. Always activate family symbols before use: “if (!type.IsActive) { type.Activate(); } .

10. Always use proper transaction management with try/catch and rollback on error.

11. Verify elements exist after creation with element.IsValidObject checks.

12. Remember Revit uses feet as internal unit (1.0 = 1 foot).

13. Use .Value instead of .IntegerValue with ElementIds in newer Revit versions.

14. NO .Cast<T>().ToList() chaining - Use Cast<T>() then TolList() as separate operations.

15. NO OrderBy().ToList() chaining - Use OrderBy() then TolList() as separate operations.

16. Always handle name conflicts when setting element names - use try/catch around Name property.
17. Use tolerance when comparing doubles (e.g., Math.Abs(a - b) < 0.001).

18. Check for existing elements before creating duplicates (levels, types, etc.).

19. Always use 304.8 for mm to feet conversion (feet = mm / 304.8).

20. Return structured dictionaries instead of simple strings for better error handling.

21. NEVER create transactions when using execute_revit_code with use_transaction=true.

22. The execute_revit_code tool auto-wraps code in a transaction when use_transaction=true.

Vi~ D wN R
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The transaction management explains how to safely make changes to a Revit model. In Revit, any
modification (like creating a wall or moving a door) must happen inside a transaction - a protective
wrapper that allows changes to be undone if errors occur. The prompt teaches that the
execute revit_code tool automatically creates this protective wrapper, so developers don't need to add

their own transaction code (which would cause errors, like trying to edit a locked element).

The unit conversion standards addresses the revit’s internal unit system which is feet even if the user
works in metric units. The prompt provides conversion formula (feet = millimeters / 304.8) so that when
a user wants to create a 3-meter wall, the LLM knows to convert 3000 millimeters to 9.84 feet before

sending the command to Revit.

The best practices part provides patterns for reliable Revit operations. These include verifying elements
exist after creation (because creation can fail silently), checking that parameters have values before
accessing them (to prevent crashes), activating family types before use, returning detailed
success/failure information instead of simple messages, and using filtering methods to find elements in

large models without performance issues.

Finally the code examples which contains over 50 working examples covering common BIM operations
like creating walls, levels, grids, columns, and beams are used for creating models. These code examples
give idea to LLM that how elements will be created through coding which are pretested before adding
it to this prompt. The LLM uses this as template and just put the information which user gives to it and
then it is send to revit for execution. All these parts of prompts work at the same time which make the

LLM model align to what is needed and how to achieve it. An example for code standard is given below

## EXAMPLE OF IMPROVED COMPATIBLE CODE

" “csharp
// Create a transaction
using (Transaction tx = new Transaction(doc, "Create Wall"))

try
{
tx.Start();
// Get wall type (with proper null checks)
ElementId wallTypeIld = null;
FilteredElementCollector collector = new FilteredElementCollector(doc);

collector.0fClass(typeof(WallType));
WallType wallType = null;

foreach (Element elem in collector)
¢ wallType = elem as WallType;
if (wallType != null)
break;
}
if (wallType != null)
{ wallTypeId = wallType.Id;

// Activate the type if needed
if (!wallType.IsActive)

wallType.Activate();

// Create wall curve with safety check
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XYZ start = new XYZ(0, 0, 0);
XYZ end = new XYZ(10, 0, 0);

if (start.DistanceTo(end) > ©.00001)

{
Line line = Line.CreateBound(start, end);
// Get level
Level level = null;
FilteredElementCollector levelCollector = new FilteredElementCollector(doc);
levelCollector.0fClass(typeof(Level));
foreach (Element elem in levelCollector)
{
level = elem as Level;
if (level != null)
{
break;
}
}
if (level != null)
// Create wall with proper parameters
Wall wall = Wall.Create(
doc,
line,
wallTypeld,
level.Id,
10.0, // Height in feet
0.9, // Offset
false, // Flip
false); // Structural
// Verify wall was created successfully
if (wall != null && wall.IsValidObject)
{
// Success - create result
ElementCreationResult result = ElementCreationResult.CreateSuccess(
wall.Id,
string.Format("Wall created: ID {0}", wall.Id.Value));
tx.Commit();
return result;
}
else
{
tx.RollBack();
return RevitOperationResult.CreateFailure("Failed to create wall");
¥
}
else
tx.RollBack();
return RevitOperationResult.CreateFailure("No levels found in the model");
}
}
else
tx.RollBack();
return RevitOperationResult.CreateFailure("Invalid wall geometry - start and end points are too close");
}
}
else
tx.RollBack();
return RevitOperationResult.CreateFailure("No wall types found in the model");
}
catch (Exception ex)
{
// Roll back the transaction on error
if (tx.HasStarted())
tx.RollBack();
}
// Use exception handler for consistent error handling
return RevitOperationResult.CreateFailure(string.Format("Error creating wall: {@}", ex.Message), ex);
}
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Tansport

This project supports two types of transport for communication which are stdio (standard input/output)
and SSE (Server-Sent Event) but since the mcp server is not hosted online and is only operated locally,
so the main transport is through stdio and sse is not used yet. But the configuration for web based testing

is ready for future improvement.

from mcp.server.fastmcp import FastMCP
mcp_server = FastMCP(BIMCP)

def run_server(transport: str = "stdio", port: int = 8000) -> None:

Socket Communication (MCP Server-Side)

The socket-based communication framework represents the foundational transport layer enabling MCP-
to-Revit interaction. The socket communication architecture implements a client-server model with
deliberate role assignments. Python MCP server acts as a client connecting to the Revit plugin's
embedded server. The RevitSocketClient class manages all TCP-based communication with the C#

Revit plugin.

class RevitSocketClient:
def __init_ (

self,
host: str = "localhost",
port: int = 8081,
timeout: float = 30.0,
max_retries: int = 3,
retry_delay: float = 1.0

self.host = host

self.port = port

self.timeout = timeout

self.max_retries = max_retries

self.retry_delay = retry_delay

self.socket: Optional[socket.socket] = None

self._connection_lock = asyncio.Lock()

Any application which is intended to be connected to Revit, can use port 8081 to connect. This port
number can be changed if the port is used by another application, but it should be then changed in the
whole system. The Revit processing time depends on the model. If it is small it takes less time otherwise
more time for complex models. By default, the timeout is set to 30 sec for large operations. There is a
maximum of 3 retries for Revit to attempt the code if it takes more time or fails. Revit plugins often
handle multiple concurrent requests (getting elements, modifying properties, etc.) so the connection lock

prevents multiple operations from using the socket connection at the same time.
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JSON-RPC Message Protocol Details
The framework utilizes JSON-RPC 2.0 as the message protocol between components. This standardized

approach provides structured request-response patterns with proper error handling:

async def send_request(
self,
method: str,
params: Optional[Dict[str, Any]] = None
) -> Dict[str, Any]:
if not params:
params = {}

await self.connect()

request_id = str(uuid.uuid4())
request = {
"jsonrpc": "2.0",
"method": method,
"params": params,
"id": request_id

}

request_data = json.dumps(request).encode('utf-8")
self.socket.sendall(request_data)

# Response reading with non-blocking socket
response_data = b""’
self.socket.setblocking(False)

# Read response in chunks until complete JSON is received
while True:
try:
chunk = await asyncio.get_event_loop().sock_recv(self.socket, 4096)
response_data += chunk
response = json.loads(response_data.decode('utf-8"))
break # Complete JSON received
except json.JSONDecodeError:
continue # Keep reading

if "error" in response:
raise RevitRequestError(
f"Error from Revit server: {response['error'].get('message', 'Unknown error')}, "
f"code: {response['error'].get('code', 'Unknown')}"

)

return response.get("result", {})

Each request receives a unique UUID enabling request-response correlation. The implementation
handles non-blocking socket operations and reads responses in chunks until a complete JSON message

is received. The framework supports both successful responses and structured error propagation.

Connection Pooling for Performance
Individual socket connections incur significant overhead for each establishment and teardown cycle.

The framework addresses this through connection pooling implemented in connection _pool.py:
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class RevitConnectionPool:
def __init_ (

self,
host: str = "localhost",
port: int = 8081,
max_connections: int = 5,
max_retries: int = 3,
retry_delay: float =
timeout: float = 30.0

1.0,

self.host = host

self.port = port

self.max_connections = max_connections
self.max_retries = max_retries
self.retry_delay = retry_delay
self.timeout = timeout

# Pool state

self.connections: List[RevitSocketClient] = []

self.available_connections: asyncio.Queue = asyncio.Queue(max_connections)
self.pool_lock = asyncio.Lock()

self.initialized = False

The pool maintains a queue of available connections with automatic lifecycle management. Connections
are pre-created during pool initialization up to the configured maximum limit. The pool uses an async
lock for thread-safe operations. Connection pooling improves performance for multiple concurrent

requests.

Revit Plugin Integration
The C# Revit plugin serves as the execution endpoint which receives JSON-RPC requests and

dynamically compiling C# code within Revit's context.

Plugin Architecture
The plugin implements as a Revit External Application, maintaining persistence throughout the Revit

session. Key components include:

e Socket Server: Listens on port 8081 for incoming connections
e JSON-RPC Handler: Parses requests and formats responses

e Code Compiler: Dynamically compiles and executes C# code

e Transaction Manager: Handles Revit transactions automatically

Socket Communication (Revit Plugin-Side)
The Revit plugin implements the server-side socket communication that complements the Python MCP

client. While the MCP server contains the socket client (RevitSocketClient), the Revit plugin contains

the socket server that listens for incoming connections.

public class RevitSocketServer

{
private TcplListener tcplListener;
private bool isRunning = false;
private const int PORT = 8081;

public void Start()

{
tcpListener = new TcpListener(IPAddress.Loopback, PORT);

tcpListener.Start();
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isRunning = true;

// Start accepting connections asynchronously
Task.Run(() => AcceptConnections());

}
private async Task AcceptConnections()
{
while (isRunning)
{
try
{
TcpClient client = await tcpListener.AcceptTcpClientAsync();
// Handle each client connection in a separate task
Task.Run(() => HandleClient(client));
¥
catch (Exception ex)
{
LogError($"Error accepting connection: {ex.Message}");
¥
¥
}

The socket server binds to localhost on port 8081, ensuring only local connections are accepted. This
design choice enhances security by preventing remote access attempts. Each incoming connection is

handled in a separate task to support multiple concurrent operations.

JSON-RPC Message Processing
When the Python MCP server sends a request to Revit, the plugin's socket server needs to receive and

understand it. This process is more complex than it might seem because network messages don't always

arrive in one piece.

The plugin's message processor works similarly. It reads incoming data in chunks (4KB at a time) and
accumulates these chunks in a StringBuilder and when each chunk arrives, it checks if the accumulated
data forms a complete JSON message. This makes it possible for a single JSON-RPC request to be split

across multiple network packets, especially for large code blocks.

private async Task HandleClient(TcpClient client)
{

using (NetworkStream stream = client.GetStream())

{
byte[] buffer = new byte[4096];
StringBuilder messageBuilder = new StringBuilder();

while (client.Connected)

{
int bytesRead = await stream.ReadAsync(buffer, @, buffer.Length);
if (bytesRead == 0) break;

messageBuilder.Append(Encoding.UTF8.GetString(buffer, 0, bytesRead));

// Try to parse complete JSON messages
string messages = messageBuilder.ToString();
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if (IsCompleteJlson(messages))

{

var request = JsonConvert.DeserializeObject<JsonRpcRequest>(messages);
var response = await ProcessRequest(request);

// Send response back

byte[] responseData = Encoding.UTF8.GetBytes(
JsonConvert.SerializeObject(response)

)

await stream.WriteAsync(responseData, 0, responseData.lLength);

messageBuilder.Clear();

The IsCompleteJson method counts opening and closing braces to determine if the JSON is complete.
Once a complete message is detected, it's deserialized into a JsonRpcRequest object, processed, and a
response is sent back through the same connection and hence it forms the biderctional communication

system.

Request Routing and Execution
After receiving a complete JSON-RPC message, the plugin needs to understand what action to take.

Currently, the plugin primarily handles one type of request: "execute revit code".

The routing system extracts the method name from the JSON-RPC request and uses a switch statement
to direct it to the appropriate handler. For the execute revit code method, it extracts three key

parameters:

e The C# code to execute
e Whether to use a transaction (for safety when modifying the model)

e The transaction name (for Revit's undo/redo system)

private async Task<JsonRpcResponse> ProcessRequest(JsonRpcRequest request)
{
switch (request.Method)
{
case "execute_revit_code":
// Extract parameters from the request
var parameters = request.Params as JObject;
string code = parameters["code"].ToString();
bool useTransaction = parameters["useTransaction"]?.ToObject<bool>() ?? false;

// Execute code in Revit context
var result = await Task.Run(() =>
RevitCodeExecutor.ExecuteCode(code, useTransaction)

)5

// Return success response
return new JsonRpcResponse { Id = request.Id, Result = result };
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The beauty of this design is its extensibility. While currently focused on code execution, the switch
statement can easily accommodate new methods in the future, such as "get element by id" or
"create_schedule", without modifying the core communication infrastructure but for that on the server

side the same tool must also be developed.

Dynamic Code Compilation
The heart of the plugin is its ability to take C# code as a string and execute it within Revit's environment.

The process involves several steps that happen behind the scenes.

First, the plugin wraps the LLM generated code in a complete C# class structure. This is necessary
because C# requires proper class and method definitions for compilation. The plugin automatically adds

all necessary using statements for Revit API access.

public class RevitCodeExecutor

{
public static object ExecuteCode(UIApplication uiApp, string code,
bool useTransaction, string transactionName)
{
// Get Revit context objects
UIDocument uidoc = uiApp.ActiveUIDocument;
Document doc = uidoc.Document;
object result = null;
if (useTransaction)
{
// Wrap execution in a transaction for safety
using (Transaction tx = new Transaction(doc, transactionName))
{
tx.Start();
CompileAndExecute(code, doc, uidoc, uiApp, ref result);
tx.Commit();
}
¥
else
{
// Execute without transaction (for read-only operations)
CompileAndExecute(code, doc, uidoc, uiApp, ref result);
¥
return result;
}
}

The compilation process uses the CSharpCodeProvider to transform the code string into executable
machine code. This happens in memory without creating physical files, making it fast and secure. The

compiler is configured with references to the following assemblies:

o System.dll for basic .NET functionality
¢ RevitAPLdIl for Revit element manipulation

e RevitAPIUILdII for user interface operations
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If compilation fails, the plugin captures all error messages with line numbers, making it easier for LLM
to debug its code. These detailed error messages are sent back to the LLM, which make corrections and

retries.

Error Handling and Response Formatting
Error handling is also important when executing dynamic code in Revit. The plugin implements multiple

layers of error protection to ensure that failures are informative rather than unknown.
When errors occur, they're caught at different levels:

1. Compilation errors: Syntax errors or missing references
2. Runtime errors: Null references, invalid operations

3. Transaction errors: Failed model modifications

4. Network errors: Connection issues

Each error type is formatted into a standardized JSON-RPC error response that includes:

e An error code (following JSON-RPC standards)
e A human-readable message

e Additional data like exception type and stack trace for debugging

public class ResponseFormatter

{
public static string FormatError(string requestId, Exception ex)
{
// Create structured error response
var response = new
{
jsonrpc = "2.0",
id = requestld,
error = new
{
code = -32603, // Internal error code
message = ex.Message,
data = new { type = ex.GetType().Name }
}
¥
return JsonConvert.SerializeObject(response);
}
}

This structured approach allows the Al assistant to understand what went wrong and provide helpful

suggestions to users, rather than just displaying cryptic error messages.
Plugin Initialization

The plugin initializes when Revit starts, implementing the IExternal Application interface. A message
box is displayed which shows the message that revit plugin is listening to port 8081 as shown in the

figure below
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— P — —

CP Revit Plugin - BIMCP Revit P

The BIMCP Revit plugin has been loaded and is
listening on port 8081.

You can now connect to Revit from your BIMCP
server.

Close

Figure 4-4 Initiliztion of Revit plugin

This architecture ensures reliable, secure, and efficient communication between the BIMCP server and

the Revit environment and fully bidirectional communication occurs effectively.
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4.1.2 Communication Workflow

The complete bidirectional communication flow between client (Claude in this case) and application
(Revit in this case) encompasses a fourteen-step process that transforms natural language requests into
BIM operations and returns structured results in the form of success or error on the basis of which LLM

takes decision to end the request or try again in case of error.

Claude to Revit

When the user provides natural language request to Claude, such as "analyze all walls in the current
model”, the communication is initiated. Claude interprets this request and determines it requires external
tool.Claude constructs a structured MCP request containing the tool identifier (execute revit code), the
generated C# code, and relevant parameters such as transaction requirements. This request follows the

MCP specification for tool invocation.

The Python MCP server receives this request through its configured transport mechanism (stdio for
Claude Desktop or SSE for web clients). The FastMCP framework automatically deserializes the request
and routes it to the appropriate tool handler. Parameter validation ensures all required fields are present

and correctly typed.

The execute revit code function enhances the C# code with compatibility guidelines and necessary
context. It then requests a connection from the connection pool, which manages up to five concurrent

connections efficiently. The selected connection prepares the request for transmission.

The socket client formats the request using JSON-RPC 2.0 protocol, assigning a unique identifier for
request-response correlation. The JSON structure includes the method name, parameters, and request

ID. This message is serialized to bytes and transmitted via TCP to localhost:8081.

The C# plugin's embedded socket server receives the byte stream and reconstructs the JSON-RPC
request. It extracts the C# code and compilation parameters, then dynamically compiles the code within
Revit's execution environment. The compiled code executes with access to the current document and Ul

context.

If transactions were requested, the plugin wraps the execution in a Revit transaction for data integrity.
The code runs within Revit's API context, performing the requested operations such as element creation,

data extraction, or model analysis.
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@ analyze all walls in the current model

I'll analyze all the walls in your current Revit model. Let me scan the model and provide you
with a comprehensive analysis.

B execute_revit_code -~

Request £

{
“code” ;
try o
// Get all walls in the model
var walls = new FilteredElementCollector(doc)
.0fCategory(BuiltInCategory.0ST_Walls)
.WhereElementIsNotElementType()
.ToElements();

catch (Exception ex) 1
result = new Dictionary<string, object> {
{ \"error\", ex.GetType().Name I,
1 \"message\", ex.Message }

¥

‘use_transaction’ : false

Figure 4-5 Claude to Revit request through natural language prompt

Revit to Claude
Upon completion, Revit stores the execution result in the designated result variable. This result contains

the requested data, operation outcomes, or error information if the execution failed.

The C# plugin packages this result into a JSON-RPC response, maintaining the original request ID for
correlation. The response structure includes the result data and success status, following the JSON-RPC

2.0 specification.

The socket server serializes this response to bytes and transmits it back through the established TCP

connection. The data flows through the network layer in potentially multiple packets.

The Python socket client receives the incoming bytes in 4KB chunks, accumulating fragments until it
can parse a complete JSON response. The client validates the response structure and correlates it with

the original request using the ID.

The connection pool receives the parsed response and returns the connection to the available pool for

reuse. If errors occurred, they are reformatted into structured, informative messages at this stage.
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The MCP server performs final formatting based on the request type. Resources receive metadata
enrichment, tools get status wrapping, and errors are transformed into user-friendly messages. The

formatted response is packaged according to MCP protocol specifications.

B execute_revit_code -~
Response 1
i
“'-'esd-._t” . _[

"totalWalls": 20,

"structuralWalls": 20

"nonStructuralWalls": @,
"curtainWalls": @,
"totallength_m": 75.79,
"totalArea_sgm": 229.31,
"totalVolume_cum": 37.26,
"typeBreakdown": [
.[
"typeName": "Generic - 200mm"
"count": 12,
"length_m": 48.59,
"area_sqm": 143.34,
"volume_cum": 28.67
"unigueHeights_m": [
B.85,
2.85,
3.2,
5.9
1
F,
"status": "success"

Figure 4-6 Response from Revit to Claude in JSON format

Finally, Claude receives the MCP response and interprets the technical data. Instead of displaying raw
JSON, Claude generates natural language output such as "The analysis found 52 walls in the model,

with 30 interior walls and 22 exterior walls. The total wall area is 1,245 square meters."
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Overall Wall Statistics
Total Walls: 20

« All 20 walls are structural (100%)

» No non-structural or curtain walls present
Geometric Totals:

« Total Length: 75.79 meters
« Total Area: 229.31 m?2

« Total Volume: 37.26 m?
Wall Type Distribution
The model contains 2 different wall types:

1. Generic - 200mm (60% of walls)
« Count: 12 walls

« Total Length: 48.59 m
= Total Area: 143.34 m?

« Total Volume: 28.67 m?

2. 100mm Planted Wall (40% of walls)
« Count: 8 walls

« Total Length: 27.20 m

« Total Area: 8597 m?
Reply to Claude...

o @) Research Claude Opus 4

Figure 4-7 Display of information by Claude in natural language

The complete round-trip communication typically requires:

e Protocol overhead: 10-50 milliseconds
e Simple data queries: 1-2 seconds total
o Standard operations: 3-5 seconds total
¢ Complex model modifications: up to 30 seconds (timeout limit)

To understand each layer of this system, the complete workflow with technical details are explained in

next section.
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Python-BIMCP: Detailed Request-Response Flow with Code

[ Complete Round-trip: 1-30 seconds (Timeout: 30s) ]

MCP Soc a
n m m SeEAE
4
'

N "Create a 3-meter wall" ! : :
. ' ' ' '
e B 11 WP Request Structure H H
Parse 3 ( ' '
Tool “method™: “execute_revit_code”, ' '
{ “params”: { “code™: "...", “use_transaction": true } ! !
' T . .
' ' '
|—>¢ ' '
[stdio/SSE transport] : (] L]
i @ncp_server.tool()
H async def execute_revit_code(
' code: str,
' use_transaction: bool = False,
. transaction_name: str = “API Operation”,
H transaction_strategy: str = "single”,
' ctx: Context = None) -> Dict[str, Any]:
'

Validate | # validation.py
parama || validated params = validate_execute_revit_code_parass(params)
| & valld, error, warnings = validate_c_sharp_code(code)

| # Note: Validation currently disabled in production
validated code = enhanced_code context:

# connection_pool.py

Gt Class RevitConnectionPool:
S max max_connections: dnt = §
conns

client = awalt self.available_connections.get()
1ent t() ® Ensure active

# socket_client.py - send_request()
request_id = str(uuid.uuide())

request = (
“§sonrpc “method™: “execute_revit_code”,
params : code, “useTransaction™: true},

# Actual socket transaission

request_data = json.dumps(request).encode(utf-8')
self.socket.sendall(request_data)

# Buffer size: 4096 bytes

77 o Plughn - x5
Parse string header = §"

JSON using Autodesk.Revit.D8;

Extract widoc = ulipp.

Docusent doc = uldoc.Document;
object result = null;™;
// Compile with CSharpCodeProvider
new Transaction(doc, name) N

i

Cmde
C'!S

-

// Transaction wrapper in C#
using (Transaction tx = new Transaction(doc, "Create Wall®))
(

tx.Start();

/ User code executes here

/:
tx.Commit(); )

'
'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

' -
' .
' /7 Actual wall creation code Transaction Scope
' double lengthFeet = 3060 / 304.8; // mm to feet
N Line line = Line.CreateBound(start, end);
N Wall wall = Wall.Create(doc, line, levelld, false);
' result = new Dictionarycstring, object> {
' { "wallld", wall.ld.Integervalue },
'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

V

'

'

'

'

'

'

reate Wall
Convert units
3m= 9.84ft

{ “length®, lengtheet ) };

1/ ISON-RPC Response

{
“jsonrpc”: “2.07,
result”: { “wallld™: 12345, “length: 9.84 ),
"16": “original-request-1d” )

# socket_client.py - receive loop
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4.1.3 Testing and Debugging Framework

The testing and debugging of mcp servers is not discussed in the previous chapter as it is a practical part
which is explained with practical example here. The debugging of mcp server is done through mcp
inspector which is a powerful tool and run with any connection with LLM specifically for resources and
prompts but for tool in this project, it just show the tool list as the tool is execute revit code which
needs an LLM written code. Therefore, the mcp inspector in this case will only focus on resources and

prompts.

MCP Inspector

MCP inspector is part of debugging mcp server and is an interctive tool for testing mcp server
functionality without any connection with LLM model. Here only inspection of python BIMCP is
discussed and it’s the same for the BONCP also but ju

The inspector doesn’t need any separate installation instead it runs through npx directly through the

following code

npx @modelcontextprotocol/inspector

After running the code the inspector it gives a local host address in which all the tools, resources and
prompts are inspected and even the connection of the mcp server is also checked here. The inspection
of BIMCP server is shown in the figures below.

Microsoft Windows [Version 10.0.26100.4484]

(c) Microsoft Corporation. All rights reserved.

C:\Users\pejih>cd "C:\Users\pejih\source\repos\Projects-in-progress\Python-BIMCP"

C:\Users\pejih\source\repos\Projects-in-progress\Python-BIMCP>npx @modelcontextprotocol/inspector
Starting MCP inspector...

4+ Proxy server listening on port 6277

%, MCP Inspector is up and running at http://127.0.0.1:6274 #

Figure 4-9 Initialization of MCP inspector
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MCP Inspector v0.11.0 . » Tools

©
Figure 4-10 Inspection of (a) Resources (b) Prompts and (c) Tools

The first step is to select the transport type and command and argument for connecting to mcp server.
In case of BIMCP it is only checked through stdio transport locally. The command and argument contain
the python application and file path to the mcp server main python file respectively. All the five elements
of mcp server can be inspected and debugged if there is any problem. Since this project contains only

three i-e resources, prompts and tool, therefore, only these are inspected and presented here.

After the connection each tab can be checked separately. For resources after clicking the list resource
button shows all the available resources added. If new resources are added and it is not visible here, it
means the mcp development should be checked again so that it is added. When the resource is visible in
mcp inspector then the next step is to check its functionality. It can be seen from the figure that clicking
on columns_info resource open a new small window on the right showing the live information from
Revit. Few columns are added in revit model and when refresh button was clicked it gave the exact

number of columns. Same was for other resources.

Similarly for the prompts, the prompt tab is clicked, and it shows the list of prompts and after clicking
any prompt (revit coding_standards in this case) open a small window on the right will live prompt
information. But it is not connected to Revit it is just the resuable text which can be presented to 1lm for

instructions. It is also for testing to check whether the prompt is connected and functional or not.

In the case of tools, it is a bit different. When tool is opened, it asks for code to send it to revit and it
also asks for transaction and transaction type. A manually written code was inserted initially to check if

it can send the code and it worked. With this, the inspection of mcp server was performed.
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After inspection the mcp server is configured either in Claude or any other client, previously discussed
in chapter 3, and LLM access can be provided for testing the full functionality and same was performed

with this project and it worked.
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4.2 KOLEKTOR-BONCP

This is another use case of MCP and by the name it can be understood that this boncp in the connection
of Bonsai with MCP. This project is developed for Kolektor Koling company which aimed to link the
ifc file will LLM through blender bonsai. The need of this mcp server aroused because of large projects
with a lot of elements and the increasing number of projects. This mcp server helps in getting
information from ifc file and presenting in tabular format and in visual artifacts for quick readability and
understanding the project. It helps in tallying information from ifc model with bill of quantities and all

other documents related to the project.

This mcp server is providing a way to use intensive use of ict in construction and in future it can be
extended to sensors and cameras on the site for real monitoring and data retrieving. Till now it has
increased productivity of sales department and management team to take decisions and find any miss
information or mistakes in bogs or ifc models which takes a lot of time and human resources to find it
while LLM do it fast and accurately also. This mcp also helps the facility management for for
maintenance because, various types of reports can be generated by the LLM from the ifc model for
example COBie report for facility management. If the there occurs any change in the ifc file, the LLM
can update the COBie report accordingly which might be time consuming when doing manually

specifically if the project is large or the number of projects are more.

The Boncp is a bit different from BIMCP on the basis of what it contains. The basic development is the
same, but the Boncp has more tools and no resources while the BIMCP has more resources and prompts
and only one tool. The server supports extension as the basic files for resources and prompts are added

but because of the tools the server is performing well and if there is a need of resources it can be added.

Model
User Blender Bonsai
Traditional Output
—_ —_— D ——
O ™~
Qutput

Natural
Language| Input

MCP Client -« Claude @ {Ig:g
mi4i CURSOR

MCP Server Bonsai Plugin

LLM

Figure 4-11Tradional and Natural language wrokflow in Bonsai



43 Khan, S. 2025. Generative Design Proposals via LLM-BIM Integration.
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+.

4.2.1 System Architecture

BONCEP follows a similar architectural pattern to BIMCP but adapts it specifically for IFC manipulation
through Blender's Bonsai addon. The system comprises two core components working in tandem. First,
the Blender addon (addon.py) creates a socket server within Blender, establishing a persistent
connection point at port 8002 by default which can be changed later to any port number if the port is
used by other application. Second, the MCP server (tools.py) implements the Model Context Protocol
using FastMCP, connecting Al assistants to Blender's IFC capabilities.

The socket server implementation in the addon demonstrates careful engineering for production
reliability. Connection management handles client disconnections, automatically attempting
reconnection when needed. The server runs in a separate thread to avoid blocking Blender's main Ul
thread—critical for maintaining responsiveness during complex IFC operations. Each client connection

spawns its own handler thread, enabling concurrent request processing.

Command execution requires special handling within Blender's context. The system uses
bpy.app.timers.register() to schedule command execution in the main thread, preventing threading
conflicts with Blender's internal state. This approach ensures IFC modifications occur safely while
maintaining system responsiveness. Error handling wraps every operation, providing detailed feedback

through the socket connection when operations fail.
4.2.2 Tools

IFC-Specific Tool

The tool implementation philosophy differs fundamentally from BIMCP's approach. Rather than
exposing numerous resources, BONCP implements eleven specialized tools that perform specific IFC
operations. This tool-centric design was developed for the requirement of the employees of Kolektor
Koling where they needed a quick access to specific information dynamically without putting
themselves in the complexity of resources and prompts. The employes have to write in natural language

what they need and the LLM will perform the action.

The get_ifc_project_info tool exemplifies the implementation pattern. It retrieves comprehensive project
metadata including element counts by type, project descriptions, and GUID references. Entity counting
covers walls, doors, windows, slabs, beams, columns, spaces, and building storeys. This provides

immediate overview of project scope—critical for sales teams evaluating project complexity.

Selection-based operations represent a unique capability. The get selected ifc entities and related tools
work with Blender's active selection, enabling intuitive workflows. Users manually select elements in

Blender's viewport, then query properties or relationships through natural language. This hybrid
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approach combines visual selection precision with conversational querying power. The implementation

carefully maps between Blender object IDs and IFC Globallds, maintaining consistency across systems.

Property extraction through get ifc properties demonstrates comprehensive data access. The tool
leverages ifcopenshell.util.element.get psets() to retrieve all property sets associated with entities.
Results include standard IFC properties, custom property sets, and type information. This complete
property access enables detailed comparisons between design intent and actual specifications—essential

for quality control workflows.
4.2.3 Data Export and Analysis Capabilities

The export_ifc_data tool addresses a critical business need—transforming IFC models into analyzable
datasets. Implementation supports both JSON and CSV formats, with intelligent filtering by entity type
and building level. The tool flattens complex IFC hierarchies into tabular structures suitable for
spreadsheet analysis. Property sets expand into individual columns, making data immediately accessible

to non-technical users.

Export operations handle platform differences intelligently. The system searches for appropriate output
directories based on operating system conventions—Public Documents on Windows, /tmp on Unix
systems. This cross-platform consideration ensures reliable operation across diverse deployment
environments. File naming includes timestamps and filter criteria, preventing accidental overwrites

while maintaining traceability.

Data extraction includes comprehensive metadata. Each exported record contains Expressld, Globalld,
IFC class, name, description, and level assignment. Type information links instances to their definitions.
Property sets flatten into the export structure, creating denormalized records optimized for analysis. This
approach trades storage efficiency for query simplicity—appropriate for business intelligence

applications.

The extraction of GUID with elements detail to an excel sheet is important for company because all the
projects are coordinated through Dalux software and in Dalux, the documents are attached to ifc
elements through GUID. If an element is deleted so the link between GUID and the document is lost
even if element is restored still the GUID is lost. Having a backup of these GUIDs can help in finding
the appropriate docs and can be assigned to new GUIDs. While extracting GUID manually takes hours
because of complex projects with a lot of elements, it is now possible with just one natural language

prompt, making the workflow better and productive.
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4.2.4 Visual Feedback and Model Manipulation

The get user view tool represents significant innovation in AI-BIM interaction. Rather than relying
purely on textual descriptions, the system captures Blender's viewport as base64-encoded images. This
visual feedback enables Al assistants to understand spatial context, element arrangements, and design
intent that text alone cannot convey. The implementation uses Blender's screenshot operator with careful

region management to capture exactly what users see.

Image compression optimization balances quality with transmission efficiency. The Python MCP server
implements PIL-based compression, resizing images exceeding 800 pixels while maintaining aspect
ratios. JPEG compression with quality factor 85 reduces bandwidth requirements without sacrificing
visual clarity. This optimization proves essential for responsive interaction, particularly when multiple

viewport captures occur during analysis sessions.

The following is the code snippet for best demonstration of this fantastic tool.

@mcp.tool()

def get_user_view() -> Image:
"""Capture and return the current Blender viewport as an image.
max_dimension = 800
compression_quality = 85

# Use PIL to compress the image

from PIL import Image as PILImage

import io

try:
# Get viewport image from Blender (returns base64 encoded)
blender = get_blender_connection()
result = blender.send_command("get_current_view")
# Decode the base64 image data
image_data = base64.b64decode(result["data"])
original_width = result["width"]
original_height = result["height"]

# Compression is only needed if the image is large
if original_width > 800 or original_height > 800 or len(image_data) > 1000000:
# Open image from binary data
img = PILImage.open(io.BytesIO(image_data))
# Resize if needed
if original_width > max_dimension or original_height > max_dimension:
# Calculate new dimensions maintaining aspect ratio
if original_width > original_height:
new_width = max_dimension
new_height = int(original_height * (max_dimension / original_width))
else:
new_height = max_dimension
new_width = int(original_width * (max_dimension / original_height))

# Resize using high-quality resampling

img = img.resize((new_width, new_height), PILImage.LANCZOS)
# Convert to RGB if needed
if img.mode == 'RGBA':

img = img.convert('RGB")

# Save as JPEG with compression
output = io.BytesIO()
img.save(output, format="JPEG', quality=compression_quality, optimize=True)
compressed_data = output.getvalue()
# Return compressed image
return Image(data=compressed_data, format="jpeg")
else:
# Image is small enough, return as-is
return Image(data=image_data, format=original_format)
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The place_ifc_object tool enables model modification through natural language. Implementation
handles complex type resolution, searching the IFC model for matching element types by name.
Coordinate transformation ensures correct positioning, while rotation parameters enable precise
orientation control. The tool activates inactive family types automatically—a common stumbling block
in manual workflows. Transaction management through Bonsai's API ensures model consistency during

modifications.

4.2.5 Sequential Thinking Integration

Unique among MCP implementations, BONCP integrates the Sequential Thinking tool from the MCP
servers repository. This addition transforms simple query-response interactions into structured analytical
processes. The tool maintains thought history, supports branching analysis paths, and enables revision
of previous conclusions. For complex IFC analysis tasks, this structured thinking approach proves

invaluable.

Implementation maintains complete thought state across interactions. Each thought receives unique
numbering with metadata tracking revisions and branches. The formatted output uses Unicode box-
drawing characters creating visual structure in terminal environments. This presentation clarity helps

users follow complex reasoning chains during multi-step analyses.

Practical applications demonstrate the tool's value. When analyzing discrepancies between IFC models
and bills of quantities, the Al can systematically work through comparisons, track findings, and revise
conclusions as new information emerges. The ability to branch analysis paths enables exploring
alternative interpretations without losing context. This structured approach transforms ad-hoc queries

into documented analytical processes.

4.2.6 Docker Deployment and Enterprise Integration

The Docker implementation elevates BONCP from experimental tool to enterprise-ready solution. The
Dockerfile uses Python 3.11-slim as base, minimizing attack surface while maintaining compatibility.
Dynamic configuration through environment variables enables flexible deployment across different
environments. The startup script performs runtime modification of connection parameters, adapting to

container networking requirements.

Container networking addresses a critical challenge—connecting to Blender running on the host
machine. The solution uses host.docker.internal as the default Blender host, enabling seamless
container-to-host communication. Port mapping exposes the MCP server on port 8000, standardizing
access regardless of deployment method. This containerization enables consistent deployment across

development, testing, and production environments.
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Integration with Open WebUI demonstrates enterprise scalability potential. The containerized MCP
server exposes REST/OpenAPI endpoints, enabling integration with diverse Al platforms beyond
Claude. Organizations can connect the system to their preferred Al infrastructure while maintaining
consistent IFC analysis capabilities. This flexibility proves essential for organizations with existing Al

investments.

4.27 Practical Business Impact

Deployment at Kolektor Koling demonstrates measurable productivity improvements. Sales teams now
analyze complex IFC models in minutes rather than hours. The ability to quickly extract element counts,
verify specifications, and compare against quotations transforms pre-bid analysis. What previously

required BIM specialists becomes accessible to sales staff through conversational queries.

Management teams gain unprecedented project visibility. Natural language queries like "show me all
pump rooms across levels" or "list equipment requiring maintenance access" provide instant insights.
The visual feedback through viewport capture enables remote project reviews without specialized
software. Executives can understand project scope and complexity through Al-generated summaries

rather than technical drawings.

Quality control workflows transform through automated comparison capabilities. The system identifies
discrepancies between IFC models and specifications rapidly. Missing elements, incorrect quantities, or
specification mismatches surface through systematic queries. This early detection prevents costly errors
from propagating through project phases. The time saved in manual checking redirects to value-adding

activities.

Facility management applications extend beyond initial deployment scope. The ability to generate
COBie reports through natural language commands simplifies handover documentation. Maintenance
schedules extract directly from IFC properties, populating asset management systems. When models
update, regenerating documentation takes minutes rather than days. This agility in documentation

management reduces administrative burden significantly.
4.2.8 Comparison with BIMCP

Both implementation shows the effectiveness of mcp server connection and functionality. It also shows
the adaptability of mcp server to users needs as the BIMCP is the heavy resourceful mcp server while
the BONCP is purely tools focused yet both perform very well.
BIMCP, in addition to modeling, uses important resource like model info for grabbing information from
the model while the sequential thinking tool of the BONCP gives power for organizing the data while

extracting it for normal operation or even for COBie report formation.
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In terms of technicality, the BIMCP uses the python and C# language while the BONCP uses only
python language throughout the system. The BIMCP, for socket communication uses the persistent

connection pooling while the BONCP creates connection per request.

The detail implementation details in this chapter clearly shows how model context protocol can
effectively help in natural language integration of BIM Softwares. After understanding both system now
it is confirmed that model context protocol can also be extended to other BIM Softwares and applications

for better coordination, productivity, time saving and accuracy.
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5 SWOT ANALYSIS

5.1 STRENGTHS

Both BIMCP and BONCP proved capable of assisting in design work and data extraction. The important
feature here is that BIM software talk back and forth with Al instead of just one direction like older
attempts. Now architects and engineers can type regular sentences to control Revit or Blender - no

coding needed, no months of training required.

The research established Model Context Protocol as an effective bridge between Al systems and
professional BIM software. Unlike previous attempts that relied on brittle API wrappers or plugin-
specific solutions, the MCP approach creates a standardized communication layer that works across
different software platforms. This protocol-based design means the same Al assistant can potentially

connect to multiple BIM applications without requiring separate integrations for each one.

The technical setup works reliably, specifically the socket connection keeps data flowing smoothly
between parts which enables BIMCP to juggle up to five tasks at once without breaking connection.
Simple operation takes 1-2 second in execution while for complex tasks it depends but it doesn’t go

beyond 30 seconds as this maximum limit for timeout.

The BIMCP system includes a runtime code compiler that takes Al-generated C# code and executes it
safely within Revit's environment. This required solving the technical challenge of validating modern
Al-generated code against .NET Framework 4.8 limitations while providing helpful error messages
when compilation fails. The system automatically wraps user code in proper transaction contexts and
handles memory management, making it possible for non-programmers to execute complex BIM

operations through natural language.

Kolektor Koling put BONCP to work and observed that data analysis related tasks that took hours now
wrap up in minutes. Getting GUID numbers out for Dalux used to mean hours of clicking and copying
while sometime impossible after many revisions - now it's one sentence typed in plain language. This

isn't just theory anymore; it's helping a real company get work done faster.

BONCP does something clever with screenshots. It grabs what's on screen in Blender and lets the Al
see it, not just read about it. This helps the Al understand space and position better than words alone.
The Docker setup means big companies can run it properly, and since it's open source, anyone can tweak

it for specific needs.

5.2 WEAKNESSES

Some big problems hold these systems back. BIMCP only runs on Windows because that's all Revit

supports. Mac and Linux users are out of luck unless switching operating systems happens.
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Money becomes an issue fast. Claude costs €20 monthly just for basic use. Heavy users pay more from
€90 to €180 . Small firms cannot afford these high costs, which goes against the whole open-source idea

of the project.

Revit still uses .NET Framework 4.8, making it necessary to write C# code in older version. Newer,

better programming tricks are off limits.

The system can only be operated by single user and team collaboration and conversation with Al is not

possible at the time.

The Al system, even after adding prompts in mcp server, still work inefficiently with bad prompting
from the user. For example if user says "put a door in the middle of the wall" when five walls exist, and
it doesn't know which one. No way to point or pick to clear things up which makes it necessary for user

to learn prompt engineering.

Big projects with a lot of data makes the ai use more tokens and the subscription limits reaches quickly
which compels the user to wait for the system to be restored. Similar is the case with BONCP in which

the screenshot option eats a lot of token as processing image takes more power than text.
53 OPPORTUNITIES

Plenty of room to grow here. Switching to free Al models like DeepSeek or LLaMA would eliminate
the subscription fees. Companies could teach these models building terms and rules through Al

engineers, making responses more accurate for specific work.

Other BIM software needs this too. ArchiCAD, BricsCAD, Tekla, ETABS, SAP200 etc users would
benefit from the same natural language control. The MCP setup already works, so adapting it for other

programs shouldn't start from scratch.

Adding sketch input or hand gestures and voice command would make it more powerful. Workers on
site could point at actual spots while talking, and the system would understand both. Much more natural
than typing everything. This function is used by google Al Studio but integration with MCP requires

much understanding.

Hooking up building sensors and performance data opens new doors. Architects could ask "How much
energy do office buildings like this use here?" and get answers from real buildings with real

measurements. From design through construction to maintenance, everything stays connected.

Moving to web browsers will make it easily accessible anywhere through internet with no installation,
work from anywhere, any computer. Perfect for consultants who need occasional access or teams spread

across offices. Cloud hosting also means better connections to other online tools.
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54 THREATS

Things change fast in Al, and that's risky. New Al models might need complete rewrites of the system.
Autodesk could update Revit in ways that break everything. Constant fixes and updates drain time and

money.

Big software companies might lock out third-party tools. These companies have money to build slick

alternatives that look better even if working worse. Marketing power beats technical quality sometimes.

Many architects and engineers don't trust Al for serious design work. Who's liable if the Al suggests
something that fails? Current laws don't cover Al-assisted design clearly. Some companies also don’t

want to expose data to Al. This uncertainty scares off potential users.

Depending on other companies' products creates problems. Revit, Blender, or Claude could change
terms, raise prices, or shut down. Any of those kills the system. Some projects involve secret or sensitive

buildings where using cloud Al raises security red flags.

If people think Al will steal jobs rather than help work better, resistance will grow. Professional groups
might push for rules blocking Al design tools, especially if high-profile failures happen.

5.5 STRATEGIC ASSESSMENT

Looking at everything together, these systems have strong foundations. The good outweighs the bad,
and most problems come from current software limits, not bad design choices. Kolektor Koling's success

proves the concept works in real business.

The construction industry needs better digital tools and higher productivity - these systems deliver both.
Being open source and protocol-based means growing and changing with technology instead of
becoming obsolete remains possible. Next steps should focus on breaking free from Windows-only

limits, cutting subscription costs, and connecting to more BIM software.

This research built a foundation others can build on to keep improving how humans and computers work

together in technical fields.
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6 CONCLUSION

6.1 SUMMARY OF RESEARCH ACHIEVEMENTS

This research successfully demonstrates the integration of Large Language Models with Building
Information Modeling environments through the Model Context Protocol (MCP). The main
achievement establishes two-way communication between Al assistants and professional BIM software,

changing the traditional one-way command-response pattern into genuine conversation.

Two complete implementations validate the research approach: BIMCP (Building Information Model
Context Protocol) for Autodesk Revit integration and Kolektor-BONCP for IFC manipulation through
Blender's Bonsai addon. These systems provide practical solutions to long-standing challenges in BIM
accessibility, showing that natural language interfaces can bridge the gap between human design intent

and complex software operations.

The research establishes MCP as a standard communication protocol that supports different BIM
applications without requiring software-specific integrations. This protocol-based approach represents
a significant advancement over previous attempts that relied on fragile API wrappers or custom plugin

solutions. The standardization enables consistent Al interaction patterns across different BIM platforms.

The practical validation at Kolektor Koling provides concrete evidence of measurable productivity
improvements. Tasks that previously required hours of manual work, such as extracting GUID
information for Dalux coordination or generating compliance reports, now complete in minutes through
conversational queries. This real-world implementation demonstrates the transition from experimental

technology to production-ready business solution.

6.2 ADDRESSING THE RESEARCH QUESTIONS

6.2.1 Primary Research Question

The primary research question—"How can Large Language models be integrated with Building
Information Modeling environments to enable direct, bidirectional interaction that assists architects,
engineers and construction industry professionals?"—has been answered through the development and

deployment of functional MCP-based systems.

The integration works through a multi-layered architecture comprising four essential components: the
Al assistant (Claude), the MCP server implementation, socket-based communication protocols, and
embedded plugins within target BIM software. This architecture enables genuine two-way
communication where the BIM system can request clarification, report operation status, and provide

contextual feedback.
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6.2.2 Subsidiary Research Questions

RQ1 concerning technical architectures for reliable communication has been addressed through the
implementation of robust socket-based communication with connection pooling, JSON-RPC 2.0
protocol compliance, and comprehensive error handling mechanisms. The BIMCP system demonstrates
sustained performance with up to five concurrent connections and sub-30-second response times for

complex operations.

RQ2 regarding the effectiveness of natural language commands versus traditional programming
approaches reveals significant advantages in accessibility and learning curve reduction. Natural
language interfaces eliminate the need for specialized programming knowledge, enabling architects and
engineers to directly control BIM software through conversational interaction. However, semantic
challenges persist in translating ambiguous design intent into precise BIM operations, particularly when

spatial references lack explicit context.

RQ3 exploring technical constraints within existing software ecosystems identifies several critical
limitations and corresponding solutions. Platform dependencies, particularly Revit's Windows-only
operation and .NET Framework 4.8 constraints, require careful architectural decisions and compatibility
layers. The research demonstrates that these constraints can be effectively managed through runtime

code compilation, transaction management systems, and comprehensive validation frameworks.

6.3 CONTRIBUTIONS TO AEC INDUSTRY

This research contributes significantly to the Architecture, Engineering, and Construction (AEC)
industry's digital transformation by making advanced BIM capabilities accessible to more users. The
natural language interface removes traditional barriers that prevented non-technical stakeholders from
directly interacting with complex BIM data, enabling broader participation in digital workflows across

project teams.

The standardization of AI-BIM communication through MCP establishes a foundation for industry-wide
adoption of intelligent design assistance. Unlike proprietary solutions that lock organizations into
specific software ecosystems, the open-source MCP approach enables interoperability and reduces

vendor dependency.

The practical deployment at Kolektor Koling demonstrates measurable business value through dramatic
productivity improvements in data analysis, quality control, and project coordination tasks. The
transformation of multi-hour manual processes into minute-long conversational queries represents a

paradigm shift in how construction professionals interact with project data.
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The research establishes a new category of "BIM Copilots" that extend beyond simple automation to
provide intelligent assistance throughout the building lifecycle. From initial design through construction
coordination to facility management, these Al assistants enable continuous engagement with building
data. The visual feedback capabilities demonstrated in BONCP particularly enhance remote

collaboration and quality assurance processes.

6.4 TECHNICAL ACHIEVEMENTS AND INNOVATION

The technical achievements encompass several solutions to complex integration challenges. The
dynamic C# code compilation system in BIMCP represents a significant advancement in runtime code
generation for BIM applications. This system safely executes Al-generated code within Revit's protected
environment while maintaining model integrity through comprehensive transaction management and

error handling.

The socket-based communication architecture implements sophisticated connection pooling and
message queuing mechanisms that ensure reliable performance under concurrent load. The JSON-RPC
2.0 protocol implementation provides standardized request-response patterns with comprehensive error

propagation, enabling detailed debugging and user feedback.

The integration of visual feedback through viewport capture in BONCP introduces a novel approach to
AI-BIM interaction. This capability enables Al assistants to understand spatial context and geometric
relationships that pure textual descriptions cannot convey. The implementation includes intelligent

image compression and optimization algorithms that balance visual quality with transmission efficiency.

The comprehensive resource system implemented in BIMCP demonstrates advanced data abstraction
techniques that transform complex BIM models into queryable, Al-accessible information sources. The
hierarchical URI scheme provides intuitive navigation while maintaining extensibility for future

enhancements.

6.5 FINAL REMARKS

This research establishes a new paradigm for human-computer interaction in the construction industry,
demonstrating that natural language interfaces can successfully bridge the gap between human design
intent and complex technical software systems. The successful implementation of BIMCP and Kolektor-
BONCEP proves that Model Context Protocol provides a viable foundation for industry-wide adoption

of Al-assisted design and construction workflows.

The fundamental shift from command-based interfaces to conversational interaction represents more
than a technological advancement—it makes sophisticated building design and analysis capabilities

accessible to more people. By eliminating the need for specialized programming knowledge, these
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systems enable broader participation in digital construction workflows, potentially transforming how

the industry approaches skill development and knowledge transfer.

The implications extend beyond individual productivity improvements to systemic industry
transformation. As natural language interfaces become standard, the traditional barriers between
technical and non-technical stakeholders diminish, enabling more integrated project teams and improved

communication across disciplines.

The open-source nature of the MCP protocol and the research implementations provides a foundation
for continued innovation and community-driven development. Rather than proprietary solutions that
lock organizations into specific vendors, this approach enables competitive development while

maintaining interoperability standards.

The research methodology successfully combines theoretical protocol development with practical
implementation and real-world validation. The deployment at Kolektor Koling provides concrete
evidence that these systems can deliver measurable business value while maintaining reliability and

usability standards required for production environments.

The convergence of advanced Al capabilities, improved computational infrastructure, and industry
recognition of digitalization needs creates an opportune moment for widespread adoption of AI-BIM
integration. The construction industry's increasing comfort with digital tools positions these innovations

for rapid acceptance and deployment across diverse organizational contexts.

The research establishes both technical foundations and practical pathways for continued development
in AI-BIM integration. The challenges identified provide clear direction for future research efforts, while
the successes demonstrated validate the fundamental approach. As Al capabilities continue advancing
and construction industry digital adoption accelerates, the frameworks and methodologies presented in

this research will support increasingly sophisticated applications.

The vision of natural, conversational interaction with building design systems is not only achievable but
practical and valuable in real-world applications. The successful integration of Large Language Models
with Building Information Modeling environments through the Model Context Protocol represents a
significant step toward more intuitive, accessible, and powerful tools for creating and managing the built
environment. As the construction industry continues its digital transformation, these Al-assisted
workflows will play a central role in shaping how buildings are conceived, designed, constructed, and

operated.
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