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COMPARATIVE ANALYSIS OF THE APPLICATION OF LARGE

AND DIFFUSION LANGUAGE MODELS OF ARTIFICIAL INTELLIGENCE

IN THE FIELD OF CONSTRUCTION PROJECT MANAGEMENT

Abstract. The article provides a comparative analysis of the application of Large Language Models (LLM)
and Diffusion Language Models (DLM) in the context of construction project management. The theoretical

foundations of both approaches, their architectural differences, training principles, and potential areas of

application in the construction industry are considered. It has been established that large language models
are effective in analyzing, predicting, and generating textual information, which allows for the automation
of technical documentation, tender applications, reports, and communications between project
participants. Diffusion language models, on the other hand, demonstrate higher controllability and
accuracy in editing, reconstruction, and scenario modeling processes, which is useful for refining work
schedules, optimizing resources, and verifying the consistency of project data. The paper presents a
comparative table of LLM and DLM characteristics in terms of their suitability for construction process
management. It is concluded that the most promising direction for further research is the integration of
LLM and DLM into unified hybrid systems that combine the analytical capabilities of large language
models with the controlled generation of diffusion models. Such systems can improve the efficiency of
planning, monitoring, and decision-making in the construction industry.

Keywords: large language models; diffusion models; artificial intelligence; construction project
management; BIM; automation; data analysis

creation. Among the most notable achievements in this

Introduction field are Large Language Models (LLMs) such as GPT,

In the current era of digital transformation, artificial
intelligence (Al) plays a key role in the development of
information technology, business, education, and
science. In particular, language models have become the
basis for innovation in the field of natural language
processing (NLP), providing qualitatively new
opportunities for automating communication, text
generation, translation, data analysis, and content

BERT, and LLaMA, which are capable of processing
enormous amounts of data and demonstrate a high level
of semantic understanding of text.

At the same time, Diffusion Models, which were
initially used mainly for image generation, are rapidly
gaining popularity in the scientific community and have
recently been actively integrated into language tasks.
Their key feature is gradual learning through noise and
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denoising processes, which allows for high-quality data
synthesis and increased resistance to distortion.

The relevance of the research is determined by the
need for a comprehensive comparison of the
effectiveness, architectural approaches, application
possibilities, and limitations of large and diffusion
language models in the context of modern artificial
intelligence tasks. Such a comparison enables the
identification of trends in the development of language
systems, optimal areas of their application, as well as
potential directions for integrating both approaches to
enhance the productivity and creativity of Al.

The study aims to analyze the architectural features,
learning principles, effectiveness, and application
potential of large and diffusion language models of
artificial intelligence, as well as to identify prospects for
their further development.

Literature review

1. Theoretical Foundations of Large Language
Models (LLMs) [1].

Current research [1] focuses on the scalability and
Transformer-based foundations of LLMs.

2. Representative LLMs and their capabilities.

GPT-4: Declared as a multimodal system with
competitive performance on professional and academic
tests; the technical report describes architectural
principles, security methods, and benchmark results;

PalLM 2: Demonstrates improved reasoning and
multilingualism thanks to a higher-quality corpus and
training objectives;

Llama 3: Meta's open line of dense models up to
405B parameters with a context window of up to 128k
tokens.

3. LLM evaluation. Benchmarks and metrics.

— GLUE/SuperGLUE: Used for general language
understanding;

— MMLU: Used for broad multi-task testing;

— TruthfulQA: Used for truthfulness verification;

— BIG-bench: Used for complex and non-standard
tasks. Collectively, these sets highlight both the
advantages of scaling and vulnerabilities, such as
hallucinations and biases.

4. Diffusion models in language tasks.

Although diffusion models initially dominated
visual synthesis, a number of works have transferred the
idea of denoising to discrete sequences. The D3PM paper
(Austin et al., NeurIPS 2021) formalised diffusion for
discrete states, paving the way for language modelling
through stochastic corruption/denoising of tokens.

Diffusion-LM  proposed non-aggressive text
generation through sequential denoising of word vectors
with the possibility of fine-grained control (syntax, style)
without complete retraining; subsequent publications
confirmed significant advantages in controllability.

Recent work is moving towards continuous

time/flow-oriented formulations (diffusion/flow for
language), which simplify log-likelihoods and improve
training  stability; in  particular, rectified-flow
Transformers and masked diffusion approaches for
sequences are emerging.

Additionally, there is a trend towards Discrete
Diffusion LMs for long texts and conditional generation,
with a focus on the efficiency and quality of local edits.

5. Comparative features. LLM vs. diffusion
language models.

Architecture and inference. Autoregressive LLMs
(Transformer) generate tokens sequentially, which scales
well on GPUs/TPUs and supports long context, while
diffusion approaches implement parallel updates/edits of
sequences but require many denoising steps for high
quality.

Controllability/control. Diffusion-LM naturally
supports global and complex constraints
(rthythm/syntax/style) through optimisation in latent
sequence spaces; LLMs typically rely on instructional
fine-tuning, RLHF, and prompt-level "controllers".

Evaluation. On benchmarks such as MMLU,
SuperGLUE, and BIG-bench, the current SOTA is
demonstrated by large Transformer-LLMs; diffusion
language models are more common in controlled
generation and editing tasks.

Reliability and truthfulness. Work with TruthfulQA
and related research points to hallucinations and
"imitation errors" even in large LLMs; diffusion
approaches potentially reduce local artefacts but do not
eliminate the need for fact-checking and safety filters.

6. Applications and integration trends.

In practical scenarios, LLMs dominate in
knowledge generalisation, reasoning, and instrumental
function invocation, while diffusion language models
show strength in controlled stylistic rephrasing, local
editing, and structured constraints. At the method level,
there is a noticeable movement towards hybrids (e.g., the
use of flow/diffusion decoders on top of transformer
LMs) as well as computationally optimal training
according to the "Chinchilla rule."

Current research shows that large language models
(LLMs) and diffusion language models open up new
opportunities for automation, increased efficiency, and
improved quality in construction project management.
However, their application has its own characteristics,
advantages, and limitations.

Basic approaches and effectiveness of LLMs

Large language models based on the Transformer
architecture are already widely used for contract analysis,
planning, risk management, routine task automation, and
decision support in construction. They effectively
process unstructured data, automate document analysis,
improve the accuracy of delay cause classification, and
enable quick retrieval of relevant information for
decision-making [1; 2; 5; 10].
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For example, GPT-4 in zero-shot mode showed
high accuracy in classifying causes of delays without the
need for retraining 5. Domain-oriented retraining and
integration with knowledge bases further improve the
quality of results [2; 7].

Diffusion language models.
Potential and challenges

Diffusion language models, such as LLaDA, offer
an alternative to autoregressive LLMs. They demonstrate
competitiveness in in-context learning, multi-turn
dialogue, and code generation tasks, and address some of
the limitations of autoregressive models, such as the
"reversal curse".

Diffusion models have the potential for more
flexible probabilistic modelling, but their application in
construction is only beginning to be explored. Issues of
energy consumption, ethical risks, and integration with
industry tools remain important [6].

Comparison of LLMs and diffusion models based
on key criteria in construction is presented in the Table.

Table — Comparison of LLMs and diffusion models
based on key criteria in construction

Criterion Large language Diffusion
models (LLMs) | language models
Applicationin| . Widely Initial research,
. implemented, ..
construction promising
proven
High (up to 93% Competitive,
Accuracy in QA, 88% in depends on the
NER) task
. . Potentially
o High 11 .
Flexibility 181, espeetatly higher, but
with retraining .
requires research
. imil high
Resource High, but Similar o meheh,
. 2 depending on
requirements optimisable . .
implementation
Similar,
Ethical/social | Present, require | additional energy
risks regulation consumption
issues

LLMs have already proven their effectiveness in
construction project management, especially in text
analysis, planning, and risk management tasks.

Diffusion language models have the potential for
further development but require additional research for
widespread implementation in the industry.

Comparative analysis of large
and diffusion language models in the
context of construction project management
1. Architectural Features of LLM and DLM

o Large Language Models (LLMs):
— Based on Transformer architecture;

— Use self-attention mechanism for parallel
processing;

— Generate text autoregressively, token by token;

— Efficient for long-context
summarization, and reasoning;

— Require large datasets and computational
resources.

« Diffusion Language Models (DLMs):

— Based on iterative denoising processes;

— Gradually transform noisy sequences
meaningful text;

— Offer higher controllability in editing and
reconstruction;

understanding,

into

— Support structured text generation with precise
constraints;

— Computationally intensive due to multi-step
denoising.

The field of construction project management is
characterized by high complexity, multi-level
coordination of participants, and a significant amount of
technical, economic, and regulatory information.
Intelligent data analysis and management support
systems are increasingly being used for effective
planning, monitoring, and decision-making. In this
context, artificial intelligence language models are
becoming a promising tool for automating document
flow, risk management, reporting, and optimizing
communication between customers, contractors, and
project teams.

2. The Potential of Large Language Models
(LLMs) in Construction

o Large language models (GPT-4, PalM 2,
Claude, LLaMA, etc.) are capable of:

— Automating the creation of documentation:
formation of technical tasks, contracts, tender
applications, and reports on the completion of work;

— Analyzing project risks based on
descriptions, previous reports, and estimates;

— Supporting communication between teams
through integration with project management systems
(BIM platforms, ERP modules);

— Optimizing planning  through
analytical processing of text reports, construction logs,
and correspondence;

— Training staff through management scenario
simulation or training case generation.

The main advantage of LLMs is their ability to
understand the context of large text arrays, integrate
different types of information (technical descriptions,
standards, norms, instructions), and formulate consistent
recommendations. However, LLMs have limitations —
they often generate generalized or probabilistic
responses, which can be risky in precise technical
construction scenarios where accuracy and compliance
with standards are critical.

text

resource
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3. The Potential of Diffusion Language Models
(DLMs)

« Diffusion language models (DLMs), based on
the principles of denoising and stochastic sequence
recovery, and are a promising alternative for controlled
text generation in construction processes. In project
management, they can:

— Generate various work planning scenarios (e.g.,
optimization of the sequence of construction stages);

— Restore incomplete or damaged records
(construction logs, financial data, reports);

— Adjust technical documentation taking into
account the context (changes in materials, weather
conditions, suppliers);

— Perform quality control of reports through
diffusion "denoising" — eliminating errors and
inconsistencies in texts;

— Model alternative solutions when changes occur
in the schedule, budget, or resources.

The advantage of DLMs is the high level of
controllability of results — the system can create text that
strictly corresponds to the specified parameters (format,
style, structure), which is especially useful in the creation
of technical documentation. At the same time, DLMs
require significant computing resources for each
denoising cycle, which complicates their application in
large corporate management systems.

Thus, LLM is an effective tool for intellectual
support of management decisions in construction
projects, particularly when working with large amounts
of text data, documents, and reports. On the other hand,
DLM demonstrates potential in the controlled generation
and reconstruction of information that can be used in
tasks such as plan optimization, verification of project
documentation consistency, and creation of work
execution scenario options.

In the future, it may be possible to combine
approaches: using LLM for analyzing and summarizing
information, and DLM for accurately forming structured
results and scenario modeling in construction
management systems.

4. Analysis of the Risks of Using Large and
Diffusion Language Models in Construction Projects

The introduction of artificial intelligence systems
into the construction industry opens up significant
opportunities for improving management efficiency, but

at the same time creates new technological,
organizational, informational, and ethical risks.
Main Risk Groups

Information and Security Risks:

— Data confidentiality: When using cloud-based
LLMs, there is a risk of leakage or unauthorized access
to project documentation, estimates, and contracts;

— Algorithm opacity: LLMs are "black boxes" — it
is difficult to trace why a particular decision was made.

This complicates auditing in construction companies,
where complete traceability of actions is required;

— Manipulation of information: In the event of an
error or malicious use, key parameters in estimates or
project data may be tampered with;

— Use of third-party datasets: DLMs can be
trained on uncertified or irrelevant texts, creating a risk
of incompatibility with local construction standards
(DIN, ISO, DBN).

Organizational Risks:

— Untrained personnel: Using LLM and DLM
requires special skills in formulating queries, interpreting
results, and verifying data;

— Dependence on Al suppliers: If the model
belongs to a third-party company (e.g., OpenAl,
Anthropic, or Google), there is a risk of service
interruption or changes in access policy;

— Lack of regulatory oversight: In most countries,
the legal status of Al-generated decisions is undefined,
especially in the areas of technical design and facility
security.

Ethical and Legal Risks:

— Liability for errors: In the event of an accident
or damage, it is difficult to determine who is responsible
for a decision made using Al

— Copyright: Texts created by models may
contain fragments that are protected by copyright;

— Ethical bias: LLMs can reproduce cultural or
social biases that influence management decisions (e.g.,
the selection of contractors or quality control methods).

Ways to Minimize Risks:

1. Use of on-premise models or special corporate
versions of LLM/DLM with internal security controls;

2. Implementation of dual control — verification of
Al results by a human (engineer, estimator, architect);

3. Development of internal AI policies in
construction companies, including data auditing,
decision logs, and change logs;

4. Training staff on the principles of LLM/DLM
and the rules for formulating queries;

5. Use of explainable Al (XAI) — models that
allow the logic of decisions made to be interpreted;

6. Regulatory harmonization — inclusion of Al
modules in BIM, ISO 19650, DIN SPEC 91391, and
other standards.

Conclusions

The study conducted a comparative analysis of the
capabilities of Large Language Models (LLM) and
Diffusion Language Models (DLM) in terms of their
application in construction project management.

Large Language Models (LLMs) have proven their
effectiveness in:

— Automating the creation and processing of
technical and reporting documentation;
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— Optimizing risk and resource management;

— Maintaining real-time communication between
project participants;

— Generating recommendations based on past
projects and standards.

Diffusion Models
demonstrated high potential in:

Language (DLMs) have

— Accurate formation of construction schedules
and scenarios;

— Correction of technical documentation in
accordance with changes in resources or conditions;

— Generation of specifications and technical tasks
with clear parameters.

The most promising direction for development is
the integration of LLM and DLM into unified hybrid
project management systems, where LLMs provide the
analytical part and DLMs provide accurate formation of
documents and scenario modeling.
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3100yBa4 BUIIIOT OCBITH

TMOPIBHAJILHA AHAJI3 3ACTOCYBAHHS BEJUKAX TA JU®Y3IMHAX MOBHUX MOJEJEMR
HWTYYHOI'O IHTEJIEKTY B C®EPI YIIPABJIIHHA BY JIBEJIbHUMHU TPOEKTAMU

Anomauia. Ilpeocmagneno KOMRAEKCHUL NOPIBHATLHUL AHANI3 3ACMOCY8AMHA GeAUKUX MOGHUX Moldenei (LLM) ma
ouysiunux mosuux mooenei (DLM) y cneyughiunomy xommexcmi ynpaeninus 6yOigeibHUMU NPOEKMamu. AKmyanbHicmo
odocriodicents 3ymosaena Heobxionicmio yugposoi mpancopmayii 2any3i ma nowykom epekmugHUX IHCMPYMeHmMi68 WMy4HO20
inmenexmy 0Jis 00pOOKU eUKUX 0OCA2I6 MEXHIUHOL, eKOHOMIYHOT ma HopmamueHoi ingpopmayii. Posensnymo meopemuuni 3acaou
000x nioxo0is, ixni pyHoameHmanvhi apximexkmypHi i0OMIHHOCMI, NPUHYUNY HAGYAHHS MA CIMPame2iuni cepu 6npo6aoICeHHs &
byoisenvuii indycmpii. 'V pesynomami Oocniodcennsi 6cmanoeieHo, wo eauki mogui modeni (maxi ax GPT-4, LLaMA)
0eMOHCMPYIOMb BUHAMKOGY e@eKmMUBHICMb 6 aHanizi HeCmpyKmMypoGaHux OAHUX, NPOSHO3VEAHHI ma 2enepayii mekcmoeo2o
xoumenmy. Lle do3zeonsic cymmeso asmomamusygamu ni02omosKy mexuiunoi 0oxymenmayii, popmysants meHoepHux 3dsa60K,
36imie ma onmumizy8amu KOMYHIKAYitiHi npoyecu Mixc yCima yYYyacHuKamu iHeecmuyiiiHo-6y0igenbno2o yuxy. 3 iHuio2o 60Ky,
Ouhy3iiiHi MOGHI MO0 BUABTIAIOMYb HAYHUL NOMEHYIAT ) 3a0aUaXx, Wo NOMpedyIoms GUCOKO20 Pi6HS KePOBAHOCMIE MA MOYHOCHIL.
Bonu € uezaminnumu 015 0emanibHO20 peda2y8aHHsl, PEKOHCMPYKYIl NOWKOONCEHUX OAHUX, YMOUYHeHHs 2pagikie pobim ma
nepegipKu HympiuHboi y3200#ceHOCmi NPOEKMHOI OOKyMeHmayii Ha 8ionosionicme eanyzesum cmanoapmam. Ocobaugy ysazy
NPUOINeHo aHanizy MeXHOIOSIYHUX, OP2AHIZAYIHUX MA eMUYHUX DPUBUKIG, MO8 S3AHUX I3 6NPOBAOICEHHIM IHMENeKMYaIbHUX
cucmem, 30KpemMa RUMAHHAM KOHGQIOGHYIUHOCMI OAHUX, «HEeNnpO30pOCMiy alecOpummie ma 6iOn0GioalbHOCMI 34 NOMUIKU.
Aemopamu 3anpononoeano 0iesi mexamizmu MIHIMI3ayii Yux pusukie yepes GUKOPUCMANHS KOPNOPAMUSHUX 6epcill modenell ma
6NPOBAOIICEHHS CUCMeM NOO8iliHO20 Konmpoato. Ha ocnosi nposedenozo nopisHanHA XapaKkmepucmux 3po0ieHo cmpameivnuil
BUCHOBOK. HAUDINbUL NEPCNEKMUGHUM 6EKIMOPOM PO3GUMKY [HMENeKMYAnNbHux cucmem y 6y0ieHuymei € cmeopenns 2ibpuonux
apximexmyp. Taki cucmemu 003801410Mb NOCOHAMU AHATIMUYHY NOMYICHICMb MA KOSHIMueHi moogcausocmi LLM i3
KOHMPOIbOBAHOIO | CIMPYKMYPOBAHOIO 2eHepayicio ougysitinux mooenet. [nmespayis nodionux 2ibpuoHux mooyis y cepedosuuje
BIM ma ERP-cucmemu 30amna KapOuHanibHo NiOGUWUMU MOYHICIb NAAHYEAHHA, MOHIMOPUHZY Md NIOMPUMKU RPULHAMM
YNPABAIHCOKUX Pilenb, 3a0e3neuyrouu cmanuii po3eumox 6y0iebHUX opeanizayitl y CKIAOHOMY CYUACHOMY Cepedosulyi.

Knrouogi cnosa: eéenuxi moeni mooeni; Ouy3iiini mooeni; uimyunuii inmenexm; ynpasiinusa 0y0ieebHUMU RPOECKMamu;
BIM; aemomamusauis; ananiz oanux
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