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Abstract

Inconsistent and erroneous file naming is a recurring information management problem in
BIM and Common Data Environment (CDE) workflows, affecting document identification,
retrieval, traceability, and control. This problem was observed during work on a real-world
modular railway station project, where received documentation included files prepared
under heterogeneous naming practices. This paper proposes the Level of Naming Com-
pliance (LoNC), a multi-level framework for assessing file name compliance in BIM/CDE
environments. The framework evaluates file names as structured information containers
and combines three validation stages: syntactic validation using regular expressions, ref-
erential validation against project-specific lookup tables, and LLM-supported semantic
validation comparing selected decoded file name fields with descriptive document titles.
In the current implementation, semantic validation was limited to discipline and document
type. The proposed approach was evaluated using a controlled synthetic validation dataset
of 500 file-title pairs, developed from inconsistency types observed in the motivating project.
The dataset contained predefined examples of syntactic errors, invalid reference values,
semantic inconsistencies, and fully compliant cases. Within this controlled evaluation set,
the validator showed full agreement with the predefined expected LoNC levels. Because
the dataset contained an unequal distribution of compliance classes, the evaluation was
supplemented with balanced accuracy and class-specific performance measures. The results
indicate that the implemented workflow correctly operationalises the cumulative LoNC
framework under the tested conditions. The findings demonstrate that LoNC provides
a more diagnostic assessment than binary file name checking by identifying the stage
and type of non-compliance. The approach can support CDE managers and document
controllers in quality assurance processes, while future work should validate it on larger
real-world datasets and extend semantic validation beyond the selected fields.

Keywords: building information modelling; common data environment; file naming
convention; level of naming compliance; document control; metadata validation; large
language models; information management

1. Introduction

Compared with other sectors of the economy, particularly industrial production, the
construction industry continues to face persistent efficiency challenges [1]. Building Infor-
mation Modelling (BIM) has been promoted for many years as one of the main approaches
for improving productivity, coordination, and information exchange in the architecture,
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engineering, and construction (AEC) sector [2]. Although BIM is most commonly under-
stood as Building Information Modelling, it is also increasingly associated with Building
Information Management, emphasising the structured handling of information throughout
the lifecycle of a built asset [3].

This management-oriented understanding of BIM is reflected in the growing number
of standards, mandates, manuals, handbooks, and national guidelines developed to support
information exchange and collaboration between project stakeholders [4]. Among these,
ISO 19650 is one of the most widely used frameworks for information management in
BIM-based projects [5,6]. It defines general principles for managing information over
the lifecycle of a built asset, but it does not provide detailed project-specific instructions
for every aspect of information production, classification, naming, and validation. As a
result, practical implementations of ISO 19650 may differ significantly between projects,
organisations, and Common Data Environment (CDE) platforms.

A key aspect of information management in BIM-based workflows is the consistent
identification of information containers. According to ISO 19650, an information container
may be understood as a named set of information that can be retrieved, exchanged, re-
viewed, revised, and approved within a defined information management process [5,6]. In
practice, information containers are often represented by models, drawings, schedules, spec-
ifications, reports, spreadsheets, images, videos, and other project documents exchanged
through a CDE. Their file names support information retrieval, document control, revision
management, traceability, and the correct interpretation of project documentation. Previ-
ous industry observations indicate that information sharing, retrieval, and interpretation
remain among the major challenges faced by engineers and project stakeholders [7].

CDE platforms are intended to reduce these problems by providing controlled en-
vironments for storing, exchanging, approving, and archiving project information [8,9].
Many commercial solutions are available, each offering different approaches to document
management, metadata handling, workflow control, and information exchange [7,10]. The
use of such platforms to support standardisation in a measurable way can contribute to
efficiency gains in BIM-based projects [11]. However, the configuration and maintenance of
naming rules, lookup tables, metadata structures, and approval workflows remain strongly
project-specific. They often depend on the experience of CDE managers, BIM managers,
document controllers, and representatives of the appointing and appointed parties. This
limits the reuse of automation across projects and makes systematic file name quality
control difficult to scale.

In this context, file naming should be treated not only as an administrative convention
but also as a metadata quality problem. A BIM/CDE file name often encodes several
pieces of project information, such as project number, location, volume, discipline, author,
document type, project phase, status, revision, or unique document identifier. An incorrect
file name may therefore result not only from a typographical error, but also from invalid
metadata, outdated project codes, incorrect discipline classification, inconsistent document
type assignment, or semantic inconsistency between the coded file name and the descriptive
document title. Previous studies on BIM information quality and data quality assurance
indicate that incomplete, inaccurate, inconsistent, or unintelligible information can signifi-
cantly reduce the usefulness of BIM-based information, and that quality assurance should
not be limited to geometric data only [12,13].

Existing research on BIM information management has addressed several related as-
pects of data standardisation, information requirements, model validation, and automated
compliance checking. Automated compliance checking has been widely investigated in
relation to BIM models, regulatory requirements, geometric constraints, property sets, classi-
fication systems, and information delivery requirements [14,15]. In openBIM environments,
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classification resources such as Uniclass support information structuring and classifica-
tion [16], while Industry Foundation Classes (IFC), Information Delivery Specification (IDS),
the buildingSMART Data Dictionary (bSDD), and BIM Collaboration Format (BCF) provide
mechanisms for exchanging model data, defining machine-readable information require-
ments, standardising terminology, and communicating coordination issues [17,18]. These
developments show a clear trend towards machine-readable requirements and automated
validation in BIM workflows.

However, these approaches primarily address model data, object properties, clas-
sifications, information requirements, or issue exchange. They do not directly provide
a project-level metric for assessing whether file names themselves comply with project-
specific naming rules, whether encoded values are valid according to lookup tables, and
whether coded file name information is consistent with human-readable document titles.
This distinction is important because many information containers exchanged in CDEs are
not IFC models. They are often PDFs, drawings, reports, spreadsheets, schedules, images,
or other documents whose primary machine-readable identifier remains the file name.

Recent studies have also explored the use of natural language processing (NLP) and
large language models (LLMs) in BIM and AEC workflows. These studies on genera-
tive Al in AEC also indicate that text-based models are increasingly being explored for
documentation workflows, information retrieval, design support, and decision assistance
in construction project environments [19]. General reviews describe the potential, archi-
tectures, applications, and limitations of LLMs [20-22]. In the BIM domain, LLM-based
approaches have been investigated for regulatory compliance checking, interpretation
of textual requirements, generation of checking rules, integration with BIM authoring
environments, and support for semi-automated code compliance checking [23,24], includ-
ing approaches that combine large language models with deep learning for automated
BIM compliance assessment [25]. These studies indicate that language-based Al methods
can support the interpretation of semi-structured and natural-language information in
construction project environments. Their application to CDE document naming, however,
remains less explored, particularly in relation to semantic consistency between coded file
names and descriptive titles, as existing LLM-oriented BIM studies focus mainly on model
checking, code compliance, IFC-based workflows, or broader AEC applications [25,26].

The present study adopts the Optimal Naming Convention, hereafter referred to as
the Optimal Standard (OS), as the reference naming convention for testing the proposed
framework. The OS was previously proposed as an extension and refinement of naming
recommendations associated with ISO 19650 [27]. It was developed on the basis of analyses
of national and organisational naming standards, industry surveys, and considerations
related to the cognitive aspects of encoding and decoding information in file names. Its
purpose was to define a compact but informative structure for naming information contain-
ers in BIM/CDE environments. In the present paper, the OS is used as a reference structure,
while project-specific lookup tables define the valid values permitted in individual fields.
The broader need for consistent naming is also reflected in previous research concerning
naming objects in BIM and nomenclature for offsite construction, where systematic naming
is treated as a condition for reliable information exchange and automation [28,29].

Creating or adopting a naming convention is only the first step towards improving infor-
mation exchange in CDE-based workflows. The next step is to verify whether the convention is
correctly implemented in real projects. Such verification requires a formalised naming structure,
project-specific reference values, and a grading mechanism capable of expressing partial compli-
ance. Similar grading concepts have been introduced in other areas of BIM standardisation and
information management. Model development levels describe the geometric and informational
maturity of model elements depending on the project stage [30]. Other examples include
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methods for assessing georeferencing accuracy, such as LoGeoRef [31], and approaches related
to the assessment of information completeness and classification consistency in BIM models,
including COBie data consistency [32]. These examples show that measurable levels, scales, and
checking procedures can support communication between stakeholders and reduce ambiguity
in information management processes.

Comparable approaches are less developed for file naming compliance. In many
projects, file names are checked manually, only partially checked by CDE configuration
rules, or validated only at the level of basic syntax. This limits the ability to evaluate
naming quality in a measurable way and makes it difficult to distinguish between different
types of naming errors. A file name may be structurally incorrect, structurally correct but
referentially invalid, or both structurally and referentially correct while still being seman-
tically misleading. A more diagnostic validation approach should therefore distinguish
between syntactic compliance, referential compliance, and semantic consistency.

The development of the proposed framework was motivated by a real-world docu-
mentation management problem observed during work on the Czeremcha modular railway
station project. The documentation received by the authors contained files prepared under
heterogeneous naming practices, revealing inconsistencies in naming structure, coding
logic, use of discipline and document type identifiers, and descriptive titles. This case
indicated the practical difficulty of controlling file name quality in CDE-based workflows
and informed the development of the controlled validation dataset used in this study.

The gap addressed in this paper is therefore not the absence of CDE platforms, BIM
standards, or automated model-checking methods. Rather, it is the lack of a dedicated
framework for assessing the degree of compliance of file names as structured information
containers. In particular, existing approaches rarely combine: (1) rule-based validation of
file name structure, (2) validation of individual code fields against project-specific lookup
tables, and (3) semantic comparison between coded file name information and descriptive
document titles. This gap is especially relevant in real-world CDE workflows, where
naming conventions are implemented by multiple stakeholders, code tables may differ
between projects, and document titles are often written in natural language.

To address this gap, this paper proposes the Level of Naming Compliance (LoNC),
a multi-level framework for assessing file name compliance in BIM/CDE environments.
LoNC evaluates file names not only as character strings but also as structured information
containers that encode project-specific metadata. The proposed framework combines
syntactic validation, referential validation, and LLM-supported semantic validation. In the
present implementation, semantic validation is tested for selected fields, namely discipline
and document type.

The main contributions of this paper are as follows:

(1) the formalisation of file name compliance as a multi-level assessment problem in
BIM /CDE workflows;

(2) the development of the LoNC framework for evaluating compliance across syntactic,
referential, and semantic dimensions;

(3) the implementation of a validator supporting automated file name checking against
an adopted naming standard and project-specific lookup tables; and

(4) the evaluation of the proposed approach using a controlled synthetic validation
dataset inspired by inconsistencies observed in a real-world CDE project, with perfor-
mance assessed across predefined compliance and non-compliance classes.

The study addresses the following research questions:
RQ1: How can file name compliance in BIM/CDE environments be formalised as a
measurable, multi-level assessment framework?
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RQ2: To what extent can syntactic and referential validation detect inconsistencies
between project-specific naming conventions and actual file names?

RQ3: Can LLM-supported semantic validation identify inconsistencies between coded
file names and descriptive document titles within the tested scope of discipline and docu-
ment type?

RQ4: How accurately and consistently does the proposed LoNC framework classify
predefined syntactic, referential, and semantic file name inconsistencies across different
LoNC classes in a controlled validation dataset?

2. Materials and Methods
2.1. Methodological Objective and Scope

The objective of the proposed method is to assess the compliance of file names used
in BIM and Common Data Environment (CDE) workflows with an adopted naming con-
vention in a measurable and reproducible manner. The method treats a file name as a
structured information container that encodes project-specific metadata and classifies it
using the Level of Naming Compliance (LoNC).

The proposed assessment covers three complementary dimensions of file name com-
pliance: syntactic compliance, referential compliance, and selected semantic consistency.
Syntactic validation verifies whether the file name follows the required formal structure of
the adopted naming convention. Referential validation checks whether the parsed code
fields correspond to valid project-specific values defined in lookup tables. Semantic valida-
tion assesses whether selected decoded file name fields are consistent with the descriptive
document title. In the present implementation, the semantic stage is limited to discipline
and document type.

The method was evaluated using a controlled synthetic validation dataset developed
from inconsistency types observed in a real-world CDE project. This design made it
possible to assign an expected LoNC level to each case before validation and to compare
the validator output with a predefined reference classification.

2.2. Motivating Case and Controlled Validation Dataset

The development of the LONC framework was motivated by documentation manage-
ment problems observed during work on the Czeremcha modular railway station project
in Poland, carried out under Europe’s Rail Flagship Project 4—Sustainable and Green Rail
initiative. The documentation received by the authors consisted of 519 files prepared by
different stakeholders under heterogeneous naming practices. The files revealed inconsis-
tencies in file name structure, coding logic, discipline and document type identifiers, and
descriptive titles.

The original Czeremcha documentation was not used as a direct quantitative valida-
tion dataset because it did not represent a consistent ground-truth dataset. The files were
prepared under different naming rules; not all of them followed a single reference naming
convention, and some metadata required for full validation were incomplete, ambiguous,
or project-specific. Therefore, using these files directly as a benchmark would not allow
unambiguous assignment of expected LoNC levels.

For this reason, the Czeremcha documentation was used as a motivating case and as a
qualitative source for identifying recurring inconsistency types. Based on these observa-
tions, a controlled synthetic validation dataset of 500 file-title pairs was developed. Each
synthetic case was assigned an expected validation outcome before testing.

The dataset was designed according to the sequential logic of the LoONC framework.
Out of 500 cases, 450 were designed to pass syntactic validation and therefore reach at least
LoNC 1. Of these, 250 were designed to pass referential validation and therefore reach at
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least LoNC 2. Of these, 100 were designed to pass LLM-supported semantic validation
within the tested scope and therefore reach LoNC 3. Consequently, the expected final LoNC
distribution was 50 files at LoNC 0, 200 files at LoNC 1, 150 files at LoNC 2, and 100 files
at LoNC 3. Because this distribution was intentionally unequal, the evaluation procedure
included both overall and class-balanced performance measures.

The sequential design of the controlled validation dataset and the resulting expected
LoNC distribution are summarised in Table 1.

Table 1. Controlled validation dataset design.

Validation Stage/Expected Final Level Number of Files Percentage Meaning
Total synthetic file-title pairs 500 100% Complete controlled validation dataset
Passed syntactic validation 450 90% Files reaching at least LoNC 1
Passed syntactic and referential validation 250 50% Files reaching at least LoNC 2
Passed syntactic, r'eferer.1t1al., and selected 100 20% Files reaching LoNC 3
semantic validation
Final LoNC 0 50 10% Syntactic validation failed
Final LoNC 1 200 40% Syntactic Vali(:l'atiqn pas?ed, referential
validation failed
Syntactic and referential validation
Final LoNC 2 150 30% passed, selected semantic validation
failed or was not confirmed
Final LoNC 3 100 20% Syntactic, r'efererltiall, and selected
semantic validation passed
The controlled dataset intentionally included both correct and incorrect examples. The
incorrect cases were assigned to predefined error categories corresponding to the three
validation stages of the LoNC framework. This allowed syntactic errors, referential errors,
semantic inconsistencies, and fully compliant cases to be tested separately. The main types
of intentionally introduced errors are listed in Table 2.
Table 2. Error types intentionally included in the controlled dataset.
Expected Number of . -
LoNC Level Files Designed Condition Example Error Type
Incorrect number of fields, incorrect field
LoNC 0 50 File name does not pass syntactic validation = length, missing separator, invalid character
type
. . 1 Invalid discipline code, invalid author code,
File name passes syntactic validation but . . - .
LoNC 1 200 . s invalid document type code, invalid phase
fails lookup-table validation
code
File name passes syntactic and referential Discipline-title contradiction or document
LoNC 2 150 validation but fails selected semantic P .
1o type-title contradiction
validation
Correct structure, valid lookup values, and
LoNC 3 100 File name passes all tested validation stages  semantic consistency for discipline and
document type
Total 500 Not applicable Not applicable

2.3. Input Data and Reference Resources

Each record in the controlled validation dataset consisted of a file name, a descriptive
document title, an expected LoNC level, and an expected error category. The file name
was used in all validation stages. The descriptive document title was used only in the
LLM-supported semantic validation stage. The expected LoNC level and expected error
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category were not used by the validator during classification; they were used only after
validation to compare the returned result with the predefined reference classification. The
fields included in each record of the controlled validation dataset are presented in Table 3.

Table 3. Input data and reference resources used in the LoNC validation procedure.

Dataset Field Description Used by Validator Used for Evaluation

File name Synthetic name of. the information Yes Yes
container

Documene Hom e e orepondg bt i e
Expected LoNC Predefined reference classification No Yes
Expected error category Predefined type of inconsistency No Yes
Discipline code Extracted from the file name Yes Yes
Document type code Extracted from the file name Yes Yes
Notes/error description Explanation of the designed inconsistency No Yes

The validation method requires four categories of input data: the file name to be
validated, the descriptive document title, the reference naming convention, and project-
specific lookup tables. The naming convention defines the structure of the file name,
including the number, order, length, and meaning of individual fields. The lookup tables
define the valid values that may appear in selected fields. This distinction is important
because the same naming structure can be reused across projects, while project codes may
differ depending on client requirements, CDE configuration, project scope, and document
control procedures.

2.4. Reference Naming Convention

The reference naming convention used in this study is the Optimal Standard (OS)
proposed in previous work [27]. The OS was developed as an extension and refinement of
the naming recommendations associated with ISO 19650 [5,6]. Its purpose is to provide
a compact but informative structure for naming information containers exchanged in
BIM/CDE environments.

The OS is based on an eight-field structure separated by dashes. The fields are arranged
from general project-level information to more specific document-level information and
include codes related to the project, volume, part or location, discipline, author, document
type, phase, and unique document identifier. The separator is a dash “-“, and the field
lengths are predefined in order to balance conciseness, readability, and information capacity.
The structure of the Optimal Standard used as the reference naming convention is shown
in Table 4, where “D” stands for digits and “L” stands for letters.

Table 4. Structure of the Optimal Standard used as the reference naming convention [27].

WHERE WHO WHAT
Project Number Volume Part Discipline Author Do;;l}r::!ent Phase Number
PPPPP \A'A% RRR DD 000 FF SS NN
5 3 3 2 3 2 2 6
D(+L) D+L D+L L L L D+L D(+L)
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The OS defines the structure of the file name, but it does not prescribe all possible
values for each code field. These values must be defined for a specific project and made
available to stakeholders, usually in the form of naming tables or lookup tables. In BIM
projects, such tables are typically part of, or an appendix to, the BIM Execution Plan
and should be aligned with information management responsibilities defined under ISO
19650 [5,6].

For the controlled validation dataset, the OS structure was instantiated using a fixed
project number and volume code in order to isolate the validation of file name structure,
reference values, and selected semantic consistency. The project number was set to 24680
and the volume code was set to CRM. The part field used two values: EXT for exterior-
related documentation and INT for interior-related documentation. The discipline field
used five predefined discipline codes: AR, EL, PL, ME, and ST. The document type field
used four predefined document type codes: RE, DR, SH, and VI. The reference codes used
in the controlled validation dataset are listed in Table 5.

Table 5. Reference codes used in the controlled validation dataset.

Field Code Meaning
Project number 24680 Project identifier
Volume CRM Czeremcha modular railway station
Part EXT Exterior
Part INT Interior
Discipline AR Architecture
Discipline EL Electrical
Discipline PL Plumbing
Discipline ME Mechanical
Discipline ST Structural
Document type RE Report
Document type DR Drawing
Document type SH Schedule
Document type VI Visualisation

Synthetic author and phase codes were also used in the controlled dataset, but they
served only as project-specific reference values for lookup-table validation.

2.5. Definition of the Level of Naming Compliance

The Level of Naming Compliance (LoNC) is defined as a discrete compliance level
assigned to a file name after a sequence of validation operations. It expresses the degree
to which the file name satisfies the adopted naming convention, project-specific reference
data, and selected semantic consistency criteria.

LoNC is cumulative. A file name can reach a higher level only if it satisfies the
requirements of all preceding levels. A file name that fails syntactic validation is classified
as LoNC 0. A file name that passes syntactic validation but fails referential validation is
classified as LoNC 1. A file name that passes syntactic and referential validation but does
not receive semantic confirmation is classified as LoNC 2. A file name that passes all three
validation stages reaches LoNC 3.
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Let x denote a single naming instance, such as a file name. The three binary validation
functions used to determine the LoNC level are defined in Equation (1):

fs(x), fr(x), fm(x) € {0,1} 1)

In Equation (1), fs(x) denotes syntactic validation, f,(x) denotes referential validation,
and f,,;(x) denotes semantic validation. A value of 1 indicates that the respective validation
stage has been passed, whereas a value of 0 indicates that it has not been passed. The
cumulative LoNC classification rule is defined in Equation (2):

0, if fs(x) =0

1, if f(x) =1and f,(x) =0

2, iffs(x)=1,f(x) =1and fu(x) =0
3, iffs(x)=1,f(x)=1and fu(x) =1

As shown in Equation (2), a higher LoNC level can be reached only when all preceding

validation stages have been successfully completed.
This definition makes it possible to identify the highest level of compliance reached by

LoNC(x) = 2)

each file name and the stage at which non-compliance occurs. The four LoNC levels and
their interpretation are summarised in Table 6.

Table 6. Definition and interpretation of LoNC levels.

LoNC Level Validation Stage Passed Interpretation
LoNC 0 None; syntactic validation failed The file name does not comply w.1th the required OS structure and
cannot be reliably parsed.
LoNC 1 Syntactic validation passed The file name has the .C(.)rrect formal st.ructure, b1.1t the validity of
project-specific code values is not confirmed.
Syntactic and referential validation The file name has the correct structure and uses valid project-specific
LoNC 2 . . . g .
passed codes, but semantic consistency with the title is not confirmed.
Svntactic. referential and semantic The file name is structurally and referentially compliant, and the
LoNC 3 y ’ ¢ discipline and document type encoded in the file name are

validation passed

semantically consistent with the descriptive document title.

2.6. Sequential Validation Procedure

The validation procedure follows the cumulative logic of the LoNC definition. First,
the file name is checked against the formal structure of the reference naming convention. If
this check fails, the process stops and LoNC 0 is assigned. If the file name passes syntactic
validation, the parsed fields are compared with project-specific lookup tables. If at least one
required code is invalid or missing, the process stops and LoNC 1 is assigned. If referential
validation is passed, selected decoded fields are compared with the descriptive document
title using LLM-supported semantic validation. If semantic consistency is confirmed, the
file name reaches LoNC 3; otherwise, it remains at LoNC 2 or is marked for manual review.
The sequential validation workflow and the expected transition of cases between LoNC
levels are illustrated in Figure 1.

In the controlled validation dataset, this sequential logic was reflected directly in the
expected distribution of cases across LoNC levels. This made it possible to evaluate the
validator at each stage and to verify whether the final classification corresponded to the
predefined expected level.
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Figure 1. Sequential LONC validation workflow. Green boxes represent input data and the final
user-facing output. Grey boxes indicate the consecutive validation modules. Orange boxes show
decision outcomes, including LoNC classification, failure states, and cases requiring manual review.

2.7. Syntactic Validation

Syntactic validation verifies whether the file name follows the formal structure re-
quired by the reference naming convention. This stage does not assess whether the codes
are meaningful in the project context. It only checks whether the file name can be parsed
into the expected fields.

Regular expressions were used because they provide a deterministic and reproducible
mechanism for validating string patterns, including field order, field length, separators, and
permitted character classes [33-35]. In the proposed method, syntactic validation checks
the number and order of fields, the use of the required separator, the length of each field,
the permitted character types in each field, and the overall compatibility of the file name
with the reference pattern.

For the OS structure used in this study, the general regular expression can be written
as follows:

“([A-Z0-91{5))~([A-Z0-91{3D)-([A-Z0-91{3D)-([A-Z{2D)-([A-Z]{3)-([A-Z]{2})-([A-Z0-9){2})~([A-Z0-9){6))$

This expression checks whether the file name consists of eight fields separated by dashes
and whether each field satisfies the required length and character-type constraints. A file
name that passes this stage is assigned at least LONC 1. A file name that fails this stage is
classified as LoNC 0.

In the controlled dataset, syntactic errors were introduced by modifying the structure
of selected file names. These modifications included incorrect field length, missing separa-
tors, missing fields, additional fields, and invalid character types. The logic of the syntactic
validation stage based on regular expressions is shown in Figure 2.
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Input file name

!
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Check number of fields
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and character type

Pass = LoNC 1 Fail > LoNC 0

Figure 2. Syntactic validation using regular expressions. Green indicates input data and successful
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validation outcomes, yellow represents individual validation operations, grey identifies the validation
module, and orange denotes failed validation outcomes.

2.8. Referential Validation Using Lookup Tables

Referential validation verifies whether the individual code fields extracted from the
file name correspond to valid values defined in project-specific lookup tables. In contrast to
syntactic validation, this stage assesses whether the parsed fields are meaningful within the
project context. For example, a discipline code may be formally correct as a two-character
string, but invalid if it does not occur in the project discipline table.

Each relevant field is mapped to a corresponding lookup table. A field passes referen-
tial validation if its value is present in the appropriate table and assigned to the expected
category. If all required fields pass this check, the file name is considered referentially
compliant and reaches LoNC 2. If at least one required code is missing from the relevant
table or appears in an incorrect category, the file name remains at LONC 1. The mapping
between OS fields, lookup tables, and validation questions is presented in Table 7.

Table 7. Example mapping between OS fields and lookup tables.

OS Field Lookup Table Validation Question

Project number Project identifiers Is the project code valid for the analysed project?
Volume Volume/building/zone codes Is the volume code defined in the project?
Part Location/level /part codes Is the part or location code defined in the project?

Discipline Discipline codes Is the discipline code valid?
Creator/author Organisation or originator codes Is the author code registered?
Document type Document type codes Is the document type valid?

Phase Project phase codes Is the phase code valid?

Unique number Numbering rules or document register Is the identifier consistent with the adopted numbering logic?

In the controlled dataset, referential errors were introduced by replacing selected valid
codes with syntactically correct but non-existing codes. As a result, these file names could
pass regular-expression validation but fail lookup-table validation. This allowed LoNC 1
cases to be generated in a controlled manner.
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Lookup tables may be prepared specifically for a project or derived partly from existing
classification systems. In actual projects, tables of code field values are often included in
BIM-related documentation, for example, as appendices to the BIM Execution Plan or as a
dedicated File Naming Protocol. The appointing party may define the required parameter
values at the beginning of a project, but in practice these values are frequently agreed upon
by multiple stakeholders. Therefore, lookup tables should be considered project-specific
reference resources rather than universal code lists. The referential validation workflow
using project-specific lookup tables is illustrated in Figure 3.

Parsed file name fields
Lookup tables /
loaded ruleset

v v
Map each field to
relevant lookup table

Check whether code exists
and belongs to expected category

Pass — LoNC 2 Fail = LoNC 1

Figure 3. Referential validation using project-specific lookup tables. Green denotes validated input
data and successful outcomes, blue identifies external reference sources such as lookup tables and
project-specific rulesets, yellow represents validation operations, grey indicates the validation module,
and orange denotes failure at the current validation stage.

An example layout of a project-specific lookup table used by the validator is shown in
Table 8.

Table 8. Example layout of a project-specific lookup table.

Project

Number Volume Part Discipline Discipline Description Originator =~ Form
00001 BO1 building or block 01 BO1 AR Architect ABC VI
00002 B02 building or block 02 B02 SE Structural Engineer NPQ X
00003 B03 building or block 03 B03 CE Civil Engineer FPD CL
00004 B04 building or block 04 B04 ME Mechanical Engineer BXR M3

2.9. LLM-Supported Semantic Validation

Semantic validation assesses whether selected information encoded in the file name is
consistent with the descriptive document title. This stage is required because a file name
may be syntactically correct and may use valid project codes while still being semantically
inconsistent with the actual document description. For example, a file name may include a code
corresponding to an architectural drawing, whereas the title may describe a structural report.

In the present implementation, LLM-supported semantic validation was tested for
two OS fields: discipline and document type. These fields were selected because they are
usually directly reflected in descriptive document titles and can be meaningfully compared
with natural-language expressions. Other OS fields, such as project number, volume, part,
phase, author, and unique number, were not included in semantic validation because their
interpretation depends more strongly on project-specific context, internal numbering logic,
or external document registers.
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Semantic inconsistencies in the controlled dataset were introduced only after syntactic
and referential correctness had been ensured. This means that LoNC 2 cases contained
formally correct file names and valid lookup-table codes, but the descriptive title contra-
dicted either the discipline code or the document type code. Such cases were designed to
test whether the LLM-supported validation component could identify inconsistencies that
cannot be detected by regular expressions or lookup tables.

The semantic validation was performed using a large language model. In this study,
DeepSeek-R1 was accessed through an API and used for the LLM-supported semantic
validation stage. The model was queried using deterministic settings in order to improve
reproducibility. The temperature was set to 0.0, no explicit maximum output length was
set, and the model was instructed to return a structured response containing a decision, a
short justification, and the fields responsible for any detected inconsistency.

The method uses a dynamic-context approach rather than model fine-tuning or
retrieval-augmented generation. Fine-tuning requires a dedicated training dataset, compu-
tational resources, and repeated retraining when project requirements change. Retrieval-
augmented generation can support access to external knowledge bases, but it introduces
an additional retrieval layer and requires knowledge-base maintenance [36-39]. In the
proposed workflow, the LLM does not create new codes, modify lookup tables, or expand
project vocabularies. Its role is limited to assessing whether the decoded meaning of the se-
lected file name fields is consistent with the descriptive document title. Therefore, the LLM
acts as a semantic comparison component rather than as an autonomous decision-making
system [40,41]. This positioning is consistent with recent BIM-oriented LLM research,
where language models are increasingly used to support interpretation and checking tasks,
but require task-specific constraints, structured inputs, and controlled outputs [26].

The workflow of LLM-supported semantic validation for the selected OS fields is
shown in Figure 4.

[ File name j

!

Parsed fields
v
Lookup table meanings

v

Prompt construction
v

Document title added
v

LLM semantic comparison

¥
- [ Structured output: ’

W W W
- - - - -

consistent / inconsistent / uncertain

[ consistent - LoNC 3 J [ inconsistent = LoNC 2 ] [ uncertain = manual review]

Figure 4. LLM-supported semantic validation workflow. Green indicates validated inputs and
successful outcomes. Yellow represents internal processing and validation operations. Grey identifies
the parent validation module. Orange denotes a failed validation outcome at the respective LoNC
level. Blue marks external reference data or cases requiring manual review.
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2.10. Prompt Design and LLM Output Structure

The prompt was designed to minimise open-ended interpretation and to force the
model to compare clearly defined input fields. Each prompt contained the original file
name, the parsed fields extracted from the file name, the corresponding code meanings
obtained from lookup tables, the descriptive document title, and explicit decision criteria
for semantic consistency.

The model was instructed not to assess the general quality of the title or the document,
but only to determine whether the decoded file name information was consistent with the
document title within the tested semantic scope. The expected output was structured in
order to support automatic parsing by the validator.

The general prompt structure used in the validation procedure was as follows:

You are validating the semantic consistency of a BIM/CDE file name.
Input data:
File name: {file_name}

Decoded file name fields used for semantic validation:
- Discipline: {discipline_code} = {discipline_meaning/}
- Document type: {document_type_code} = {document_type_meaning}

Additional file name fields provided only as context:
- Project number: {project}

- Volume: {volume/}

- Part/location: {part}

- Author: {author}

- Phase: {phase}

- Unique number: {unique_number}

Document title:
{document_title}

Task:

Compare the decoded discipline and document type information with the document title.
Assess only whether these two fields are semantically consistent with the title.

Do not evaluate project number, volume, part/location, author, phase, or unique number.

Return the answer in the following [SON format:

£ . . 7 4 . 4 s . 7 i . 7
semantic_consistency”: “consistent” or “inconsistent” or “uncertain”,

“inconsistent_fields”: [“field_name_1", “field_name_2"],

i

“justification”:

/

Decision rules:

short explanation”

- Return “consistent” if the decoded discipline and document type agree with the title.

- Return “inconsistent” if the title clearly contradicts either discipline or document type.

- Return “uncertain” if the title does not contain enough information to verify consistency.
- Do not infer information that is not present in the title.

- Do not create new codes.

- Do not change the meaning of existing codes.

The application parsed the LLM output as a structured JSON response. Cases classified
as consistent were allowed to reach LoNC 3. Cases classified as inconsistent or uncertain
were retained at LONC 2 and treated as requiring correction or manual review.
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2.11. Evaluation Criteria and Interpretation of Results

Because each synthetic case had a predefined expected LoNC level, the controlled
dataset enabled direct comparison between the expected classification and the classification
returned by the validator. Overall accuracy was calculated as the ratio of correctly classified
cases to all cases in the dataset. Because the expected LoNC levels were not equally
represented in the controlled dataset, overall accuracy was supplemented with balanced
accuracy, defined as the arithmetic mean of the recall values calculated separately for
LoNC 0, LoNC 1, LoNC 2, and LoNC 3. Accuracy was also calculated separately for each
LoNC level to verify whether the validator performed consistently across all predefined
compliance classes.

For the semantic validation stage, false-positive and false-negative cases were analysed
separately. A false positive was defined as a case in which the LLM classified a semantically
inconsistent file-title pair as consistent. A false negative was defined as a case in which the
LLM classified a semantically consistent file-title pair as inconsistent or uncertain. Cases
classified as uncertain were treated conservatively and were not counted as LoNC 3. The
evaluation metrics used to assess the validator and the LLM-supported semantic validation
stage are summarised in Table 9.

Table 9. Evaluation metrics used for validator and LLM-supported semantic validation.

Assessment Sample Size Purpose Metric
Expected vs. returned LoNC 500 Overall validator correctness Classification accuracy
Expected vs. returned LoNC 500 Class-balanced validator correctness Balanced accuracy
LoNC-level classification 500 Correctness for each LoNC level Accuracy per LoNC level
LLM semantic validation 250 Semantic-stage correctness False positives/false negatives

The results of the validation procedure were interpreted at two levels. First, each file
was assigned the highest LoNC level reached during the sequential validation process. This
made it possible to calculate the distribution of files across LoNC levels in the controlled
dataset. Second, each non-compliant case was assigned to an error category corresponding
to the stage at which validation failed. This allowed the analysis to distinguish between
structural errors, invalid project codes, and semantic inconsistencies. The error categories
used to interpret the validation results are listed in Table 10.

Table 10. Error categories used for result interpretation.

Error Category Validation Stage Description Resulting LoNC
Structural error Syntactic Incorrect separator, mcor.rect I.mmber of fields, incorrect field LoNC 0
length, or invalid character type
Invalid reference value Referential Code not found in the relevant project lookup table LoNC 1
Incorrect reference category Referential Code exists but is assigned to an incorrect field or category LoNC 1
Semantic contradiction Semantic Semantic contradiction in discipline or document type LoNC 2
Insufficient semantic evidence Semantic Insufficient semantic evidence for discipline or document type LoNSe%’é;I‘}Vanual
Full compliance All stages Structure, reference values, and semantic consistency LoNC 3

confirmed

At dataset level, the distribution of files across LoNC levels can be used as an indicator of
naming quality under controlled conditions. The number of files failing at each stage indicates
whether the validator correctly detects the intended types of non-compliance. This supports the
assessment of the LONC framework as a diagnostic tool for file name validation.
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2.12. Implementation of the Validation Procedure

The proposed method was implemented in a dedicated proof-of-concept file name
validator. To support transparency, reproducibility, and further testing, the validator has
been made publicly available in a GitHub repository, as indicated in the Data Availability
Statement. The validator was developed as a proof-of-concept application to test whether
the LoNC framework could be operationalised in a practical CDE-related workflow. The
application receives a file name, a descriptive document title, and project-specific lookup
tables as input. It then applies the three validation stages sequentially and returns the
assigned LoNC level together with diagnostic information about detected errors.

The validator first performs syntactic validation using the regular expression defined
for the OS structure. If the file name fails this check, the process stops and LoNC 0 is
assigned. If syntactic validation is passed, the validator extracts the individual fields and
compares them with lookup tables. If one or more values are not found in the relevant
table, the process stops and LoNC 1 is assigned. If referential validation is passed, the
validator generates a prompt for the LLM by combining the parsed fields, their decoded
meanings, and the descriptive document title. The LLM response is then parsed and used
to assign LoNC 2 or LoNC 3, depending on the semantic consistency result.

The validator also generates diagnostic information indicating the validation stage
at which non-compliance occurred, the field responsible for the error, and the reason
for the assigned LoNC level. This output is intended to support document controllers
and CDE managers in correcting naming errors and improving information consistency.
The pseudocode of the implemented validation procedure is provided in Appendix A to
support reproducibility of the workflow.

2.13. Methodological Limitations

The proposed method has several methodological limitations. First, the quantitative
validation was performed on a controlled synthetic dataset rather than directly on the
original Czeremcha documentation. This decision was made because the original files
were created under heterogeneous naming practices and did not constitute a consistent
ground-truth dataset. The controlled dataset enabled predefined expected LoNC levels to
be assigned to each case, but future work should validate the method on larger real-world
datasets prepared according to a single reference naming convention.

Second, referential validation depends on the completeness and correctness of project-
specific lookup tables. If a lookup table is incomplete or outdated, valid file names may be
incorrectly classified as non-compliant. Third, semantic validation depends on the quality and in-
formativeness of document titles. If a title is too generic, ambiguous, abbreviated, or inconsistent
with the actual document content, semantic agreement may be difficult to determine.

Fourth, LLM-supported validation may be affected by model version, prompt formulation,
parameter settings, context length, and non-deterministic output behaviour. For this reason, the
method uses structured prompts, deterministic settings where possible, conservative acceptance
criteria, and a separate consistency assessment. Finally, the present implementation validates
semantic consistency only for discipline and document type. It does not semantically validate
all eight OS fields and does not analyse the full content of the file. This limitation should be
addressed in future research by extending semantic validation to additional fields and, where
technically and legally possible, to document content.

3. Results
3.1. Controlled Validation Dataset

The controlled validation dataset consisted of 500 synthetic file-title pairs. Each
case had a predefined expected LoNC level assigned before validation. The dataset was
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structured according to the sequential logic of the LoNC framework: 450 cases were
designed to pass syntactic validation, 250 to pass both syntactic and referential validation,
and 100 to pass syntactic, referential, and LLM-supported semantic validation within the
tested scope. This resulted in the expected LoNC distribution shown in Table 11.

Table 11. Expected LoNC distribution in the controlled validation dataset.

Expected LoNC Level Number of Files Percentage of Dataset Designed Validation Outcome
LoNC 0 50 10% Syntactic validation failed
LoNC1 200 40% Syntactic validation passed, referential validation failed
aon, Smecicand el vldaion prsd, sl semanic
LoNC 3 100 20% Syntactic, referential, and selected semantic validation passed
Total 500 100%

The dataset therefore included all four LoNC levels and enabled separate testing
of structural errors, invalid reference values, selected semantic inconsistencies, and fully
compliant cases.

3.2. Sequential Validation Results

The validation results followed the cumulative LoNC logic. Of the 500 file-title
pairs, 450 passed syntactic validation and 50 failed at this first stage, resulting in LoNC
0 classifications. Among the 450 syntactically valid cases, 250 also passed referential
validation against the lookup tables, while 200 failed because at least one code was not
found in the corresponding reference table and were classified as LoNC 1.

The 250 cases that passed both syntactic and referential validation were submitted to
LLM-supported semantic validation. Of these, 100 were assessed as semantically consistent
with the descriptive title and reached LoNC 3. The remaining 150 cases did not receive
semantic confirmation and were classified as LoNC 2. The sequential flow of cases through
the validation stages is shown in Figure 5.

500 synthetic file-title pairs ]

|
v

[ Syntactic validation

> 50 failed - LoNC 0

450 passed syntactic validation

!

Referential validation

> 200 failed - LoNC 1

3

[ Selected semantic validation

. [ 150 failed or not ]

FSO passed referential validation ]

v confirmed - LoNC 2
100 passed selected
semantic validation
[ 100 reached LoNC 3

Figure 5. Sequential validation funnel for the controlled dataset. Green boxes indicate the subset
of records retained after successful completion of each validation stage. Yellow boxes represent the
validation operations. Orange boxes show records excluded at a given stage and assigned to the
corresponding lower LoNC level.
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3.3. Final LoNC Classification

The final LoNC classification returned by the validator is presented in Table 12 and
Figure 6. The largest group consisted of LoNC 1 cases, representing 40% of the dataset.
LoNC 2 cases accounted for 30%, LoNC 3 cases for 20%, and LoNC 0 cases for 10%.

Table 12. Final LoNC classification returned by the validator.

LoNC Level Number of Files Percentage of Dataset Interpretation
LoNCO0 50 10% Structural validation failed
LoNC 1 200 40% Structure correct, referential validation failed

Structure and reference values correct, selected semantic

LoNC 2 150 30% . .
consistency not confirmed
LoNC 3 100 20% Structure, referenc.e values, anFl selected semantic
consistency confirmed
Total 500 100% —

Distribution of files across LONC levels

LoNC level

200 1
! (40%) :
: 200 1 1
1 150
: (30%) '
1 150 1 |
‘ " ‘
-8 |
! © :
= ‘
: o 100 ‘
! g (20%) :
; £ 100 :
: = !
Lz ‘
: 50 1
! (10%) :
: 50 A ;
| LoNC 0 LoNC 1 LONC 2 LONC 3 |

Figure 6. Distribution of files across LoNC levels.

The distribution indicates that the controlled dataset covered all four LoNC levels. The
higher proportion of LoNC 1 and LoNC 2 cases was intentional and reflected the purpose of
the dataset: to test whether the validator could distinguish between different stages of non-
compliance rather than reproduce a random project sample. LoNC 3 should be interpreted
within the tested semantic scope, which covered discipline and document type only.

3.4. Classification Accuracy

The validator output was compared with the predefined expected LoNC level for
each file-title pair. The returned classifications matched the expected classifications for

https://doi.org/10.3390 /buildings16142886


https://doi.org/10.3390/buildings16142886

Buildings 2026, 16, 2886

19 of 29

all 500 controlled cases, corresponding to full agreement between expected and returned
LoNC levels in the evaluated dataset. Overall accuracy was therefore 100%.

Because the expected LoNC levels were not equally represented in the controlled
dataset, balanced accuracy was also calculated. Since all cases were correctly classified
within each LoNC level, the class-specific recall values for LoNC 0, LoNC 1, LoNC 2, and
LoNC 3 were all 100%, resulting in a balanced accuracy of 100%.

This result indicates that the implemented validation logic correctly operationalised
the cumulative LoNC framework under controlled conditions. It should be interpreted as
evidence of internal consistency and correct implementation of the validation workflow,
not as a general estimate of expected performance in uncontrolled real-world CDE datasets.

3.5. Error Categories Detected by the Validator

The controlled dataset included predefined error categories corresponding to the three
validation stages. This made it possible to verify whether the validator not only assigned
the correct LoNC level but also identified the type of inconsistency responsible for the
classification. The detected error categories are summarised in Table 13.

Table 13. Error categories identified in the controlled validation dataset.

Sy Expected Number of
Error Category Validation Stage LoNC Cases Example Issue
Incorrect field length Syntactic LoNC 0 20 Project number shorter or longer than five characters
Missing or incorrect Syntactic LoNCO0 15 Dash missing between fields
separator
Invalid character type Syntactic LoNC0 15 Invalid character used in a coded field
Invahclfése“phne Referential LoNC 1 50 Code not present in AR, EL, PL, ME, ST
Invalid author code Referential LoNC 1 50 Author code not present in the lookup table
Invalid document Referential LoNC 1 50 Code not present in RE, DR, SH, VI
type code
Invalid phase code Referential LoNC1 50 Phase code not present in the accepted phase table
D1sc1phn.e—.t1tle Semantic LoNC 2 75 File name indicates one discipline, while the title describes
contradiction another
Document .ty}.)e-tltle Semantic LoNC 2 75 File name indicates one .document type, while the title
contradiction describes another
Fully compliant case All stages LoNC 3 100 Structure, codes, and selgcted semantic consistency
confirmed
Total 500

The validator correctly distinguished between the intended error categories. Syntactic
errors were stopped at the first validation stage and classified as LoONC 0. Referential errors
were detected only after successful syntactic validation and were classified as LoNC 1.
Semantic contradictions were detected only after syntactic and referential validation had
been passed and were classified as LoNC 2. Fully compliant cases passed all tested
validation stages and reached LoNC 3.

3.6. LLM-Supported Semantic Validation Results

LLM-supported semantic validation was applied only to cases that had already passed syn-
tactic and referential validation. In the controlled dataset, this corresponded to 250 file-title pairs.
Of these, 100 were expected to be semantically consistent, and 150 were expected to contain a
contradiction between the file name and the descriptive title.

The LLM-supported component returned classifications consistent with the predefined
expected semantic outcomes for all 250 cases. All 100 semantically consistent cases were
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classified as consistent, while all 150 semantically inconsistent cases were classified as
inconsistent or not confirmed. No false-positive or false-negative cases were observed in the
controlled semantic validation set. Cases returned as uncertain were treated conservatively
and were not assigned LoNC 3.

The 100% agreement at this stage reflects the controlled and unambiguous design
of the semantic test cases. It indicates that the LLM-supported component correctly han-
dled the designed cases under controlled conditions. It should not be interpreted as a
general estimate of LLM performance for real-world datasets with ambiguous, incomplete,
multilingual, or inconsistent document titles.

3.7. Representative Validation Cases

Representative validation cases are shown in Table 14. They illustrate how the LoNC
framework distinguishes between structural errors, referential errors, semantic contradic-
tions, and fully compliant cases.

Table 14. Representative validation cases from the controlled dataset.

. . . Expected Validator
Case File Name Document Title Designed Issue LoNC Output
Architectural interior
A 24680-CRM-INT-AR-AEC-DR-02-000001 . None 3 3
drawing
B 2468-CRM-INT-AR-AEC-DR-02-000002 Architecture.ﬂ interior Incorrect project 0 0
drawing number length
C 24680-CRM-INT-XX-AEC-DR-02-000003 Architecturefll interior Invalid discipline 1 1
drawing code
Structural exterior Discipline and
D 24680-CRM-EXT-AR-AEC-DR-02-000004 uctural exteno document type 2 2
report L
contradiction
E 24680-CRM-INT-ME-BMT-SH-02-000005 Mechanical None 3 3
equipment schedule
F 24680-CRM-EXT-EL-ENG-VI-02-000006 Electrical cable Document type 2 2
routing drawing contradiction

The examples show that the same file name structure may lead to different LoNC
classifications depending on the stage at which validation fails. Case B fails at the syntactic
stage because the project number does not have the required length. Case C has a formally
correct structure, but the discipline code is not present in the lookup table. Cases D and F
pass syntactic and referential validation but fail semantic validation because the descriptive
title contradicts the discipline or document type encoded in the file name. Cases A and E
pass all tested validation stages and reach LoNC 3.

3.8. Diagnostic Output of the Validator

The developed validator generated diagnostic feedback indicating the validation stage
at which non-compliance occurred and the field responsible for the detected inconsistency.
This output is relevant because LoNC is intended not only to classify file names but also to
support corrective actions by document controllers and CDE managers.

The validator distinguished between structural errors, lookup-table inconsistencies,
and semantic contradictions. Examples of diagnostic outputs generated by the validator
for the four LoONC outcomes are presented in Figure 7.
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LoNC 2

Figure 7. Examples of diagnostic outputs generated by the validator: syntactic error classified as
LoNC 0, invalid lookup-table value classified as LoNC 1, semantic inconsistency classified as LoNC
2, and successful validation classified as LoNC 3.

The diagnostic output confirms that the validator can identify both the level and the
location of non-compliance. This supports targeted correction of file names and reference
data rather than requiring manual inspection of all project files.

3.9. Summary of Results

Overall, the results confirm that the validator correctly implemented the cumulative
LoNC logic under controlled validation conditions. The framework distinguished between
structural errors, invalid reference values, selected semantic inconsistencies, and fully
compliant cases. Since the dataset was synthetically constructed and the semantic cases
were intentionally unambiguous, the obtained full agreement should be interpreted as
confirmation of internal consistency and correct implementation, rather than as a general
performance estimate for uncontrolled CDE datasets.

4. Discussion

The results demonstrate that the proposed Level of Naming Compliance (LoNC)
framework can be operationalised as a structured approach to assessing file naming compli-
ance in BIM/CDE workflows. In the controlled validation dataset, the validator reproduced
the predefined LoNC classification for all 500 file-title pairs. This indicates that the im-
plemented workflow follows the cumulative logic of the framework and can distinguish
between syntactic errors, invalid reference values, and selected semantic inconsistencies.

The obtained high accuracy should be interpreted within the methodological bound-
aries of the study. The validation dataset was synthetically constructed, and each case had
a predefined expected LoNC level before testing. The result therefore indicates the internal
consistency of the implemented validator and the controlled test design. It should not be
interpreted as evidence that the same level of accuracy would necessarily be achieved in
uncontrolled real-world CDE datasets, where file names, titles, metadata, and reference
tables may be incomplete, ambiguous, inconsistent, or project-specific.

Because the controlled dataset contained an unequal distribution of LoNC classes, the
result was also assessed using balanced accuracy and class-specific performance measures.
These additional metrics showed that full agreement was observed across all predefined
LoNC levels, rather than being driven only by the more frequent classes. Nevertheless, this
does not remove the need for further validation on independently annotated real-world
CDE datasets.

The main practical value of LoNC is that it provides more diagnostic information
than binary file name checking. A binary approach can indicate whether a file name is
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accepted or rejected, but it does not identify the stage at which non-compliance occurs.
LoNC differentiates between structural errors, lookup-table inconsistencies, and semantic
contradictions. This distinction is relevant for document controllers and CDE managers
because each error type requires a different corrective action: structural correction of the
file name, correction or extension of reference tables, or review of the relationship between
coded metadata and the descriptive document title.

This staged interpretation is also important when LoNC is compared with syntax-only
validation. Regular expressions are effective for checking field order, separators, field
lengths, and permitted character classes [36-39]. However, they cannot determine whether
a formally correct code is valid in a specific project or whether the decoded meaning of
a code corresponds to the document title. Lookup-table validation extends the process
by verifying project-specific reference values, while LLM-supported semantic validation
addresses selected cases where the coded file name and the natural-language title must
be compared. In the present implementation, this semantic layer was demonstrated for
discipline and document type only.

The semantic validation component should therefore be interpreted conservatively.
LoNC 3 means that the file passed syntactic validation, referential validation, and se-
mantic validation within the tested scope. It does not mean that all eight fields of the
Optimal Standard were semantically validated against the document title. Fields such as
project number, volume, part, author, phase, and unique number require other validation
mechanisms, including project registers, document numbering rules, CDE metadata, or
additional contextual information. This distinction is important because the OS defines the
file name structure, while project-specific lookup tables and project documentation define
the permissible values and their interpretation [27].

The absence of false positives and false negatives in the controlled semantic validation
set indicates that the LLM-supported component handled the intentionally clear test cases
correctly. This supports the feasibility of using LLMs for selected semantic checks, but it
does not remove the need for further testing on real-world data. Document titles in practice
may be abbreviated, incomplete, multilingual, discipline-specific, or inconsistent with the
actual document content. Under such conditions, LLM-supported validation may require
additional context, conservative decision rules, and manual review for uncertain cases.

Several risks are associated with the use of LLMs in this workflow. Model outputs
may vary with prompt formulation, model version, parameter settings, and deployment
environment. Ambiguous titles may also lead to incorrect or uncertain classifications. In
addition, practical implementation may involve token costs, latency, privacy constraints,
and dependence on an external model provider or local deployment infrastructure. For
this reason, the proposed method separates deterministic rule-based validation from LLM-
supported semantic comparison and uses structured prompts, controlled outputs, and
conservative acceptance criteria. These precautions are consistent with the broader need to
manage the limitations of LLM-based methods in BIM and AEC workflows, including chal-
lenges related to reliability, explainability, domain specificity, data quality, and professional
acceptance [20-23,42].

From the perspective of ISO 19650-based information management, LoNC can support
the controlled identification of information containers [5,6]. File naming conventions are
closely connected with document control, information retrieval, revision management,
and the consistent use of project-specific metadata. CDE platforms already provide impor-
tant functions for document storage, metadata handling, workflow control, permissions,
versioning, and approval processes [7-10]. The contribution of LoNC is more specific:
it provides a staged method for assessing the compliance of file names themselves. It
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could therefore be implemented as a QA /QC module within a CDE platform or used as an
external checking tool before documents are uploaded to a shared environment.

The proposed approach also creates opportunities for further development. One direc-
tion is the extension of semantic validation to additional fields of the naming convention.
This would require richer contextual data, such as project registers, location breakdown
structures, phase definitions, author registers, and document numbering rules. Another
direction is the integration of controlled vocabularies and classification systems, such as
Uniclass and bSDD, to improve the consistency and scalability of reference data across
projects [16-18]. Such integration could support more robust validation across different
project types, disciplines, and languages.

Future versions of the method could also use Retrieval-Augmented Generation (RAG)
or fine-tuned models. RAG could allow the validation component to retrieve project-
specific naming rules, lookup tables, BEP requirements, and CDE metadata at validation
time [36-39]. Fine-tuning could be considered if a sufficiently large and stable dataset of
classified BIM/CDE naming cases becomes available. However, both approaches introduce
additional implementation requirements. RAG requires a maintained knowledge base and
retrieval pipeline, while fine-tuning requires training data, computational resources, and
model maintenance. The dynamic-context approach used in this study therefore remains a
practical first step for testing LLM-supported file name validation [40,41].

The proposed validation procedure may also be interpreted in the context of agentic
Al systems for information management. Individual operations, such as parsing a file
name, checking syntactic conformity, validating codes against lookup tables, comparing
decoded metadata with a title, and generating a compliance report, can be formalised as
task-specific skills. The validator developed in this study is not a fully autonomous agent,
but it defines structured validation operations that could be orchestrated by an Al agent in
future CDE-based QA /QC workflows. Such workflows could support automatic LoONC
reporting, detection of naming changes between revisions, and identification of recurring
error patterns across projects.

The main limitation of the study is that the quantitative validation was performed on
a controlled synthetic dataset rather than on a fully standardised real-world CDE dataset.
This choice was deliberate because the original Czeremcha documentation was prepared
under heterogeneous naming practices and did not provide a consistent ground truth.
The controlled dataset enabled predefined LoNC levels to be assigned to each case and
allowed systematic testing of the validator. Nevertheless, further research should validate
the method on larger real-world datasets prepared according to a single reference naming
convention and containing complete metadata and document titles.

A second limitation is that semantic validation was limited to discipline and document
type. This was sufficient to demonstrate the feasibility of the approach, but it does not cover
the full semantic scope of the Optimal Standard. A third limitation concerns dependency
on lookup-table quality: if reference tables are incomplete, outdated, or inconsistent, the
validator may classify valid names as non-compliant or fail to identify actual naming errors.
A fourth limitation is that the method validates file names and titles, but not the full internal
content of documents. Therefore, a document could still contain content that is inconsistent
with both its file name and its title.

Despite these limitations, the study shows that file name compliance can be formalised
as a measurable, staged validation problem and that the proposed LoNC workflow can be
consistently operationalised under controlled validation conditions. The proposed LoNC
framework provides a basis for distinguishing between different levels of naming quality
and for supporting more transparent document control in BIM/CDE environments.
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5. Conclusions

This study proposed the Level of Naming Compliance (LoNC), a multi-level frame-
work for assessing file naming compliance in BIM/CDE environments. The framework
treats a file name as a structured information container and distinguishes between syntactic
compliance, referential compliance, and selected semantic consistency.

The proposed method combines regular-expression-based syntactic validation, lookup-
table-based referential validation, and LLM-supported semantic validation comparing
selected decoded file name fields with descriptive document titles. In the present imple-
mentation, semantic validation was limited to discipline and document type.

The framework was motivated by naming inconsistencies observed in a real-world CDE
project, while the quantitative validation was performed on a controlled synthetic dataset of
500 file-title pairs. The validator achieved full agreement with the predefined expected LoNC
levels in the controlled dataset. Because the LoNC classes were unequally represented, the
result was also assessed using balanced accuracy and class-specific measures, which confirmed
that agreement was obtained across all predefined LoNC levels. This indicates the internal
consistency of the implemented workflow under controlled conditions.

The main contribution of the study is the formalisation of file name compliance as a
staged and measurable assessment problem. The proposed approach enables identification
not only of whether a file name is non-compliant, but also of the stage at which non-
compliance occurs. This can support CDE managers, BIM managers, and document
controllers in diagnosing naming problems, correcting reference data, improving naming
procedures, and generating compliance reports.

Future work should validate the method on larger real-world datasets, extend semantic
validation beyond discipline and document type, integrate richer project-specific context,
and investigate implementation within CDE platforms as an automated QA /QC module.
In the longer term, the syntactic, referential, and semantic validation functions defined in
LoNC could also support more automated QA /QC workflows, including agentic Al-based
document control scenarios.
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dataset of 500 file-title pairs is available as Supplementary File S1. An example lookup table is
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ator] (accessed on 20 May 2026).

Acknowledgments: The authors would like to thank the project stakeholders whose documentation

management challenges motivated the development of the proposed framework.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or

in the decision to publish the results.

Abbreviations

The following abbreviations are used in this manuscript:

AEC Architecture, Engineering and Construction

Al Artificial Intelligence

BEP BIM Execution Plan

BIM Building Information Modelling/Building Information Management
bSDD buildingSMART Data Dictionary

BCF BIM Collaboration Format

CDE Common Data Environment

EIR Exchange Information Requirements

IFC Industry Foundation Classes

IDS Information Delivery Specification

LLM Large Language Model
LoNC Level of Naming Compliance

NLP Natural Language Processing

(O] Optimal Standard

QA/QC  Quality Assurance/Quality Control
RAG Retrieval-Augmented Generation

Appendix A. Pseudocode of the LoONC Validation Procedure

INPUT:

REQUIRED:

FILE NAME // string, 8 parts separated by “-“
DOCUMENT_TITLE // descriptive title used for semantic validation

OPTIONAL:

RULES_XLSX / / spreadsheet containing project-specific lookup tables:
// [project number, volume, part, discipline,

// author/originator, document type/form, phase/stage, number]

SETTINGS_JSON // contains LLM configuration and semantic validation context

OUTPUT:

LoNC_LEVEL //0,1,2,0r3

VALIDATION_STATUS // “VALID” or “INVALID”

REGEX_ERRORS]] // syntactic validation errors

VALUE_ERRORS][] // lookup-table validation errors

SEMANTIC_RESULT // semantic consistency result for discipline and document

type
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DIAGNOSTIC_MESSAGE // explanation of detected non-compliance
PROCESS:
BEGIN

// 1. Load input data

File name = GET_USER_INPUT()

documentTitle = GET_DOCUMENT_TITLE()
rulesMap = LOAD_XLSX_IF_EXISTS(“rules.xIsx”)
settings = LOAD_JSON_IF_EXISTS("”settings.json™)

// 2. Split and parse the file name
parts = SPLIT(file name, “-*)

IF LENGTH(parts) = 8:

LoNC_LEVEL =0

VALIDATION_STATUS = “INVALID”
REGEX_ERRORS.ADD(“File name must contain 8 fields”)
RETURN OUTPUT

fieldMap = MAP(
“project_number” -> parts[0],

“yolume” -> parts[1],
“part” -> parts[2],
“discipline”  -> parts[3],
“author” -> parts[4],
“document_type” -> parts[5],
“phase” -> parts[6],
“number” -> parts[7]

)

// 3. Syntactic validation

FOR EACH (fieldName, field Value) IN fieldMap:

IF NOT MATCHES_REGEX(fieldValue, REGEX[fieldName]):
REGEX_ERRORS.ADD(fieldName)

IF REGEX_ERRORS IS NOT EMPTY:
LoNC_LEVEL =0
VALIDATION_STATUS = “INVALID”
RETURN OUTPUT

ELSE:

LoNC_LEVEL =1

// 4. Referential validation using lookup tables
FOR EACH (fieldName, field Value) IN fieldMap:
IF fieldName EXISTS IN rulesMap:

IF fieldValue NOT IN rulesMap|fieldName]:
VALUE_ERRORS.ADD(fieldName)
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IF VALUE_ERRORS IS NOT EMPTY:
LoNC_LEVEL =1
VALIDATION_STATUS = “INVALID”
RETURN OUTPUT
ELSE:

LoNC_LEVEL =2

// 5. LLM-supported semantic validation

prompt = BUILD_PROMPT(

file name,

fieldMap[“discipline”],
DECODE(fieldMap[“discipline”], rulesMap),
fieldMap[“document_type”],
DECODE(fieldMap[“document_type”], rulesMap),
documentTitle

)

semanticResponse = CALL_LLM(settings, prompt)
SEMANTIC_RESULT = PARSE_JSON_RESPONSE(semanticResponse)

IF SEMANTIC_RESULT.semantic_consistency == “consistent”:
LoNC_LEVEL =3

VALIDATION_STATUS = “VALID”

ELSE:

LoNC_LEVEL =2

VALIDATION_STATUS = “INVALID”

RETURN OUTPUT
END
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