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Abstract. The search for files is an essential task in the daily lives of computer users. Still, conventional systems can be
inefficient, especially when dealing with large amounts of files, leading to wasted time and reduced productivity. This
work proposes a Tag-Driven File Management System (TFMS) as an alternative to optimize file organization and retrieval,
enabling contextual searches and dynamic categorization. The application was designed with an emphasis on performance,
created as a fast and secure desktop application that utilizes a database to store the tags associated with the files, while a
caching system enhances directory loading efficiency. Additionally, artificial intelligence models were integrated to suggest
tags automatically, enhancing the user experience. The results show that TFMS demonstrated superior efficiency compared
to traditional methods, significantly reducing file search time. The comparison with conventional systems validates the
effectiveness of the tag-based approach, positioning TEMS as a promising solution for file management.
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1 Introduction

Every day, the quantity of digital information is expanding
exponentially. Some experts have stated that the organiza-
tion and accessibility of files have become more challenging
due to this increase (SINGH et al., 2007). Typically, files
are organized in a hierarchical directory structure; however,
this approach could become unsatisfactory as the volume of
documents expands. Complex structures, composed of sev-
eral levels of directories, make navigation difficult, slower,
and more susceptible to errors. Additionally, this organiza-
tion can potentially promote file duplication, which results in
inconsistent classification and complicates locating specific
documents. Consequently, the efficacy of file searches may
be compromised, despite the application of indexers, such as
those integrated into operating system search engines (LIU
etal., 2018).

According to some studies, office employees claim to
spend a significant portion of their time finding files within
disordered systems and can spend hours on these activities
(Dinneen and Julien, 2020). Moreover, studies indicate that
frustration from difficulty locating desired files can result in
creating new files containing identical content, worsening
disorganization, duplicating data, and increasing storage re-
quirements, which aggravates the file search process and gen-
erates a "snowball" effect. As a result, numerous companies
allocate significant financial resources to File Management
Systems (FMS) and document storage systems (JACKSON
and SMITH, 2012).

However, there are more efficient and low-cost alterna-
tives for organizing files that can overcome the limitations
imposed by traditional hierarchical structures. One potential
solution is the implementation of structured metadata, which
includes descriptive qualities associated with files, such as
creation date, author, category, or document type. Search
engines can use this information to filter search results. In

addition to this option, tags are employed to designate key-
words to files to describe their content, context, purpose, or
any other pertinent characteristic. In contrast to conventional
folder organization, which requires a rigorous and hierarchi-
cal structure, the utilization of tags enables the same file to
be associated with multiple categories simultaneously, in-
cluding theme, project, and purpose ALBADRI et al. (2016);
JACKSON and SMITH (2012). This method is more content-
centric, dynamic, and flexible, enabling the retrieval of files
through contextual searches based on more natural criteria,
without requiring the user to remember the precise path where
the file is stored.

Despite the exploration of tag-based systems and intel-
ligent file organization tools in previous research, and their
integration into many commercial platforms, significant limi-
tations persist. Many current options are proprietary, rely on
cloud infrastructure, or are designed for enterprise-level docu-
ment management, which restricts user control, transparency,
and flexibility. Moreover, automated tagging systems often
operate as black-box models, providing little transparency
about how tags are created or how semantic connections are
established. Users often integrate manual organizing methods
with external tools, suggesting that existing systems inade-
quately meet cognitive, contextual, and personalization re-
quirements in routine file management. Consequently, despite
technological advancements, a disparity persists between ex-
isting solutions and a flexible, user-centric, transparent, and
Al-enhanced file management approach (Dinneen and Julien,
2020; JACKSON and SMITH, 2012).

In response to these limitations, this work proposes
the development of a Tag-Driven File Management System
(TEMS) to improve the efficiency of organizing, retrieving,
and maintaining files. The tags are intentionally designated
by the user, reflecting their interpretation and need for orga-
nization, which is different from the metadata proposal that
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is usually generated by the operating system. This model is
a paradigm shift in comparison to traditional methods, as it
facilitates a search experience that is more adaptable, precise,
and agile in response to the requirements of users. In addition,
the tool’s integration with artificial intelligence (Al) aims to
improve the user experience by automatically suggesting tags
based on the semantic content of the files. This will facilitate
the organization process and minimize the need for manual
intervention.

The remainder of this paper is organized as follows: Sec-
tion 2 presents a brief review of the literature with the intention
of finding and describing related works. Section 3 describes
the development and features of TFMS. Section 4 presents the
evaluation results. Section 5 concludes with future directions.

2 Rapid Review

A rapid review (DOBBINS, 2017) was conducted to iden-
tify relevant literature. While this study diverged from the
conventional systematic review approach by not formulating
explicit research questions, it nonetheless utilized a structured
and transparent methodology to guide the search, screening,
and selection phases. The primary objective was to ensure
scientific validity and replicability in the identification of per-
tinent studies, concurrently preserving the efficiency inherent
in rapid review approaches.The investigation was conducted
from May to July 2024 and intended to identify relevant re-
search in file organization within operating systems. The
search string was executed in the Scopus research database
(https://www.scopus.com) as recommended by Kitchenham
(KITCHENHAM, 2004), returning 554 results. This work
sought to extract the characteristics and techniques found in
each of the related works found.

* The inclusion criteria specified that:

— the paper must be related to applications for tag-
based file management;

— the paper should constitute a primary or secondary
study; and

— the paper must address at least one of the research
issues.

¢ The exclusion criteria indicated that:

— book chapters and conference invites should be
removed;

— papers lacking full access should be discarded; and

— research outside the domains of computer science
or engineering should be rejected.

* The implementation of these criteria and filters signifi-
cantly diminished the quantity of papers reviewed, de-
creasing from 121 post-title analysis to 32 following
abstract screening and ultimately to merely 8 after com-
prehensive text examination. The papers selected for
review can be identified in Table 2.

The search string was generated utilizing the PICOC
(population, intervention, comparison, outcome, and context)
framework (BRUZZA et al., 2017). Four of the five compo-
nents were utilized to fragment the string, with the objective
of enhancing the efficacy of the results achieved. Addition-
ally, certain words were terminated with the character **’ to
encompass terms that are derived from the original word.
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Upon identifying the synonyms, the search strings for
the study may be formulated. The string was produced by
aggregating keywords from the same domain using the logical
operator "OR" and consolidating distinct domains with the
logical operator "AND". The components of the PICOC and
the employed search string are specified in Table 1.

24 Analysis of findings

The examined systems provide several methods to enhance
organization and performance in operating systems, empha-
sizing efficient file retrieval and access. TagFS enables users
to attach tags to files, hence enhancing their retrieval and
organization. These tags are retained in Non-Volatile Mem-
ory (NVM), together with the files’ information, ensuring
their accessibility post-reboots or system failures. To enhance
file search efficiency, TagFS employs a B+ Tree, wherein the
leaves consist of tags accompanied with metadata and file
identifiers (BEZEK, 2011). A comparable paradigm is em-
ployed in FindFS, which incorporates a dynamic visualization
layer based on tags into an existing hierarchical file system,
enabling users to filter and retrieve files in an organized and
efficient manner, with directories having symbolic links to
files and real-time updated visualizations. The system em-
ploys a caching mechanism to store frequently accessed tags
and files, thereby enhancing performance (CHOU, 2015).

Certain systems examined employ methods primarily
aimed at optimizing I/O operations. Batch File Operations
(BFO) employs a batch operations concept to enhance access
to numerous tiny files. It achieves this by segregating the
processing of metadata and files, hence enhancing the effi-
ciency of I/O operations (YANG et al., 2020). A separate
file system examined, known as NoseFS, utilizes a global
hash table for the organization and retrieval of metadata. An
index tree is utilized to execute read and write operations effi-
ciently, while a lightweight journaling system is integrated to
maintain system consistency post-failure. In contrast to more
substantial systems, lightweight journaling captures solely the
essential information for data recovery, ensuring that system
performance remains uncompromised, while write operations
are tuned to minimize I/O overhead (YANG et al., 2018).
In contrast, Otter (LIU et al., 2019) employs a strategy cen-
tered on metadata localization, providing an efficient indexing
structure both in memory and on disk, while prohibiting the
utilization of tags.

Otter suggests a metadata organizing method centered on
metadata localization, utilizing a constant-complexity index-
ing framework for both memory and disk, hence facilitating
swift file retrieval. The I/O optimization method is evident
in systems utilizing the FUSE framework, which is intended
to aid in the creation of user-space file systems, as outlined
by (VANGOOR et al., 2019). FUSE facilitates effective com-
munication between user space and the kernel, enhancing
flexibility in the creation of bespoke file systems. DEFUSE,
an iteration of FUSE, use tags to classify files within a virtual
directory, irrespective of their physical disk locations. This
system utilizes a caching mechanism to preserve frequently
accessed tags and files, hence enhancing speed (LEMBKE
et al., 2022). XFUSE is a FUSE-based system that employs
a tag-based technique for file organization, enabling users
to apply multiple tags to files and improving efficient file re-
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Population: "operational system*" OR "Operating system*" OR
"windows" OR "linux" OR "OS" OR "mac*" OR "unix" OR "debian" OR "ubuntu"

Intervention: "file management" OR "file organization"

Comparison: Not applicable

Outcome: "application*" OR "program*" OR "software*" OR "system*"

Context: "eficiency” OR "fast search” OR "user satisfaction" OR "performance”
OR "productivity"OR "efficacy" OR "facility".

TITLE-ABS-KEY ( ( "operational system™"OR "Operating system*"OR "windows"OR
"linux"OR "OS"OR "mac*"OR "unix"OR "debian"OR "ubuntu") AND ( 'file management"
OR "file organization") AND ( "application*"OR "program*"OR "software*"OR "system*")

AND ( "eficiency"OR "fast search" OR "user satisfaction"OR "performance"OR "productivity"
OR "efficacy"OR "facility") ) AND PUBYEAR >2014 AND PUBYEAR <2025 AND
( LIMIT-TO ( SUBJAREA , "ENGI") OR LIMIT-TO ( SUBJAREA , "COMP") )

Table 1. String de busca

Number | Title Reference

An Efficient and Flexible Metadata

! Management Layer for Local File Systems (LIU e al., 2019)

) Performance gnd Resource Utilization of Fuse (VANGOOR e al., 2019)
User-Space File Systems

3 B.atch—ﬁle Operatlons to Optimize Massive (YANG et al.. 2020)
Files Accessing
DEFUSE An Interface for Fast and Correct

4 User Space File System Access (LEMBKE et al., 2022)
A Highly Non-Volatile Memory Scalable

> and Efficient File System (YANG et al., 2018)

6 F2FS: A New File System for Flash Storage (LEE et al., 2015)

7 XFUSE An 1nf.rastr}10ture for running (HUAI et al., 2021)
filesystem services in user space

3 A high pe.rform'flnce file system for (OU et al.. 2016)
non-volatile main memory

Table 2. Selected papers.

trieval using tag-based searches (HUAI et al., 2021). F2FS is
a file system specifically engineered for flash memory devices,
such as SSDs. It employs a system that differentiates between
"hot" data, marked by frequent access or alteration, and "cold"
data, comprising files that are infrequently accessed. This
distinction enhances the efficient arrangement of writing and
reading processes, reducing fragmentation and degradation
of flash memory (LEE er al., 2015).

Comparable frameworks, such as DEFUSE, prioritize
user-space interaction, offering an interface that improves
file descriptor acquisition and retention, while also enabling
user-space paging. XFUSE provides an infrastructure that
allows file system services to function in user space, enabling
directory overlays and the mounting of distinct file systems
within containers, hence improving flexibility and scalability
across diverse storage environments. F2FS is a file system
explicitly engineered for flash memory devices, including
SSDs. It utilizes a methodology that differentiates between
"hot" data, characterized by frequent access or modification,
and "cold" data, including files that are seldom utilized. This
differentiation facilitates the effective structuring of write and
read operations, minimizing fragmentation and deterioration
of flash memory (LEE et al., 2015).

The examination of the tools revealed a variety of distinct
features. Table 3 presents a thorough comparative analysis of

the tools under consideration. Each table entry corresponds
to a specific attribute, and an "X" indicates the presence of
that attribute in the respective tool. This comparative analysis
highlights the absence of a single tool that includes all the
identified features. Therefore, the proposed TFMS is justified
because it combines the complete range of features found in
the tools that were examined, resulting in a single, integrated
application.

3 Tag-Driven File Management
System

The strategies identified in the examined file systems inspire
the system proposal presented in this study. As a result, the
proposal used similar techniques to those mentioned eatlier,
leading to advantages like robustness, adaptability, and high
efficiency, which are essential for handling large amounts of
data.

The selection of technologies for execution reflects an
effort of efficiency and security. The Tauri framework facili-
tates the creation of flexible desktop applications utilizing the
Rust programming language for the backend and web tech-
nologies, such as React, for the frontend (Sinha et al., 2025).
Its modular architecture enables integration with Artificial
Intelligence (AI), while its simple interaction with operating
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TagFS | FindFS | BFO | NoseFS | Otter | DEFUSE | XFUSE | F2FS | TEMS
X X X
X X

X X

X X

X X X
X

X X

X X

X X X X X

Table 3. Comparison of application features.

system features permits sophisticated file manipulation. Rust,
a high-performance language with exact memory manage-
ment and inherent support for safe concurrency, encompasses
the essential elements for applications requiring robustness
and reliability, such as cache and file management systems.

The application cycle starts with cache initialization and
database connection, followed by interface rendering. The
user navigates the system directories, locates specific files
by name or tags, and manages the relationships between tags
and files. The backend manages requests and modifies the
database as required. The interface subsequently presents
the results. The interface was segmented into three primary
components to enhance maintenance and scalability. The nav-
igation bar component contains folder navigation and a search
bar equipped with advanced filters. The main area exhibits
the files and directories together with their corresponding tags.
Context menus facilitate rapid actions, including renaming or
deleting files, assigning tags via modals, or creating folders.
This division into discrete elements enhances the readability
and maintainability of the code, facilitating the incorporation
of future enhancements.

The application architecture consists of four primary
components: the user interface (frontend), the application
core (backend), the data persistence layer (database), and
supplementary modules, including caching and Al integration.
The SQLite database is assigned the persistent storage of
information pertaining to files, tags, and their associations,
maintaining a hierarchical structure and referential integrity
among tables.

The backend oversees file operations, interfaces with
the database, and incorporates Al libraries. The structure,
along with that of the frontend, is depicted in Figure 1. The
application modules are systematically arranged into direc-
tories based on their functions, including filesystem, search,
cache, database, and Al, with each directory housing unique
implementations of its respective features. These modules
facilitate activities such as file listing and deletion, detection
of mounted volumes (e.g., external hard drives or network
drives), and cache system management. The cache serves as
an intermediary layer between the file system and the backend,
maintaining a persistent representation of directories in a B+
tree structure. This facilitates efficient loading, even in con-
texts with substantial file quantities. The cache is serialized to

disk, verified, and updated at regular intervals. This layer not
only enhances performance substantially but also serves as a
vital integration point among the directory explorer, search
engine, and volume manager.

The TFMS has two complementary search methodolo-
gies: nominal search and tag search. Nominal search enables
the identification of files by their names, accommodating
typographical errors with a fuzzy matching algorithm that an-
alyzes the data set and categorizes the outcomes according to
a similarity index. This method can discover partial matches
and rank the files based on the proximity of the search phrase
to the real file names, providing a fault-tolerant and more
intuitive search experience for the user. Tag search functions
according to the keywords previously allocated to the files.
Each file may encompass one or several tags that semanti-
cally characterize it, facilitating more efficient thematic or
contextual searches for the user. This search method relies
on the words included inside the database rather than the file
names, enabling the identification of content even when the
file names lack descriptiveness. These two search engines
operate cohesively, enhancing information retrieval flexibility
and markedly boosting the system’s navigability and usability,
particularly in contexts with substantial amounts of unstruc-
tured data. The TFMS interface are illustrated in Figure 2.

The integration of Al technologies into TFMS is exe-
cuted in a modular and autonomous design, offering flexibil-
ity and facilitating system maintenance. The system sends
file metadata, such as name, extension, path, and previously
related tags, to an external API called Hugging Face (Jain,
2022), rather than depending exclusively on a predefined set
of tags or manual operator intervention. This API allows a
zero-shot classification model to automatically suggest new
tags based on the meaning of the provided metadata, with-
out needing any previous training. This enables the system
to dynamically adjust to the document content, suggesting
pertinent and precise tags based on context, a capability not
attained by traditional file management techniques.

The Al-generated tag suggestions are subsequently ana-
lyzed and categorized based on their relevancy, displaying the
most suitable options to the user. This approach enhances file
organization on disk and substantially diminishes the man-
ual effort needed for categorization and ongoing file updates,
which is a common difficulty in conventional file manage-
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backend
srcidatabase
sre-tauri — - apirs

— B Ay — - database.db
— © .gitignore — - database.sql
— - buildrs — - listTables.cjs
—— - Cargo.lock — - modurs
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— - errors.rs — - explorer.rs
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frontend
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App.tsx — glputtM?“:al.tsx
5 — ontextMenus
_"‘a'"'ts“ — — = ContextMenu.css
ipc.ts — ContextMenu.tsx
types.ts — — = ContextMenus.tsx
util.ts —  MainBody
vite-env.d.ts — — = Util/ = LoadingPlaceholder.tsx
assets — — = Volumes
— — VolumeComponent.tsx
< — — ||: VolumeList.t';x
hooks — F— — - DirectoryEntity.tsx
state — — — - DirectoryContents.tsx
ui — Suggestions/ = SuggestionsModal.tsx
— = Tags
— — = TagForm.tsx
— — = TagList.tsx
— — TagListModal.tsx
— TopBar
— — FolderNavigation.tsx
— —— = SearchBar.tsx
— ——  SearchFilter.tsx

Figure 1. Application folder structure.
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ment systems. Moreover, the implementation of this Al layer
as an independent module, adhering to the principles of low
coupling and high cohesion, facilitates the rapid expansion
and modification of the system without impacting the other
software layers. This modular model preserves the system’s
original structure while facilitating the integration of future
technology advancements at a minimal adaptation cost.

4 Evaluation

The initial performance studies of the TFMS were carried
out by comparative analyses with the Windows File Explorer,
concentrating on file search duration. The assessments were
conducted in two experimental scenarios: one initiating the
search from the system root directory and the other from the
directory containing the target file. Each type of search (nom-
inal and by tags) was repeated three times for both circum-
stances. The experiment’s findings demonstrated a substantial
enhancement in system performance compared to the con-
ventional Windows Explorer strategy. The notional search
exhibited, on average, a response time 6.69 times faster in
TFMS. The tag-based search has shown a markedly greater
improvement, proving to be nearly 16,800 times more effec-
tive in file retrieval. This enhanced performance results from
the SQLite database query, which, when files are appropri-
ately organized by tags, navigates a significantly narrower

dataset compared to a comprehensive file system scan.

In addition to the assessment utilizing the conventional
search method via the operating system, an attempt was made
to evaluate the proposed tool against the most closely re-
lated works to this proposal; consequently, the tools FindFS
(CHOU, 2015) and TagFS (BEZEK, 2011) were chosen. Ac-
cess to the application executables or source code of the tools
was not possible, necessitating that the evaluations be con-
ducted only on the information provided in the papers de-
tailing the tools. Nevertheless, the article TagFS omitted to
provide evaluation results, leading to its exclusion from the
assessment.

The papers’ results indicated that TFMS exhibited in-
ferior performance compared to FindFS, which was antici-
pated due to the differing characteristics of their architectures.
FindFS functions directly within the conventional hierarchical
structure employed in Linux, resulting in overhead when in-
tercepting actions at the file system level. Conversely, TFMS
employs a database-centric architecture for file and metadata
management, providing enhanced flexibility and control; how-
ever, this may adversely affect raw performance in basic op-
erations, particularly when contrasted with tools tuned for
system-level efficiency. In the initial test scenario, FindFS
exhibits query times between 3.32 and 10 ps for file searches
from the machine’s root directory, but tag-based searches in
TFMS reveal response times ranging from 0.48 to 2.23 ms.
It is important to recognize that the search methodologies
differ, as TFMS does not require managing result set updates,
a factor that imposes considerable overhead on FindFS opera-
tions. Ultimately, it is important to note that the evaluations
were conducted based on reports in the publications, and the
assessments occurred on computers with varying settings,
which may jeopardize the validity of the comparison between
FindFs and TFMS.

While the experimental findings indicate consistent per-
formance enhancements, certain facets of the evaluation war-
rant contextualization. The experiments were executed on the
author’s personal computer to ensure a controlled and stable
execution environment throughout all scenarios. All tests
were conducted under identical hardware configurations, op-
erating system conditions, and datasets, thereby guaranteeing
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internal consistency and facilitating comparability between
TFMS and the other programs The principal metric assessed
was file search response time, given that this metric directly
reflects the system’s fundamental objective of enhancing re-
trieval efficiency.

The exact number of files in each directory wasn’t for-
mally tracked during the experiment. This was because the
study focused on functional and comparative validation, not
detailed performance testing. Therefore, even though all runs
used the same dataset and file structure, the lack of precise
dataset details could potentially affect the ability to reproduce
the results exactly. Future research will use controlled datasets,
with specific file sizes and standardized testing methods, to
improve external validity and generalizability.

5 Conclusion

This paper proposes a Tag-Driven File Management System
(TFMS), an effective solution for file organization and re-
trieval, prioritizing performance and adaptability. TFMS
presents a distinct methodology for tag utilization, facilitating
file classification and search in a more dynamic and contex-
tual manner. The performance evaluation of TEMS versus
Windows Explorer demonstrated a notable enhancement in
search velocity, particularly in the tag search approach, which
was much quicker in scenarios with extensive data files. The
system distinguished itself through its integration with Ar-
tificial Intelligence, which autonomously recommends tags,
enhancing the organizational process.

Despite TFMS’s worse performance compared to
FindFS, attributable to its database-centric architecture that
incurs greater overhead from file and metadata management
via queries, this modular design offers considerable benefits
in flexibility and scalability. Utilizing a database facilitates
enhanced control over data organization and simplifies the
incorporation of additional functionalities, such as Al inte-
gration for automatic tag suggestions. This distinguishing
characteristic enhances file management and optimizes the
user experience, rendering the procedure more efficient and
intuitive. The research validated TEMS as an efficient solution
for file management, emphasizing its capacity to manage sub-
stantial data quantities in a more systematic and customized
manner.

Future research may investigate the deployment of Al
algorithms to enhance tag suggestions and provide ways to op-
timize performance in basic tasks, such as nominal searches.
Implementing a more sophisticated caching mechanism could
enhance performance in situations involving substantial file
quantities, rendering TFMS an even more resilient and effi-
cient solution.
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