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Abstract— The rapid digitization of personal and organizational workflows has exacerbated the phenomenon of digital hoarding,
leading to critical storage overload, inefficient resource allocation, and reduced system performance in cloud-based environments due
to passive data accumulation and inactive archive piling. Many users tend to preserve files indefinitely without proper categorization
or deletion, causing unnecessary storage expansion and increased maintenance complexity over time. This study aims to develop
LUMEN (The Living Archive), a novel intelligent file management system that implements an automated “data decay” algorithm to
shift the burden of file organization from the user to the system itself. The proposed methodology integrates Data Lifecycle Management
(DLM) principles mapped through Business Process Model and Notation (BPMN), while utilizing Python and Flask for backend
processing and User Centered Design (UCD) principles to create an intuitive and accessible frontend interface. The system evaluates
the temporal differential between current and last-accessed timestamps, translating file vitality into a gradually fading visual
representation that provides psychological nudges encouraging users to review or remove neglected data. A 90-day storage optimization
simulation was conducted to quantitatively evaluate the system’s effectiveness and operational efficiency. The results demonstrate that
LUMEN’s automated purging and retention policies successfully eliminate redundant and inactive data, achieving a 70% reduction in
storage capacity consumption compared to traditional static storage models. Furthermore, the system significantly minimizes manual
intervention, human error, administrative workload, and computational overhead. The implications of this research indicate that
automated organic archiving can effectively mitigate digital hoarding behaviors while maximizing resource utilization for sustainable
data management practices. Future research should explore the integration of advanced compression methods, such as Goldbach
Codes, alongside comprehensive user acceptance evaluation using the Technology Acceptance Model (TAM) to further improve
usability, system comfort, and memory efficiency.
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The impact of this behavior is significant, with empirical
I. INTRODUCTION evidence linking digital hoarding to psychological distress,
including higher levels of anxiety, depression, and stress
among users [4]. In Indonesia, the phenomenon of digital
hoarding is becoming increasingly prevalent, especially
among students and urban communities who rely heavily on
digital technology for daily activities [5]. The abundance of
cheap or free cloud storage solutions has normalized this data
accumulation [6]. However, retaining excessive amounts of
unstructured data not only increases cognitive load but also
poses data security and privacy risks in cloud storage
environments [6].

In institutional contexts, managing the lifecycle of digital
records is essential to prevent system overload and maintain
efficiency. For instance, integrated retention systems are
implemented for electronic medical records to sort active and

The rapid digitization of personal and organizational
workflows has generated an unprecedented volume of data.
Users frequently accumulate files without a strategic plan for
long-term management, leading to fragmented archives and
inefficient retrieval processes. With the cost of data storage
approaching near zero, individuals can acquire, share, and
store digital content more than ever before, exacerbating a
behavior known as "digital hoarding" [1]. Digital hoarding is
defined as the constant acquisition of digital content,
difficulty in discarding it, and the accumulation of files
without an intended purpose, often leading to substantial
digital clutter [2]. Studies have shown that strong emotional
attachments to digital possessions, much like physical
hoarding, make users reluctant to delete items [3].
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inactive files, ensuring that only necessary data is kept
permanently while obsolete files are securely archived or
destroyed [7]. Applying a similar retention paradigm to
personal digital management could alleviate the burden of
digital clutter.

Traditional file management systems operate on a static
retention model, where data remains untouched until
manually deleted. To address this issue, this research proposes
an alternative paradigm through the development of LUMEN
(The Living Archive). LUMEN introduces the concept of
"data decay," a dynamic mechanism that algorithmically
manages file longevity based on relevance and access
frequency. This approach shifts the burden of organization
from the user to the system. This paper details the
conceptualization, system modeling, and prototyping of
LUMEN, providing a foundational framework for sustainable
digital archiving.

Several previous studies have explored strategies to
optimize document management and digital archiving. For
instance, Yuliana and Kresna (2022) developed a web-based
document archiving system that heavily prioritized User
Interface (UI) and User Experience (UX) to mitigate file
accumulation and improve retrieval efficiency [8]. In the
context of institutional records, Suprapto and Prehanto (2020)
implemented a dynamic archive management system that
categorizes files into active and inactive states based on usage
frequency [9]. For large-scale data preservation, Nashihuddin
et al. (2019) demonstrated how repository platforms like
Dataverse can efficiently manage research data by adhering
to strict preservation lifecycles [10]. The foundational theory
behind these systems is Data Lifecycle Management (DLM),
which, as highlighted by Rahul and Banyal (2020), mandates
that data must traverse defined phases—from creation and
utilization to eventual archiving and destruction—to optimize
storage capacities [11]. However, a critical gap remains in
the existing literature: most of these systems rely on passive,
static retention models that require manual intervention by
administrators to classify, archive, or destroy old files [9].
None have actively implemented an automated, visual "data
decay" mechanism driven directly by user interaction and
inactivity to mitigate personal digital hoarding behaviors [8].
To address this issue, this research proposes an alternative
paradigm through the development of LUMEN (The Living
Archive).

II. MATERIALS AND METHOD

To develop the LUMEN (The Living Archive) system
effectively, a comprehensive methodology combining
process orchestration, secure cloud storage frameworks, and
user-centric interface design is employed. The development
process is divided into three main aspects: process modeling
for the data decay logic, cloud security architecture, and User
Interface/User Experience (UI/UX) design.

An easy way to comply with the conference paper
formatting requirements is to use this document as a camera-
ready template.

A. Data Lifecycle Management (DLM) and Process
Modeling

The core concept of LUMEN relies on organic archiving
and "data decay" logic. This mechanism is heavily grounded

44

in the principles of Data Lifecycle Management (DLM).
DLM defines the entire data process within a system,
encompassing sequential phases from data creation, storage,
usability, and sharing, to eventual archiving and destruction
[12]. To execute this automated data decay logic, the system
utilizes the Business Process Model and Notation (BPMN)
standard, as illustrated in Fig. 1. BPMN serves as a
transparent, machine-executable visual modeling language

that effectively orchestrates the backend workflows,
especially within the engineering domain [13].
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Fig 1. BPMN workflow modeling for the LUMEN data decay logic

Based on the modeled workflow in Fig. 1, the process is
divided into user and system lanes. The interaction initiates
with user authentication (registration or login). Upon
successful data validation by the system, the user accesses
the main dashboard to upload files. During the upload
process, a decision gateway allows the user to mark the file
as 'Evergreen'. If marked as Evergreen, the system sets the
status accordingly, and the file is saved persistently without
degradation. Conversely, if not marked as Evergreen, the
system assigns a 100% 'Vitality' score to the file and triggers
a decay timer. Concurrently, a scheduled routine check
operates in the background to monitor file statuses. While
Evergreen files are ignored during this check, non-Evergreen
files will systematically experience a reduction in their
vitality score, which is visually represented by a fading User
Interface (UI). Once the vitality reaches exactly 0%, the
document is automatically migrated to a 'Deep Archive'. This
automated lifecycle approach optimizes storage systems,
prevents manual synchronization errors, and ensures that data
retention policies are maintained efficiently. The
implementation of such systematic models also benefits from
static analysis frameworks to verify automated workflows,
enhancing overall system reliability [9].

B. Cloud Storage and Security Architecture

As LUMEN operates within a cloud computing
environment handling potentially sensitive personal
documents, robust security is paramount. The increasing
threat landscape in cloud environments necessitates robust
data protection mechanisms [14]. Cryptographic algorithms,
specifically the RSA (Rivest-Shamir-Adleman) algorithm,
are implemented to ensure data confidentiality and integrity
during transmission and cloud storage [11]. Furthermore, the
system architecture evaluates decentralized cloud storage
strategies, utilizing mechanisms akin to those found in
blockchain technologies, to mitigate single points of failure
and enhance data immutability across the distributed network.
Additional considerations for secure data sharing and access
control, such as enhanced attribute-based encryption



techniques, are also vital to protect user privacy within
complex cloud infrastructures [15].

C. Algorithmic Parameters of Data Decay

The "data decay" mechanism in the LUMEN system is
not merely a visual concept but is governed by a strict
algorithmic calculation based on temporal data. The system

calculates the time differential etween the current

Car
curr ent) and the file's last accessed timestamp

) . The degradation of a file's "Vitality' is directly

system time (T

( Tlast_accessed
proportional to Tg;rr , measured in days. The lifecycle
parameters are programmed into the backend using Python,
while the frontend dynamic rendering is handled via
JavaScript logic. The algorithmic thresholds defining the file
states are systematically categorized into four distinct phases,
excluding files marked with the boolean 'Evergreen' flag,
which bypass the decay algorithm entirely. The exact
parameters configured in the system are detailed in Table 1.

Table 1. Data Decay Lifecycle Parameters and Visual Thresholds

File Condition (Days  Backend UI Visual

State Inactive) Action Feedback

Everg  User-defined flag ~ Exempted 100% Opacity,

reen = True from Gold Badge
decay
check

Fresh Ty £ <7 days Retain in 100% Opacity,
main Blue Tag
workspace

Aging 7< Taipp <21 Decrement  85% Opacity,

days Vitality 40% Sepia Filter

score

Withe T =21 days  Prepare 50% Opacity,

red for 100% Grayscale
archiving

Archi  Manual or auto- Migrated Moved to

ved triggered to Deep separate
Archive dashboard

Delet  Time in Permanent  Removed from

ed Archive>72 deletion database

hours (Server)

Based on Table 1, the cleanup archive () routine operates
asynchronously on the server to ensure that files dwelling in
the Deep Archive for more than 72 hours are permanently
purged from the system repository [16]. This mathematical
and logic-based threshold guarantees a consistent and
automated approach to reducing storage bloat.

D. UI/UX Design using User Centered Design (UCD)

To ensure the complex backend mechanisms remain
intuitive and accessible for users, the frontend of LUMEN is
designed using the User Centered Design (UCD) approach.
UCD focuses specifically on the needs, behaviors, and
limitations of the end-users throughout the development
lifecycle to create a seamless user experience [17]. The
integration of advanced algorithms, such as multi-objective
optimization algorithms, can further refine the engineering
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process behind user interfaces to balance various design
requirements [18]. This methodology is divided into four
main stages:

1. Analysis: Gathering user requirements to understand
digital hoarding behaviors and specific archiving needs.

2. Design and Prototyping: Creating wireframes and
interactive prototypes using design tools to visualize the
data decay timeline and user dashboard.

3. Evalugtion: Tteratively testing th ototype ith
potential users to gatﬁe}; contml%ous %ee(pii)ackyg)ng re‘ﬁne

the interface design.

4. Implementation: Translating the finalized UI/UX
wireframes into functional front-end code for the web-
based system.

E.  System Implementation Environment

To transform the conceptual design into a functional web-
based prototype, the system was implemented using the
Python programming language, specifically utilizing the
Flask micro-framework for backend routing and application
logic [19]. Flask was chosen due to its lightweight nature and
flexibility in handling RESTful APIs and session
management [16]. The frontend was constructed using native
HTML, CSS, and JavaScript to render the dynamic data
decay visualizations seamlessly without heavy client-side
frameworks. All development and code orchestration were
conducted within Visual Studio Code (VS Code), an
advanced Integrated Development Environment (IDE) that
supports robust debugging and agile software development
cycles [20].

II. RESULTS AND DISCUSSION

A. User Interface Implementation and Visual Data Decay

The implementation of the User Centered Design (UCD)
methodology resulted in a streamlined and intuitive interface
tailored to manage the data lifecycle effectively [15].
Eliminating standard authentication overviews, the focus of
the evaluation is directed toward the main workspace (Ruang
Kerja), as shown in Fig. 2.

Fig 2. The main workspace interface demonstrating the visual data

This dashboard serves as the primary visual indicator of
the system's "data decay" logic. The implementation
successfully translates the backend 'Vitality' score into a
frontend visual representation using dynamic opacity. As
observed in Fig. 2, files that are frequently accessed or newly
opened remain fully opaque. In contrast, older files—ranging



from gaming screenshots to academic journals—exhibit a
faded visual state (marked as Usang). Ensuring that system
status is highly visible is a core usability heuristic that directly
impacts user comfort and cognitive efficiency [13].

When a file's vitality reaches exactly 0%, it is automatically
migrated out of the main workspace and into the Deep
Archive (Arsip Kadaluarsa), illustrated in Fig. 3.

[8me ] '

Fig 3. The Deep Archive interface showing the strict countdown timer for
automated permanent deletion.

The archive interface introduces a critical retention
mechanism: a strict countdown timer (e.g., 71 hours
remaining) before the system executes a permanent
automated deletion. During this grace period, users are
presented with a clear choice to either restore (Pulihkan) the
file to the main workspace or delete (Hapus) it manually. This
approach optimizes cloud storage efficiency by ensuring
redundant data is systematically cleared [21].

B. Internal Workflow Validation

To evaluate the efficacy of the proposed architecture, an
internal cognitive walkthrough was conducted to validate the
BPMN workflow established in Fig. 1. Validating automated
workflows through static analysis and internal testing is
crucial to ensure system reliability before broad deployment
[9]. The evaluation confirmed that the decision gateways
function precisely as modeled. Files designated as 'Evergreen'
successfully bypassed the decay timer, remaining unaffected
by the scheduled routine checks. Conversely, standard files
correctly triggered the backend timer, seamlessly translating
the decremented vitality score into the fading UI effect. This
internal testing verifies that the structural integrity of the
system aligns perfectly with the intended Data Lifecycle
Management (DLM) logic [22].

C. Algorithmic Implementation of Visual Data Decay

The theoretical concept of organic archiving was
successfully translated into a functional algorithm within the
system's backend using Python and JavaScript. The system
dictates the degradation of a file's 'Vitality' based on explicit
time-based parameters configured in the server: 7 days for a
'Fresh' state, 31 days for an 'Aging' state, and a 72-hour
threshold for the Deep Archive migration [23].

The frontend script dynamically evaluates the temporal
difference between the current system time and the file's
lastAccessed timestamp. As implemented in the system, files
unaccessed for less than 7 days retain full opacity and are
marked with a primary blue indicator. If the inactivity spans
between 7 and 21 days, the system automatically applies a
CSS sepia filter (40%) and reduces opacity to 85%,
classifying it as 'Aging'. Beyond this period, files become
'"Withered', represented by a 100% grayscale filter and a 1px
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blur. Furthermore, the system incorporates an 'Evergreen’'
override, allowing users to tag critical files. The algorithm
identifies this boolean flag (important: True) and
subsequently bypasses the decay calculation, rendering the
file immune to degradation. This precise algorithmic
execution ensures that the psychological nudges required to
mitigate digital hoarding are actively driven by the user's
real-time interaction patterns [20].

D. Discussion: Mitigating Digital Hoarding

The results of the LUMEN prototype demonstrate a
practical approach to combating digital hoarding in personal
cloud storage environments. Traditional storage systems
often suffer from the "out of sight, out of mind" dilemma,
where users accumulate massive amounts of data without
ever revisiting or cleaning it, which often leads to anxiety and
system inefficiency [24]. By implementing a visual decay
mechanism, LUMEN leverages psychological nudges. The
fading UI forces users to confront the obsolescence of their
data, transforming passive storage into an active, living
archive. Furthermore, the automated migration to the Deep
Archive and the subsequent countdown to permanent deletion
completely automate the data retention policy. This ensures
that server capacity is continually optimized and only
genuinely valuable data is retained, proving the effectiveness
of organic archiving concepts in modern information systems

[11].
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Fig 4. Simulation chart comparing traditional static storage versus LUMEN's
automated data decay over a 90-day period.

To quantitatively evaluate the impact of the LUMEN data
decay logic on cloud storage efficiency, a simulation was
executed over a 90-day period, as depicted in Fig. 4.
Optimizing storage media capacity is increasingly vital to
handle continuous data influxes and ensure better
transmission [25]. Similar to how optimal scheduling
minimizes physical warehouse capacities and storage
durations [26], LUMEN applies this principle directly to
digital archives. The simulation established a baseline
scenario involving an initial upload of 100 files, with an
average file size of 10 MB, totaling 1,000 MB of storage
allocation.

In a traditional static storage model—represented by the
dashed red line—the server retains all 100 files indefinitely.
The storage consumption remains stagnant at 1,000 MB
throughout the entire 90-day period. This illustrates the
severe inefficiency of passive data accumulation, which often
leads to critical storage overload and necessitates strict



depreciation strategies to prevent system inefficiencies [27].
In stark contrast, the LUMEN system actively applies the
decay algorithm to automate the disposition process, ensuring
that administrative tasks are executed more efficiently by
minimizing manual intervention and human error [28]. The
graph illustrates a sharp decline at Day 24, representing the
automated purge of 50 abandoned files. These files reached
0% vitality at Day 21, were migrated to the Deep Archive,
and were permanently deleted after the 72-hour grace period
expired, instantly reducing the server load by 500 MB.

Over the subsequent months, the automated retention
policy continued to clear redundant data smoothly, supported
by efficient client-server data exchange protocols that ensure
the automated triggers execute with low latency [29]. By Day
90, the traditional model still occupied 1,000 MB, whereas
LUMEN effectively optimized the storage footprint down to
300 MB. This 70% reduction in storage capacity consumption
provides concrete evidence that LUMEN maintains optimal
resource utilization and prevents system overhead, which is
critical for modern server infrastructures, including
containerized environments and loT-monitored physical
servers [30].

IV. CONCLUSION

In conclusion, this research successfully conceptualized,
modeled, and prototyped LUMEN, an innovative file
management system designed to combat digital hoarding
through an automated "data decay" algorithm. By
transitioning away from inefficient static retention models
that cause inactive archive accumulation and storage
limitations, LUMEN automates the disposition process,
thereby minimizing manual intervention. The visual fading
interface, developed using a User Centered Design (UCD)
approach, effectively provides psychological nudges to users
regarding data obsolescence. The 90-day simulation proved
that LUMEN's automated retention policy significantly
optimizes cloud storage by purging 50 abandoned files,
resulting in a 70% reduction in storage consumption. This
optimization ensures that server capacity is -efficiently
maintained, preventing system overhead and resource
exhaustion in modern infrastructures.

For implications and further research, it is highly
recommended to evaluate the user acceptability of the
LUMEN system using frameworks such as the Technology
Acceptance Model (TAM) to better understand perceived
ease of use and comfort. Additionally, integrating advanced
compression algorithms, such as Goldbach Codes, could be
utilized to further compress text files so that storage is smaller
and application memory usage is significantly more
economical. This would maximize memory utilization and
enhance the system's overall storage efficiency and long-term
security.
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