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Abstract

We present a conceptual model for a knowledge management system (called LIST), its reference implementation
as a Unix-based filesystem (called LFW), and utilization of this model for applications beyond file management,
e.g. a git middleware (called git_Ifw) which preserves file provenance automagically. In this paper, we describe
how this conceptual model was born from a software project for unifying data sources (phase-1) to the current
filesystem implementation (phase-2) and finally to a conceptual model specification (phase-3). The work advances
conceptual modeling by providing a practical multi-model abstraction for knowledge representation, and in-line
with ER-2026 theme on “Sustainability”, this work enables sustainability in two key ways: (1) sustainability
of knowledge management for a human lifespan, and (2) environmental sustainability. More details about the
project can be found at: https://listspec.org.
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1. Introduction

There has been a desire among digital users and researchers alike to have a knowledge management
system where knowledge units could be stashed without the upfront cognitive burden of thinking about
“where to file” or “what to name”. An informal name was coined for such a system by [1, 2] — “Laundry
Basket Model”. Here, the word upfront is key since users don’t want to avoid the organization of their
knowledge, they only want to defer it and refine it when required. The current hierarchical filesystems
are notoriously bad at this; renaming or moving files can break links and hence the organization.

To address this issue and achieve a laundry basket model, we present a conceptual model (or specifi-
cation) for knowledge or document management called LIST — Linked Immutably with Strong&Static
Typing, which can be implemented as a filesystem, through a database, or even as a document. While
the acronym of LIST captures its two core axioms (discussed in Section 3), the name [ist itself encodes
the feeling of a laundry basket model — where the document collection is presented to the user as “just
a list”. We implement this specification as a filesystem called LIST Filesystem Wrapper (LFW).

The paper proceeds as follows. We first describe in Section 2 the project phases in the way the project
evolved. In Section 3, we briefly summarize the LIST specification, the LFW implementation, and then
one of its applications beyond file organization. We conclude our work in Section 4.

2. Project Setup and Phases

In this section, we describe the three project phases, but first begin with a zeroth phase of literature
survey and trying to understand the problem deeper. Somewhat surprisingly, the zeroth phase is our
most significant contribution because it’s in this phase that we crawled through innumerable existing
problems (reported by users and identified by researchers) to distill them down to the only two required
solutions which finally became the two key axioms of our LIST model.
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2.1. Phase-0: Understanding the Problems

To gain insight into the problems and potential solutions, we did literature survey[3, 4, 5, 6, 7, 8, 9, 10,
11, 12], performed analysis of internet forum discussions on knowledge management’, and utilized
the feedback on our prior contributions[13] in knowledge management software, to derive a matrix of
problems, desired features, and solutions. While the matrix has been discussed in detail on our project
web-site (listspec.org), here we discuss the two identified problems in the next section — the problem of
fragmentation and the problem of longevity or sustainability of knowledge at a human lifespan.

2.2. Phase-1: Fragmentation and Centralization

The project started in 2022 around the problem
of Fragmentation, and solving it through Cen-
tralized databases. A normal computer user to-
day has to manage an increasingly large num-
ber of documents and document types. Con-
sequently, each user project gets Fragmented
across multiple applications. Users end up
maintaining many disjoint “lists” of files, ref-
erences, playlists etc.[14]

To unite these lists, we built clist (aka,
Classic LIST — to disambiguate from the “LIST”
specification which emerged later): a terminal-

with unified search and enriched metadata. based software that stores disparate knowl-

edge sources in a centralized database. A sam-

ple workflow is shown in Figure 1. While clist demonstrated the power of unified data sources

and enriched metadata, the project was impeded by the limitation of accessing various cloud data

sources. However, the project took an interesting turn when even an offline data source turned out

to be obstinate: the “list of files” that exist in our filesystem. One direct approach was to reference

files within the centralized database of clist , however, for longevity of data model (as discussed in

the next section), a decentralized approach turned out to be a much better choice. In such a model,

every document (file or otherwise) manages its own metadata, and there is no central database. We
now formally define the Decentralized Model in Definition 1.

Figure 1: The terminal-based interface of clist,

Definition 1 (Decentralized Model). A decentralized model of document management is where
documents’ organizational structure and metadata is not managed through a centralized database,
rather each document carries its own metadata with itself.

2.3. Phase-2: Longevity/Sustainability and Decentralization

When it comes to the longevity of knowledge organization, filesystem based organization tends to
outlive specialized applications[15]. However, the hierarchical model of filesystems pose challenges
summarized in Table 1.

To achieve decentralization, we developed the LIST Filesystem Wrapper (LFW). LFW attaches a
dedicated metadata file with each file, and gives file an immutable ID. This creates a “laundry-basket”
filesystem where documents are stored in a flat structure but logically represent a graph model.

2.4. Phase-3: Formal LIST Specification

As LFW reached a usable stage, we formalized the project into the LIST specification, which is now
discussed in the next section.

!To provide us insights into the problems and solutions pertaining to knowledge management, we mined data from high-quality
internet forums like Obsidian, org-mode, Zotero, and Zettelkasten. The data for the first two forums was mined completely
(as of 01 May 2026). This data is available in our Git repository: https://gitlab.com/thelistproject/forumdatamining.
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Table 1
Challenges of Hierarchical Models and its solutions in LFW

Dimension  Hierarchical/Systemic Limitation LFW Systemic Solution

Structural One-file-one-folder constraint. Multi-location support: A single file can appear
in multiple folders via metadata.

Referential Identity is conflated with location (path-based). Persistent identity: Unique IDs ensure references
remain intact regardless of path.

Cognitive Requires upfront naming/placement decisions. Naming flexibility: Renaming does not break
links based on IDs.

Persistence  Local identifiers (inodes) are lost during migration. Embedded persistence: Metadata remains un-
changed during transport.

3. The LIST Specification and LFW

3.1. LIST Specification
The LIST (Linked Immutably with Static&Strong Typing) specification is built upon two core axioms:

1. Linked Immutably: References between units of knowledge (called “Atoms”) are based on
unique, immutable identifiers (id(a)) rather than volatile filesystem paths, decoupling an object’s
identity from its name or location.

2. Static and Strong Typing: Each “Atom” is “strongly” and explicitly (hence “statically”) associated
with a metadata object M,.

Structurally, a LIST Universe U is a set of these Atoms and the immutable directed edges (links) between
them. This model supports recursive composition, enabling granular referencing that remains stable
regardless of how the Atoms are renamed or reorganised.

Note that the notion of Static and Strong typing has been abstracted from Types in Programming
languages. Much like a static language has explicit information (metadata) about each of its variables,
and a strong language doesn’t easily lose that information (metadata), LIST specification promotes
explicit and rich metadata, and that metadata isn’t easily lost (hence preserving file provenance). This
is briefly described in Table 2. More details about this specification are available on project website, and
an initial formalization of this specification in Haskell is available in our Git Repository.

Table 2
Programming Types and the LIST Type System
Paradigm Programming FileSystem
Dynamic/Loose a = 45 f.txt — <FileContent>
(Type is inferred/mutable) (Metadata is minimal/volatile)
Static/Strong/LIST float a = 45 M, f.txt — <FileContents>
(Type is explicit/fixed) (Metadata is explicit/preserved)

3.2. LFW Filesystem

To demonstrate this specification, we developed LFW filesystem. LFW works through a two-step
process:

« Conversion: In this step, the traditional hierarchical data is flattened into an LFW root, where
each file is assigned a UUID and paired with a corresponding .md’metadata file to preserve
provenance. Each entity in LFW is classified in the following two types during conversion:

*Kindly note that these design choices, such as choosing .md as metadata extension, are temporary.
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- Bundles: Directories that must be preserved as a single unit to maintain internal dependen-
cies - for example, Git repositories or folders explicitly marked with a . bundle extension.
— Singletons: Files that don’t have strong dependencies and can be treated as independent.

« Mounting: Once the conversion is done, LFW constructs a graph-based index of these Atoms,
allowing the user to project the data back into a familiar hierarchical view or alternative organi-
zational structures without altering the underlying immutable IDs.

Crucially, LFW is designed for reversibility, en-
suring that users can transition back to standard hi-
erarchical storage without loss of data or metadata,

ﬂr[gé & e thereby avoiding vendor lock-in. LFW architecture
£ > B P is shown in Figure 2, and further implementation
4 (onvent —a {l Bulld . . . . .
n B 8 % | Tree details and benchmarking is available on the project
Claggicol LFW Lest Fonmot [y website.
Hemanchical {S.“valm.., Buandle, Mekodata § Baged,
Syatemn Shrudure
{Potder g 3.3. LFW Application
Struchie 08|,
creation ﬁ I In this section, we discuss one interesting applica-
hons By, Fuge . . .
per b tion of LIST: git_1fw. One issue programmers
;Ht‘:mum' often face is moving and renaming files during refac-
i | toring. However, the version control systems like
°°, git often lose track of these changes and instead con-

‘e siders them to be a deletion of the old file and the

creation of a new file. With LFW, we were able to
Gropa Cluster create a git middleware that seamlessly allows users
to work with git while at the same time preserving
the file’s modification history. This is done using a
hidden .1fw directory that stores the immutably
identified files and metadata that git actually tracks,
while the middleware translates to the hierarchi-
cal view the users expect. For more details, you
may refer to its current implementation in Python
alongwith a video demo on our Git repository.

Figure 2: LFW Architecture

4. Conclusion

In this work, we introduced the LIST conceptual model (specification) for knowledge management,
and its reference implementation as a filesystem — LFW. Furthermore, the application of this model in
git_1fw illustrates how this model can solve long-standing issues of provenance in areas beyond
knowledge management. Our immediate focus ahead is to bring LFW to a stage where non-technical
users can start using it. Future work entails several exciting possibilities, like developing a new
alternative to Git, developing a new document format that abides by the LIST model, and using LFW
for user-behaviour analysis (for knowledge management research).

Finally, we add a note about the key motivation of this project: Sustainability, which we intend in two
ways here. One is the sustainability of the knowledge management for regular users at a human lifespan;
this aspect we have already discussed in this paper. Two is the (indirect) aspect of environmental
sustainability. The 2024 documentary “How Al was stolen”[16] brought an awareness to the world about
how the current Artificial Intelligence (AI) systems are built on stolen data from human knowledge, and
several researchers [17] had warned us about the vast environmental consequences that we will incur
of Al model training and inference. And this stealing shall continue over time, incurring more stress on
the environment. We hypothesize that a good data organization model for the users will preclude them
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from handing over their data in the hands of the corporate cloud services, and hence it can serve as a
moat to the centralization of Al This may seem like an unrelated consequence of this project, but it
served to be the most motivating factor for the authors.

Declaration on Generative Al

This paper is completely human-written in Emacs (in Evil mode) with no use of Generative Al The
code available in our main repository (LFW) is also pure human.
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