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1. Executive Summary

Traditional knowledge graphs (KGs) rely on manually defined schemas and explicit relationships. While
effective for representing structured knowledge, they struggle to capture the dynamic, ambiguous, and
evolving nature of real-world information.
This paper introduces the concept of the Self-Organizing Knowledge Graph (SOKG) — a new
paradigm in which knowledge structures emerge directly from data through unsupervised learning,
rather than being predefined.
By integrating self-organizing semantic spaces (e.g., Growing Neural Gas) with graph-based
representations, SOKG enables:

e Emergent semantic structures

e Dynamic adaptation to new data

e Bidirectional navigation between abstraction and concrete instances

e Improved explainability of latent representations
This approach redefines the role of knowledge graphs — from static representations of known facts to

living systems of meaning discovery.

2. Problem Statement

Limitations of Traditional Knowledge Graphs
Conventional KGs face several fundamental challenges:
1. Schema Dependence
o Requires predefined ontologies
o Difficult to adapt to new domains
2. Static Structure
o Limited ability to evolve with data

3. Explicit Knowledge Only
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o Cannot represent implicit or latent relationships
4. High Design Cost

o Requires domain experts

The Core Gap
Existing systems represent what is already known,

but fail to capture what is emerging or not yet formalized.

3. Concept: Self-Organizing Knowledge Graph

Definition
A Self-Organizing Knowledge Graph (SOKG) is:
A graph-based representation of knowledge derived from a self-organizing semantic space, where nodes,

relationships, and features emerge from data rather than being explicitly defined.

Core Idea

Text / Data
l

Embedding Space
l

Self-Organizing Structure (GNG)
l

Nodes (Semantic Regions)
l

Features (Interpretation)
l

Graph Representation
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Self-Organizing Knowledge Graph

From Unstructured Data to Emergent Meaning
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4. Architecture

4.1 Core Structure

Document — Node — Feature
e Document: raw text or data chunk
e Node: cluster in semantic space

o Feature: interpretable characteristics

4.2 Graph Representation

e Document —(belongs_to)— Node
e Node —(has_feature) — Feature

e Node —(adjacent_to)— Node
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4.3 Key Components

e Embedding model (semantic encoding)
e Self-organizing model (e.g., GNG)
e Feature extraction (LLM or statistical)

e Graph layer (knowledge representation)

b. Key Properties

5.1 Emergent Structure

e No predefined ontology

e Meaning arises from data

5.2 Dynamic Adaptation

e Nodes evolve as new data arrives

e Structure continuously reorganizes

5.3 Explainability

e Latent clusters become interpretable via features

5.4 Multi-Level Navigation

e Abstract — concrete

e Feature — node — document

6. Comparison with Traditional Knowledge Graphs

Aspect Traditional KG SOKG

Structure Designed Emergent
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Aspect Traditional KG SOKG

Ontology Required Optional
Adaptability Low High

Knowledge Type Explicit Explicit + Latent
Evolution Static Dynamic

/. Use Cases

7.1 Strategic Analysis

e  Market structure discovery

e Emerging trends

7.2 Research & Knowledge Discovery

e Scientific literature exploration

e Conceptual mapping

7.3 Enterprise Decision Support

e Internal knowledge structuring

e Organizational memory

8. Implications

SOKG represents a shift from:

Knowledge Representation

— Meaning Generation

This paradigm enables systems that do not merely store knowledge, but actively discover and reorganize

it.

9. Future Directions

e Dynamic graph evolution
e Integration with LLM reasoning
o Enterprise-scale knowledge systems

e Personal cognitive assistants
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10. Conclusion

Self-Organizing Knowledge Graphs introduce a new layer in the Al stack:
A bridge between continuous semantic space and symbolic knowledge representation.

This approach opens the path toward adaptive, interpretable, and evolving knowledge systems.
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