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Abstract

Academic information environments are often characterized by heterogeneous, distributed, and insuf

ficiently maintained data sources, which makes relevant information difficult to find and reuse. In this 

work, we present a knowledge-graph-based information system freeda, designed to provide accurate, 

traceable, and reliable information retrieval in the university context. We combine the knowledge graph 

with a retrieval-augmented generation (RAG) framework and large language models (LLMs), enabling 

natural-language exploration of structured data. As a proof of concept, we developed a full-stack web 

application.
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1. Introduction

In academic environments, we face the challenge that relevant information and data 

are often neither easy to find nor kept up to date [1]. For example, administrative 

information, such as working documents and lecture announcements, is usually hosted 

on institutional websites. Research outputs, in contrast, are often stored individually 

in specific repositories. One reason for this situation is the heterogeneity of the data 

(text, numerical values, medians, etc.) and information sources (websites, SQL, Git 

repositories, etc.) themselves. On the other hand, this heterogeneity not only makes 

data storage and integration challenging, but also indicates a wide range of potential 

use cases that should be supported. However, it is not feasible to implement each of 

these use cases as predefined queries over the databases.

To address the issues, we propose an information system freeda (Free Data, Free Science, 

Free Society) based on a knowledge graph (KG) [2] implemented using Resource 

Description Framework (RDF) that aims to provide accurate, traceable, and reliable 

information in an academic context. The scope of the information includes university 

administration, research-related information, and associated data. We use a retrieval-

augmented generation (RAG) framework and utilize large language models (LLM) to 

retrieve information from the knowledge graph. This approach also allows users to 

explore the knowledge graph through natural language prompts.

2. Methodology

Academic knowledge graphs must handle highly heterogeneous data while remaining 

maintainable for users. At the same time, structured metadata and relationships should 

be presented in a way that supports understandable and effective information retrieval. 

Several approaches use machine learning to support knowledge graph exploration. 

RDF2Vec [3], for example, applies embedding models to capture semantic similarity 
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Figure 1.  Figure 1: Dataflow in freeda prototype as a a full-stack web application.

between RDF triples. Text-to-SPARQL [4] uses LLMs to translate natural language into 

SPARQL queries.

In our project, we address these challenges by adopting a digital twin [5] approach 

for constructing the knowledge graph. The knowledge graph is divided into entities, 

each representing a real-world object. These entities contain internal relationships 

that describe their properties, while separate graphs represent relationships between 

entities. This separation simplifies metadata management across heterogeneous data 

types and facilitates maintainability as well as future extensions of the system.

Furthermore, this modular structure simplify the integration of RAG frameworks, which 

retrieve entity and its properties, and use them to answer user requests. In this way, 

users can interact with the knowledge graph through natural language while still bene

fiting from the structured representation of the underlying data. To improve usability, 

structured metadata and data are rendered according to their semantic and data types 

within a GUI. Figure 1 illustrates the system data flow.

3. Current Status and Outlook

We implemented a full-stack web application, which can be explored as a prototype at 

https://rmu-freeda.de, as a proof of concept and integrated about 80 heterogeneous 

datasets covering information on persons, scientific instruments, and collections at uni

versities. We demonstrated how structured data can be rendered according to its data 

type to improve readability. We also showed the potential of a RAG-based knowledge 

graph explorer, through which both relevant information from the knowledge graph 

and the knowledge graph itself can be retrieved using natural language prompts. The 

demo also serves as the foundation for future development.

We are expanding the infrastructure to support the Semantic Web community and, 

communities using knowledge graphs for metadata management by facilitating easier 

workflow integration with knowledge graphs. To address our research questions, we 
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are finalizing our strategy for knowledge graph construction to make knowledge 

graph curation easier and experimenting with new methods to reduce the overhead 

introduced by RAG.
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