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Knowledge Graphs (KGs)

» Represent data as a network of entities and their relationships
* In a triple-based knowledge graph, a fact is represented as a subject-predicate—object triple
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Graph Reasoning via LLMs

 Large Language Models have shown strong reasoning abilities (e.g., math, coding)
* This raises the question: Can LLMs reason over graph-structured data?

« A major advantage is the self-explainability of LLMs, in contrast to traditional embedding-based KG reasoning
models, which offer limited interpretability

Knowledge Graph Prompt

You are a graph reasoning expert. Your task is to
determine the shortest path between two nodes.
—»| Here is a directed graph containing nodes with id
from 1 to 5. The edges are: (5, 2), (2, 4), (5, 3), (2, 3),
(4, 1), (3,1). What is the shortest path between
node 1 and 47

Query
What is the shortest path between node 1 and 47
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LLMs’ Self-Explainability
@OpenAl

Knowledge Graph
OpenAl: GPT-5.2

Because the graph is directed, we must follow edge directions exactly.

Edges:
*552
2->4
523
253
4->1
3->1

Query
What is the shortest path between node 1 and 4?

Node 1 has no outgoing edges, only incoming ones (from 4 and 3). Therefore, it is not possible to

start at node 1 and reach any other node, including node 4.

¥ Conclusion: v

There is no path from node 1 to node 4 in this directed graph, so the shortest path does not exist.
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LLMs’ Self-Explainability

Knowledge Graph

Query
What is the shortest path between node 1 and 4?
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GWDG: Mistral Large Instruct

To determine the shortest path between node 1 and node 4 in the directed graph, we can use
several algorithms, but a commonly used one is Breadth-First Search (BFS) because it is effective
for finding the shortest path in unweighted graphs.

Given the edges of the graph:
° 5,2
(2, 4)
(5,3)
(2,3)
(4,1)
(3,1

We want to find the shortest path from node 1 to node 4.
Here's a step-by-step approach using BFS:

1. start from node 1.
2. Explore all outgoing edges from the current node.

3. Keep track of visited nodes to avoid cycles.

4. Continue until you reach node 4.

Let's perform BFS:

Start at node 1.

Node 1 has no outgoing edges.
Since node 1 has no outgoing edges, there is no path from node 1 to any other node, including node

4.
v

Therefore, the shortest path from node 1 to node 4 does not exist.
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LLMs’ Self-Explainability

OX) Llama
Knowledge Graph GWDG: Llama 3. 8B Instruct

| can use Dijkstra's algorithm to find the shortest path between two nodes in a graph.

First, | will import the Dijkstra function from the library:

python ¢ Collapse Run Copy

import networkx as nx

Now, | can create a directed graph with the given edges:

python ¢ Collapse Run Copy

Query G = nx.DiGraph()

What is the shortest path between node 1 and 4? G.add_edges_from([(5, 2), (2, 4), (5, 3), (2, 3), (4, 1), (3,1)])

Next, | will use Dijkstra's algorithm to find the shortest path between node 1 and 4:

python ¢ Collapse Run Copy

path = nx.shortest_path(G, source=1, target=4)

print(path)

The shortest path between node 1 and 4 is: [1, 4]
0 »
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Link Prediction over KGs

* Predicting missing or potential relationships (edges) between entities (nodes) in an incomplete KG
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Link Prediction via LLMs

* LLMs' reasoning abilities for link prediction remain an open problem, particularly due to the large scale of
knowledge graphs and the limited context windows of LLMs

Knowledge Graph

The Free Software Foundation is inferred as an answer because the

The Free Software Foundation knowledge graph contains the fact (Free Software Foundation,
(FSF) : haslnitiator, Richard Stallman), where haslnitiator is the inverse of

initiated. Therefore, even though the direct link is missing, it can be ...

The GNU General Public License (GPL) can be inferred as an answer
because the knowledge graph links Richard Stallman to the GNU Project
(which he initiated) and links the GNU Project to the GPL as its original
license; since the GPL was created as part of and for the GNU Project, ...

GNU General Public License (GPL)

Query

What did Richard Stallman initiate?
(Richard Stallman, initiated, ?)

The knowledge graph links Linux to Linus Torvalds as its creator and only
connects Richard Stallman to Linux indirectly via the GNU Project and
shared ecosystem relations (e.g., “used with" or “compatible with"), which
do not support a strong inference for the founded relation; therefore ...
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Benefits

* Gain hands-on experience with Large Language Models and Knowledge Graphs
* Learn about explainability and interpretability in modern Al systems
» Strengthen technical communication skills through collaborative coding, documentation, technical writing, and

presentations
» Develop research-oriented thinking, including reading and critically evaluating recent papers
« Work on an open interdisciplinary research problem with the opportunity to publish impactful research

q Q} git O PyTorch
O Bverleaf LangChain
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Let’s Discuss!

Parsa Abbasi

Research Associate

E-Mail parsa.abbasi@uni-paderborn.de

Address  Furstenallee 11, room FU.2011

Dr. Stefan Heindorf

Junior Research Group Leader

E-Mail heindorf@uni-paderborn.de

Address  Furstenallee 11, room F1.219
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