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Data Sources
The right data for the right question.
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github.com/alisoncossette/
Graph-Analytics-Workshop
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http://github.com/alisoncossette/


A Generative AI application 
uses an LLM 
to provide responses
to user prompts

(aka ChatGPT)
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RAG augments the LLM by 
intercepting a user's prompt, 

then making a query to external 
data, 

then passing relevant results from 
the query back to the LLM for a 
complete, curated response.
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Knowledge Graph
Superset data structure for RAG

Structured
(Relational, flat files, etc.)

Semi-Structured
(NoSQL, document, etc.)

VectorsUnstructured
(text, images, etc.)
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What to use for External Data?
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Knowledge Graphs
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Nodes represent entities in the 
graph
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PersonPerson

Car

Neo4j Graph Components
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Nodes represent entities in the 
graph

Relationships represent 
associations or interactions between 
nodes
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PersonPerson

Name: “Andre”
Born: May 29, 1970
Twitter: “@dan”

Name: “Mica”
Born: Dec 5, 1975

Car
Brand “Volvo”
Model: “V70”
Description: “An executive car manufactured and…”
DescEmbedding: [0.1, -0.3, 0.4, …, -0.7]
DescSource:”https://en.wikipedia.org/wiki/Volvo_V70”

Since: 
Jan 10, 2011

LOVESKNOWS

KNOWS

LIVES WITH

OWNS

DRIVES

Nodes represent entities in the 
graph

Relationships represent 
associations or interactions between 
nodes

Properties represent attributes of 
nodes or relationships including 
vectors
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Neo4j Graph Components
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KNOWLEDGE GRAPH
Source Legend

         = Structured Stores

         = Unstructured Data

         = Application

Neo4j Inc. All rights reserved 202411



Memory Graph
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KNOWLEDGE GRAPH

APPLICATION GRAPH

Source Legend

         = Structured Stores

         = Unstructured Data

         = Application
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KNOWLEDGE GRAPH

MEMORY GRAPH

LEXICAL GRAPHDOMAIN GRAPH

Source Legend

         = Structured Stores

         = Unstructured Data

         = Application
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KNOWLEDGE GRAPH

MEMORY GRAPH

LEXICAL GRAPHDOMAIN GRAPH

Source Legend

         = Structured Stores

         = Unstructured Data

         = Application
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Data Understanding
Exploring your unstructured data
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Grounding Data Sources
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Grounding Data Sources

● Dataset (all public data sources)
○ 1,150 documents of official Neo4j documentation
○ Developer blogs
○ Support knowledge base
○ Github 

● Split this text into 15,000 embedded text ‘chunks’
○ 512 chunk size
○ LangChain Recursive Text Splitter 
○ Embeddings via GCP
○ URL of each chunk for LLM citation
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EDA on Source Documents
EDA on source documents and document chunks is a critical step before generating embeddings 
and loading them into the database.
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Text length distribution with chunking 
strategy errors

Text length distribution with corrected 
chunking strategy



  

EDA with Graphs and GDS

● KNN Similarity create relationships 
between the most similar chunk

● Community Detection and creates clusters 
based on similarity relationships

● Curate the grounding data set via 
techniques that work at scale

Neo4j Inc. All rights reserved 202320
SImilarity Graph of Context Document Chunks (red)

with Source URLs (gold)

CONNECT CLUSTER CURATE



What is Community Detection?

Community Detection algorithms 
identify node groupings

How are nodes clustered?
How likely are these groups to strengthen or break apart?
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Community Detection
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Community Detection
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Community Detection
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Modularity Optimization

Modularity Optimization
identifies communities based on modularity

A community has high modularity if it is unusually well-connected within itself,
and unusually weakly connected to nodes outside the community

The algorithm will explore for every node if its modularity score might increase if it 
changes its community to one of its neighboring nodes.
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Louvain Algorithm

Louvain identifies communities
based on modularity

A community has high modularity if it is unusually well-connected within itself,
and unusually weakly connected to nodes outside the community

The algorithm will explore for every node if its modularity score might increase if it 
changes its community to one of its neighboring nodes.
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Louvain Algorithm: Pass 1
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Louvain Algorithm: Pass 2

Note:: Leiden is similar but work with unconnected graphs. Faster

Neo4j Inc. All rights reserved 202328



Label Propagation

Label Propagation identifies communities
by passing message to neighbors

Nodes acquire the label from the majority of their neighbors
Runs quickly - scales well
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Label Propagation



Label Propagation



Label Propagation

● Fast

● Iterative

● Identifies Density



Analyzing Context with Graphs and GDS
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2D Visualization of Context Document Node Embeddings

Clean



Embedding Visualization Detail
Our grounding document embeddings are generally distinct, but some communities 
overlap, which may warrant further analysis.
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Single-Community 
Document Cluster

Cluster of Overlapping 
Document Communities

Clean



Data Quality
Curation for AI Success
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Elements of High-Quality Grounding Data
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Relevant
Related to the problem the LLM is solving and the questions 
you expect users to ask. 

Augmenting
Fills known gaps in the LLM’s ‘knowledge’, due to data being 
non-public our outside the training window.

Clean Is generally free of errors or noise, especially if generated 
from notebooks, websites, repos, etc…

Efficient Does not contain duplicates, or near-duplicate, ‘chunks’ that 
take up valuable context limits. 

Reliable
Contains accurate information, whether from inside or outside 
of the organization.



Identifying Text Errors
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Combining graph and traditional 
statistics helps us identify outliers 
or data quality issues.

● Traditional: Text length, word 
count, and word length  

● Graph: Community, 
community size, and 
PageRank score

Graph Communities with additional statistics;
Note: Outlier average word length in community 7117

Clean



Investigating Text Chunk Outliers
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Clean



Highly-Similar Text Chunks
Because we persisted the KNN Similarity relationships, we can query them just like any 
other object in the graph: 
● Identify all text chunks with at least one 99%+ similarity relationship
● Identify communities with the highest average similarity scores

Neo4j Inc. All rights reserved 202339

Efficient



Highly-Similar Text Chunks
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Efficient



Collapsing Duplicate Nodes
We can use apoc.nodes.collapse() to combine duplicate nodes into a single node 
with all prior relationships pointing to the single node.
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Efficient



Application 
Understanding
What your application can teach you.
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Graphs Enable Explainable AI with LLMs 

● Production
○ How the LLM use grounding documents
○ How they produce answers will become more and more important

● Knowledge Graphs and GDS enable Explainable AI by:
○ Logging user interactions in the same database as the context
○ Visualizing conversations with context 
○ Providing tools to analyze LLM performance and identify opportunities for 

improvement 
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KNOWLEDGE GRAPH

MEMORY GRAPH

LEXICAL GRAPHDOMAIN GRAPH

Source Legend

         = Structured Stores

         = Unstructured Data

         = Application
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Most Frequently Used Grounding Text
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Relevant



Most Frequent Document Communities
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● Combining Document usage 
frequency with previously 
identified Document 
Communities, we can see 
which of these Communities 
are the most frequent sources 
of Context Documents

● The second most frequent 
Community (11649) comprises 
text chunks from blogs by 
Tomaz Bratanic

Relevant



Modularity Optimization

Modularity Optimization
identifies communities based on modularity

A community has high modularity if it is unusually well-connected within itself,
and unusually weakly connected to nodes outside the community

The algorithm will explore for every node if its modularity score might increase if it 
changes its community to one of its neighboring nodes.



Logging and Visualizing Conversations
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Graphs enable logging of LLM conversations in the same database as the context 
documents and with defined relationships. 

Graph of an actual conversation between an Agent Neo user and the ChatGPT-4 LLM.
Context Documents are labeled with their GDS Community.



Visualizing Document Usage

● The heat map depicts how 
frequently documents are used 
during a single conversation:
○ X-axis represents LLM 

messages
○ Y-axis represents individual 

documents
○ Color depicts document use 

frequency count (1x to 3x) 
● Documents are re-used throughout 

conversations 
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Relevant



Visualizing Context Document Usage

● Graphs enable us to 
visualize the most 
frequently used context 
Documents along with the 
associated LLM responses

● Natural clusters form in the 
graph even among the most 
frequently used Documents

Neo4j Inc. All rights reserved 202353

LLM Responses (pink) and 
Most Frequently Used Context Documents (red)

Relevant



Louvain Algorithm: Pass 1



Modularity



Louvain Algorithm

Louvain identifies communities
based on modularity

A community has high modularity if it is unusually well-connected within itself,
and unusually weakly connected to nodes outside the community



Louvain Algorithm: Pass 2

Note:: Leiden is similar but work with unconnected graphs. Faster



Label Propagation

Label Propagation identifies communities
by passing message to neighbors

Nodes acquire the label from the majority of their neighbors
Runs quickly - scales well



Label Propagation



Label Propagation



Label Propagation

● Fast

● Iterative

● Identifies Density



Page Rank

Page Rank 
Node is important if many nodes link to it 

and/or 
important nodes link to it

Nodes share influence with their connections
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Page Rank

Page Rank 

Node is important if many nodes link to it 
and/or 

important nodes link to it

Nodes share influence with their connections
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Betweenness Centrality

Betweenness Centrality

Node is important if 
a large number of shortest paths 

pass through it
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Betweenness Centrality
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Betweenness Centrality

Methodology

● Calculates the shortest (weighted) path between every pair of 
nodes in a connected graph

● Uses a the breadth-first search algorithm

● Each node receives a score, based on the number of these 
shortest paths that pass through the node.
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Conversation Lengths

● Because conversations are logged as 
graphs it is easy to measure the length 
and store it as a new property on each 
Conversation node. 

● Most users have been experimenting with 
our tool, so we expect conversation 
lengths to be shorter.

● As users are more comfortable with these 
applications, we expect conversation 
lengths to increase. 
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Inspect Communities of LLM Responses
We can use similar approaches to inspect each of the LLM response communities via 
traditional and GDS-based statistics. 
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Relevant, 
Augmenting, 

Clean



Graph enabled Explainable AI
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Document 
Usage

How the LLM is 
using the 
various 
documents in 
your dataset

User Experience

Visualizing 
conversations 
with context.

Application/ 
Agent Logic

You can track 
graph traversals 
to explain chain 
of actions

Applications

Analyze 
performance 
and identify 
opportunities for 
improvement

`



GraphRAG Resources

Github repository with 
the Intro Workshop

Developer guides and 
coded examples
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Meetup Today (06/03) @5:  AI Agent SF #3 
- Agent Protocols (Graphs & MCP) w/ 
Michael Hunger

https://github.com/neo4j-product-examples/genai-workshop
https://neo4j.com/developer/genai-ecosystem/#_example_projects_use_case_applications
https://neo4j.com/developer/genai-ecosystem/#_example_projects_use_case_applications
https://lu.ma/o648ixbd
https://lu.ma/o648ixbd


Swing By Our Booth!
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Booth # G9

● Neo4j MCP Servers
● Google ADK Examples
● Knowledge Graph Construction
● and more!



Thank you!


