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The Evolution of…                                Web Search
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How is GenAI like 
Web Search?

1. Ask question
2. Technology operates on the q
3. Returns some text
4. Text = knowledge

1. Ask question
2. Technology operates on the q
3. Returns some text
4. Text = knowledge

Web Search GenAI



Evolution of Web Search 
Full text Era: 1994 - 2000
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Full Text 
Search
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“Google is based on a variety of innovative technologies, including 
sophisticated text matching and its advanced, patent-pending 

technology called PageRank™, which ensures that the most important 
results always come up first.”



Evolution of Web Search 
PageRank Era: 2000 - 2012

Neo4j Inc. All rights reserved 20246

Full Text 
Search

PageRank



Google Knowledge Graph
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Evolution of Web Search 
The Knowledge Graph Era: 2012 - 2024

Neo4j Inc. All rights reserved 20249

Full Text 
Search

PageRank

Knowledge Graph
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Google I/O ‘24
Keynote
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GraphRAG
@Google

Google I/O ‘24
Keynote



Evolution of Web Search 
The LLM + GraphRAG Era: 2024 -

Neo4j Inc. All rights reserved 202412

Full Text 
Search

PageRank

Knowledge Graph

LLM + GraphRAG

LLM + 
GraphRAG



Back to GenAI…
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Generative AI races 
toward $1.3 trillion in 

revenue by 2032
Generative AI Revenue

Generative AI as a % of Total Technology Spend However, 71% of 
organizations 
are stuck piloting 
GenAI projects
2024 IBM CEO Survey

Bloomberg Intelligence
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LLMs

GenAI Go-to-production Barrier 



LLMs with 
fine-tuning

RAG with Vector
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GenAI Go-to-production Barrier 



GraphRAG is RAG where the Retrieval path 
includes a Knowledge Graph.

11a PST Converted from Emil Deck copy

Enter GraphRAG



LLMs

RAG with Vector
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GraphRAG



Commerce Transactions Graph
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Product and Parts Graph
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Digital Twin Graph
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1
Better

Answers

2
Easier

Development

3
 Explainability 
& Governance
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Based on the context provided, here is a summary of the 
asset managers that may be vulnerable to lithium storage:

• The company that produces batteries and other products 
incorporating battery technology is vulnerable, as 
increased demand for batteries could place capacity 
constraints on their lithium supply chain. 

• The company that sources steel and copper from Chile 
and Australia is vulnerable, as those countries are 
expected to experience severe weather due to climate 
change. 

• The company that relies on suppliers for components and 
systems necessary for their products has some 
vulnerability. If there are lithium shortages it could result in 
supply constraints, cost pressures, or component 
shortages.

• The company uses lithium-ion batteries or other battery 
technology in their products is vulnerable to lithium 
shortages which could reduce battery supply, increase 
costs, or otherwise negatively impact their business.

Which asset managers are vulnerable to lithium shortage?

Better accuracy though 
matching of concepts

Vector-only RAG

1. Better Answers
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GraphRAG
Vector + Graph

More actionable and 
concrete answers

Based on the context provided, the asset managers that 
may be vulnerable to lithium shortage are:

• Quantamental Technologies LLC
• DEPRINCE RACE & ZOLLO INC
• ATRIA Wealth Solutions, Inc.
• CITIGROUP INC
• CHARLES SCHWAB INVESTMENT MANAGEMENT INC
• ROYAL LONDON ASSET MANAGEMENT LTD
• STIFEL FINANCIAL CORP
• TUCKER ASSET MANAGEMENT, LLC
• Patriot Financial Group Insurance Agency, LLC
• SeaCrest Wealth Management, LLC

The context indicates that Stanley Black & Decker uses 
lithium batteries in many of its products. With increasing 
demand for lithium, there could be supply constraints and 
increased costs for lithium. This could negatively impact the 
profitability of Stanley Black & Decker. The asset managers 
listed above have holdings in Stanley Black & Decker, and 
therefore may be vulnerable to the risks of lithium shortage 
for this company.

Which asset managers are vulnerable to lithium shortage?

1. Better Answers



11a PST Converted from Emil Deck copy

2. Easier Development

Transparent & Explainable Opaque & Implicit

AI Engineer "I actually already fixed a couple of bugs thanks to this!”



11a PST Converted from Emil Deck copy

3. Explainability & Governance



When are Knowledge Graphs Necessary for GenAI?
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Medium
Involves core business

Mitigations in place
(e.g. human in the loop)

Low
Business peripheral

No single right answer
Leeway for creativity

High
Wrong answers result 
in lost $$/ reputation/ 

fines/ etc.

Higher Stakes = Higher Bar

Neo4j Inc. All rights reserved 202428



Neo4j Inc. All rights reserved 202429



Neo4j Inc. All rights reserved 202430

KG LLM+
Better together



Thank you

Join Alison Cossette tomorrow @ 2:30 PM
For Getting Started with GraphRAG
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https://www.deeplearning.ai/short-courses/knowledge-graphs-rag/ 

https://www.deeplearning.ai/short-courses/knowledge-graphs-rag/
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https://graphacademy.neo4j.com/
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Free e-book!
https://neo4j.com/knowledge-graphs-practitioners-guide/



What’s Next?

Fine
tuning RAG
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Graph
RAG



The core GraphRAG pattern is very simple, yet powerful.

1. Do a vector search to find an initial set of nodes

2. Traverse the graph around those nodes to add context

Optional: Rank the results using the graph and pass the top-k documents to the LLM

11a PST Converted from Emil Deck copy

GraphRAG Retrieval Patterns



The Benefits of GraphRAG

11a PST Converted from Emil Deck copy

1. Higher
Accuracy

2. Easier 
Development

3. Explainability
& Governance
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The Benefits of GraphRAG
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Design in prg

3X
A Knowledge Graph improves
the accuracy of LLM responses 
by 54.2%, an average of 3x

Higher 
Accuracy

1. 



Redacted

11a PST Converted from Emil Deck copy

Feedback from an 
AI Engineer

Easier 
Development

2. 
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Natural language description: “Apples & oranges are both fruits”
Easier Development: Why2. 

Fro
m The 

Going M
eta

 

Serie
s



11a PST Converted from Emil Deck copy

Easier Development: Why2. 
Natural language description: “Apples & oranges are both fruits”
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11a PST Converted from Emil Deck copy

Easier Development: Why2. 
Natural language description: “Apples & oranges are both fruits”

Fro
m The 

Going M
eta

 

Serie
s



11a PST Converted from Emil Deck copy

Human View of an Apple LLM + Vector View of an Apple

Easier Development: Why2. 



Detour! Knowledge Graph Creation

11a PST Converted from Emil Deck copy

Unstructured data

Typically PDFs or other 
text documents

Mix of structured & 
unstructured data

Structured data with 
long-form text

Structured data

Structured data with 
short text values

Watch This Space!



11a PST Converted from Emil Deck copy

Explainability & Governance3. 
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ChatGPT marked the beginning of a 
GenAI hockey stick moment 

LLMs
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LLMs

GenAI Go-to-production Barrier 
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LLMs with 
fine-tuning

RAG with Vector

RAG works
It raises the ceiling, but it’s still there
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Breaking through the 
next ceiling
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An Analogy
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Why do knowledge 
graphs help with GenAI

Neo4j Inc. All rights reserved 202453



LLMs with Vector-Based RAG
a ‘word model’ view

Creative

Spontaneous /
Nondeterministic

Lacks critical 
thinking

Black box
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Right 
Brain



Knowledge Graph
a ‘world model’ view

Left 
Brain
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Facts

Reasoning

Discernment

Long-term 
Memory

55



LLM + Vector
View of an Apple

Human 
View of an Apple

Subsymbolic Apple
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LLM + Vector
View of an Apple

Answers emerge from language statistics

Lack explicit domain understanding

ETHICAL, BIAS, ACCURACY CONCERNS

Provide nondeterministic answers

Lack explainability

Deal in words, not meaning
Subsymbolic Apple
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LLM + Vector
View of an Apple

Knowledge Graph
View of an Apple
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Subsymbolic Apple Symbolic Apple



Symbolic Apple

Knowledge Graph
View of an Apple

Deal with concepts and meaning

Support human & machine reasoning

Relate concepts, reveals emergent statistics

Answers are deterministic

Support explainability & human understanding

CREATES A SHARED WORLD VIEW
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GraphRAG
@Nvidia

Jensen Huang’s 
Nvidia GTC 
Keynote
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GraphRAG
@Microsoft

teamgraphrag@
microsoft.com


