Why Knowledge Graphs are
" Necessary for Enterprise GenAl

_Philip Rathle, Chief Technology Officer, Neo4j
®



The Evolution of... Web Search

2 Neo4j Inc. All rights reserved 2024



How'is GenAl like
Web Search?
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Evolution of Web Search
Full text Era: 1994 - 2000
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Google Launches World’s Largest Search Engine &) Subscribe

Google Now Enables Internet Users to Search More Than 1 Billion URLs, Providing Quick and Easy Access to 560 Million Full-Text
Indexed Web Pages and 500 Million Partially Indexed URLs

MOUNTAIN VIEW, Calif. — June 26, 2000 — Google Inc., one of the fastest growing search engines on the web, today announced it has
released the largest search engine on the Internet. Google’s new index, comprising more than 1 billion URLSs, offers users the web’s most
comprehensive collection of websites, which can be easily searched with Google’s fast and highly relevant search technology. Available now
at www.google.com, Google’s portal and destination site customers can also license this new index for integration with their own websites.

“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.”
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SEARCH

Introducing the Knowledge Graph:
things, not strings

May 16,2012 - 4 min read

Q Amit Singhal
SVP, Engineering
Search is a lot about discovery—the basic human need to learn and broaden your horizons.
But searching still requires a lot of hard work by you, the user. So today I'm really excited to

launch the Knowledge Graph, which will help you discover new information quickly and

easily.

Take a query like [taj mahal]. For more than four decades, search has essentially been about
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Full Text
Search
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Evolution of Web Search

The Knowledge Graph Era: 2012 - 2024

Knowledge Graph

PageRank
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Google 1/0 24
Keynote

My family and | are going to Miami for Labor Day.
My son loves art and my husband really wants
fresh seafood. Can you pull my flight and hotel info
from Gmail and help me plan the weekend?
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GraphRAG
@Google

Google 1/0 ‘24
Keynote
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Evolution of Web Search
The LLM + GraphRAG Era: 2024 -
LLM + GraphRAG

Knowledge Graph

PageRank

Full Text YAHOO! {8 Netscape
Search Eperes A4AOL
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Back to GenAl...
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Generative Al races
toward $1.3 tfrillion In
revenue by 2032

$1,600 $1
6

1
B Generative Al Revenue 1
$1,400 $1,1 O

== Generative Al as a % of Total Technology Sperﬁﬁ-o
$1,200 0

20%
$1,000

$800 15%

$600 —

W 10%
$400

5%
$200

Bloomberg Intelligence

However, 71% of
organizations
are stuck piloting
GenAl projects

2024 IBM CEO Survey



GenAl Go-to-production Barrier

15 Neo4j Inc. All rights reserved 2024



GenAl Go-to-production Barrier

RAG with Vector

LLMs with
fine-tuning
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Enter GraphRAG

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



GraphRAG

RAG with Vector
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Commerce Transactions Graph
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Product and Parts Graph
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Digital Twin Graph
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1 2 3

Better Easier Explainability
Answers Development & Governance
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1. Better Arjsy\ier's

“ « = Vector-only RAG -

Better accuracy though
matching of concepts
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™ | Be’rjei’Ar.\sy\ier's s .
GraphRAG i

Vector + Graph .. .
® O @

More actionable and
concrete answers
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2. Easier Development

Transparent & Explainable Opaque & Implicit
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Al Engineer "l actually already fixed a couple of bugs thanks to this!”



3. Explainability & Governance

o 40

o Customer
Service

o
.
"
.
.
.
.
’

o b

Doctor




When are Knowledge Graphs Necessary for GenAl?
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Higher Stakes = Higher Bar

Low Medium
Business peripheral Involves core business Wrong answers result
No single rigcht answer Mitigations in place in lost $8/ reputation/

Leeway for creativity (e.g. human in the loop) fines/ etc.
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The GraphRAG Manifesto: Adding
Knowledge to GenAl

% :’ Philip Rathle, Chief Technology Officer, Neo4;j

We're Entering the “Blue Links” Era of RAG

GraphRAG

B
N
RAG with Vector
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Better together
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-Thank you

Join Alison Cossette tomorrow @ 2:30 PM
For Getting Started with GraphRAG



Knowledge graphs are an important
technology for many large businesses,

> o) 008/347 o @ £ Youlube =
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https://www.deeplearning.ai/short-courses/knowledge-graphs-rag/

:.qeoq.j GraphAcademy

GraphAcademy — Free, Self-
Paced, Hands-on Online Training

https://graphacademy.neo4j.com/
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Building Knowledge Eﬂgﬂﬁ%ge
Graphs: A Srapis

Practitioner's Guide

By Jesus Barrasa & Jim Webber % ' Y
Publisher: O'Reilly gf
Available Formats: PDF-EN US

Jesus Barrasa

& Jim Webber

Free e-book!
https://neogj.com/knowledge-graphs-practitioners-guide/
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What’'s Next?
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GraphRAG Retrieval Patterns

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



The Benefits of GraphRAG

1. Higher 2. Easier 3. Explainability

Accuracy Development & Governance




The Benefits of GraphRAG




@ Higher

Accuracy

deg Dag;
%2, 317000,

N
Wemy

ber 74

A Knowledge Graph improves s '
the accuracy of LLM responses

by 54.2%, an average of 3x

9
2
e o - Py
o C’



@ Easier

Development

Feedback from an
Al Engineer

Redacted Ciao team g exciting
news from our caching infrastructure! I've been
experimenting with Neo4] as a candidate for our
cache storage and the results are very promising!

Here is the PR with the changes




Easier Development: Why

Natural language description: “Apples & oranges are both fruits”

DATA SEMANTICS

EXPLICIT (SYMBOLIC)

o Representation



Easier Development: Why

Natural language description: “Apples & oranges are both fruits”

DATA SEMANTICS

EXPLICIT (SYMBOLIC)

0 Similarity calculation ‘ Similarity calculation

Structural
» Node similarity Euclidean Cosine
» Overlap
» Jaccard

Taxonomy based
» Path

» Leacock-Chodorow
P eramer Vector distance based



Easier Development: Why

Natural language description: “Apples & oranges are both fruits”

DATA SEMANTICS

EXPLICIT (SYMBOLIC)
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@ Easier Development: Why

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

structure




Detour! Knowledge Graph Creation

Unstructured data

Typically PDFs or other
text documents
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Mix of structured &
unstructured data

Structured data with
long-form text

Structured data

Structured data with
short text values
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The GraphRAG Manifesto: Adding
Knowledge to GenAl

% :’ Philip Rathle, Chief Technology Officer, Neo4;j

We're Entering the “Blue Links” Era of RAG

GraphRAG

B
N
RAG with Vector
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ChatGPT marked the beginning of a







RAG works

It raises the ceiling, but it’s still there

RAG with Vector

LLMs with © Openal !,;%g%é

fine-tuning Ll' MISTRAL
“H AL ANTHROP\C

® cohere
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Breaking through the
nhext celling
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An Analogy
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Why do knowledge
oraphs help with GenAl

53 Neo4j Inc. All rights reserved 2024



LLMs with Vector-Based RAG

a ‘word model’ view

Creative

Spontaneous /
Nondeterministic

Lacks critical
thinking

Black box
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Knowledge Graph

a ‘world model’ view

Facts

Recdsoning

Discernment

Long-term
Memory
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LLM + Vector
View of an Apple

Human

View of an Apple

g il 77""

56 Neo4jInc. All rights reserved 2024



LLM + Vector
View of an Apple

57 Neo4jInc. All rights reserved 2024

Lack explicit domain understanding

v

Deal in words, not meaning

v

Answers emerge from language statistics

v

Provide nondeterministic answers

v

Lack explainability
Lp

ETHICAL, BIAS, ACCURACY CONCERNS



LLM + Vector Knowledge Graph
View of an Apple View of an Apple
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Deal with concepts and meaning

Knowledge Graph
Y View of an Apple

Support human & machine reasoning

R's

Relate concepts, reveals emergent statistics

s

Answers are deterministic

R's

Support explainability & human understanding

Vv
CREATES A SHARED WORLD VIEW
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60

Human
View of an Apple
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Vector

View of an Apple
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GraphRAG
@Nyvidia
Jensen Huang's

Nvidia GTC
Keynote
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GraphRAG
@Microsoft

teamgraphrag@
microsoft.com
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