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Graph Overview &
Adoption Challenges




e

By 2025, graph technologies will be used
in 80% of data and analytics innovations,
up from 10% in 2021, facilitating rapid
decision making across the enterprise.?

“To Graph or Not to Graph? That Is Not the
Question — You Will Graph.”?

Gartner

1Gartner, Top Trends in Data and Analytics for 2021, 16 February 2021
’Gartner, Graph Steps Onto the Main Stage of Data and Analytics: A Gartner Trend Insight Report, 14, December 2021
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Innovative Business Leaders Agree ...

e “Graphs clarify relationships. Put simply, relying upon entire paths or
sets of relationships in a graph can provide deeper insights than just
looking at nearest neighbors, which is what a typical database will
afford you.” - Brad Spiers, JP Morgan Chase

e “Advanced analytics has de-siloed our business, contributing to
$100M+ in incremental annual profit.” - Harry Powell, Jaguar Land
Rover

e “The value of graph, with Al algorithms on top, is that not only can we
monitor an enterprise, we can predict - and that allows us to avoid
problems before they happen.” - Ed Sverdlin, UnitedHealth Group
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Why Graph is becoming more and more Important ?

Volume of data created and replicated worldwide (source: inc) Data Silo

180 Zetabyte (ZB) Scale: 1,000,000,000 TB
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Graph naturally connects data together in a simple and
efficient way that other big data technology cannot do!
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What is Graph?

KNOWS * Graph is Intuitive * Graph is Meaningful

KNOWS

Payment

* Graph is Insightful * Graph is Explainable

Product

Graph Connects Data Together and Elevate
'eGRAPH+AI Relationships to be the First Class Citizens!
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How is Graph Model different than other Data Models ?

Relational Analytical (OLAP) Key-Value
HHY
H

key value

Column-Family Graph Document

Graph Model can represent all other Data Models Naturally !
oMeG RAPH"‘AI Author: Dan McCreary: https://www.slideshare.net/Dataversity/nosql-now-nosql-architecture-patterns-23589170
L
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https://www.slideshare.net/Dataversity/nosql-now-nosql-architecture-patterns-23589170

What are the Barriers to Adopt Graph Tech?

e |sit valuable to business? customer benefit / business value?
e |sitreal to scale? enterprise-scale ready?

e |Isit hard to learn? by engineers / data scientists ...?

e |sitlong to build? time to value?

e |s it costly to operate? huge effort to manage?



Graph Adoption
Successes So Far




Fortune-500/1000 Companies’ Graph Adoption

ANALYZE CONNECTED DATA
10-100X faster than current solutions
CONNECT ALL DATASETS @
AND PIPELINES Jaguar Land Rover
Friction-free scale up from GB to TB to %Stm:‘u;eBd o,o-c/' Supply chain planning accelerated
Petabyte with lowest cost of ownership Y 1] [][l from 3 weeks to 45 minutes
UNITEDHEALTH GROUP’ Advanced & chinawobie
Customer 360 connecting 200+ Analytics ernationa

datasets and pipelines TigerGraph

Fraud Detection - batch to

Fortune 50 Retailer real-time for 750 million calls/day

Iltem 360 for eCommerce across 100+
datasets

sxandr %AT&T LEARN FROM CONNECTED DATA

Qs
Identity graph connecting multiple z{?}: Continuous graph-based feature generation and training

data pipelines ° °

In-Database INTUIT . :
Al-based Customer 360 for entity resolution,
recommendation engine, fraud detection

Machine Learning

8 out of top 10 global banks

Real-time fraud detection and credit risk
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Rapid Growing Customer Adoption - Use Cases

Supply Chain

Management Customer 360

Data 360 Entity Resolution

Investment
Opportunity
Analysis

Recommendation
Systems

O «GRAPH+AI
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Anti-Money
Laundry

Fraud Detection

Cybersecurity

IT Network
Analysis

Social Network
Analysis

Knowledge
Graphs



How? - Performant and Scalable Graph DB

O

Operational and
Historical Data

L~
(& 1o signals
Orders

Payments

Shipments
Invoices
Visits

Downloads

P& ®m

Master Data
R Customer

-
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Supplier

R Employee
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[)Files

Graph App w Graph App w ««« | Graph App w
RESTful Visual GSQL
APIs Design Ul Queries

GRAPH

ETL DATA
LOADER

STUDIO

SERVER SERVER

: Message
¢ Queuing :
: Apache Kafka :
: zookeeper

Graph Processing

Graph Storage
Engine GPE

Engine GSE

B O B 2 Ea
: GrophData  Indexing ID Parallel Query Data Snapshot
: Storage Service Processing

Analytics
Machine Learning
Visualization
— O Business Intelligence
Dashboard Reports
Data Warehouse

Master Data Stores
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How? - Familiar, Powerful Query Language

GSQL queries L 1 S 0-0 » 2

1 CREATE QUERY CategorySpendQuery(STRING category) FOR GRAPH SampleDemo SYNTAX v2 {
SumAccum<FLOAT> @total_category_spend;
Customers = {Customer.x};

? CategorySpendQuery

5 // find each customer's total spend on the specified category
CategoryBuyers = SELECT c
H 7 // traverse the Customer --> Order --> Product relationships
(Strong Typlng) 8 FROM Customers:c -(places>:ep)- OnlineOrder:o - (includes>:ei) - Product:p
// only focus on products that are in the speficied category
WHERE p.category == category
// calculate total spend for product of category for customer's orders
ACCUM c.@total_category_spend += p.price * ei.quantity;

Schema-Based

B  sampleQuery
5 ]

ToySpendQuery

// output customer name and total spend on the category
PRINT CategoryBuyers[CategoryBuyers.name, CategoryBuyers.@total_category_spend];

SQL-Like

s
«® Customer

Payment ae‘-‘epp
‘s

Paranet.erized /“0“(\es OnlineOrder Ibo/‘ldes\
ueries ‘ ‘
Supplier Product
o
O eGRAPH+AI
O SUMMIT risercapn SRAPHAISUMMIT.COM | #GRAPHAISUMMIT

(GSQL)

Control Flow (FOR,
WHILE, IF/ELSE)

HTAP - Graph Updates
& Analytics Queries

=7

Built-in High
Performance Parallelism



How? - Delightful Developer Experience

® GraphStudio

Find paths between two vertices OB B Oe8 -~ % B @D Ecmode

SampleDemo path Starting - Ending vertex, click

superuser vertex or destination vert
right side
2, Design Schema
texid

Map Data To Graph OnlineOrder ~  JayOrder00001

destination vertex
Load Data Vertex type Vertexid Google
OnlineOrder ~ VictorOrder0000

Configuration . 4 shiptsfrom
Write Queries O show one shortest path China & VictorOrder00001 :

P\
(® show all shortest paths / /5

Explore Graph

2
Build Graph Patterns "%

O showall paths . &
9
A Findingall shortest pathsmight be slow ‘7‘

P &
and the result graph might be too large to iPhone 13 N &
3 " P
be visualized >

e,
e g Yo, / ¥
’ X0 el
s 057 California

Paths going through vertex types A X

-
fes
oo jayorderoooot

Al ./ Placg,
Customer \
OnlineOrder / ay

>
&

&
Product &

Payment /

Supplier
JayPymt00001
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How? - In-Database ML / Graph Data Science

Battle-tested by Production Use Cases at Scale

Fraud Detection, Recommendation, Market Segmentation, Influence/Risk Scoring

Fast and Scalable —— Chareing
Native MPP desi f i =
ative esign means aster execution @ m ‘ ................................... ,
Familiar
| . . | ;
Closely mirrors algorithmic pseudocode Deivery ek R m\‘ m
Open-source
R . Distribution '..H,. N
Free, accessible and modifiable % - (‘entel::' _______ I YR R
Comprehensive > ;
~. |
Over 40 algorithms, in several categories =) & S
= “F '
\. I
% .\'\ 1
BT @ @ i

... to be covered in detail later by Dr. Lee

O «GRAPH+AI
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How? - Graph DB as a Service

aws I\ Azure >

Amazon Web Services Microsoft Azure Google Cloud

Also launchable from the Cloud Marketplaces , Tigefcfaph
CLOUD

Tiomtrah | GRAPHAISUMMIT.COM | #GRAPHAISUMMIT



How? - Rapid Growing and Engaging Community

e Graph + Al Summit Attendees
o 9,000+ registered, 300% YoY growth
e Thriving Developer Community
o  340% YoY growth in weekly visits

e Active Open Source Contribution

o  GitHub projects 700% YoY growth / pyTigerGraph
e Engaged Developers at All Levels, including Students ...

Y, SanJose State S,

Z) ;
< University :
g v
\42 Ny
WITH TIGERGRAPH AND PLOTLY

START DATE: SEPTEMBER 7th

Win Prizes @ Learn Latest Technologies @ Network b4

L}

“); TigerGraph SJSU molotly i
) G RAP H+Al

|T Tigé?cr;ph | GRAPHAISL

Creatmg an airport centrality data

m web , : w.th
TigerGraph & Streamlit

Introduction

JMMIT.COM | #GRAPHAISUMMIT

. David Baker Effendi in Towards Data Science
i 90 T minread *

David Baker Effendi 3
t g

ollowed by 16 people Followin g

— docker

Efficient Use of TigerGraph and Docker
TigerGraph can be combined with Docker to run on nearly
any OS...

Parker Erickson in Towards Data Science
Sen? . min read

Parker Erickson

Student at UMN. Ints
otics, 3D pri

https://pas

n.github.io
Following

Followed by 37 people

Decision Trees in TigerGraph

Make ML Classifications Inside Your Database

2
R
(7
/{6‘




How? - Ecosystem of Solution and HW Partners

@ TigerGraph

Turn-key Graph Solutions built on TigerGraph
reducing time-to-market and dev cost by 2-3X + !

2 Ol6|a]
] @ e
: “ \
et
S~ @
_ o = 0 o o
st Name ’_,.'“ g -
1 g '
e/ n :
' O,
Phone
addrens V Sywen
- Xilinx Alveo Scales
Dovee

with the # of Patients

@ TigerGraph
—

Hewlett Packard o o
Enterprise

.GRAPH"‘AI

~
/
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Deep HW Integration accelerating compute
intensive graph algorithms by up to 20X !

More to come ...



How? - Strong Foundation for Business Outcomes

Master Data

Q00
[=g)=]

Business Outcomes, Solutions & Use Cases

Real-time

Supply Chain
Analysis

o)

O e GRAPH+AI
O SUMMIT reecapn

Ex Machine
k5 Learning

U BT Product & Service e Recommendation An;/i\-g/r\g;ey Cyber Fraud Risk Assessment &
?gd] LIS Marketing 340/MDM Engine Laundering Security Detection Monitoring
N Supplier
Al & Machine Geospatial Time Series Enexgy sl e retwee Il s
% Employee Learning Analysis Analysis Mcg;:g: m ont K”g‘;ﬂiﬁge Clggﬁnfsgitg: ©
d Device
i | Dat Queries / Lookups, Comprehensivel Graph Patterns and Algorithms
perational bara
7S
J\’@) loT Signals Batch and Streamin ; Graph Computed
Orders g TigerGraph On-Prem / | Features
= > HA/Distributed Hosted >
&2 Payments Clusters
|
LZE Shipments
o T Historical Data
nvoices
=]
== Visits Data
Data Mart Data Lake NoSQL
! Warehouse
J Downloads
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New Capabilities to ’

Expand Adoption g/4




Announcing TigerGraph Enterprise 3.2!

e Released on: 9/30/2021
e / months of hard work since 3.1

e 40+ New Features / Capabilities
e 400,000+ lines of code added / modified



3.2 Enterprise-grade Capability Highlights

Cross-Region Replication ' Full Kubernetes Support (@)

55888 — -~ 8585889 (Y
33359 59939

\ 4

Production Cluster DR Cluster

Query Workload Management Role Based Access Control A{g{i

Fast, Small OLTP (4 CPU) C& &
ast, oma _ % % q} Q % User1 User2

Big OLAP (8 CPU) %

Fast, Med OLTP (8 CPU) 9% 99 99 9

O e¢GRAPH+AI
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3.2 Query Language Capability Highlights

e Running and Installing Queries
o Query argument flexibility: specify only what you care about
o Query installation faster and more efficient: up to 3x - 10x improvement

e Enhanced GSQL Capabilities
o Expanded library of built-in functions: 29 new string / math functions
o Relaxed variable declaration rules: declare anywhere before you use
o Dynamic subquery result: allow anonymous tuples in response
o Function overloading: support object-oriented concepts

Oe GRAPll-TI+A|

TigerGrapl
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3.2 Developer Tool Capability

) P —

¥ (name |= {{tsghane}})

@+ rostcount descending

nane ascending
» 10

Perscn AS p

vPerson =

vPost =
vTag =

® Aggregate COUNT(DISTINCT post) AS posi

TYPEDEF tuple<STRING tagName, INT postCount> tagStats;

{ @@postAll };

: erson>person a tag|

SetAccum<VERTEX<Post>> @@postAll;
SumAccum<INT> @postCount;
HeapAccum<tagStats>(10, postCount DESC, tagName ASC) @@tagStatsTop;

{ personId };
aggPersonPostTag =
SELECT t3
ERQM vPerson:s
-((Person_KNOWS_Pe|
- (<Post_HAS_CREATOI
- (Post_HAS_TAG_Tag:
WHERE s != t1
ACCUM CASE WHEN t3.nam

Locate vertices in result

Search content

Allen

dbc_snb syntax vZ {

Highlights

Search vertex id O search vert

O'sGRAPH-+AI

| T TigerGr;ph
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3.2 Scalability: New Record in LDBC Benchmark

LDBC ® ) T|ONS
B Eﬂf"fén?'é?r;gg”"g |
’ | Big Graph with 72.6B Vertices / 533.5B Edges / 36.1TB
INTRODUCTION | Business Intelligence Queries w/ Incremental Batch Updates
Home / Introduct i Vertex Type # of Vertices Vertex Type # of vertices
( .. lcomment 58,666,958,815|company 1,575
enton S oneer] POST 13,148,296,221 |university 6,380
The Linked Data Benchmark Council (LDBC) is
processing technologies. LDBC consists of mel °Per:°,n7 forum 728,629,666 Clty 1,343
=™ Iperson 74,689,437 country 111
°°°°°°°°°°°° E continent 6
tag 16,080
Figure 3.1: UML class diagram-style depictid tagCIass 71
should be treated as undirected (but are serializ:

edge has changed between version 0.3.x (where it was exactly 1) and version 0.4.x (where itis 0..1).

TigerGraph: the first and only vendor completed LDBC SNB-SF30K Bl at 36TB!

O e¢GRAPH+AI
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Innovation to
Accelerate Adoption




A Glimpse into Work-in-Progress Innovations

e What if we can get 100,000+ application / service
developers to adopt graph easily ?

e What if we can get business users to get deep graph
insights without the need to code ?

e What if we can dramatically reduce the time and effort to

develop a complete e2e graph solution ?

Oe GRAPll-TI+A|
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Demo: GraphQL Query APl on TigerGraph

For Developers: [::] @ G ra p h Q L

Renchu Song
Sr. Dev Manager, Tools and Applications
TigerGraph

100,000+ developers can use familiar and state-of-art GraphQL Data
API language to query data directly in TigerGraph'!

SUMMIT


http://drive.google.com/file/d/1RrmYIzGqxJC3RBEqfAVe7ULqbCmn-kBr/view

Demo: No-Code Visual Query Builder

ggggg ® o=
senm=inilcis ©--5 ATIEDe B

For Domain Experts:

Renchu Song
Sr. Dev Manager, Tools and Applications
TigerGraph

Domain Experts / Data Analysts / Data Scientists ... can visually describe
their queries without the need to learn and code GSQL!

SUMMIT


http://drive.google.com/file/d/1QDYMHS8RCQDN7DgqIVT1NyP909HitO9j/view

Demo: Graph Solutions and Solution Accelerator

o For Business Leaders on
@ e2e Development:

Wprirris = 2 tecewwm s
ut; |
o cations Encounters per Month ; Patient's Race ;\
AT I | | P ’\
- S Jon Herke
: = = Sr. Dev Manager, Dev Relations

TigerGraph

ooooooooooooooooooooo

Renchu Song
Sr. Dev Manager, Tools and Applications
TigerGraph

Accelerate end-to-end Graph Solution / App Building and Deployment:
3X+ Reduction in Development Cost, and 4X+ Speedup for Time-to-value!

GRAPH+AI
SUMMIT rasianm


http://drive.google.com/file/d/1Uq65UchTVw_aslYmNR6sYwFYFPe2iSZK/view
http://drive.google.com/file/d/1Uq65UchTVw_aslYmNR6sYwFYFPe2iSZK/view
http://drive.google.com/file/d/1WT10caaSRcExreXfHRTASckTEPaayFYj/view
http://drive.google.com/file/d/1WT10caaSRcExreXfHRTASckTEPaayFYj/view

Graph + ML
Advancement




Why Graph + ML?

e Natural Merging of Data + Learning:
Relationships are Fundamental

a5\

Purchases

e Meaningful Patterns

° o0 o

e Enhances Conventional ML/AI

e Explainable Results

0 eGRAPH+AI
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TigerGraph ML Today

In-Database Graph Algorithms Graph Features Enriching ML Quality
e 40+ algorithms for similarity, clustering, e Graph enriches ML training data:
best paths, community quality in = quality out
e No export needed. Live, updatable data e Use graph algorithms, pattern-matching
e Open-source, customizable queries, or graph embedding
e Scaleable, Ultra-fast MPP graph engine _/’
e Toolkit, building blocks for [I I] |] I]
problem-solving \
/ 11 | 1 1 |
/ | .f SESS 5555
OoOood o o o |

Solving Enterprise-Scale Business Problems

O eGRAPH+AI
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Today: Industry-leading Business Value

Healthcare: Industrial Supply Chain: Financial Services:
Real-time recommendations Analytics for decisions Real-time fraud detection

Bl
Y
Supplier > Q Logistics 4 h

% contract terms

e

Chain
4 Sales orders h
& forecasbs 24

e 1.3TB graph brain e Analytics: weeks— minutes

e Real-time care e Reveal opportunities, e Integrates multiple tools
recommendations optimize tactical & strategic e "Magical" real-time visual

e Improving healthcare, decisions results for investigators
lowering cost e Saving S100M+/yr e Scalable for growth

°
oL GRAPH+A|
UMMI T vigercroph | GRAPHAISUMMIT.COM | #GRAPHAISUMMIT



Looking Forward: Enterprise Graph ML

o)
20N
e |In-Database Graph Data Science Library w °-\<|).z°
Graph Data
Science
i
e In-Database Machine Learning w o2
In-(';-‘;/lrfph
e Graph+ML Workbench PR ES
L= ]
e TigerGraph's Scale & Performance [= ]
D=

OC>. gLJRI\ﬁI\RlHr+AI | GRAPHAISUMMIT.COM | #GRAPHAISUMMIT - Graph+ML WorkbenCh



TigerGraph In-Database Graph Data Science Library

Signals our commitment to serving the needs of data scientists

e More algorithms (15 released this week)
Graph Embedding

Link prediction

Similarity

Centrality

O O O O

e More than just algorithms

In-Database For Data Scientists
e No export needed e easier and faster to run
e Live, updatable data e include ML, such as graph embeddings
e Scaleable, Ultra-fast engine e will integrate with feature & model management
e GSQL query language e will integrate with Graph+ML Workbench
O'eGRAPH+AI
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Graph Neural Networks

K Neural Network /

Powerful Machine Learning to
Predict and Classify

/ \ \ Graph Convolutional Neural Network /
(O

@
@‘ e Combines the added insight from
% / connected data with the modeling

power of neural networks

Graph
- - / e Uses the graph during training;
Insight from Connected Data in-database training is the ideal.

O'eGRAPH+AI
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Graph + ML Workbench

e The added power of graph
e The same convenience of conventional MLOps

Graph ML Workbench (Notebook, APIs, GUI)

/ Data Science Library \
Al
(] D

e pyTorch E{\
7'0\ RLQF ] E>r\ e TensorFlow %
o | o HHH '~§ e Spark
&o( ) coam h_/ o AWS/Azure/GCP
Cloud & Other Graph Feature Statistical In-Graph
Storage Algorithms  Extraction Analysis ML ML Platforms & Libs
(Eﬁ Connectors, APls

O'eGRAPH+AI
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Key Takeaways

Graph technology is mature, scalable and available for you to adopt ...

Graph is beautiful - the most natural way to model all data

Graph is valuable - backed by many success stories from our customers
Graph is real - world’s leading scalable graph technology

Graph is easy - delightful developer and business user experience

Graph is quick - rapid development by turn-key solutions and toolkits
Graph is peaceful - operation delegated to cloud

Graph is intelligent - AI/ML made easy by in-db graph data science libraries

Any excuses for not to graph now ?



% TigerGraph

Question and
Answer

ooooooooooo

e Try TigerGraph Cloud ( tgcloud.io ) - Free to Start

e Download TigerGraph’s Developer Edition

e Take a Test Drive - Online Demo

e Get TigerGraph Certification

e Join the Community

o
y @TigerGraphDB u /tigergraph f /TigerGraphDB |} /company/TigerGraph


https://www.tigergraph.com/cloud/
https://www.tigergraph.com/developer/
https://testdrive.tigergraph.com/
https://www.tigergraph.com/certification/
https://community.tigergraph.com/

