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Presenter Introduction

Marco Arnaboldi

Senior Member of Technical Staff
Oracle Labs
marco.arnaboldi@oracle.com

Marco’s main area of work is on scalable graph processing
and DB native graph technology. He has received his Master
degree from Politecnico di Milano and University of Illinois.
He has been working for Oracle Labs for more than 3 years.
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Connections are everywhere around us

Your social network ... Your bank transactions ... The transportation network ...

Customer 2

. E 0 Y w “s" The supply chain network...

B :...:.. .: .. .,. B U :.‘ .f :’. H% ne‘/r:e i
i e T o — “ o _ _
e g \/\ The interactions between us ...

Sae e e

i i i
External External External
Entity 1 Entity 2 Entity 3

Graphs are a powerful tool to leverage information stored in connections of your data.
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Graph is an important trend in Data and Analytics

Gartner Top 10 Data and
Analytics Trends, 2021

Accelerating Operationalizing
Change Business Value

Smarter, XOps

Responsible,

Scalable Al

Composable Engineering

Data and Decision

Analytics Intelligence

Data Fabric Is D&Aasa

the Foundation Core Business
Function

From Big to

Small and

Wide Data

gartner.com/SmarterWithGartner

r
ner. inc. All rights reserved CTMKT_116447.
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Distributed
Everything

Graph Relates
Everything

The Rise of
the Augmented
Consumer

D&A at
the Edge

Gartner

, Oracle and/or its affiliates

This is because graphs provide intuitive abstractions
... for integrating various data sources
... for extracting signals stored in the data connections

Trend No. 8: Graph relates everything

Graph forms the foundation of modern data and analytics with capabilities to enhance and improve
user collaboration, machine learning models and explainable Al. Although graph technologies are
not new to data and analytics, there has been a shift in the thinking around them as organizations
identify an increasing number of use cases. In fact, as many as 50% of Gartner client inquiries

around the topic of Al involve a discussion around the use of graph technology.
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What is a property graph? (simplified)

» A set of vertices (sometimes called nodes)

Company

Name = ‘Oracle’
Location =‘Redwood
City’

worksAt
Since="22/01/0"

» And edges that connect vertices

Person
Name = ‘Amber’

» Vertices and edges can Age =25
« Have labels (one or more)
« Alabelis anidentifier
« That also provided typing information
« Have properties/attributes (zero or more)
« By virtue of properties being associated with labels

7,
€, 0,
Or

Person

Name = ‘Heather’
Name = ‘Paul’ Age =27

Age =30

Person

» A property is a typed key/value pair

» Vertices and edges collectively are called graph elements
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How is property graph data model different from relational?

In relational data model, connections are encoded implicitly (FK/PK, joins)

In property graph data model , connections are explicit part of the data model
in form of edges between entities (vertices)

Person Person @
ID NAME AGE =
friendOf
ID P1LID  P2ID

SINCE

77
(Y5} o
Or

Person
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Graphs enable a variety of new use-cases

Money laundering detection for financial services
Create a graph of all bank accounts, then run graph queries to find
all customers who have information that reveals criminal activity.

Feature engineering for machine

learning

Building machine learning models requires
augmented data, which can be created by running
graph queries and creating enriched data which
can then be used for machine learning.
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Data lineage tracking for GDPR

The various steps in the data lifecycle can be tracked and navigated, vertex by
vertex, by following the edges in a graph. Follow the data’s path, see where
the information originally resided, was copied, and utilized, so data
professionals can fulfil GDPR requests.
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Increasingly used in many industry domains

Finance

» Fraud detection

» Risk analytics

 Identify communities among customers

Transportation
 |dentify vulnerable points in infrastructure, single points of failure
« Aggregate costs along paths

Manufacturing

» Simplify application that enables users to navigate full product hierarchies in their e-
commerce system

Telecommunications
» Analyze and optimize network topologies
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Graph View vs. Relational View Account Table Customer Table

Creation
Date

Relational model is widely used for general

data management 1111 2010-3-10 Alice
! 2222 100 2011-2-13 200 Bob
However, the model is cumbersome for _
/\ 4444 300 2012-5-25 400 Dave
5555 100
Are Bob and Charlie related (and how)? ‘
s there any money flow between them? Transfer Table
/\ 1111 3333 Wire $20,000
5555 4444 Wire $30,000
Is there any money flowing in cycles back to the 4444 2227 Recurring  $10,000
originating owner (laundering)? 3333 5555 Wire $20,000
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400
Dave

Y o ﬁr\i/ /. ///:‘7’ r - fi
Benefits from Graph View
Represent the dataset as a graph
 Entities become vertices , oy
. : : 200
R_elatlonshlps bec_:om? _edges | | 2o @~ --- —
Previous Qs more intuitive to answer with e $20,0C
graph representation
$20,000 ‘
\ 553
Are Bob and Charlie related (and how)? ,Lﬁ’(?e o $WAMQM
Is there any money flow between them? /T S ’ .
N h $10,000 N
O 300.

2222 Charli
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Benefits from Graph View

Represent the dataset as a graph
» Entities become vertices

| 1111
. - - 200 |
R_elatlonshlps bec_:om? _edges | | sob@ — |
Previous Qs more intuitive to answer with $20000 .4 4 C
graph representation
~,‘ 400
$20,000 Dave
555
Are Bob and Charlie related (and how)? ;ﬁ?e o $30.000~ 3444 N O
s there any money flow between them? o .. ’ N/
$10,000
300

- 2222 Charlie

Is there any money flowing in cycles back to the — )
originating owner (laundering)?
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Property Graph support in Oracle Database

Since Oracle 12c

Property Graph Query Language Notebooks,
(PGQL) Visualization
» SQL-like query language to query L Graph Client tooli
graphs ' PN '
» Execute queries in the database and
in PGX @
Mid-tier graph server (PGX) In-memory
« Extremely fast, parallel graph Graph Server
analytics (GO
* Scales to billions of vertices and
edges Load Graph into Graph
Server
60+ pre-built graph algorithms for H

powerful analytics

» Java and Python API N
» Execute in PGX
Oracle
Products
» ADB-Graph DB
» Oracle Graph Server

and Client

12 Copyright © 2022, Oracle and/or its affiliates

(three-tier architecture)

Starting Oracle 23c
Graphs can be used directly in SQL!

Applications

All existing graph clients and
visualization tools updated to work
with SQL graphs

Visualization

Graph Client tools/

( Notebooks,

OH @
In-memory

Graph Server
(PGX)

acceleration and extra

functionality (algorithms,
ML)

7

Optional graph toolbox tor }

A4
4 N
SQL clients
(SQLDeveloper, APEX,
JDBC, etc)
\_ /




Property Graph Support in SQL - starting Oracle 23c¢
Quick facts

« SQL property graphs are part of ISO standard: ISO/IEC 9075-16 (SQL/PGQ language)

« SQL property graphs specify two major capabilities:
Creating property graph on top of existing tables in an relational database
Querying property graphs using a GRAPH_TABLE operator in an SQL FROM clause

« SQL graphs are created as metadata object over original data:
No data copy
Transactional consistency

« SQL property graphs strengthen Oracle’s converged database vision:
graph from relational data as another form of business object view for 23c

« SQL property graphs achieve extreme scalability by leveraging existing SQL execution
engine.
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https://www.iso.org/standard/79473.html

SQL / PGQ - Let’s start with a simple example

Relational schema

CUSTOMER

CUSTSALES

MOVIE

MOVIEPLEX.CUSTOMER

MOVIEPLEX.CUSTSALES

MOVIEPLEX.MOVIE

P " CUST_ID
LAST_NAME
FIRST_NAME
STREET_ADDRESS
POSTAL_CODE
CITY
STATE_PROVINCE
COUNTRY
COUNTRY_CODE
CONTINENT
AGE
COMMUTE_DISTANCE
CREDIT_BALANCE
EDUCATION
EMAIL
FULL_TIME
GENDER
HOUSEHOLD_SIZE
INCOME
INCOME_LEVEL
INSUFF_FUNDS_INCIDENTS
JOB_TYFE
LATE_MORT_RENT_PMTS
WARITAL_STATUS
MORTGAGE_AMT
NUW_CARS
NUW_MORTGAGES
PET
PROMOTION_RESPONSE
RENT_OWN
SEGMENT_ID
WORK_EXPERIENCE
*YRS_CURRENT_EMPLOYER
YRS_CUSTOMER
YRS_RESIDENCE
Loc_LaT
LOC_LONG

NUMEER

WARCHARZ (200 BYTE)
WARCHARZ (200 BYTE)
WARCHARZ (400 BYTE)
WARCHARZ (10 BYTE)
WARCHAR2 (100 BYTE)
WARCHARZ (100 BYTE)
WARCHARZ (400 BYTE)
WARCHARZ (2 BYTE)
WARCHARZ (400 BYTE)
NUMEER

NUMEER

NUMEER

WARCHARZ (40 BYTE)
WARCHAR2 (500 BYTE)
WARCHARZ (40 BYTE)
WARCHARZ (20 BYTE)
NUMEER

NUMEER

WARCHARZ (20 BYTE)
NUMEER

WARCHARZ (200 BYTE)
NUMBER

WARCHAR2 (8 BYTE)
NUMBER

NUMEER

NUMEER

WARCHARZ (40 BYTE)
NUMEER

WARCHARZ (40 BYTE)
NUMEER

NUMBER

NUMBER

NUMBER

NUMEER

NUMEER

NUMEER

- -

DAY
GENRE_ID

MOVIE_ID

CUST_ID

APP

DEVICE

o5
PAYMENT_METHOD
LIST_PRICE
DISCOUNT_TYPE
DISCOUNT_PERCENT
ACTUAL_PRICE

DATE

NUMBER

NUMBER

NUMBER

WVARCHAR2 (30 BYTE)
WARCHAR2 (30 BYTE]
WARCHAR2 (30 BYTE])
VARCHARZ (30 BYTE)
NUMEBER

WARCHAR2 (30 BYTE)
NUMBER

NUMBER

P——— - »

5

FK_CUSTSALES_CUST_ID (EUST_ID)
FK_CUSTSALES_MOVIE_ID (MOVIE_ID)

= PK_CUST_CUST_ID (CUST_ID)

% PK_CUST_CUST_ID (CUST_ID)

14

P " MOVIE_ID
TITLE
BUDGET
GROSS
LIST_PRICE
GENRE
SKU
YEAR
OPENING_DATE
VIEWS
CAST
CREW
STUDIO
MAIN_SUBJECT
AWARDS
HOMINATIONS
RUNTIME
IMAGE_URL
SUMMARY

NUMBER

WARCHARZ (200 BYTE)
NUMBER

NUMBER

NUMBER

WARCHARZ2 (4000 BYTE)
WARCHARZ (30 BYTE)
NUMBER

DATE

NUMBER

WARCHARZ2 (4000 BYTE]
WARCHARZ2 (4000 BYTE]
WARCHARZ (4000 BYTE)
WARCHARZ2 (4000 BYTE]
WARCHARZ2 (4000 BYTE]
WARCHARZ2 (4000 BYTE)
NUMBER

WARCHARZ (4000 BYTE)
WARCHARZ (16000 BYTE)

|G= PK_MOVIE_CUST_ID (MOVIE_ID)

& PK_MOVIE_CUST_ID (MOVIE_ID)

Copyright © 2022, Oracle and/or its affiliates

Graph Schema

custsales

Customer

Movie
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SQL Property Graph Creation

Concise syntax when required CREATE PROPERTY GRAPH MovieRentals
metadata exists. VERTEX TABLES (
Customer, Movie

i.e. primary and foreign keys, )

uniqueness constraints EDGE TABLES (
CustSales SOURCE Customer DESTINATION Movie

) ;

Graph created as a metadata object over original data
* No data copy
« Transactional consistency

15 Copyright © 2022, Oracle and/or its affiliates




SQL Property Graph Creation - Explicit Syntax

Syntax for explicitly defining keys

CREATE PROPERTY GRAPH MovieRentals
VERTEX TABLES ( Syntax for explicitly defining
Customer KEYS (CU.St_ID) , propert]es
PROPERTIES (First Name, Last Name, Gender),
Movie KEYS (Movie ID)

PROPERTIES (Title, Genre) Syntax for explicitly naming
) properties
EDGE TABLES (
Custsales
PROPERTIES (Day AS Date Rented)
SOURCE Custsales KEYS(Cust ID) REFERENCES Customers (Cust ID)

DESTINATION Custsales KEYS (Movie ID) REFERENCES Movie (Movie ID)
) g '

Syntax for explicitly defining

edge relationships
16 Copyright © 2022, Oracle and/or its affiliates




Querying SQL Graphs

SELECT .. FROM
GRAPH TABLE (
<graph name>
MATCH <graph pattern>
WHERE <conditions>
COLUMNS (<columns to return>)
)
GROUP BY ..
ORDER BY ..

17 Copyright © 2022, Oracle and/or its affiliates

input graph

pattern to match

conditions to satisfy
return type of result table
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Querying SQL Graphs - Example

Find all two customers who rented the same romantic comedy movie one after the other and after the 14t Feb 2022.

Property
SELECT * SRt

FROM GRAPH TABLE (MovieRentals

MATCH IR
(custl IS Customer)-[el]—-> Pattern

(movie IS Movie)<—-[e2]-(cust?2 IS Customer)
WHERE el.Date Rented > TO DATE ('l4-Feb-2022' ) P
AND movie.genre='Romantic Comedy’

AND e2.Date Rented > el.Date Rented AND custl.Last Name!= custZ.Last Name
COLUMNS (custl.Last Name AS EarlierRenter, custZ2.Last Name AS LaterRenter,

Row type of the el. Date_Rented) )

Path

predicate

result table

ORDER BY Date Rented;

18 Copyright © 2022, Oracle and/or its affiliates
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A real life example made easy with graph

Assume Bob wants to take a loan to buy an expensive house in New York
The bank would like to investigate the credit worthiness of Bob by:

« Analyzing the credit worthiness of Bob's social circle
» Investigating credit worthy work colleagues who can recommend Bob

« Finding friends of friends of friends of Bob working in New York, in order to check his ability
to socially integrate in the new city.

19 Copyright © 2022, Oracle and/or its affiliates



Let’s assume the following relational schema

Vertex tables

CREATE TABLE person (
id NUMBER (5) PRIMARY KEY
details JSON

)
-

’

/EREATE TABLE company (
id NUMBER (5) PRIMARY KEY
name VARCHAR (100) ,
age NUMBER (5) ,
size ¢ NUMBER (10)
) ;

N

)
~

’

/CREATE TABLE place (
id NUMBER (5) PRIMARY KEY
name VARCHAR (100) ,
size p NUMBER (10)

) ;

-

)
X

’

Edge tables
/EéEATE TABLE knows (
e src NUMBER (5) NOT NULL ,
e dst NUMBER (5) NOT NULL ,
since NUMBER (5),

CONSTRAINT fkl FOREIGN KEY
CONSTRAINT fkZ2 FOREIGN KEY

\li

CONSTRAINT pkl PRIMARY KEY (e src,
(e_src)
(e_dst)

~

e dst),
REFERENCES person (id),
REFERENCES person (id)

J

/E%EATE TABLE adores (
e src NUMBER (5) NOT NULL ,
e_dst NUMBER (5) NOT NULL ,

CONSTRAINT fk al FOREIGN KEY
CONSTRAINT fk aZ FOREIGN KEY

\ij

CONSTRAINT pk a PRIMARY KEY (e src,

~

e dst),
(e_src) REFERENCES person(id),
(e_dst) REFERENCES place (id)

/

20 Copyright © 2022, Oracle and/or its affiliates

company

knows

person
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Graph Creation knows

CREATE PROPERTY GRAPH MY_GRAPH
VERTEX TABLES ( person
person as p key(id) label person PROPERTIES (
p.1id,

p.details.name.string () AS name, STEEN s s Sy
p.details.address.city.string () AS city, used to define properties
p.details.address.zip.number () AS zip, from schema-less JSON
) ) , column values
p.details.birthdate.date () AS birthdate,
p.details.creditScore[*].avg() AS avg credit score),
company, company
place

)
EDGE TABLES (

knows SOURCE KEY (E SRC) REFERENCES p (ID) DESTINATION KEY (E DST) REFERENCES p (ID),

person as works at SOURCE KEY (id) REFERENCES p(id) DESTINATION key(works at) REFERENCES
company (id) ,

adores SOURCE p DESTINATION place, and destination

company as located in SOURCE KEY (ID) REFERENCES company (ID) DESTINATION KEY (located in)
REFERENCES place (id)

I

Use explicit syntax to disambiguate between source

Graph element tables can be external tables or materialized views

21 Copyright © 2022, Oracle and/or its affiliates E
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Credit worthiness of Bob’s social circle

Bob would like to take a loan from his bank. In order to assess his credit worthiness

The bank will investigate the credit scores of his friends, friends of friends, etc

SELECT DISTINCT id, name, credit score
FROM GRAPH TABLE (MY GRAPH
MATCH (p) (-[is knows]-){1,3} (f)
WHERE p.name = 'Bob'
COLUMNS (f.id as id,
f.name as name,
f.avg credit score as credit score)

22 Copyright © 2022, Oracle and/or its affiliates
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Credit worthy work colleagues who can recommend Bob

The bank would also like to find a set of credit worthy work colleagues, in the social circle of Bob, who
could recommend Bob.

SELECT name, city, avg credit score
FROM GRAPH TABLE (MY_GRAPH
MATCH (p) (-[is knows]-){1,3} (f),
(p) -[is works_at]->(c is company),
(f)-[is works_at]->(c is company)
WHERE p.name = 'Bob' AND
f.avg credit score > 750 AND
p.id <> f.id
COLUMNS (f.name, f.city, f.avg credit score)

)
ORDER BY avg credit score DESC;

23 Copyright © 2022, Oracle and/or its affiliates
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Friends of friends of friends working in New York

Bob needs his loan to buy a new house in New York.

The bank would like to check how many friends of Bob work in New York in order to check the likelihood of
his social integration.

113

—_—
l~.

SQL with graphs

SELECT * FROM GRAPH TABLE (MY GRAPH
MATCH (p) (-[is knows]-){1,3} (f),
(f)-[is works at]->(c 1is company),
(c)-[is located in]->(pl is place)
WHERE p.name = 'Bob' AND
pl.name = 'New York'
COLUMNS (f.name, f.zip as address)
) ;

Graphs are a powerful tool to traverse connections in your data!

24 Copyright © 2022, Oracle and/or its affiliates
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Graph is now just another SQL object

Security
* Privileges, DataGuard, DataVault, RAS, Redaction, ...
 Auditing

SQL interoperability
* Views, Materialized views, Joins, ...
« Triggers

Data pump support
* Import / Export

25 Copyright © 2022, Oracle and/or its affiliates



Graph is now just another SQL object

All SQL applications
are able to leverage
graphs out of the
box.
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For example we can use APEX to build a graph application

Decide on page layout and widget to include as in any APEX page. Pick graph query as data source for the widget

Identification

SUBREGIONS

PREVIOUS  CLOSE DELETE HELP CHANGE  EDIT coPY CREATE NEXT

Title Credit worthiness of social cirde

Type Interactive Report

[B credit worthiness of social circle
PREVIOUS

SORT ORDER

eoeonr Local Database

REGION CONTENT
RIGHT OF INTERACTIVE REPORT SEARCH BAR

Type SQL Query

SOQL Query

SELECT DISTINCT * FROM GRAPH TABLE (MY GRAPH
MATCH (p){-[is knows]-){1,3}(f)
WHERE p.id <> f.id
COLUMNS (p.name AS person_name,
f.name AS friend mame,
f.ave credit_score A:—‘{ friend credit score)

| H

PL/SQL Dynamic Conten

Copyright © 2022, Oracle and/or its affiliates
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APEX interactive
visualization of graph
query results

o
¥ Person Name = ‘Bob'

Person Name
Bob
Bob
Bob
Bob

Bob

Credit worthiness of social circle

Go B ik Actions v

X Friend Credit Score >= 750

Friend Name
John

Foo

Denise

Bar

Alex

Copyright © 2022, Oracle and/or its affiliates

Friend Credit Score <= 500

Friend Credit Score

550

830

350

440

680

1-5
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Oracle named as a leader in Graph Data Platforms

The Forrester Wave™: Graph Data Platforms,
Q4 2020 Key Takeaways

The 12 Providers That Matter Most And How They Stack Up
by Noel Yuhann Neo4j, Amazon Web Services, TigerGraph

November 16, 2020

Microsoft, And Oracle Lead The Pack

Strong
Challengers Contenders Performers Leaders

Conclusion of the evaluation

« “Oracle’s graph offering is a viable option, especially for oracle customers.”

Stronger
current
offering

A

» Oracle supports both RDF and property graph models.

(=) Franz

» Benefits are Oracle’s capabilities for technical support, cloud offering, PGQL,
o m% © AvangoDB ease to start with SQL-like syntax, and performance for moderately sized

A . deployments.
To add on top
“;"k"; . Oracle is now the first company to implement standardized SQL
Weaker strateqy > Stronger strategy extension for property graphs. (SOL/PGQ)

Market presence

VO

OO L) NS
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Summary

» Graphs can be created and queried in SQL.

« Graphs simplifies queries for identifying connections or dependencies.

« Since graphs are part of the SQL engine all existing tools and programmatic interfaces will work with
graphs.
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SQL Property Graphs will
be available starting

Oracle 23c on all DB cloud
services and on premise.

Try it out !




Thank you!

More details: oracle.com/database/graph
For any question feel free to contact us!
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