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GitHub containing additional scripts

• Scripts for the OPENFLIGHTS use 

case are available here:

github.com/karinpatenge/events/tree

/main/2024/APEX%20World/Graph/

scripts
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https://github.com/karinpatenge/events/tree/main/2024/APEX%20World/Graph/scripts
https://github.com/karinpatenge/events/tree/main/2024/APEX%20World/Graph/scripts
https://github.com/karinpatenge/events/tree/main/2024/APEX%20World/Graph/scripts
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HOL

Oracle LiveLabs Workshop

Running in a Sandbox



Property Graphs in Oracle DB 23c

Oracle LiveLabs

• Workshop: Exploring Operational 

Property Graphs in Oracle Database 23c

apexapps.oracle.com/pls/apex/r/dbpm

/livelabs/view-workshop?wid=3659
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https://apexapps.oracle.com/pls/apex/r/dbpm/livelabs/view-workshop?wid=3659


Action: Run LiveLabs Workshop in a Sandbox
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Basics about 
Property Graphs



Relational Graph
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Modeling data

Graphs are useful when discovering and 
understanding relationships is important!



Why would you use Graph Databases?

Is there any money flow between Bob & Charlie?

Graph-based queries:

• Fast traversals

• Path finding

• Identify patterns

• Extract subgraphs
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Why would you use Graph Databases?

How to identify the clusters of transactions?

Graph algorithms:

• Community Detection

• Ranking and Centrality

• Paths and Connectivity

• Link Prediction, Similarity
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Typical patterns in graphs

Networks and hierarchies Paths and patterns

APEX World 2024 | Copyright © 2024, Oracle and/or its affiliates13



Build and query Property Graphs using SQL

• Implementing SQL:2023 (ISO/IEC 9075-16)

CREATE PROPERTY GRAPH  to build the graph 

as metadata object over original data

• No data copy

MATCH clause inside GRAPH_TABLE function 

to query the graph

Combination with JSON is possible

• JSON document as property

• JSON element as property

New: SQL/PGQ as part of SQL:2023 
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SELECT DISTINCT * 
FROM GRAPH_TABLE ( 
banking_graph
MATCH (c2)-[IS owns]->(a1)->

[t IS transfers]->{1,5}(a4)->[IS owns]->(c3)
WHERE c2. name = 'Bob' AND c4. name = 'Charlie' 
COLUMNS (c2.name    AS from_account_holder,

a1.acc_id  AS from_account,
t.amount AS transferred_amount,
t.date as  AS transfer_date,
a4.acc_id  AS to_account,
c3.name as AS to_account_holder)

)
ORDER BY transfer_date
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Use Case

Travel analysis using a curated  

OPENFLIGHTS data set

• Create a graph

• Query a graph

• Manipulate a graph

• Graph metadata

Scripts and data are available on GitHub:
github.com/karinpatenge/events/tree/main/2024
/APEX%20World/Graph/

https://github.com/karinpatenge/events/tree/main/2024/APEX%20World/Graph/
https://github.com/karinpatenge/events/tree/main/2024/APEX%20World/Graph/


Finding and analyzing connections 

between cities via flight routes (1) 

and train connections (2)

Property graph analysis

• Relational data model as a 

starting point

• 1:n and n:m relationships

• GRAPH_TABLE/MATCH clause in 

Oracle 23c (ANSI SQL:2023)
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Travel analysis

Airports

ID
IATA
Name
City_ID

Cities

ID
Name
Country

Routes

ID
Orig_Airport_ID
Dest_Airport_ID
Airline
Distance

Train connections

ID
Orig_Airport_ID
Dest_Airport_ID
Details  (JSON)
Distance



Mapping relational tables to a graph

Definition of vertices and edges 

with single DDL statement

More than one mapping possible

• Model depends on planned 

queries and analyses

Creating metadata, not copying 

data

• Transactional consistency

• Regular objects in data 

dictionary
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CREATE PROPERTY GRAPH IF NOT EXISTS flight_graph
VERTEX TABLES (

airports AS airports
KEY ( id )
LABEL airport
PROPERTIES ARE ALL COLUMNS,

cities AS cities
KEY ( id )
LABEL city
PROPERTIES ARE ALL COLUMNS 

)
EDGE TABLES (

routes AS routes
KEY ( id )
SOURCE KEY ( src_airport_id ) REFERENCES airports ( id )
DESTINATION KEY ( dest_airport_id ) REFERENCES airports ( id )
LABEL route
PROPERTIES ARE ALL COLUMNS,

airports AS airports_in_cities
SOURCE KEY ( id ) REFERENCES airports ( id )
DESTINATION KEY ( city_id ) REFERENCES cities ( id )
LABEL located_in
NO PROPERTIES 

);



Mapping relational tables to a graph

Data structure similar to view

Schema-flexibility

Support for JSON

• JSON document as property

• Element of JSON document as 

property

Enterprise-level security

• Redaction, VPD, ...
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CREATE PROPERTY GRAPH IF NOT EXISTS flight_plus_graph

VERTEX TABLES (

airports

<...> ,

cities

<...> )

EDGE TABLES (

routes

<...> ,

airports AS airports_in_cities
<...> ,

train_connections AS tc

SOURCE KEY (orig_airport_id) REFERENCES airports

DESTINATION KEY (dest_airport_id) REFERENCES airports

LABEL train_connection

PROPERTIES (tc.details.Operator.string() as operator,

distance) )



MATCH clause vs. regular join

Find all airports in Hamburg
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SELECT a.iata, a.name

FROM airports a, cities c

WHERE c.city='Hamburg'

AND a.city_id=c.id

AND a.icao IS NOT NULL;

SELECT * FROM GRAPH_TABLE(

flight_graph

MATCH (a IS airport) -> (c IS city WHERE c.city='Hamburg')

WHERE a.icao IS NOT NULL AND c.country = 'Germany’
COLUMNS (a.iata, a.name)

);



Find airlines connecting HAM and LHR

MATCH clause vs. regular join
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SELECT airline_name

FROM airports a, routes r, airports d

WHERE a.iata='HAM'

AND a.id=r.src_airport_id

AND d.id=r.dest_airport_id

AND d.iata='LHR';

SELECT * FROM GRAPH_TABLE(

flight_graph

MATCH (a IS airport WHERE a.iata='HAM')

-[r]->

(d IS airport WHERE d.iata='LHR')

COLUMNS (r.airline_name AS airline) 

)

ORDER BY 1;



How many cities can I reach starting from HAM with a maximum number of 3 stopovers

MATCH clause vs. regular join
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SELECT COUNT(DISTINCT(city)) AS no_of_reachable_cities FROM GRAPH_TABLE(

flight_graph

MATCH (a IS airport WHERE a.iata='HAM') -[r IS route]->{1,4} (d IS airport) -> (c IS city)

WHERE a.iata <> d.iata

COLUMNS (c.city)

)
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Tools

Free to use (included with Oracle 

Database licenses or services)



Tools to work with Property Graphs (19c, 23c)

All your existing tools work with graphs

Specific support in

• SQL Developer

• SQLcl

• Graph Visualization Web App

• Graph Visualization JavaScript Library

• APEX (Plug-in, Sample Graph Viz app)

SQL-based graphs (23c) can be consumed 

by the Oracle Graph Server

• Advanced queries, graph algorithms
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Graph Server and Client(s) at a Glance

• Graph Server and Client is a component of the Property Graph feature of Oracle Database

• The latest Graph Server and Client works with Database 12.2 and later
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Graph Client

(Java, Python)

Web Browser

load

SQLcl

Oracle DatabaseGraph Server

DDL

SQL, PGQL

Graph 
Viz 

App

REST Client

SQLDeveloper
SQL, PGQL

Graph Server and Client

PGQL & Algo



• SQL Developer
oracle.com/database/sqldeveloper/technologies/
download/

• SQLcl
oracle.com/database/sqldeveloper/technologies/s
qlcl/download/

• Graph Server and Clients including Graph 
Visualization Library 
oracle.com/database/technologies/spatialandgrap
h/property-graph-features/graph-server-and-
client/graph-server-and-client-downloads.html

• APEX Sample Graph App
github.com/oracle/apex/tree/23.2/sample-
apps/sample-graph-visualizations

• Graph Developer´s Guide for Property Graph –

Graph Visualization

docs.oracle.com/en/database/oracle/property-

graph/24.1/spgdg/graph-visualization-application.html

• Oracle Graph Visualization Library JavaScript API

docs.oracle.com/en/database/oracle/property-

graph/24.1/pgjsd/index.html

• Get Started with APEX Graph Visualization Plug-in

docs.oracle.com/en/cloud/paas/autonomous-

database/csgru/get-started-apex-graph-visualization-

plug.html

Links for download and documentation
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Back to the HOL



LiveLabs: Graph integration with APEX demo
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Bonus: Sample Graph Visualizations

• Available on oracle.github.io/apex as
sample-graph-visualizations.zip

• Import application

• Disable secure connection to run the app:

• Navigate to the sample application home page in App 
Builder.

• Click Shared Components.

• Click Authentication Schemes under Security.

• Click the Current authentication scheme.

• Click the Session Sharing tab and turn off the Secure 
switch.

• Click Apply Changes and then run the application.

• Create the Graph

• Create the helper function

• Uncomment SQL query in app component
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docs.oracle.com/en/database/oracle/property-graph/23.4/spgdg/getting-started-apex-graph-visualization-plug.html

https://oracle.github.io/apex
https://docs.oracle.com/en/database/oracle/property-graph/23.4/spgdg/getting-started-apex-graph-visualization-plug.html


More screenshots of the Sample Graph Visualizations App
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Sample Graph 
Visualization App

Working with Property Graphs in APEX



Create an Application  Browse Apps in Gallery
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Sample Graph Viz app
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Sample Graph Viz app
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Single page example
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Single page example
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Summary
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Graphs offer a different view on your 
data

With Oracle 23c you can use your 
existing tools to work with graphs

Oracle Graph is the graph database for 
the enterprise
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More information



More resources

General information

• www.oracle.com/database/graph/

Documentation

• SQL Graph Queries in Oracle Property Graph 24.1
docs.oracle.com/en/database/oracle/property-
graph/24.1/spgdg/sql-graph-queries.html

GitHub

• Machine Learning Workshop with Oracle Property 
Graph
github.com/operard/mlgraph

• 23c Graph Demos
github.com/oracle-samples/pgx-
samples/tree/master/23c-graph-demos

• Six degrees of Kevin Bacon
github.com/kibeha/ways-to-bacon

Oracle Cloud Marketplace

• Graph Server and Client
cloud.oracle.com/marketplace/application/74883066

LiveLabs

• developer.oracle.com/livelabs

YouTube

• youtube.com/@oraclespatialandoraclegraph

• Analytics and Data Techcasts: 
youtube.com/@analyticsanddatatechcasts90

Blogs

• Oracle Database Insider – Graph: 
blogs.oracle.com/database/category/db-graph

• Medium: medium.com/tag/oracle-graph

• Database & Cloud Technology: 
blogs.oracle.com/coretec/
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For more information on Oracle Graph

go to oracle.com/goto/graph

Thank you

Karin Patenge | Spatial and Graph Product Management

 karin.patenge@oracle.com
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