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Gianni Ceresa

Managing Director of DATAlysis GmbH (Switzerland)

Working with Business Analytics, EPM tools and “data” for more than 10 years
Oracle ACE Director A

Part-time blogger on gianniceresa.com

Full-time IRC (freenode | #obihackers) resident
Same group on Telegram http://telegram.me/obihackers

ODC (ex OTN) forums addict
Technology geek (or just geek in general)
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ORACLE

450+ Technical Experts T

Helping Peers Globally

ORACLE
ACE Associate

A | ORACLE 6

ACE Director

ORACLE' @
ACE

bit.ly/OracleACEProgram

Nominate yourself or someone you know: acenomination.oracle.com

WP @G_Ceresa A DATAlysis

Have a look at the Oracle ACE Program, the various levels, the directory where to
search current ACEs and feel free to nominate somebody you believe deserves it
or even yourself.
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Introducing Property Graphs and PGX
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Property Graph Database - What's that?

‘ A Property aragch
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A Property Graph is composed by only 2 kind of objects: vertices (nodes) and
edges.

Take some vertices, take some edges, mix all that together and done: you have a
graph.

W @G_Ceresa
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Property Graph Database - What's that?
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This is a visualization of an example graph: the 2 components, nodes and edges,

are clearly visible.

Both have an ID to uniquely identify each element. Nodes can have a label, it isn't
mandatory, and in Oracle they can also be more than one. A label is used to
qualify the kind of node. For example it could be “customer” or “product” or

whatever else.

Edges often have a label, but it isn't mandatory, and it's generally a verb to define

the relationship connecting the 2 nodes.

Both nodes and edges can have properties. They are simply key-values entries and
they are all independent one from the other. One node can have 10 properties,

another 200, another none.

W @G_Ceresa
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Relational vs Graph

ol @G_Ceresa

Some tables with joins, primary key - foreign key, between them.
Tables have a given set of columns.

The graph is some nodes and some edges.
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Relational vs Graph

Every row of a table has a £ixed, identical structure Nodes and eo\ges can have any number of properties
Connections at a table level (not row) Connections at a node level (can be seen as row level)
WP @G_Ceresa A DATAlysis

Every single row in those tables always has the exact same set of rows (except if
you have a big blob or varchar column and store XML or Json inside, but let's not
start talking dirty early in the morning).

The relation isn't at a row level but defined at the table level and all the rows must
follow it.

In the graph every node has a different list of properties: one can have 3, one 4, no
mandatory structure.

What is a table in the relational database can be an edge in a graph: a mapping
table can be turned into an edge with the attributes to qualify it as properties (for
example a customer buying products).

W @G_Ceresa
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Oracle Property Graph: PGX
Pax

In-memory Analytics Engine

t Java APIs

Graph Storage Management

Java APIs/JDBC/SQL/PLSQL

Scalable and Persistent Storage

P @G_Ceresa A DATAlysis

In Oracle the graph “engine”, the brain, is called PGX. It's the acronym for Parallel
Graph Analytics. PGX doesn’t implement a full storage layer, it instead use existing
options which could be an Oracle Database, an Oracle NoSQL database or HBase.
Even a simple file in the filesystem.

PGX “speaks” REST: this allow to connect to it easily from almost any kind of tool or
language.

¥ @G_Ceresa
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Property Graph Database - Examples: data lineage
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Examples of what a property graph can be used for is data lineage.
Imagine having an analytical platform like Oracle Analytics Cloud or Oracle
Analytic Server (or the good old OBIEE). Some ETL processes and data source. All

these elements have many mappings and connections between them. They can
perfectly represented by a graph.

W @G _Ceresa

https://gianniceresa.com 14



Analytics and Data Summit 2020

Property Graph from scratch: data sources to graph

Slide 14
Property Graph Database - Examples: data lineage
=R LEQAQAQAQ|C Bme @ e s (2}
e - ox | Catdeg g~ T =
V- Q l ! =
;:va * ‘ N ; - = e oo
¢ BomEgm. / al| - —— 3 i e
From 45,700 nodes g -
with 105406 eo\ges, =) =T ) -
to 85 nodes with s .
218 eo\ges in o e ;
econas £ aon() ® oiow®
loD+@mme
| & twedrame & w & oarentiame Ao/t & e L) & cbmctTye & be) & owner L
f e w ymsenciwos crmvosy: ko omosm Lt st

Thanks to the graph it's possible to easily perform impact analysis: what are all the
elements | will have to fix if | decide to remove a given column from a physical

source in my Oracle Analytics Cloud? The graph provides an answer in less than a
second thanks to the in-memory processing.

W @G _Ceresa
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Located in

Located in
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Property Graph Database - Examples: fraud detection

Money launderin
and VAT {rauds

Another usage of graphs can be fraud detection: finding loops of money

circulating and coming back at the origin.
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https://gianniceresa.com

16



Analytics and Data Summit 2020 . I

Property Graph from scratch: data sources to grap

Slide 16

Property Graph Database - Examples: shortest path

Examples of graphs and graphs analytics can be seen when traveling from a
location A to a location B :

Finding shortest path between 2 nodes of a graph

P @G_Ceresa A DATAlysis

One of the simplest and most obvious usages is finding paths. Imagine at all the
possible flights existing. How do you go from A to B in the fastest way? In the
cheapest one? Etc.

¥ @G_Ceresa
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d graph analytics | "W\ or '
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WP @G_Ceresa A DATAlysis

Oracle Property Graph can be used in 2 ways: the two tier approach which run
graph queries directly on the Oracle database used for storing the graph. The
graph query language, PGQL, is translated into standard SQL to provide the
answer to the request.

The more classical approach, and the one giving access to the full power of Oracle

property graph is by using PGX. A graph is loaded from the storage layer into PGX.

Clients connect to PGX and perform PGQL queries or execute algorithms for their

analysis. PGX can be executed as standalone process or by deploying it in an

application server.

W @G _Ceresa
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Storing a Graph and Loading into Memory

Load from standard tables
into PGX (new feature)

PGX Server
Load into Property Graph
schema (required for
running PGQL in the
database)

Edge table Vertex table Load from Property Graph
e Property Graph schema Schema into PGX
Database tables

When loading a graph into PGX from a relational database, two different ways are
not possible with the release of Graph server 20.1.0.

The “direct” (1) way is providing to PGX a configuration defining all the objects to
load from database objects directly, defining what nodes and edges are, the
various properties etc.

The “classical” (2) way of loading a graph is a 2-step activity: first a graph schema is
created in the database. This schema is actually 5 tables with a fixed structure and
indexes and partitioning already defined. You will load into these tables the
content of the graph (2a). After you can tell PGX to load the graph (2b) by simply
providing the graph name, database connection parameters and the list of
properties you want to load for both nodes and edges (so you load only what you
really need for a faster load time and a minimal memory usage).

This lab with follow the “classical” way, performing both 2a and 2b.

W @G_Ceresa
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SQL Developer Web
Username and password are case sensitive!
AboutOnade  ComatUs  Legal fUse  YourPrivacy Rights

The lab uses an Autonomous Data warehouse in the cloud to store the graph. To
connect SQL Developer web is used. It is available by default in the Autonomous
Data warehouse cloud instance.

You can also use SQL Developer or any other tool able to perform SQL operations
in the database.

W @G_Ceresa
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JShell in JupyterLab notebook

Z jupyterhub

uuuuuuuu

Username and password are case sensitive!

ol @G_Ceresa

For the part related to PGX itself a JupyterLab notebook is used to provide a more
friendly interface on top of the JShell PGX client. If you download the Graph client
you have the JShell command line interface available directly (requires Java 11+).
The notebook doesn’t provide extra features for PGX itself, but has the advantage

to allow to add comments in markdown etc.

W @G_Ceresa
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Scenario used for the Labs

Imagine you work for a web shop...

* You have products

* You have customers

* You have orders of products by customers

* Your customers are worldwide, you have their country
* You have sales channels

* You have promotions on products

From all that, you are going to create a graph and do queries on it.

ol @G_Ceresa

The lab scenario is a simple e-shop commerce activity.

¥ @G_Ceresa
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The “SH" database schema

PROMOTIONS

Sales History (SH)

One of the Oracle Database
sample schema

cont ety 19
CHANNELS st o v
— st stan, province 4
"y oty 1 COUNTRIES
coarne. cass ust_main, phone, numbee county i
channel cass 1 cust income e county,wo_code
channel to oat. croon e ounty nama
channe fota st omai couniry.subregion
i ol caunry subregon Id

f
WP @G_Ceresa e oty e A DATAlysis

“SH" is one of the historical database schema examples. It is available all the time

in Oracle Autonomous Data warehouse without the need to install or enable it.

¥ @G_Ceresa
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Build a graph from “SH”
Simglified version

How to model “this thing” in a graph e |1
d ata ba se ? ‘;2‘1212222 i SALES
. rod_subcategor) -
Products, Customers, Countries, Sales e < e
prod_subcategory_desc time_id
prod_category channel_id
prod_category_id promo._id
prod_category_desc quantity_sold

prod. we\g'm class amount_soid
. o e
Which nodes to create? priirn —~
supplier_id

e ‘

* What is the node ID? orod s e cuSTOMERS
. . . prod_total cust_id
* What is the node label? (if there is one) ey st tname
. prod_eff_from cus\ggndev
» What are the node properties? fexer] S
ot posles cons
cust_city_id
Which edges to create? st gte pounce 1 COUNTRIES
cust_main_phone_number . country_id
* What is the edge ID? e o e o
. . . ettt coumiy Bitrogon ia
* What is the edge label? (if there is one) s i o on
. cust_eff_from country_total
* What are the edge properties? Py ooy e

WP @G_Ceresa A DATAlysis

To build a graph the challenge, like any other database or solution, is to find the
right model.

¥ @G_Ceresa
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What does your graph look like?

Reference
Product e korc\er

Confirm

@ — Customer

ol @G_Ceresa

4 tables could be turned into a graph with a node for each row of each table.

W @G_Ceresa
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What does your graph look like?

Reference
Product e order

N

A

Conkirm

Customer

| Country= “<country>"

WP @G_Ceresa A DATAlysis

But the content of one of the tables could also be loaded as a property of another
node.

W @G_Ceresa
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What does your graph look like?

Conkirmns
Customer

> order

_

|Country= “<country>" |

ol @G_Ceresa

N

|Pr0duct= “<product>"

And the logic can be applied to reduce the graph even more.

¥ @G_Ceresa
https://gianniceresa.com
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What does your graph look like?

2

WP @G_Ceresa A DATAlysis

All these models aren't wrong. Technically they are graph still. The question is: are
they going to allow you to perform the analysis you need?

¥ @G_Ceresa
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Lab 1: design your graph
W @G_Ceress
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Lab 1: Design your graph

Target

In this Lab you will design possible graph structures derived from the scenario and the
available sources.

The context of this lab is a simple sales activity, with customers buying products. It's one of
the historical sample schemas you can have with any Oracle Database and it's also

available by default in any Autonomous Database.

Oracle Sales History (SH) schema diagram

SH /I\
PROMOTIONS TIMES
COSTS proma_id time_id
prod_id promo_name day_name
time id promo_subcategory day_number_in_week
proma_id promo_subcategory_id day_number_in_month
channel_id proma_category calendar_week_number
unit_cost promo_category_id fiscal_week_number
unit_price promo_cost week_ending_day
promo_begin_date week_ending day _id
\|/ proma_end_date calendar_month_number
| promo_total fiscal_month_number
promo_total_id calendar_month_desc
PRODUCTS . 1 calendar_month_id
) i fiscal_month_desc
paod_ld i A\ fiscal_month_id
prod_name 1 days_in_cal_month
prod_desc : SALES days_in_fis_month
prod_subcategory - prod_id end_of_cal_month
prod_subcategory_id custjd end_of_fis_month
prod_suzcal:tgury_desc time_id ___J calendar_month_name
prod_category h | i fiscal_maonth_name
d cat d channel_id
prod_category_i proma_id calendar_guarter_desc
prod_category_desc . antity sold calendar_quarter_id
rod_weight_class " quantity i
P N ls] | amount_sold fiscal_quarter_desc
prud_unn_of_mgasura \ fiscal_quarter_id
prod_pack_size | \l/ days_in_cal_guarter
supplier_id : ! days_in_fis_quarter
Pfgdﬁsttatu_s | end_of_cal_guarter
prod_list_price end_of_fis_quarter
o . I — e
pred_min_price \ CUSTOMERS calendar_guarter_number
prod_tota! | cust_id fiscal_quarter_number
pr?%_to:al_i:jd | cust_first_name calendar_year
p?ﬁ —?fcf— X cust_last_name calendar_year_id
pro eeﬂrom i cust_gender fiscal_year
proc.:j_ ﬁ:io \ cust_year_of_birth Iisca_l_yaar_id
prod_va | cust_marital_status days_in_ca|_year
: cust_street_address days_in_fis_year
| cust_postal_code end_of_cal_year
| cust_city end_of_fis_year
[ cust_city_id
CHANNELS - cust_state_province
channal_id cust_state_province_id
channel_desc country_id COUNTRIES
channel_class cust_main_phone_number I country_id
channel_class_id cust_income_level country_iso_code
channel_total cust_cradit_limit country_name
channel_total_id cust_email country_subragion
cust_total country_subregion_id
cust_total_id country_ragion
cust_src_id country_region_id
cust_eff_from country_total
cust_aff__to country_total _id
cust_valid country_name_hist

W @G_Ceresa
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Focusing on a reduced model covering only the tables “PRODUCTS”, “SALES”,
"CUSTOMER” and “COUNTRIES”, design on a piece of paper the possible structure of
your graph in a generic way.

With a single node identified by its label and listing the properties keys. Add the edges
connecting these nodes and identify the label and properties for the edges as well.

There isn't a right or wrong model as long as you respect the basic rules and technical
constraints of a property graph.
But a model will be easier to query than another.

The expected usage drives the choice of the model, like when you design a data
warehouse or any other relational database.

W @G_Ceresa
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What does your graph look like?

TSugs
, Customer
Quantity= “"
Amount= ""
OrderDate= “"
Livesin
v
Counfnj

Lets implerment thie one

A model with seem well balanced for most of the needs is to load the “order lines”
as edges, connecting the customer and various products composing each order.

W @G_Ceresa
https://gianniceresa.com
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Storing a Property Graph: options, Oracle Database and example

ol @G_Ceresa
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Oracle Property Graph: PGX

PGX can store and load graphs from multiple places
* Oracle Database
* Oracle NoSQL
+ Apache HBase
* Files I e

Graph Storage Management

In-memory Analytics Engine

Java APIs/JDBC/SQL/PLSQL

Scalable and Persistent Storage

In an enterprise context, Oracle Database is the preferred option (except if you
already have Big Data tools around and NoSQL or HBase)
* Your source data to load the graph with is probably already fully available in your database

P @G_Ceresa A DATAlysis

In an Enterprise environment we can exclude the storage in files, this one can work
for sandboxing and testing, but not for a real usage.

Companies generally always have most of their data into a database, therefore it
makes sense to store the graph there. This also allow to be compliant with security
or auditing rules as these processed would already be known.

¥ @G_Ceresa
https://gianniceresa.com 36
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Oracle Database - Create a new graph

What you need:
* Oracle Database 12c R2 or newer (including Autonomous)
* Extended Data Types (to have varchar of more than 4'000)

BEGIN
OPG_APIS.CREATE PG('name_ of your graph');
END;

Worksheet Query Builder

BEGIN

OPG_APIS.CRERTE PG('sa€07', 4, 8, '');
END;

GE$ : edges of the graph
VT$ : vertices of the graph
GT$ : graph skeleton

IT$ : text index metadata
SS$ : graph snapshots

1
3
4
5
e

-5 SAS07VTS

WP @G_Ceresa A DATAlysis

To create a graph in the database you have to call a method. The mandatory
parameter is the graph name, others are available. Reference to the
documentation for all the details.

The resultis 5 tables named like the graph name plus a suffix.

W @G_Ceresa
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Oracle Database - Create a new graph

* The graph can by loaded by SQL, doing standard “INSERT” into the tables

| 4 B2 Docker 08 12.2-708 -scot [N sasorts L] sasoees.
Columns Data |Model | Constrants | Grants | Statstcs | Triggers | FRashbadk | Dependencies | Detals | Partitons | indexes |sQu

3 2 W - acon

COUMN AN | DATA TIPE MULLABLE |DATA DEFALT | { COLUMN_ID |} comeenTs
1V Wt o nat1) 1Vercex 10
2K NVARCEAR2 (3100 CHAR) Yes (null)
3T NUMBER (38, 0) Yes (oull)
v NVARCHAR2 (15000 CHAR) Yes (null)
s NUMBER Yes (aull)
eV TIMESTAMP(€) WITH TIME ZONE Yes {null)
75 ey tes {mut1) a
svIs DaTE Yes {(aull) 2Validity starc
9viE oAtz ves (mal1) $Validity end ot [ sasonvTs [ sasonces
0 FE NVARCEARZ (4000 CHAR) Yes (nuil) 10 Future extension Je | Grants |Statstics | Triggess |Flashback | Dependencies | Detads | Partitions |Indeses |SQL
3 7 v aceons..,
Cous_NAVE | DATA_TrPE } MULLABLE [DATA_DEFALLT |§ oL |} comvenTs
1EID WUMBER. Ko (aull) 1Edge ID
2 sVID NUMBER Ho {mull)
3o WRSER ¥o o)
4L NVARCHRRZ (3100 CHAR) Tes {mall)
sk WVARCEAR2 (3100 CHAR) es taa11)
6T WUMBER (38, 0) Tes {aall)
v HVARCEAR2 (15000 CHAR) es (a1}
sw R es tmaLl)
v TINESTAME(€) WITR TDE ZNE Yes o) 9 Propercy value - date-rime
WS FREER wes (aul1) 10 Security label
nvs DATE ¥ (mull) 1ivValidity start
12 VIE ATE tes {aal1} 12Validity end
15 WVARCEAR2 (4000 CHAR) es {1} 13 Futare exeension

WP @G_Ceresa A DATAlysis

The structure of the tables for vertices and edges is fairly similar. Content is stored
by row, this means that every property will be a row, and the VID would be
repeated for the nodes. For the edges it's the same thing but the 4 columns EID,
SVID, DVID and EL would be repeated to store the properties on edges by row.

¥ @G_Ceresa
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Oracle Database - Create a new graph
The graph is stored "by rows”, like doing an UNPIVOT on the tables.
—
—
—
—
—
—
—
—
%————
b @G_Ceresa A DATAlysis

The sources used to populate the graph are generally storing information by
columns (the various columns of a table). To load this into a graph an "UNPIVOT”
operation must be performed turning columns into rows.

¥ @G_Ceresa
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Oracle Database - Create a new graph
Vertex Table: “<graph>VT$"” Edge Table: “<graph>GE$”
Name Null? Type Name Null? Type
VID NOT NULL NUMBER EID  NOT NULL NUMBER
VL NVARCHAR2(3100) SVID NOT NULL NUMBER
K NVARCHAR2(3100)
EL NVARCHAR2(3100)
K NVARCHAR2 (3100)
VN NUMBER
VT TIMESTAMP WITH TIMEZONE \ NVARCHAR2(15000)
VN NUMBER
VT TIMESTAMP WITH TIME ZONE
name: admires
age: 47 weight:1.0
birth-date:1969-11-04 12:00:00.0 @ 11021 O
A visual representation, with matching colours, of what information is stored in
which column of the tables.
¥ @G_Ceresa
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Slide 38

Oracle Database - Create a new graph
Data Types:
ID  Datatype Column
Al . i in VN 1 String Vv
. numeric pr i i
u‘ encp ope. es g(? n 2 Integer VN
» Date/time properties go in VT 3 Float VN
* All others go inV 4  Double VN
* Booleans are encoded as "Y" / "N" 5 Date VT
6 Boolean \Y
7 Long VN
NOTE: All numeric and date 8  Short VN
properties are also stored in Vin 9  Byte VN
printable format (to enable text 10  Char v
indexing) 101 Serializable v

The properties can have various types. To keep track of this information the
column T is used, and the columns VN and VT with the appropriate data type
exists.

W @G_Ceresa
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Slide 39

Oracle Database - Create a new graph

* These tables are just "normal” tables, queries can be done ...

* Support some graph algorithms, the doc list all the supported methods
https://docs.oracle.com/en/database/oracle/oracle-database/18/spgdg/OPG_APIS-reference.html

| Worksheet Query Builder

1
2| !select 'Graph has ' || count(distinct eid) || ' edges' from sa€07ge$
3| 'union all
4| select 'Graph has ' || count(distinct vid) || ' vertices' from sa€07vts$;
5|
iy
| B> Query Result x

& 5 @) G} sQu | AlRows Fetched: 2in 0.169 seconds
{} 'GRAPHHAS'| [COUNT (DISTINCTEID) | [EDGES' ‘

I Graph has 105500 edges

2 Graph has 48155 vertices

P @G_Ceresa A DATAlysis

Once a graph is loaded in the database (which is the storage layer in this case),
normal queries can be performed as it's “just” tables in a database.

¥ @G_Ceresa
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vt el Qriacy Bl
1
2| select distinct k, t from saé07vt$ order by 1;
3
3
avw
> Query Result x
A & @ (% s AlRowsFetched: 4310 0.467 seconds
13 g
1 ObiAuditParseDate 5
2 caption 1
3en 1
4 creator 1
S dataType
Viorksheet Buider
6 abFlag 1 R Sy
7 i 1
ok « 2| sel from 2607V by 1
8 dbTypeld 1 3
9 34
av -
| B> Query Resuit *
o & @) @R s | Fetched S0rows n 1.039 seconds
i ix [o7fgv [ow [owr [os [jws [Gve [gre
1 1 ObiAuditParseDate SThu May 10 17:00:55 CEST 2018 (null) 10-MAY-2018 17.00.55 EUROPE/ZURICH (null) (null) (null) (mull)
2 1t 1QueryPriv_4204:87818128€193511 (null) (mull) (null) (null) (null) (mull)
3 1 keyDomain 1RPD Security (null) (null) {null) (null) (null) (null)
4 lkeyld 1 QueryPriv_4204:87818128€193511 (null) (null) (null) (null) (null) (mull)
5 lmaxExecTime 1600 (null) (sull) (null) (null) (null) (sull)
6 1maxRows 1100000 (null) (mull) (null) (mull) (aull) (sull)
7 1 name 1QueryPriv_4204:878181286193511 (null) (null) (aull) (aull) (null) (null)
8 lobjectiype 14204 (null) (mull) (nuld) (null) (aull) (mull)
S 1xx id 14204:27160 joull) (null) foull) (null) (null) (null)
P @G_Ceresa A DATAlysis

Clearly queries can be fairly simple or get quite complex if you try to perform real
graph queries writing SQL yourself by hand.
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Slide 41

Oracle Database - Create a new graph

Exam‘ole s

ol @G_Ceresa
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Slide 42
Lab 2: create and populate a graph
W 6G_Cereso
¥ @G_Ceresa
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Lab 2: Create and populate a graph

Target

After this lab you will have in the Oracle Autonomous Datawarehouse relational database
a property graph stored in the graph schema and with all the nodes, edges and
properties populated with data.

For this Lab you will work only in SQL Developer Web, using the URL and credentials
provided.

The graph you are going to create has the following structure.

'Buas
Product < Customer
Quantity= o k
Amount= “" -
properties.. OrderDate= “" |propert1esm |
Lives\n
|propertiesm |
\ 4

properties..

1) To create the tables with the fixed structures to store the graph execute the following
code.

BEGIN
OPG_APIS.CREATE PG('mysales');
END;

Refreshing the list of tables in your own schema you will see the newly created tables for
the graph.

W @G_Ceresa
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= ORACLE SOLDeveloper  Home
Navigator ~ Worksheets @
LABUSERDO v
Tables -
Search. Q

b B8 MYSALESGES
b B MYSALESGTS
» [EE MYSALESITS

» ES MYSALESSSS
¥ B8 MYSALESVTS

G 1 Ao €80 | 11:4313AM-REST call resolved

Analytics and Data Summit 2020

data sources to graphs

Worksheet ~ Data Modeler
[Worksheet]” B ORBEE L= AW
1 BEGIN
2 OPG_APIS.CREATE_PG( 'mysales'); 1
3 END;
Query Result ~ Script Output ~ DBMS Output  Explain Plan  Autotrace  SQL History
=

il

PL/SQL procedure successfully completed.

2 LABUSERO0D v

6 @

&

2) Inspect the source data you are going to use to populate your graph by switching to

the SH schema.

= ORACLE SOL Developer Home
Navigator ~ Worksheets @
SH v
Tables -
Saarch, =}

b ES CHANNELS

B8 COsTS

B8 COUNTRIES

ES CUSTOMERS

B8 PRODUCTS

ES PROMOTIONS

ES SALES

S SUPPLEMENTARY_DEMOGRAPH
» BB TIMES

G 1 Ao 820 | 11:41:03 AM- 23 rows total

l

Workshest Data Modeler

[Worksheet]" B OB EE & = A O
1 SELECT COUNTRY_ID, COUNTRY ISU_(EDE,

COUNTRY_TOTAL_ID, COUNTRY_FAME_HIST FROM SH.TOUNTRIES;
2

Query Result  Seript Output  DBMS Output  Explain Plan  Autotrace  SQL History

W @ [4 Download v

country_id country_iso_code country_name country_subregion  country_subregion_id country_region
1 52771 CN China Asia 52793 Asia

2 52781 IN India Asia 52793 Asia

3 52782 JP Japan Asia 52793 Asia

4 52783 MY Malaysia Asia 52793 Asia

5 52769 SG Singapore Asia 52793 Asia

6 52791 ZA South Africa Africa 52792 Africa

5 E5774_ Al Bctralia Auietealia 85704 | Meaania

2 LABUSEROQD

COUNTRY_NAME, COUNTRY_SUBREGIOM, COUNTRY_SUBREGTON_ID, COUNTRY_REGION, COUNTRY_REGION_ID, COUNTRY_TOTAL,

country_regi
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3) Verify if the primary keys of the existing tables can be used as IDs for the nodes. Node's
IDs are unique across the whole graph, while a table primary key is generally unique only

in the table itself.

SELECT 'customer ID' as id, MIN(cust id)
max_id, COUNT (DISTINCT Cust_id)

FROM sh.customers

UNION ALL

as min id, MAX(cust id)
as unique ids, COUNT (*)

as nrows

SELECT 'product ID', MIN(prod id), MAX(prod id), COUNT (DISTINCT

prod id), COUNT (*)

UNION ALL

FROM sh.products

SELECT 'country ID', MIN(country id), MAX(country id),

COUNT (DISTINCT country id), COUNT (*)

FROM sh.countries;

The IDs of the 3 tables overlaps, they can't be used as IDs for nodes directly.

ORACLE SQL Developer

Navigator ~ Worksheets

SH

Tables

b ES CHANNELS

» BBCOSTS

» EE COUNTRIES
» B8 CUSTOMERS
» B8 PRODUCTS

¥ B PROMOTIONS
» EE SALES

Home

» ES SUPPLEMENTARY_DEMOGRAPH

» EE TIMES

Workshest Data Modeler

[Worksheet]” +

3 ECT
4 UNIOW ALL
5 SELECT 'country ID'

Download
id
1 customer ID
2 product ID

3 country ID

o s

' as id, MIN(cust_id) as

« QueryResult Script Output  DBMS Output

min_id, Max(cust_id) as

Explain Plan  Autofrace  SQL History

min_id

max_id unique_ids
1 104500/
13 148

52769 52791

max_id, COUNT(DISTINCT cust_id) as

as

2 LABUSEROQD

unique_ids, COUNT(*) as

D', MIN(prod_id), MAX(prod_id), COUNT(DISTINCT prod_id), COUNT(*) FROM sh.products

» MIN(country_id), MAX(country_id), COUNT(DISTINCT country_id), COUNT(*) FROM sh.countries;

nrows

nrows FROM

4) One possible workaround for this problem is making the IDs unique adding an offset

value by table.

SELECT 'customer ID' as id, MIN(cust id)

max_1id, COUNT(DISTINCT cust id)
FROM sh.customers

UNION ALL

as min_id, MAX(cust id)
as unique ids, COUNT (*)

as nrows

as

SELECT 'product ID', MIN(prod id + 200000), MAX(prod id + 200000),

COUNT (DISTINCT prod id), COUNT (*)

UNION ALL

FROM sh.products

SELECT 'country ID', MIN(country id + 300000), MAX(country id +

300000), COUNT(DISTINCT country id), COUNT (*)

FROM sh.countries;
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The IDs aren't overlapping anymore. This workaround is valid only during tests and must
not be used in a real production environment as nothing prevent the IDs to keep growing
and overlap again at some point.

ORACLE SOLDeveloper  Home  Worksheet  Data Modeler 7 2 LABUSERO0D v
Navigator ~ Workshests [Worksheet]" 2 0 @
1 SELECT 'customer ID' as id, MIN(cust_id) as min_id, MAX(cust_id) as max_id, COUNT(DISTINCT cust_id) as unique_ids, COUNT(*) as nrows FROM
SH - sh.customers
2 UNION A

product I0', MIN{prod_id + 20006@), MAX(prod_id + 200008), COUNT(DISTINCT prod_id), COUNT(*) FROM sh.products
Tables - 1 LL
5 T "country I0', MIN(country_id + 300000), MAX(country_id + 38000@), COUNT(DISTINCT country_id), COUNT(*) FROM sh.countries;

» ES CHANNELS

» B2 COSTS

» EE COUNTRIES
» EE CUSTOMERS
» EE PRODUCTS

¥ B PROMOTIONS

« QueryResult ScriptOutput DBMS Output  Explain Plan  Autotrace  SQL History

» EE SALES
¥ EE SUPPLEMENTARY_DEMOGRAPH Download ¥
» ESTIMES id min_id max_id unique_ids nrows
1 customer ID 1 104500 55500 55500
2 product ID 200013 200148 72 72
3 country ID 352769 352791 23 23
»
®1 AoBo|u 1

5) Prepare the nodes representing the countries, performing the UNPIVOT to transform
columns into rows and formatting the result to respect the graph rules. This is a validation
step testing the query only.

SELECT country id + 300000 as wvid, 'label' as k, 1 as t, 'country'
as v, NULL as vn, NULL as vt FROM sh.countries

UNION ALL

SELECT country id + 300000 as vid, 'name' as k, 1 as t, country name
as v, NULL as vn, NULL as vt FROM sh.countries

UNION ALL

SELECT country id + 300000 as wvid, 'isoCode' as k, 1 as t,
country iso code as v, NULL as vn, NULL as vt FROM sh.countries
UNION ALL

SELECT country id + 300000 as wvid, 'sourceId' as k, 2 as t,

TO CHAR(country id) as v, country id as vn, NULL as vt FROM
sh.countries

ORDER BY 1, 2;

Don't forget the offset added to the IDs, the “ORDER BY" is there to help highlighting the
fact that a single node has multiple rows repeating the ID.

W @G_Ceresa
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ORACLE SOLDeveloper  Home  Workshest  Data Modeler 3 | 9 LABUSERGO

Mavigator ~ Worksheets @) [Worksheet]* + B ORBEE L= AT
1 SELECT country_id + 308000 as vid, 'label’ as k, 1 as t, ‘country’ as v, NULL as vn, NULL as vt FROM sh.countries

SH - 2 UNION ALL K . )
3 SELECT country_id + 308000 as vid, 'name’ as k, 1 as t, country_name as v, NULL as vn, NULL as vt FROM sh.countries
4 UNION AL

Tables - 5 SELECT country_id + 398888 as vid, 'isoCode' as k, 1 as t, country_iso_code as v, NULL as vn, NULL as vt FROM sh.countries
6 UNION ALL

~ . 7 SELECT country_id + 38888@ as vid, 'sourceld' as k, 2 as t, TO_CHAR(country_id) as v, country_id as vn, WULL as vt FROM sh.countries
Search. Qo | & 5 ORDER BY 1, 25

b ES CHANNELS
» BBCOSTS

» EE COUNTRIES
» EE CUSTOMERS

Query Result  Script Qutput DBMS Output  Explain Plan  Autotrace  SQL History

» EE PRODUCTS M O [4Z Download v
» EE PROMOTIONS
“ wid k t v vn vt

¥ BB SALES

» EE SUPPLEMENTARY_DEMOGRAPH 1 352769  isoCode 1 8G (null) ~ {null)

b EETIMES 2 352769 label 1 country (null)  (null)
3 352769 name 1 Singapore (null)  (null)
4 352769 sourceld 2 52769 52769  (null)
5 352770  isoCode Tm (null) "~ {null)
8 352770 label 1 country (null)  (null)
T 352770 name 1 ltaly (null)  (null)
8 352770 sourceld 2 52770 52770 (null)
] 352771 isoCode 1 CN (null)  (null)

5 -

@1 A0 R0 | 61330PM 9 owstotal

6) Insert the rows representing the countries nodes in the table.

INSERT INTO mysalesvt$ (vid, k, t, v, vn, vt)

SELECT country id + 300000 as wvid, 'label' as k, 1 as t, 'country'
as v, NULL as vn, NULL as vt FROM sh.countries

UNION ALL

SELECT country id + 300000 as wvid, 'name' as k, 1 as t, country name
as v, NULL as vn, NULL as vt FROM sh.countries

UNION ALL

SELECT country id + 300000 as wvid, 'isoCode' as k, 1 as t,
country iso code as v, NULL as vn, NULL as vt FROM sh.countries
UNION ALL

SELECT country id + 300000 as vid, 'sourceId' as k, 2 as t,

TO CHAR(country id) as v, country id as vn, NULL as vt FROM
sh.countries

ORDER BY 1, 2;

¥ @G_Ceresa
https://gianniceresa.com 50



Property Graph from scratch: data sources to gra

Analytics and Data Summit 2020 I/
| L%
I

ORACLE SOLDeveloper  Home  Worksheet — Data Modeler 3 2 LABUSERO0D v

Navigator ~ Worksheets [Worksheet]” B O @

1 INSERT INTO mysaleswt$ (vid, k, t, v, vn, vt)

SH v 2 SELECT country_id + 3@@80@ as vid, 'label' as k, 1 as t, 'country' as v, NULL as vn, NULL as vt FROM sh.countries
H_ALL

4 SELECT country_id + 308008 as vid, 'name’ as k, 1 as t, country_name as v, NULL as vn, NULL as vt FROM sh.countries
Tables - L
ountry_id + 360800 as vid, 'isoCode’ as k, 1 as T, country_iso_code as v, NULL as vn, NULL as vt FROM sh.countries
N ALL
5 SELECT country id + 306060 as vid, 'sourceld’ as k, 2 as t, TO_CHAR(country_id) as v, country_id as vn, NULL as vt FROM sh.countries
o ORDER BY 1, 2;

b ES CHANNELS

» BBCOSTS

» EE COUNTRIES
» EE CUSTOMERS
» EE PRODUCTS

» EE PROMOTIONS

. QueryResult Script Output DBMS Output  Explain Plan  Autotrace  SQL History

¥ BB SALES
¥ S SUPPLEMENTARY_DEMOGRAPH
» BB TIMES
92 rows inserted.
»
G4 Ao €20 | 115455 AM- SQL executed by LABUSERDD

7) Prepare the nodes representing the products, performing the UNPIVOT to transform
columns into rows and formatting the result to respect the graph rules. This is a validation
step testing the query only.

SELECT prod id + 200000 as vid, 'label' as k, 1 as t, 'product' as
v, NULL as vn, NULL as vt FROM sh.products

UNION ALL

SELECT prod id + 200000 as vid, 'name' as k, 1 as t, prod name as v,
NULL as vn, NULL as vt FROM sh.products

UNION ALL

SELECT prod id + 200000 as vid, 'category' as k, 1 as t,

prod category as v, NULL as vn, NULL as vt FROM sh.products

UNION ALL

SELECT prod id + 200000 as wvid, 'subcategory' as k, 1 as t,

prod subcategory as v, NULL as vn, NULL as vt FROM sh.products
UNION ALL

SELECT prod id + 200000 as wvid, 'listPrice' as k, 3 as t,

TO CHAR(prod list price) as v, prod list price as vn, NULL as vt
FROM sh.products

UNION ALL

SELECT prod id + 200000 as wvid, 'sourcelId' as k, 2 as t,

TO CHAR(prod id) as v, prod id as vn, NULL as vt FROM sh.products
ORDER BY 1,2;

Don't forget the offset added to the IDs, the “ORDER BY" is there to help highlighting the
fact that a single node has multiple rows repeating the ID.
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ORACLE SOLDeveloper  Home  Worksheet  Data Modeler D 9, LABUSERQD
Mavigator ~ Worksheets ?) [Worksheet]" ~ B O @ B & o2
1 SELECT prod_id + 200008 as vid, 'label’ as k, 1 as t, 'product’ as v, NULL as wn, NULL as vt FROM sh.products
sH - 2 UNION ALL

SELECT prod_id + 200802 as vid, 'name’ as k, 1 as t, prod_name as v, NULL as vn, NULL as vt FROM sh.products

Tables - 5 g?t‘éz"j;ud_id + 200000 as vid, 'category’ as k, 1 as t, prod_category as v, NULL as vn, NULL as vt FROM sh.products

g'él{gg'q;aa_id + 208000 as vid, 'subcategory' as k, 1 as t, prod_subcategory as v, NULL as vn, NULL as vt FROM sh.products

9 ggfgﬂ'h;ud_ju + 288888 as vid, 'listPrice’ as k, 3 as t, TO_CHAR(prod_list_price) as v, prod_list_price as vn, NULL as vt FROM sh.products
:J ggggg’:ékgd_iu + 200000 as vid, 'sourceld' as k, 2 as t, TO_CHAR(prod_id) as v, pred_id as vn, NULL as vt FROM sh.products

12 R

b ES CHANNELS
» BBCOSTS

» EE COUNTRIES
» EE CUSTOMERS

» EB PRODUCTS Query Result  Script Output  DBMS Output  Explain Plan  Autotrace  SQL History
» E2 PROMOTIONS ) ownioad
» ES SALES
» 8 SUPPLEMENTARY_DEMOGRAPH i 3 i v b u
» BB TIMES 1 F000713 " category T Photo TG
2 200013  label 1 product (null)  (null)
3 200013 listPrice 3 899.99 89989 (null)
4 200013 name 1 5MP Telephoto Dig null)  (null)
5 200013 sourcald 2 13 13 (nul)
8 200013 subcategory 1 Cameras (null)  (null)
7 200014  category 1 Peripherals and Ac (null)  (null)
8 200014 label 1 product null)  (null)
B . . e S
@5 A0 680 | 115753 AM- 100 rows fetched, more loget

8) Insert the rows representing the products nodes in the table.

INSERT INTO mysalesvt$ (vid, k, t, v, vn, vt)

SELECT prod id + 200000 as wvid, 'label' as k, 1 as t, 'product' as
v, NULL as vn, NULL as vt FROM sh.products

UNION ALL

SELECT prod id + 200000 as vid, 'name' as k, 1 as t, prod name as v,
NULL as vn, NULL as vt FROM sh.products

UNION ALL

SELECT prod id + 200000 as vid, 'category' as k, 1 as t,

prod category as v, NULL as vn, NULL as vt FROM sh.products

UNION ALL

SELECT prod id + 200000 as wvid, 'subcategory' as k, 1 as t,

prod subcategory as v, NULL as vn, NULL as vt FROM sh.products
UNION ALL

SELECT prod id + 200000 as wvid, 'listPrice' as k, 3 as t,

TO CHAR(prod list price) as v, prod list price as vn, NULL as vt
FROM sh.products

UNION ALL

SELECT prod id + 200000 as wvid, 'sourcelId' as k, 2 as t,

TO CHAR(prod id) as v, prod id as vn, NULL as vt FROM sh.products
ORDER BY 1,2;

¥ @G_Ceresa
https://gianniceresa.com 52



Analytics and Data Summit 2020
Property Graph from scratch: data sources to gra .

1 =
..Q.I “um !

ORACLE SOLDeveloper  Home  Worksheet — Data Modeler 3 2 LABUSERO0D v

Navigator ~ Workshests [Worksheet]” 2 0 @
1 INSERT INTO mysalesvt$ (vid, k, t, v, vn, vt)
SH S 2 SELECT prod_id + 20898 as vid, 'label' as k, 1 as t, 'product’ as v, NULL as vn, NULL as vt FROM sh.products

T prod_id + 206060 as vid, 'name’ as k, 1 as t, prod_name as v, NULL as vn, NULL as vt FROM sh.products
Tables - L
rod_id + 2008600 as vid, 'category’ as k, 1 as t, prod_category as v, NULL as vn, NULL as vt FROM sh.products
rod_id + 200600 s vid, 'subcategory' as k, 1 as t, prod_subcategory as v, NULL 3s vn, NULL as vt FROM sh.products

rod_id + 200060 as vid, 'listPrice’ as k, 3 as t, TO_CHAR(prod_list_price) as v, prod_list_price as vn, NULL as vt FROM sh.products

16 SELECT p
11 UNIOM ALL
12 SELECT prod_id + 200000 as vid, 'sourceId’ as k, 2 as t, TO_CHAR(prod_id) as v, prod_id as vn, NULL as vt FROM sh.products
13 ORDER BY 1,7;

b ES CHANNELS
» BBCOSTS
» EE COUNTRIES

» EE CUSTOMERS
» EE PRODUCTS QueryResult  Script Output | DBMS Output  Explain Plan  Autotrace  SOL History

¥ B PROMOTIONS

¥ BB SALES
¥ EE SUPPLEMENTARY_DEMOGRAPH
» BB TIMES
432 rows inserted.
»
@ s Ao 8o | 11592144 50 fed by LABUSERDO

9) Prepare the nodes representing the customers, performing the UNPIVOT to transform
columns into rows and formatting the result to respect the graph rules. This is a validation
step testing the query only.

SELECT cust _id as vid, 'label' as k, 1 as t, 'customer' as v, NULL

as vn, NULL as vt FROM sh.customers

UNION ALL

SELECT cust _id as vid, 'name' as k, 1 as t, cust first name ||

|| cust last name as v, NULL as vn, NULL as vt FROM sh.customers

UNION ALL

SELECT cust_id as vid, 'gender' as k, 1 as t, cust gender as v, NULL

as vn, NULL as vt FROM sh.customers

UNION ALL

SELECT cust id as vid, 'maritalStatus' as k, 1 as t,

cust marital status as v, NULL as vn, NULL as vt FROM sh.customers
WHERE cust marital status IS NOT NULL

UNION ALL

SELECT cust id as vid, 'yearOfBirth' as k, 2 as t,

TO CHAR(cust year of birth) as v, cust year of birth as vn, NULL as

vt FROM sh.customers

UNION ALL

SELECT cust id as vid, 'sourceId' as k, 2 as t, TO CHAR(cust id) as

v, cust id as vn, NULL as vt FROM sh.customers

ORDER BY 1, 2;

The "ORDER BY" is there to help highlighting the fact that a single node has multiple rows
repeating the ID. When a property isn't defined it is skipped, the graph doesn’t deal well
with NULL vs not defined.
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ORACLE SOLDeveloper  Home  Worksheet — Data Modeler 7 | R LABUSER0O v

Mavigator ~ Worksheets ?) [Worksheet]" ~ B O @ B &

SELECT cust_id as vid, ‘label’ as k, 1 as t, "customer’ as v, NULL as vn, NULL as vt FROM sh.customers

SH - UNION ALL

2 L
3 SELECT cust_id as vid, 'name’ as k, 1 as t, cust_first_name || * ' || cust_last_name as v, NULL as vn, HULL as vt FROM sh.customers
4 UNIOW ALL
Tables v 5 SELECT cust_id as vid, 'gender’ as k, 1 as t, cust_gender as v, NULL as vn, NULL as vt FROM sh.customers
6 UNION ALL
~ 7 SELECT cust_id as vid, 'maritalStatus' as k, 1 as t, cust_marital_status as v, NULL as vn, NULL as vt FROM sh.customers
Q B WHERE cusT_marital status IS NOT NULL
9 UNION ALL
18 SELECT cust_id as vid, 'yearOfBirth’' as k, 2 as t, TO_CHAR(cust_year_of_birth) as v, cust_year_of birth as wn, NULL as vt FROM sh.customers
b ES CHANNELS 11 UNION ALL
12 SELECT cust_id as vid, 'sourceld’ as k, 2 as t, TO_CHAR(cust_id) as v, cust_id as vn, NULL as vt FROM sh.customers
» BB COSTS 13 ORDER BY 1,725
» EE COUNTRIES
» EE CUSTOMERS
} £ PRODUCTS Query Result  Script Output  DBMS Output  Explain Plan  Autotrace  SQL History
»
5 PROMOTIONS J Bownload v
¥ BB SALES
k
» ES SUPPLEMENTARY_DEMOGRAPH vid t v wn aQ
b EETIMES 1 1 gender 1M (null)  (null)
2 1 label 1 customer (null) ~ (null)
3 1 name 1 Abigail Kessel (null)  (null)
4 1 sourceld 2|1 1 (null)
5 1  yearOfBirth 2 1948 1946  (null)
6 2 gender 1 F (null)  (null)
7 2 labsl 1 customer (null)  (null)
8 2 name 1 Anne Koch (null)  (null)
¥ -
@6 /A0 R0 | 12015PM - 100 rows felched. more to get

10) Insert the rows representing the customers nodes in the table.

INSERT INTO mysalesvt$ (vid, k, t, v, vn, vt)

SELECT cust id as vid, 'label' as k, 1 as t, 'customer' as v, NULL

as vn, NULL as vt FROM sh.customers

UNION ALL

SELECT cust id as vid, 'name' as k, 1 as t, cust first name || ' '

|| cust last name as v, NULL as vn, NULL as vt FROM sh.customers

UNION ALL

SELECT cust id as vid, 'gender' as k, 1 as t, cust gender as v, NULL

as vn, NULL as vt FROM sh.customers

UNION ALL

SELECT cust id as vid, 'maritalStatus' as k, 1 as t,

cust_marital_status as v, NULL as wvn, NULL as vt FROM sh.customers
WHERE cust marital status IS NOT NULL

UNION ALL

SELECT cust _id as vid, 'yearOfBirth' as k, 2 as t,

TO CHAR(cust year of birth) as v, cust year of birth as vn, NULL as

vt FROM sh.customers

UNION ALL

SELECT cust id as vid, 'sourceId' as k, 2 as t, TO CHAR(cust id) as

v, cust id as vn, NULL as vt FROM sh.customers

ORDER BY 1, 2;

¥ @G_Ceresa
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= ORACLE sQL Developer Home Worksheet Data Modeler 2 R LABUSERO0 v

Navigator ~ Worksheets 2 [Worksheet]” v B O R i & L = Ae W0 88
1 INSERT INTO mysalesvt$ (vid, k, t, v, vn, vt)

SH v 2 SELECT cust_id as vid, ‘label’ as k, 1 as t, 'customer' as v, NULL as vn, NULL as vt FROM sh.customers
3 UNION ALL
4 SELECT cust_id as vid, 'name' as k, 1 as t, cust_first_name || ' ' || cust_last_name as v, NULL as vn, NULL as vt FROM sh.customers

Tables v 5 UNION ALL
6 SELECT cust_id as vid, 'gender’ as k, 1 as t, cust_gender as v, NULL as vn, NULL as vt FROM sh.customers
7 UNION ALL

Q|6 8 SELECT cust_id as vid, 'maritalStatus' as k, 1 as t, cust_marital_status as v, NULL as vn, NULL as vt FROM sh.customers

9 WHERE cust_marital_status IS NOT NULL
10 UNION ALL

» ES CHANNELS 11 SELECT cust_id as vid, 'yearOfBirth' as k, 2 as t, TO_CHAR(cust_year_of_birth) as v, cust_year_of_birth as vn, NULL as vt FROM sh.customers
12 UNION ALL

» B8 COSTS
» ES COUNTRIES
» ES CUSTOMERS

3 SELECT cust_id as vid, 'sourceld' as k, 2 as t, TO_CHAR(cust_id) as v, cust_id as vn, NULL as vt FROM sh.customers
14 ORDER BY 1,72;

» £5 PRODUCTS Query Result ~ Script Output  DBMS Output  Explain Plan  Autotrace  SQL History
» E5 PROMOTIONS
«
» ES SALES
» ES SUPPLEMENTARY_DEMOGRAPH
» BB TIMES
315,572 rows inserted.
»
@6 A0 80 | 120311 PM-SQL executed by LABUSERO0

11) Execute some control queries on the nodes table to validate the content: number of
nodes by label and number of nodes by property.

SELECT v, COUNT(DISTINCT vid) FROM mysalesvt$
WHERE k = 'label'

GROUP BY v

ORDER BY 1;

= ORACLE sOL Developer Home Worksheet Data Modeler R LABUSER0O

Navigator ~ Worksheets @ [Workshest]* + B OoOREEBE L= AW m G
1 SELECT v, COUNT(DISTINCT vid) FROM mysalesvt$

SH v 2 WHERE k = 'label’
3 GROUP BY v
4 ORDER BY 1|

Tables -

Search. ol ®

» ES CHANNELS

» BB COSTS
» EE COUNTRIES
» EE CUSTOMERS T
» ES PRODUCTS Query Result  Script Output  DBMS Output  Explain Plan  Autotrace  SQL History
» EE PROMOTIONS . [ @ (4 Download ~
» B8 SALES
» £2 SUPPLEMENTARY_DEMOGRAPF v oLk Coe i,
» BB TIMES 1 country 23
2 customer 55500
3 product 72

6 Ao 0 | 120404PM-3 rows total

SELECT k, COUNT (DISTINCT wvid) FROM mysalesvt$
GROUP BY k
ORDER BY 2 DESC, 1;

¥ @G_Ceresa
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Tables -

b ES CHANNELS

» BBCOSTS

» EE COUNTRIES
» EE CUSTOMERS
¥ B8 PRODUCTS

» EE PROMOTIONS

¥ BB SALES
¥ S SUPPLEMENTARY_DEMOGRAPH
» BB TIMES
B
@6 A0 H0 | 120457 PM- 10 ows total

Analytics and Data Summit 2020 . I
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Worksheet Data Modeler

[Worksheet]* + B O [ [SHRE
1 SELECT k, COUNT(DISTINCT vid) FROM mysalesvt$
K

2 GROUP BY
3 ORDER BY 2 DESC, 1;|

Query Result  Script Output  DBMS Output  Explain Plan  Autotrace

[7  Download v

k count(distinctvid)
1 label 55595
2 name 55585
3 sourceld 55595
4 gender 55500
5 yearOfBirth 55500
-] maritalStatus 38072
7 category 72
8 listPrice 72
9 subcategory 72
10 isoCode 23

2 LABUSEROO v

SQL History

12) For the edges there isn't an existing ID in the table, therefore you can't use that as
base. The solution is to use a sequence in the database. It will keep track of the last value
returned and keep increment this value to generate unique numbers. A sequence can be
used for the nodes IDs as well to avoid the offset workaround.

CREATE SEQUENCE mysales eid seq;

ORACLE sOL Developer Home

Navigator ~ Worksheets

SH v

Tables v

» EE CHANNELS

» EE COsTS

» EE COUNTRIES
» EE CUSTOMERS
» 8 PRODUCTS

¥ B2 PROMOTIONS

‘Worksheet Data Modeler

[Worksheet]* + B O @ ENCA

1 CREATE SEQUENCE mysales_eid_seq;

Query Result  Script Output  DBMS Output  Explain Plan  Autotrace

¥ BB SALES
» ES SUPPLEMENTARY_DEMOGRAPH Sequence MYSALES_EID_SEQ created.
» EETIMES
»
@7 Mo 0 | 120631 PM - SOI executed by LABUSERGO

2 LABUSERO0D v

SQL History

W @G _Ceresa
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13) Prepare the edges representing the (:customer) —[:livesIn]-> (:country)
edges, performing the UNPIVOT to transform columns into rows and formatting the result
to respect the graph rules. This is a validation step testing the query only.

SELECT NULL as eid

, cust id as svid

, country id + 300000 as dvid

, 'livesIn' as el

, 'stateProvince' as k

, 1 as t

, cust state province as v FROM sh.customers
ORDER BY 2;

Do not use the sequence when performing the validation step as it would waste numbers
and time for nothing. Also don’t forget the offset you have applied to the IDs of the
countries.

ORACLE SOLDeveloper  Home  Workshest  Data Modsler 2 LABUSEROQD

Navigator ~ Worksheets [Worksheat]" + [» I 8 !
1 SELECT NULL as eid
SH v 2, cust_id as svid
L country_id + 306000 as dvid
1, 'livesIn’ as el
Tables v ateProvince' as k
6 ,1last
= 7 , cust_state_province as v FROM sh.customers
Q2| C & ORDER BY 2;
b ES CHANNELS
» BB COSTS
» B8 COUNTRIES
» ES CUSTOMERS Query Result  Script Output  DBMS Output  Explain Plan  Autolrace  SOL Histery
» ES PRODUCTS Download
» EE PROMOTIONS :
l eid svid dvid el k v
» EE SALES
» ES SUPPLEMENTARY DEMOGRAPH 1 (null) 1 352789  livesin stateProvince 1 | England - Nes
» EETIMES 2 (null) 2 352778  livesin stateProvince 1 Salamanca
3 (null) 3 352770 livesin stateProvince 1 Zeeland
4 (null) 4 352770 livesin stateProvince 1 Utrecht
5 (nuilt) 5 352789  livesin stateProvince 1 England - Nt
8 (nully 6 352769 livesin stateProvince 1 Kuala Lumpt
7 (null) 7 352790 livesin stateProvince 1 HI
8 (null) 8 352790 livesin stateProvince: 1|co
] (nully 9 352770 livesin stateProvince 1  Groningen =~
» ‘ ,
@1 /A0 B0 | G14:41PM- 100 rows fetched, more to get

W @G_Ceresa
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14) Insert the rows representing the (:customer)

-[:1livesIn]—->

(:country)

relationships into the table. Using the sequence this time, to generate a single IDs for

every single edge.

INSERT INTO mysalesge$ (eid, svid, dvid, el, k, t, v)

SELECT mysales eid seg.nextval, svid, dvid, el, k, t, v FROM (
SELECT NULL as eid

, cust id as svid

, country id + 300000 as dvid
, 'livesIn' as el
, 'stateProvince'
, 1 as t

as k

, cust state province as v FROM sh.customers

ORDER BY 2
) ;

ORACLE SOLDeveloper  Home  Workshest  Data Modeler

Navigator ~ Worksheets [Worksheet]" v 2 QO B g, L oz
1 INSERT INTO mysalesge$ (eid, svid, dvid, el, k, v)

SH - 3 SELECT mysales_eid_seq.nextval, svid, dvid, el, k t, v FROM (
3 SELECT NULL as g;
1, cust_id as svi

Tables v a ﬂourﬂr“y id + )GGBBB as dvid
6 , 'livesIn’ a

= » jsEataProy Ance’ as k

Search. Q2| E B, 1

bl Sl B " cust,s:ate,pr-avm.—.a a5 v FROM sh.customers

16 ORDER BY 2

» EE CHANNELS u);
» BB COSTS
» B8 COUNTRIES
» B8 CUSTOMERS
» ES PRODUCTS

b B8 PROMOTIONS

Query Result  Script Output  DBMS Output  Explain Plan  Autotrace

» EE SALES
» EE SUPPLEMENTARY_DEMOGRAPF
» EETIMES 55,508 rows inserted.
»
®2 A0 B0 | 61649 PM-SQl executed by LABUSERO0

2 LABUSEROQD

SQL Histary
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15) The rows representing the edges (:customer) -[:buys]-> (:product) require
an extra step. There are multiple attributes you want to collect as properties, these will be
multiple rows in the table. But these rows must all share the same edge ID generated by
the sequence. For this a temporary table will be created where an ID using the sequence
is going to be assigned to every entry before to unpivot its columns. This is a validation
query to check what the temporary table will look like.

SELECT NULL as eid

, cust id as svid

, prod id + 200000 as dvid

, 'buys' as el

, SUM(quantity sold) as quantity sold

, SUM(amount sold) as amount sold

, time id as order date FROM sh.sales

WHERE time id >= to date('20000101', 'yyyymmdd')
GROUP BY cust id, prod id, time id;

Do not forget to apply the offset on the products IDs. The query has a filter to only take
half of the sales to keep the graph to a smaller size to make it faster for the lab
environment.

ORACLE 50LDeveloper ~ Home  Workshest  Data Modsler ) | 8 LABUSER0D
Navigator ~ Worksheets [Worksheet] ¥ 2 0 [s =

1 SELECT NULL as eid

SH = 3, cust_id as svid
3 prod_id + 2000¢0 ac dvid
a4,

as el
%nuintityﬁsold) as quantity_sold

. amount_sold) as_amount_sold

time_id a5 order_date FROM sh.sales

B ERE time_id >= to_date('20@08181', 'yyyymmdd')
o GROUP BY cust_id, prod_id, time_id;

Tables v

» ES CHANNELS
» B2 COSTS

» EE COUNTRIES

} EE CUSTOMERS Query Result  Script Output  DBMS Output  Explain Plan  Autotrace  SOL History

» ES PRODUCTS 0 7 Download ¥

¥ B PROMOTIONS

} B SALES « eid svid dvid el quantity_sold amount_sold order_date

» ES SUPPLEMENTARY DEMOGRAPK 1 (null) 1848 200013  buys 1 1075.12  01/30/00 12

» EETIMES 2 (null} 7655 200013 buys 2 2150.24  01/30/00 12:
3 (null) 7759 200013  buys 2 2150.24 | 01/30/00 12:
4 (null) 3841 200013  buys 2 213608  02/03/00 12;
5 (nully 6751 200013  buys 1 1052.99 ' 02/10/00 12
=] (null} 7205 200013 buys 1 1052.99 02/10/00 12:
7 (null) 3045 200013  buys 2 212133 | 02/18/00 12:
8 (null) 2204 200013  buys 2 213608 02/21/00 12:
9 (null} 6116 200013  buys 1 1067.73 02/21/00 12: ~

» ,
@2 Ao §80 | 6:17:21PM-100 rows fetched, more to

W @G_Ceresa
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CREATE TABLE tmp orders AS

SELECT mysales eid seqg.nextval as eid, svid, dvid, el,
gquantity sold, amount sold, order date FROM (

SELECT NULL as eid

, cust id as svid

, prod id + 200000 as dvid
, 'buys' as el

, SUM(quantity sold) as quantity sold

;, SUM(amount sold) as amount sold

, time id as order date FROM sh.sales

WHERE time id >= to _date('20000101',

GROUP BY cust id, prod id, time id
);

'yyyymmdd"')

The temporary table create used the sequence to populate the “eid” column with unique

IDs.

ORACLE SOLDeveloper  Home  Worksheet — Data Modeler

Mavigator ~ Worksheets ?) [Worksheet]" ~ B O @ B & o2

CREATE TABLE tmp_orders AS
SH v

SELECT NULL as eid

, cust_id as svid

Tables v 5 . prod_id + 200060 as dvid

S buys' as el

quantity_sold) as quantity sold

o|C|® & SUM(amount_sold) as amount_sold

s

) time_id as order_date FROM sh.sales
10 UHERE Time_id >= to_date('26688181°, 'yyyymdd')
» E5 CHANNELS 13 GROUP BY clse,_id, prod_id, cire_id

1 )i

» EECOSTS
» EE COUNTRIES
» EE CUSTOMERS
» [ PRODUCTS

» EE PROMOTIONS

Query Result ~ Script Output  DBMS Output  Explain Plan

¥ BB SALES
» ES SUPPLEMENTARY_DEMOGRAPH
Table TMP_ORDERS created.
» EE TIMES -
»
a3 A0 B0 | 61850 PM-SQl executed by LABUSERDD

SELECT * FROM tmp orders;

2 LABUSERO0D v

SELECT mysales_eld_seq.nextval as eid, svid, dvid, el, quantity_sold, amount_sold, order_date FROM (

Autotrace  SQL History

¥ @G_Ceresa
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ORACLE SOLDeveloper  Home  Worksheet — Data Modeler

Mavigator ~ Worksheets ?) [Worksheet]* + B OB B L = A W
1 SELECT * FROM tmp_orders;|

SH v

Tables -

search. o |o

b ES CHANNELS
» BBCOSTS

» EE COUNTRIES
» EE CUSTOMERS

Query Result  Script Qutput  DBMS Output  Explain Plan  Autotrace  SQL History

» B2 PRODUCTS W © [Z Download +
» EE PROMOTIONS
4 eid svid dvid el quantity_sold

b ES SALES

» S SUPPLEMENTARY_DEMOGRAPH 1 55501 1848 200013 buys

» EETIMES 2 55502 7655 200013 buys
3 55503 7759 200013 buys
4 55504 3841 200013 buys
5 55505 6751 200013 buys
6 55506 7205 200013 buys
7 55507 3045 200013 buys
8 55508 2204 200013 buys
9 55509 6116 200013 buys

5 g
@4 A0 80 | 61932 PM- 100 rows fetched, more lo get

II A

og®,l Sum

LB
..I ...

2 LABUSERO0D v

amount_sold order_date

1 1075.12 | 01/30/00 12:2

2 215024 01/30/00 12
2 215024 01/30/00 12:
2 2136.08 02/03/00 12:

1 1052.99  02/10/00 12:
105299 02/10/00 12:
212133 02/18/00 12:

2136.08 02/21/00 12:

I T TR

1067.73 02/21/00 12: »
3

16) Prepare the edges representing the (:customer) -[:buys]->
relationships using the temporary table.

SELECT eid, svid, dvid, el, 'quantity' as k, 3 as t,

(:product)

TO CHAR(quantity sold) as v, quantity sold as vn, NULL as vt FROM

tmp orders
UNION ALL
SELECT eid, svid, dvid, el, 'amount' as k, 3 as t,

TO CHAR (amount sold) as v, amount sold as vn, NULL as vt FROM

tmp orders
UNION ALL

SELECT eid, svid, dvid, el, 'orderDate' as k, 5 as t,

TO CHAR(order date, 'YYYY-MM-DD') as v, NULL as vn, order date as vt

FROM tmp orders
ORDER BY 1,2,3,4,5;

¥ @G_Ceresa
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ORACLE SOLDeveloper  Home  Worksheet — Data Modeler @ 8, LABUSEROO v

Mavigator ~ Worksheets @ [Worksheet]" ~ 2 0 B B L = A W 48]

1 SELECT eid, svid, dvid, el, 'quantity’ as k, 3 as t, TO_CHAR(quantity_sold) as v, quantity_sold as wn, WULL as vt FROM tmp_orders
SH - 2 UNION ALL

3 SELECT eid, svid, dvid, el, "amount’ as k, 3 as t, TO_CHAR(amount_sold) as v, amount_seld as vn, NULL as vt FROM tmp_orders
4 UNIOW ALL

Tables - 5 SELECT eid, svid, dvid, el, 'orderDate’ as k, 5 as t, TO_CHAR(order_date, 'YYYY-MM-D0') as v, NULL as vn, order_date as vt FROM tmp_orders
5 ORDER BY 1,2,3,4,5;

Saarch, Qo=

b ES CHANNELS
» BBCOSTS

» EE COUNTRIES
» EE CUSTOMERS

Query Result  Script Output  DBMS Output  Explain Plan  Autotrace  SQL History

» EE PRODUCTS i  [2 ODownload v
» B2 PROMOTIONS
“ sid svid dvid el k t v
b ES SALES
} £ SUPPLEMENTARY DEMOGRAPH 1 55501 1848 200013 buys amount 3 1075.12
» EETIMES 2 55501 1848 200013 buys orderDate 5 2000-01-30
3 55501 1848 200013  buys quantity 3 1
4 55502 7855 200013  buys amount 3 215024
5 55502 7855 200013 buys orderDate 5 2000-01-30
6 55502 7855 200013 buys quantity 3|2
7 55503 7759 200013 buys amount 3 215024
8 55503 7759 200013 buys orderDate 5 2000-01-30
9 55503 7759 200013 buys quantity 32 -
» ‘ ,
4 A0 &80 | 82008PM- 100 rows felched, more fo get

17) Insert the rows representing the (:customer) -[:buys]-> (:product)
relationships.

INSERT INTO mysalesge$ (eid, svid, dvid, el, k, t, v, vn, vt)
SELECT eid, svid, dvid, el, 'quantity' as k, 3 as t,

TO CHAR(quantity sold) as v, quantity sold as vn, NULL as vt FROM
tmp orders

UNION ALL

SELECT eid, svid, dvid, el, 'amount' as k, 3 as t,

TO CHAR (amount sold) as v, amount sold as vn, NULL as vt FROM

tmp orders

UNION ALL

SELECT eid, svid, dvid, el, 'orderDate' as k, 5 as t,

TO CHAR(order date, 'YYYY-MM-DD') as v, NULL as vn, order date as vt
FROM tmp orders

ORDER BY 1,2,3,4,5;

¥ @G_Ceresa
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= ORACLE SOLDeveloper  Home  Worksheet  Data Modeler ®

Navigator ~ Worksheets ® [Worksheet]* = Bl O @REELA L= AW 88
1 INSERT INTO mysalesge$ (eid, svid, dvid, el, k, t, v, vn, vt)
SH - 2 SELECT eid, svid, dvid, el, 'quantity' as k, 3 as t, TO_CHAR(quantity_sold) as v, quantity_sold as wn, WULL as vt FROM tmp_orders
3 UNIOW ALL
4 SELECT eid, svid, dvid, el, 'amount' as k, 3 as t, TO_CHAR(amount_sold) as v, amount_sold as vn, NULL as vt FROM tmp_orders
Tables - 5 UNIOW ALL
6 SELECT eid, svid, dvid, el, 'orderDate' as k, 5 as t, TO_CHAR(order_date, 'YYYY-MM-DD') as v, NULL as vn, order_date as vt FROM tmp_orders
- 7 ORDER BY 1,2,3,4,5;|
Search. Qo |®
b ES CHANNELS
» EE COSTS
» EE COUNTRIES .
I i lain Pl T i @
» EE CUSTOMERS Query Result ~ Script Qutput  DBMS Output  Explain Plan  Autotrace  SQL History
» B8 PRODUCTS oL
» EE PROMOTIONS
4 o
¥ BB SALES i) U
¥ S SUPPLEMENTARY_DEMOGRAPH
1,851,380 rows inserted.
» BB TIMES

@4 /A0 ER 0 | 62226PM-SQL cxpcued by LABUSEROD

18) Check the edges generated, counting them by label and property.

SELECT el, COUNT(DISTINCT eid) FROM mysalesge$
GROUP BY el
ORDER BY 1;

= ORACLE s0L Developer Home Worksheet Data Modeler (@) R LABUSER0O v
Navigator  Workshests @ [Worksheat]" + B OB EE &= AW

1 SELECT el, COUNT(DISTINCT eid) FROM mysalesge$
SH - 2 GROUP BY el
3 ORDER BY 1;|

Tables v
Search. Qo ®

¥ EE CHANNELS
B8 COsTs

B8 COUNTRIES
ES CUSTOMERS
5 PRODUCTS [ @ 7 Download v
ES PROMOTIONS

EE SALES

ES SUPPLEMENTARY_DEMOGRAPH
» EETIMES 2 livesin 55500

Query Result  Script Output  DBMS Output  Explain Plan  Autotrace  SOL History ®

« el count(distincteid)

1 buys 350460

)4 Ao B0 | 6:2536PM-2rows tota

SELECT k, COUNT(DISTINCT eid) FROM mysalesge$
GROUP BY k
ORDER BY 2 DESC, 1;

¥ @G_Ceresa
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= ORACLE SOLDeveloper Home  Worksheet  Data Modeler @ | R LABUSERQO v

Mavigator ~ Worksheets @ [Worksheet]" + Bl O @REELA L= AW 8 @

1 SELECT k, COUNT(DISTINCT eid) FROM mysalesge$
SH v 2 GROUP BY k
3 ORDER BY 2 DESC, 1;

Tables -

Saarch, =}

b ES CHANNELS

» BB COSTS
» EE COUNTRIES =
» EE CUSTOMERS Query Result  Script Output  DBMS Output  Explain Plan  Autotrace  SQL History @
» 8 PRODUCTS Ml @ [4 Download v
» EE PROMOTIONS
4 k count(distincteid)

¥ BB SALES
» 8 SUPPLEMENTARY_DEMOGRAPH L amount 350460
» BB TIMES 2 orderDate 350460

3 quantity 350460

4 stateProvince 55500
. »

@4 /Ao R0 | 62602PM-&rows totn

19) Clean up the temporary table and also the sequence as the graph is fully loaded.

DROP TABLE tmp orders;

DROP SEQUENCE mysales eid seq;

= ORACLE SOLDeveloper Home  Workshest  Data Modsler @ | R LABUSER0O0 v

Navigator ~ Worksheets [Workshest]" ¥ BlOBBE& & =A0
1 DROP TABLE tmp_orders;
2

LABUSERO00 M 3 DROP SEQUENCE mysales_eid_seq;

Tables v

Search. Q

¥ ES MYSALESGES

b EB MYSALESGTS

b EE MYSALESITS

b B8 MYSALESSSS

» EB MYSALESVTS -

» EB )
TMP_ORDERS ( QueryResult Script Output ~DBMS Output  Explain Plan  Autotrace  SQL History

=
|0

Table TMP_GRDERS dropped.

Sequence MYSALES_EID_SEQ dropped.

@0 Ao 80 | 20445PM-SQL executed by LABUSER0D

¥ @G_Ceresa
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Slide 43
PGX, loading graphs, PGQL, algorithms
W @G_Ceresa
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Slide 44
PGXisn't inside the database
Data leaves the database when loaded in PGX
* This can be a concern for some users because of security
(D il
—
Autonomous PGX
DB
Gragh data
ol @G_Ceresa
PGX, the “engine” powering property graph in Oracle, is a separate process than
the database. This means that when a graph is loaded in PGX, the data is leaving
the database to be loaded into PGX:
W @G_Ceresa
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Slide 45
Loading a graph in PGX
PGXis written in Java, to load a graph you have to use the existing Java packages
* The JavaDoc is the "bible”
Steps to load a graph (from any source):
« Create a GraphConfigBuilder, defining where to find the graph data
+ Define all the properties for both nodes and edges you want to load
(By default only the structure is loaded, no properties)
* “Build” the configuration
(It will generate a JSON with all the settings)
+ Call readGraphWithProperties passing the configuration JSON (can also be the path of a file
containing the JSON)
It is not extremely intuitive, but still quite simple and there are examples provided
with Oracle Graph Server 20.1.0 you can simply copy/paste the code from.
The process to load a graph in PGXis mainly creating a configuration defining
where the graph is stored. Define which properties you want to load. Build the
configuration which simply takes all the settings and some defaults to generate a
Json string. And finally you can load the graph by using that Json (or a path
pointing to a file containing the Json).
W @G_Ceresa
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Slide 46

Loading a graph in PGX

Example of code:

var cfg = GraphConfigBuilder.forPropertyGraphRdbms ()

.setName ("graph name")

.setJdbcUrl ("jdbc:oracle:thin:@DB _host:DB port/DB_service")
.setKeystoreAlias ("") // this must be set or you get an error
.setUsername ("DB username")

.setPassword ("DB_password")

.build() ;

var graph = session.readGraphWithProperties (cfqg);

ol @G_Ceresa

A practical example looks like this.

¥ @G_Ceresa
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Loading a graph in PGX

For any property you want to load, on both nodes or edges, you must explicitely
declare it in the GraphConfigBuilder.

.addEdgeProperty ("property name", PropertyType.STRING)
.addVertexProperty ("property name", PropertyType.DOUBLE)

The supported types (PropertyType) are:

BOOLEAN, DOUBLE, EDGE, FLOAT, INTEGER, LOCAL DATE, LONG,
POINT2D, STRING, TIME, TIME WITH TIMEZONE, TIMESTAMP,
TIMESTAMP WITH TIMEZONE, VERTEX

(the JavaDoc is the reference)

WP @G_Ceresa A DATAlysis

For the properties you will have to define them one by one, setting their name and
type.

e
]
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Loading a graph in PGX

With a graph stored in the database you can generate the commands to load all the properties
directly’in the database

« Select from the $GE and $VT table all the properties keys and their type, build the full command and
concatenate all with LISTAGG

WITH properties AS (
SELECT DISTINCT k, t, 'Vertex' AS kind FROM mysalesvt$

UNION ALL
SELECT DISTINCT k, t, 'Edge' AS kind FROM mysalesge$
), cfg AS (
SELECT '.add' || kind || 'Property("' || k || '",PropertyType."' |
CASE
WHEN = 1 THEN 'STRING' WHEN t = 2 THEN 'INTEGER' WHEN t = 3 THEN 'FLOAT'

7 THEN 'LONG' WHEN t = 5 THEN 'LOCAL_ DATE'
WHEN = 6 THEN 'BOOLEAN'
END || ')' AS prop
FROM properties
WHERE k IS NOT NULL
) SELECT LISTAGG (prop,'') WITHIN GROUP (ORDER BY prop) FROM cfg;

WP @G_Ceresa A DATAlysis

t

WHEN t = 4 THEN 'DOUBLE' WHEN t
t
'

When using a database as storage for the graph you can generate the whole list of
configuration for all the properties by a SQL query on your database.

¥ @G_Ceresa
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Querying the graph

Once you have a graph in PGX, one of the activities you are probably going to do
is querying the graph.

Oracle developed a language called PGQL : Property Graph Query Language

* It's supposed to be an extension of SQL adding graph specific syntax for pattern matching
and other graph activities

It's fairly young, support only a limited about of functions and features of SQL
It's visual being ASCII art-like
Itisn't a standard, it's open source but nobody else is using it

It's going to be replaced (probably) at some point as a proper graph extension to the
standard SQL is undergoing voting at ISO

WP @G_Ceresa A DATAlysis

Loading a graph is nice but useless if you don't use it. The most common things is
querying the graph by using PGQL, the property graph query language.

W @G_Ceresa
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Querying the graph
fiiflier 10099 financial_transactions e 2080

transaction
amount: $9900.00

O‘i«/, name: name:
% a e,o, = Oracle o '?
) Camille cof o
%% wot®

AN o E.

B : 3 S &

> L
5 [e) 3
) /¢

D

“
transaction
ownerOf amount: $1500.30
transaction

number: 8021  @mount: $3000.70 . her: 1001

SELECT owner.name, SUM(t.amount) AS total_transaction

FROM financial_transactions

MATCH (p:Person) -[:ownerOf]-> (:Account) -[t:transaction]- (:Account)
<-[:ownerOf]- (owner:Person|Company)

WHERE p.name = 'Nikita'

o 66 Coress GROUP BY owner

An example of PGQL on a sample graph: you can easily follow the logic of the

MATCH condition in the above graph.
You can find all the details about PGQL at http://pggl-lang.org/ .

W @G _Ceresa
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Querying the graph

Practically in JShell it will be done in this way:

var pggl = "SELECT c.name, p.name, b.orderDate, b.amount,
b.quantity WHERE (c:customer) -[b:buys]-> (p:product) LIMIT
10";

PgglResultSet resultSet = graph.queryPgql (pgql) ;

for (var result : resultSet) {

print (result.getString(l) + " bought " +
result.getString ("p.name") + ": gty=" +
result.getFloat ("b.quantity") + " on " +
result.getDate (3));

WP @G_Ceresa A DATAlysis

In the PGX client JShell interface you will need to follow the rules of Java, the
language used to interact with PGX in the JShell.

¥ @G_Ceresa
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Executing Graph algorithms
Querying the graph is one thing, but one of the real benefits with a graph are all
the graph algorithms. They can provide answers to complex questions rapidly.
Built-In Algorithms
PGX comes with a set of about e - o
60 algorithms available out of the box. Mo
You can write new algorithms:
» Green-Marl
» Java
For many the source code is provided,
making it easy to customize.
W @G_Ceress
Another common activity is to execute algorithms. Oracle PGX comes with many
algorithms available out of the box. You can also write your own if you need.
¥ @G_Ceresa
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Executing Graph algorithms

You can't execute algorithms in a PGQL query.

You must first execute the algorithm on the graph and after query via PGQL for the
results generated.
+ Algorithms in general add new properties to the graphs elements.
+ These properties contains the result of the algorithm.
» These changes aren't persisted, they are created in a copy of the original graph which is
available only to the user who executed the algorithms.
» Once done with the analysis the changes are lost if nothing explicit is done to store them
somewhere.

WP @G_Ceresa A DATAlysis

Algorithms aren’t executed via a PGQL query. You execute them in an “analyst”
session and you then query the graph to get the result of the algorithms.

W @G_Ceresa
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Executing Graph algorithms

An example of PageRank calculation on a graph:
var analyst = session.createAnalyst();

var pagerank = analyst.pagerank(graph?2);
print (pagerank) ;

var query = "SELECT v, v.name, v."+pagerank.getName ()+" WHERE
(v:product) ORDER BY v."+pagerank.getName ()+" DESC LIMIT 10";

print (query) ;
var resultSet = graph2.queryPgql (query) ;
for (var result : resultSet) {

print ("node: "+result.getString(2)+" has pagerank =
"t+result.getDouble (3));

}

resultSet.close () ;

WP @G_Ceresa A DATAlysis

An example code to execute a page rank algorithm. Most algorithms add
temporary properties to nodes and/or edges in the graph holding the results. The
name of these properties can be retrieved by reading it from the returned value at
the executing of the algorithm.

W @G_Ceresa
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Lab 3: load a graph, query it, run algorithms
W @G_Ceresa
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Lab 3: Load graph in PGX and query it

Target

In this lab you will load a graph stored in a database into PGX, run PGQL queries and
execute algorithms on it.

The Oracle Graph client comes with either a Groovy or JShell command line. For this Lab
you will use a JupyterLab notebook on top of the Java Oracle Graph client.

The syntax and commands you can use are Java, they will work in the same way (or very
close to) in the client itself.

The credentials for JupyterLab are the one provided.

Basic syntax rules

Every variable must be defined either with the real type (int, String, PgxSession etc.) or
with the generic “var” keyword.

Commands must end with a *;’, the last command or single-command cells will also work,
but it's better to follow the rule to always end a command with ;.

1) Create a new notebook based on Java.

Python could be used as well, but it would add a second layer of complexity with Python
on top of Java using JPype. In this Lab you are going to stick to Java which is as close the
PGX as possible.

+ ] * <]
- & Launch
m/
o Name Last Modified
- b 5 hours ago [m] Notebook
@ | wallet t g
o J
Pyt Java o
> Consaole
Python 3
g Othel
— w E
Text File Markdown File how Conf |
Help
om0 ® - Launcher
W @G_Ceresa
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It's a good practice to rename things in a way to describe what they are about. In this case
it's highly suggested you give a name to the notebook instead of “Untitled”.

T Fle Edit View Run Kemel Tabs Settings Help

- + L) L c ) Untitled.ipynb .
-/ B + X DO » = C Code ~ Java O
o Name - Last Modified
- lab 5 hours ago l 0
@ M valet 5 hours ago
| Open
Y Open With ’
+ Open in New Browser Tab
o # Bename A——
X Delete L
K cu
T Copy
0 Duplicate
* Download
W Shut Down Kemel
@ Copy Shareable Link
O Copy Path
0] Copy Download Link
New Folder
(] Paste
el
0 18 Java|ide Mode: Command @  Ln1,Col 1 Untitled.ipynb

2) Create a PGX session

var session = Pgx.createSession ("jupyter");

File Edit Wiew Run Kemel Tabs Settings Help

- + L] t c  Load graph.ipynb x
-/ B + X OO » m C Code v Java O
o Name - Last Modified
- lab 5 hours ago
o m Load a graph
B Load graph.ipynb secands ago From the Autonomous Database into PGX.
Create a PGX session
o var session = Pgx.createSession("jupyter”);
18:31:53,086 INFO Crl$l - >>> start engine
I o
O ® Jaalide Mode: Command @ Ln1,Col1 Load graph.pynb

¥ @G_Ceresa
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In the PGX client JShell session this variable is already initialized by default when the client
session starts. The parameter to the function can be any kind of text, it's a way to identify
sessions but in this case, a single user environment, it doesn't matter.

2) Create a configuration defining which graph to load

var cfg = GraphConfigBuilder.forPropertyGraphRdbms ()

.setUsername ("database username")

.setPassword("database password")

.setName ("name of the graph")

.setKeystoreAlias ("")

.setJdbcUrl ("jdbc:oracle:thin:@connection descriptor?TNS ADMIN=path
to the Autonomous DB wallet")

Louild (),

The values to uses are the following:
database_username: your username from the SQL Developer Web credentials
database_password: your password from the SQL Developer Web credentials

name_of_the_graph: the name you gave to you graph, match the tables names with
suffixes “vt$”, “ge$” etc.

connection_descriptor: database connection descriptor name as defined inside
tnsnames.ora, for this lab the value is dbandhol_medium

path_to_the_Autonomous_DB_wallet: path to the folder where the wallet you
downloaded from the Autonomous Database has been extracted. For this labe the value
is: /home/<your JupyterLab username>/jupyter/wallet . You will need to replace the
<your JupyterLab username> by the value from the JupyterLab credentials.

File Edit Wiew Run Kemel Tabs Settings Help

- + L] * c " Load graph.ipynb X

- B+ X DM » = C Wakdown Java O
o Name - Last Modified

- b 5 hours ago
@ m i Load a graph

LGRS R R From the Autonomous Database into PGX.

Create a PGX session

var session = Pgx.createSession("jupyter”);

19:92:14,643 INFO Ctrl$l - >>> start engine

Define GraphConfigBuilder

Set all the settings to load the graph

var cfg = GraphConfigBuilder.forPropertyGraphRdbms()
.setUsername("LABUSER99")

.setPassword( "my-password-is-secret”)
.setName("mysales
setkeystoreAlias("")
.setldbcUrl("jdbc:oracle:thin:@dbandhol_medium?TNS_ADMIN=/home/labuserds/jupyter/wallet")
.build();

print(cfg);

"username"” :"LABUSER99" , "attributes”:{}, "name": "mysales”, "error_handling":{}, "vertex_id
wxwssn idbe_url":"jdbe:oracle:thin:@dbandhol_medium?TNS_ADMIN=/home/labuserss/jupyte

{"ver rops”: (], "loading":{}, "edge_prop:
_type":"long","db_engine" :"RDBMS" , "pas swor
r/wallet”, "format” : "pg", "keystore_alias":"

l This configuration doesn't define any property, only the structure will be loaded.

O ® Jaalide Saving completed Mode: Command @ Ln1,Col83 Load graphipynb
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Building this GraphConfigBuilder return the JSON representing the configuration.
3) Load the graph
var graphl = session.readGraphWithProperties (cfqg);
Z File Edit View Run Kemel Tabs Settings Help
- + B + c # Load graphipynb °
-/ B+ XO O » m C Code ~ Java O
o Name & Last Modified i
) var cfg = GraphConfigBuilder.forPropertyGraphRdbms ()
/lab Fhemsnag .setUsername ("LABUSERGR" )
@ wallet 5 hours ago .setPassword("HOL_giannigos")
. = .setName("mysales")
8 Load graphipynb SIHRA A .setKeystoreAlias("")
.setldbcUrl("jdbe:oracle: thin:@dbandhol_medium?TNS_ADMIN=/home/labuser99/jupyter/wallet™)
2 .build();
o print(cfg);
{"keystore_alias":"","username":"LABUSER@®","db_engine": "RDBMS", "vertex_props":[],"password":"*******" “grror_handling":{},"edge_prop
s":[],"vertex_id_type":"long","loading":{},"format": "pg","attributes”:{},"name": “mysales","jdbc_url":"jdbc:oracle: thin:@dbandhol_mediu
m?TNS_ADMIN=/home/labuser99/jupyter/wallet"}
This configuration doesn't define any property, only the structure will be loaded
Load the graph
var graphl = session.readGraphWithProperties(cfg);
print(graphl);
PgxGraph[name=mysales,N=55595, E=485960, created=1582484648695]
print(“graph has “+ graphl.getNumVertices() +" vertices, and "+ graphl.getNumEdges() +" edges");
graph has 55595 vertices, and 405960 edges
S|
O 1@ Javalidie Mode: Edit @ Ln1,Col1 Load graph.ipynb

Printing the graph1 variable will return the graph name, the number of edges, the
number of nodes and the timestamp when the graph was created.

4) Test the graph is really available
print ("The graph has "+graphl.getNumVertices ()+" nodes and
"+graphl.getNumEdges () +" edges.");

print (graphl.getVertexProperties());
print (graphl.getEdgeProperties());

¥ @G_Ceresa
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~ Fle Edit View FRun Kemel Tabs Settings Help

+ B * <] = Load graph.ipynb .

D » = ¢ Code

L]
-/ a8 + ¥

Q| Name -
b

. wallet 5 hours age

[ Load graph.ipynb seconds ago

Last Modified

Load the graph
5 hours age

var graphl = session.readGraphWithProperties(cfg);
print(graphl);

PgxGraph[name=mysales,N=55555,E=40536@, created=1582484648695 ]

print("graph has "+ graphl.getNumvertices() +" vertices, and "+ graphl.getNumEdges()

graph has 55595 vertices, and 485960 edges
print(graphl.getvertexProperties());

8]

print(graphl.getEdgeProperties())

8]

+" edges”);

O 1 ® Jaalide

Mode: Edit @ Ln1,Col 1 Load graph.ipynb

When you list the properties for nodes and edges there is nothing returned. This is
because the loaded graph was just the structure of nodes and edges, but not a single

property has been loaded.

5) Load a graph with all the properties and the labels

var cfg =
.setUsername ("database username")
.setPassword ("database password")
.setName ("name of the graph")
.setKeystoreAlias ("")

GraphConfigBuilder.forPropertyGraphRdbms ()

.setJdbcUrl ("jdbc:oracle:thin:@connection descriptor?TNS ADMIN=path

to the Autonomous DB wallet")
.setLoadEdgeLlabel (true)
.setlLoadVertexLabels (true)

add all the properties
Jbuild();

¥ @G_Ceresa
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e _mYe
LI X ]
File Edit View Run Kemel Tabs Settings Help
= + L] 3 c @ Launcher X | 1 Load graph with propertiesi ®
-/ B+ XO O » = C Markdown v Java O
o Mme - Last Modified Define GraphConfigBuilder m
™ b S hours 2
A ik Set all the settings to load the graph.
@ . wallet 5 hours ago
[ Load graph with proper... a minute ago var cfg = GraphConfigBuilder.forPropertyGraphRdbms()
+ [Al Load graph.ipynb aminute ago SSmtlavrnans (C KAmISENDS )
3 . setPassword("my-password-is-secret™)
. setName("mysales")
.setKeystoreAlias("")
D .setldbcUrl("jdbc:oracle:thin:@dbandhol_medium?TNS_ADMIN=/home/labuser9s/jupyter/wallet”)

. setLoadEdgeLabel (true)

.setLoadVertexLabels(true)

. setUseVertexPropertyValueAsLabel (“1abel”)
.setDateFormat("yyyy-M-dd "' T"HH:mm: 5. SSSSSSXXX" )
.addEdgeProperty("amount™,PropertyType.FLOAT)
.addEdgeProperty(“orderDate" , PropertyType. LOCAL_DATE)
.addEdgeProperty("quantity”,PropertyType. FLOAT)
.addEdgeProperty(“stateProvince",PropertyType. STRING)
.addVertexProperty("category”,PropertyType.STRING)
.addVertexProperty("gender™, PropertyType. STRING)
.addVertexProperty(“isoCode",PropertyType.STRING)
.addVertexProperty("1istPrice”,PropertyType.FLOAT)
.addVertexProperty("maritalStatus”,PropertyType.STRING)
.addVertexProperty("name", PropertyType. STRING)
.addVertexProperty("sourceld",PropertyType. INTEGER)
.addVertexProperty("subcategory”,PropertyType. STRING)
.addVertexProperty("year0f8irth",PropertyType. INTEGER)
.build();

print(cfg);

OM2® Jaallde

The list of all the properties can be generated by a query in the database using a query
like the one below. A subset of properties can be loaded, it all depends on what are your
needs. More properties = more resources = more time to load.

WITH properties AS (
SELECT DISTINCT k, t, 'Vertex' AS kind FROM mysalesvt$
UNION ALL
SELECT DISTINCT k, t, 'Edge' AS kind FROM mysalesgeS$
), cfg AS (
SELECT '.add' || kind || 'Property ("' || k || '",PropertyType."'
[
CASE
WHEN t
3 THEN 'FLOAT'
WHEN t = 4 THEN 'DOUBLE' WHEN t = 7 THEN 'LONG' WHEN t = 5
THEN 'LOCAL_DATE’
WHEN t = 6 THEN 'BOOLEAN'
END |] '")'" AS prop
FROM properties
WHERE k IS NOT NULL
) SELECT LISTAGG (prop,'') WITHIN GROUP (ORDER BY prop) FROM cfg;

1 THEN 'STRING' WHEN t 2 THEN 'INTEGER' WHEN t =

¥ @G_Ceresa
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= ORACLE SOL Developer Home Worksheet Data Modeler @ 0 LABUSEROO v
Navigator ~ Workshests @ [Worksheet]" ~ B ORBEE L= AT
1 WITH properties AS (k rind L 5
2 SELECT DISTINCT k, t, 'Vertex' AS kind FROM mysalesvt:
LABUSERDO v : R y:
4 SELECT DISTINCT k, t, 'Edge’ AS kind FROM mysalesges
Tables - 5 ), cfg A5 ( i
5 SELECT '.add' || kind || 'Property("* || k || '",PropertyType.’ ||
7 CASE
Search. Q ® 5 WHEN £ = 1 THEN 'STRING' WHEN € = 2 THEM INTEGER™ WHEN £ = 3 THEN 'FLOAT'
N WHEN t = 4 THEN 'DOUBLE' WHEN t = 7 THEN 'LONG' WHEN t = 5 THEN 'LOCAL_DATE'
18 WHEN t = 6 THEN 'BOOLEAN'
b B8 MYSALESGES 11 END || )" AS prop
12 FROM properties
» EB MYSALESGTS 13 £ k IS NOT NUL
1)) selecr us'rmn(pmp.‘ *) WITHIN GROUP(CRDER BY prop) FROM cfg;
» EE MYSALESITS
» ES MYSALESSSS
¥ B8 MYSALESVTS -
« QueryResult  Script Output DBMS Output  Explain Plan  Autotrace  SQL History ©)
W @ [47 Download v
listagg(prop,“)withingra
1 addEdgeProperty /. |}_
®o Ao R0 | 71003PM-1rows ol
Z Fle Edit View FRun Kemel Tabs Settings Help
= + * c [ Launcher X | 1 Load graph with propertiesi X
-/ B + XD » m ¢ Code ~ Java O
o tame . Last Modified {"loacing”:{"use_vertex_property_valus_ss_label':"label’,"load vertex labsls"itrue,"load_edge label”itrus), "sttrisutes”:{} : -
ales”,"edge_props”:[{" i - :
L 6 hours ago nrity","dimension”:@, "
- wallet 5 hours ago 1 :
ormat”: "pg”, "keystore_alias” name " “cal egory” imension” ype
@ 8e","format":"pg", "keystora_ali (e t " di 8, “type” "
oad graph with proper 7 minutes 8,"type": "string"},{ nane i"string"},{"name"
+ [Al Load graph.ipynb 16 minutes ago Status","dimension":@, "type”:"stri i .
a3 r"},{"name": "subcategory", "dimension
§"."password" T HrEExt Yapror_handling”:{}}
o This configuration doesn't define any property, only the structure will be loaded
Load the graph
var graph2 = session.readGraphWithProperties(cfg);
print(graph2);
PgxGraph[nane=mysales, N=55595, E=405950, created=1582485304222]
print(“graph has "+ graph2.getNumvertices() +" vertices, and "+ graph2.getNumEdges() +" edges”);
graph has 55595 vertices, and 485968 sdges
I 13 erintersphz.satvarcerpropartics();
print(graph2.getEdgeProperties())
O 2@ Java|ide Mode: Command @&  Ln1,Col 13 Load graph with properties.ipynb
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File Edit View Run Kemnel Tabs Settings Help
- + B * c

-/
(=] Name - Last Modified

- lab 6 hours ago

- wallet 6 hours ago

[ Load graph with proper... 7 minutes ago

Q| [ Load graph.ipynt 17 minutes ago

O

N EX:)

Java | Idle

& Launcher
B + X

Analytics and Data Summit 2020

: data sources to graphs

X | [ Load graph with properties.i ®

IE| D » ®m C Code -

o s(ring"},{"nam!
", "dimension":@,"t;
ame" : *subcategor
g, “passuord®:"2sssreen rarror handling':{}}

atring'}, { name
*, "dimension”:, “type":
“:"string"},{"name": “yearOfBirth","

snurchd
dimension”:8,"type": "integer"}], "vertex_id_type":"lon

This configuration doesn't define any property, only the structure will be loaded.

Load the graph

var graph2 = session.readGraphWithProperties(cfg);
print(graph2);
PgxGraph[name=mysales,N=55595, E=485968, created=1582485384222]

print("graph has "+ graph2.getNumVertices() +" vertices, and "+ graph2.getNumEdges() +" edges”);

graph has 55535 vertices, and 405960 edges

print(graph2.getVertexProperties());

[VertexProperty[name=yearOfBirth, type=integer, graph=mysales], VertexProperty[name=listPrice,type=float,graph=mysales], VertexProperty
[name=category, type=string, graph-mysales], VertexProperty[name=maritalStatus, type=string, graph=mysales], VertexProperty[name=subcatego
ry, type=string, graph=mysales], -y [ name=| ing,graph=mysales], VertexProperty[name=name,type=string,graph=mysal
es], VertexProperty[names=isoCode typ!-s{r‘lng,gr‘aph-mysllés], VertexProperty[namessourceld, typesinteger, graphamysales]]

print(graph2.getEdgeProperties())

[EdgeProperty[name=orderDate, type=local_date,graph=mysales], ,type=float,grapl les], Edg:
teProvince, type=string, graphonysales], EdgeProperty[nana-quantity, type=Flaat, graphomysales]]

perty[name=sta

Mode: Command @ Ln1,Col 1 Load graph with properties.ipynb

This time the graph return a list of properties for both nodes and edges. You can see that
this list perfectly matches with all the properties defined in the configuration before to

load the graph.

7) Query the graph

var query =
b.quantity WHERE
print (query) ;

var resultSet =
print (resultset);
for (var result :
print (result) ;

"SELECT c.name,
(c:customer)

p.name, b.orderDate,
-[b:buys]-> (p

b.amount,
:product) LIMIT 10";

graph2.queryPggl (query) ;

resultSet) {

¥ @G_Ceresa
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e mve
LI X ]
File Edit WView Run Kemel Tabs Settings Help
- + B * c B Launcher X | [ Load graph with properties.i ®
-/ B + X OO » m C Code Java O
o Name - Last Modified R h h -
- Rm— un a query on the grap
@ - allet 6 hours ago var query = "SELECT c.name, p.name, b.orderDate, b.amount, b.quantity WHERE (c:customer) -[b:buys]-> (p:product) LIMIT 18";
[® Load graph with proper... 2 minutes ago print(guery);
+ A Load graph.ipynb 19 minutes age SELECT c.name, p.name, b.orderDate, b.amount, b.quantity WHERE (c:customer) -[b:buys]-> (p:product) LIMIT 18
aQ graph.ipyr g
var resultSet = graph2.queryPggl({query);
[ print(resultset);
PgqlResultSetImpl[graph=nysales,nunResults=18)
for (var result : resultSet) {
print(result);
}
oracle.pgx.api.ResultInpl@7asedebs
oracle.pgx.api.ResultInpl@6fadzdea
oracle.pgx. api.ResultInplazbisisee
oracle.pgx.api.ResultImpl@11167a12
oracle.pgx. api . ResultInpl19736563
oracle.pgx.api.ResultInpl@s711373a
oracle.pgx.api.ResultImpl@3d2¢as7s
oracle.pgx.api.ResultImpl@2ffeds2s
oracle.pgx.api.ResultImpl@2d24adcd
oracle.pgx. api.ResultInpl@73s2este
1o
O 2@ lavalide Mode: Edit @ Ln1,Col1 Load graph with properties.ipynb

The results of the query are objects referencing all the components of each row.

for (var result : resultSet) {
print (result.getString (1) +" bought "+ result.getFloat (5)
+" "+ result.getString(2) +" the "+ result.getDate(3) +"
for "+ result.getFloat(4) +"s$");
}

for (var result : resultSet) {
print (result.getString("c.name") +" bought "+
result.getFloat ("b.quantity")
+" "+ result.getString("p.name") +" the "+
result.getDate ("b.orderDate") +" for "+ result.getFloat ("b.amount")
157 ;
}

¥ @G_Ceresa
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®uge Y
e _mYe
LI X ]
File Edit View Run Kemel Tabs Settings Help
= + L] 3 c @ Launcher X | 1 Load graph with propertiesi ®
-/ B + XO O » = C Code v Java O
” OMaCIE. PEX- 3P KESUITIMPIEIY/ 36563 e
© | Name Last Modified oracle.pgx.api.ResultInples711373a
™ b 6 hours ago oracle.pgx.api.ResultInpl@3d2cad7s
% oracle.pgx.api.ResultInpl@2ffesd2s
W wallet 6 hours ago oracle.pgx.api.ResultInmpl@2d24adc
[® Load graph with proper.. aminute ago oracle.pgx.api.ResultInpla7352¢ebe

« [A Load graph.ipynb

23 minutes ago

for (var result : resultSet) {
print(result.getString(1) +" bought "+ result.getFloat(5)

+" "4 result.getString(2) +" the "+ result.getDate(3) +" for "+ result.getFloat(4) +"$");

}

Harriett Charles bought 3.8 Y Box the 2001-86-26 for 898.42%
Holly Kindrid bought 3.0 Y Box the 2000-10-23 for 922.41%
Holly Kindrid bought 1.8 Y Box the 2000-12-23 for 289.82%
Roxana Dodds bought 2.@ Y Box the 2000-85-16 for 611.94%
Roxana Dodds bought 1.2 Y Box the 2009-28-16 for 307.47%
Roxana Dodds bought 1.8 Y Box the 2000-87-16 for 307.47%
Roxana Dodds bought 1.8 Y Box the 2000-83-16 for 301.74%
Ingrid Shore bought 2.8 Y Box the 2001-82-20 for 593.31%
Rita Dobson bought 3.2 Y Box the 2001-82-16 for 900.61%
Rita Dobson bought 2.8 Y Box the 2001-24-17 for 603.69%

for (var result : resultSet) {
print(result.getString("c.name") +" bought "+ result.getFloat("b.quantity")
+" "4 result.getString("p.name") +" the "+ result.getDate("b.orderDate”) +" for "+ result.getFloat("b.amount”) +"$");

}

Harriett Charles bought 3.8 Y Box the 2001-26-26 for 898.42%
Holly Kindrid bought 3.8 Y Box the 2000-10-23 for 922.41%
Holly Kindrid bought 1.2 Y Box the 2000-12-23 for 289.02%
Roxana Dodds bought 2.8 Y Box the 2000-95-16 for 611.94$
Roxana Dodds bought 1.8 Y Box the 2000@-88-16 for 307.47$
Roxana Dodds bought 1.2 Y Box the 2000-07-16 for 307.47%
Roxana Dodds bought 1.8 Y Box the 200@-03-16 for 381.74$
Ingrid Shore bought 2.@ Y Box the 2001-982-20 for 593.31%
Rita Dobson bought 3.8 Y Box the 2091-92-16 for 900.61%$
Rita Dobson bought 2.8 Y Box the 2001-84-17 for 689.69%

L -

OM2® Jaallde Mode: Command @  Ln1,Col 1 Load graph with properties.ipynb

The components of each row can be retrieved based on their type (by using getString(...),
getFloat(...) etc.) and referenced either using a position reference of the column in the
result (starting with 1 for the first one) or by name. If an alias has been used for a column
this name must be the alias.

8) Execute an algorithm on the graph

var analyst

session.createAnalyst();

var pagerank analyst.pagerank (graph?2) ;
print (pagerank) ;

var query = "SELECT v, v.name, Vv."+pagerank.getName ()+" WHERE
(v:product) ORDER BY v."tpagerank.getName ()+" DESC LIMIT 10";
print (query) ;
var resultSet
for

graph?2.queryPgql (query) ;

(var result : resultSet) {

print ("node: "+result.getString(2)+" has pagerank
"+result.getDouble (3));

}

resultSet.close () ;
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— File Edit View Run Kemel Tabs Settings Help

- + B * c B Launcher X | [ Load graph with properties.i ®
/ B + X OO » m C Code Java Q
O | Name - Last Modified Calculate PageRank
s 6 hours ago
@

et & hours ago Get the most bought products by calculating the pagerank on the graph

s raphimith propets 2minute ago var analyst = session.createAnalyst();

+ [Al Load graph.ipynb 30 minutes ago

var pagerank = analyst.pagerank(graph2);
print(pagerank);

VertexProperty[namespagerank_2, type=double, graphsmysales]

var query = "SELECT v, v.name, v."+pagerank.getName()+" WHERE (v:product) ORDER BY v."spagerank.getName()+" DESC LIMIT 18";
print(query);

SELECT v, v.name, v.pagerank_2 WHERE (v:product) ORDER BY v.pagerank_2 DESC LIMIT 1@
var resultSet = graph2.queryPgal(query);
for (var result : resultset) {

print(“node: "sresult.getString(2)+" has pagerank = "+result.getDouble(3));

}

resultset.close();

: Mouse Pad has pagerank = 4.171326202907747€-4

eyboard Wrist Rest has pagerank = 3.980997368917471E-4

CMCIA modem/fax 19209 baud has pagerank = 3.568166138635059E-4

soy Ambassador has pagerank = 2.84798150346@4367E-4

/S Documentation Set - English has pagerank = 2.8465948886989215E-4

: DVD-R Disc with Jewel Case, 4.7 GB has pagerank = 2.544535344531752E-4
: PCMCIA modem/fax 2880@ baud has pagerank = 2.5896879757561434E-4

Model KBB22S Cordless Phone Battery has pagerank = 2.443376717202824E-4
.44M8 External 3.5" Disketts has pagerank = 2.309978138437909E-4

: External 101-key keyboard has pagerank = 2.25073445946013288-4

C@2® Jaalide Mode: Edit @ Ln1,Col1 Load graph with properties.ipynb

To execute algorithms, you first need an object “analyst” which can be obtained from the
PGX session.

The result of an algorithm is often a property (or a set of properties) which will be used to
store the result of the algorithm on the various nodes and/or edges impacted. This result
is useful to know the name of the property holding the result.

A "pagerank” calculation across the graph and retrieving the products with the highest
pagerank must, intuitively, be close to the list of products with the highest quantity sold.

ORACLE SOLDeveloper  Home  Worksheet — Data Modeler 7 | R LABUSER0O v

Navigator ~ Workshests ?) [Workshest]" 2 QO B B 4 = AW

1 CT p.prod_name, SUM(s.quantity_sold) FROM sh.sales s, sh.preducts p
2 E s.prod_Id = p.prod_ic

LABUSERO00 - 3 AND s.time_id »= to date('20@ee1e1’, 'yyyymmdd')
4 GROUP BY p.prod_name

Tables v 5 ORDER BY 2 DESC
& FETCH FIRST 18 ROWS ONLY;

¥ ES MYSALESGES

¥ B MYSALESGTS hé
» EE MYSALESITS
» ES MYSALESSSS

Query Result  Script Output DBMS Output  Explain Plan  Autotrace  SQL History

b BB MYSALESUTS W @ [ Download «

d prod_name sum(s.quantity_sold)
1 Mouse Pad 15541 =
2 Keyboard Wrist Rest 14882
3 PCMCIA modemviax 19200 baud 14341
4 DVD-R Discs, 4.7GB, Pack of 5 11425
5 PCMCIA modem/fax 28800 baud 11355
6 DVD-R Disc with Jewel Case, 4.7 GB 11329
7 0/S Documentation Set - English 11175
8 CD-R with Jewel Cases, pACK OF 12 11142
9 External 101-key keyboard 10084
10 Model K8822S Cordless Phone Battery 10468 s

@1 Ao B0 | 7:41:36 PM- 10 rows total

¥ @G_Ceresa
https://gianniceresa.com 88



Analytics and Data Summit 2020

Property Graph from scratch: data sources to graph

You can see that the “pagerank” TOP10 calculation on products has many common
elements with the TOP10 of the products by quantity sold retrieved by a query in the
database.
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Slide 56

Graph Visualization, Cytoscape, custom visualizations, REST interface,
PGAQL to SQL translation, ML

ol @G_Ceresa
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Graph Visualization
ORACLE Graph Visualization
v Settings Swe | Load

po Ishared/01. QuickS...

@

®

. ’

(o] 5] O
Jshared/01. QuickS... RO Order Key
O]
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If you use Graph server 20.1.0 standalone it will by default allow you to access
Graph Visualization. A web interface in which you can enter a PGQL query and
navigate from there through the results.
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Another visual alternative is using Cytoscape. An open source application you can

install and for which Oracle provides a plugin to add support for PGX with graphs
stored in the database.
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Slide 59

Custom Visualization

« C  © Iocalhostaoo: * 900 @ :

A DATAlysis Property Graph Viewer

SA607

=== e]=s]

P @G_Ceresa A DATAlysis

Thanks to the REST web service you can also develop your own visualization tool
or integration. Using various libraries like for example CytoscapeJS to easily
visualize and interact with a graph in a web application.
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Oracle Labs Parallel Graph Analytics
(PGX) REST AP| @D

Admin Futures M.
‘m /control/vi/futures/{FID} Cancola fure

BEESN /control/vi/futures/(FID}/status Gottho sitis of a fturo

BEE /control/va/futures/(F10}/value Gottha st ofa fur

Analyses v

e | /core/vifanalyses Get sl avatabie saayss Matacata

S0 /core/vi/analyses/{AID} Ge!speciic anslysis metadata

[oucr Y wm———

TESB /core/vi/analyses/{AID}/run Incko

The REST web service is fully documented, a swagger.json file is provided.
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PGQL to SQL translation

4.8 Executing PGQL Queries Directly Against Oracle
Database

“This topic explains how you can execute PGGL queries directly against the gragh in
‘Oracle Database (as 0pposed to in-memory)

Proprty Gragh Query Lanquage (PGQL) queries can ba xecued against disk-
resident property graph data siored in Oracle PGQL o0 Oracks Database
(RDEMS} provices a Java AP for executng PGOL queries. Loge in PGOL on
ROBMS transiates & submitied PGQL QUEIY nio an equvasent SQL query. and the
resuling SQL i5 ExEcuted on the dataDase SErver. PGOL on ROBMS then wiaps the
SQL Guery fesults Witn a Convenien: PGQL fesull &t APL.

Thiss FGQL quey execution flow is shawn in the following figure.

Figure 42 PGQL on Oracle Database (ROBMS)

o0 oa RDBMS.

1~

The hasic xeculon fiow is:
1. The PGQL query is submitted to PGQL on RDBMS through a Java AP1

2. The PGQL query s Tansiated 1o SQL.

3. The translaied SQU is submitied in Oracle Database by JDBC.

4 The SQL result set s wrapped as & PGQL result set and refumed 1o the caller

The abiky to execute PGQL queries directly against peoperty graph data stored in
Oracle Database provides several benefis.

+  PGOL Drovides 8 more natural way 10 ExDress oranh Queries than SOL manuaily

ol @G_Ceresa

If you want to translate a PGQL query into SQL to execute it directly in the
database bypassing PGX (which means you don't have to load the graph into PGX
but you can use directly in the database), you can find the details in the
documentation.
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Slide 62

Machine Learning

On top of the graph algorithms, which are a kind of machine learning already,
there is also “real” machine learning which is possible with Oracle Property Graphs.

You can find out more by having a look at this talk | did on the topic:

https://speakerdeck.com/gianniceresa/when-machine-learning-meets-graph-
databases-6eebb419-fa32-4e7e-af03-aafaf601{759

Right now this part isn't available in the Graph Server 20.1.0, it was a beta feature in
the Oracle Labs release of PGX. It's supposed to be available in the product later

this year.
(I have no influence on Oracle plans and strategy, therefore things could still change)

WP @G_Ceresa A DATAlysis

Machine Learning is already possible with graphs, and more advanced algorithms
are supposed to be available in the product soon.
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Slide 63
Next steps and conclusion
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Next steps

* Setup an Autonomous Database using the Always-free tier
» Download the Graph 20.1.0 client on your laptop
* Use the JShell client in “almost” the same way you used the notebook

Property Graphs for free with up to 20Gb of storage in the database

WP @G_Ceresa A DATAlysis

You can easily get started practicing and experimenting Oracle property graph by
using the Always-free tier in the Oracle cloud. Create an account and setup your
Autonomous Data warehouse instance. Create your graphs there and use the PGX
client from your own laptop to directly connect to that database and perform
queries or algorithms on the graph.

Analytics and Data Summit 2020 I I/
Property Graph from scratch: data sources to gre . \I.L\

W @G_Ceresa
https://gianniceresa.com 98



