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Outline

The tutorial will run for
90 minutes and cover a
“full stack” discussion
from raw data to
insights

Q&A available at any
time + 15 minutes
reserved at the end

1 Overview (15 min)
1.2 Data integration
1.3 Graph machine learning
2 Hands-on session (60 min)
2.1 Putting a Knowledge Graph together
2.2 Using graph machine learning

3 Closing and Q&A (15 min)
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What this tutorial will and will not cover

The objective of the tutorial is to get an impression of the end-to-end pipeline for getting from raw
data to predicting new links in the graph. No prior experience is needed.

What is covered

e General approach for predicting links in graph
Using a no-code environment to design a graph easily

What is not covered

e In depth optimisation of the machine learning component
e Advanced features of Stardog

Dedicated tutorial material exists to explore things in depth: Ampligraph, Stardog

> Copyright © 2023 Accenture. All rights reserve .


https://docs.ampligraph.org/en/latest/tutorials.html
https://docs.stardog.com/tutorials/

Outline

Objective:

Get more familiar with
the concepts behind the
approach taken for the
tutorial

1 Overview (15 min)
1.2 Data integration

1.3 Graph machine learning

Copyright © 2023 Accenture. All rights reserved.
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Use-case

Could we use this dataset to predict
which player could play for a particular
team?

We will approach this using a
knowledge graph and a machine
learning technique based on graphs

(im] k European Soccer Database |k X = @ Stardog Cloud X | @ Stardog Designer XAl
C @ () https://www.kaggle.com/datasets/hugomathien/s
h
Create
b HUGO MATHIEN - UPDATED 6 YEARS AGO -
Home

Competitions
Datasets
Code
Discussions
Learn

More

Your Work

RECENTLY VIEWED
European Soccer Data
Investigate European S
Match Outcome Predic...
Data Analysis using SQL
The fans stay loyal, th...
RECENTLY EDITED

notebookce45b77567

View Active Events

European Soccer Database

25k+ matches, players & teams attributes for European Professional Football

DataCard Code (1549)  Discussion (115)

About Dataset

The ultimate Soccer database for data analysis and machine learning

What you get:

+25,000 matches

+10,000 players

11 European Countries with their lead championship
Seasons 2008 to 2016

4088 New Notebook & Download (34 MB) @ H

Usability ©
7.06

License
Database: Open Database, Cont.

Expected update frequency
Not specified

Players and Teams' attributes* sourced from EA Sports' FIFA video game series, including the weekly updates

Team line up with squad formation (X, Y coordinates)

Betting odds from up to 10 providers

Detailed match events (goal types, possession, corner, cross, fouls, cards etc...) for +10,000 matches

*16th Oct 2016: New table containing teams' attributes from FIFA !

Original Data Source:

Copyright © 2023 Accenture. All rights reserved.



Approach

We will follow a common pattern that sees
a team design a Knowledge Graph used

by a machine learning team to derive O

InSIg hts - —> —knowle(:ge graph—» insights—

OUr teCh StaCk Wl” be Input data coc;ng co;ng us;ge
e Stardog for the graph @ | @ | @
e Ampligraph for the machine learning ) o i ity
o Jupyter for the user interface trowiedos Meiriso ol Users

>

Copyright © 2023 Accenture. All rights reserved. 6



Connecting data

ENTERPRISE APPLICATIONS

Knowledge Graphs are a flexible and scalable approach to aPs  smoH RO ® omHeR

integrate data from different silos around a defined target
ontology

ENTERPRISE KNOWLEDGE GRAPH

PRODUCT
RESEARCH

MARKETING

FINANCE

STORAGE
o¥ < P—— [ | Bt '
. & T e c g b4

https://www.stardog.com/bloa/what-is-a-data-mesh-principles-and-architecture/
> Copyright © 2023 Accenture. All rights reserved. 7


https://www.stardog.com/blog/what-is-a-data-mesh-principles-and-architecture/

Pragmatic and scalable approach

It is not necessary, nor useful, to aim for the ultimate KG from the
start of an implementation

Instead, the creation is best approach as an iterative construction
. . Identify key sources
centered around solving a particular use-case > e LR

with a new
data asset

For the tutorial today we start from scratch and implement one
use-case but we could have used an existing data fabric, or plan to e

applications

use the one we will make as a base for more use-cases 4 Aion
ata to
the model

https://www.stardog.com/bloa/5-steps-to-building-a-data-fabric

> Copyright © 2023 Accenture. All rights reserved. 8


https://www.stardog.com/blog/5-steps-to-building-a-data-fabric

Graph machine learning

This is a set of machine learning
techniques that project a graph
content into an embedding space (set
of vectors of high dimensions)

This embedding space is then used
to make predictions about potential
new edges in the graph

Li 1
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[ worksFor isA
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George likes
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https://qithub.com/Accenture/AmpliGraph/
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https://github.com/Accenture/AmpliGraph/

Mapping our use-case as link prediction

Our use-case objective of predicting
who plays for which team can be cast
as a link “plays for” between two
types of nodes “Player” and “Team”

(at any point in time)
plays for

What we will need to make it work is

e Instances of that edge as training
data

e More contextual information
about Players and Teams

> Copyright © 2023 Accenture. All rights reserved. 10



Target ontology

This is the target ontology. The design
process (which we will cover) is to find a
trade-off between what would be useful
and what is available in the data

For example, the salary of the players
and the budget of the teams likely play a
big role in allocation. But this data was
not available in the dataset considered

plays for
home team
away player { away team
home player
takes place in

Copyright © 2023 Accenture. All rights reserved.
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Most likely associations

Skipping right to the end, here is an
example of the results aimed at

We will obtain proposal for new links
between players and teams along with a
likelihood score (uncalibrated so only
meaningful as a rank)

1-10

65209
229018
88682
49507
199485
14556
213089
140673
199509
88678

S

Lionel Messi

Federico Peluso
Emanuvele Calaio
Cristiano Ronaldo
Jacques Alaixys Romao
Pablo Armero

Jordan Bowery

Eugen Polanski
Jacques Alaixys Romao
Emanvele Calaio

p

plays
plays
plays
plays
plays
plays
plays
plays
plays
plays

for
for
for
for
for
for
for
for
for
for

227262 rows x 4 columns pd.Dataframel(4

0

Real Madrid CF
Palermo

Palermo

FC Barcelona
Toulouse FC
Catania

Stade Brestois 29
Hamburger SV

AS Saint-Etienne
Torino

Copyright © 2023 Accenture. All rights reserved.
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.511274
.462421
.437658
.406167
. 387238
. 384859
. 371333
.371240
.362103
. 360968
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Outline
Objective:

Implement our
use-case!

2 Hands-on session (60 min)
2.1 Putting a Knowledge Graph together

2.2 Using graph machine learning

Copyright © 2023 Accenture. All rights reserved.
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Get a Stardog cloud account

We will use Stardog Cloud to create the
Knowledge Graph

\/erifv vour email Inbox x
2 Update Stardog Profile

Weld e
jave qug

qug First Name Last Name

Head to https://cloud.stardog.com to
create an account there

A small

protoco Phone Use Case

experin

RDF. =
e +1
o

B st

e | agree to the Stardog Terms of Use

| agree to the Stardog Privacy Policy

Update | o >

> Copyright © 2023 Accenture. All rights reserved. 14


https://cloud.stardog.com

Select a Stardog Cloud environment

Next, pick either a free instance to get
started or register for the essentials
pack for a more capable instance.

A STARDOG

For this tutorial the free instance is
sufficient to play around

Learn Stardog

Get Started with Stardog Cloud

A complete Enterprise Knowledge Graph platform provided as a managed service.

All Knowledge Graph endpoints are currently hosted in the US.

Select the plan that works for you

Free

Learning environment to create your
first Knowledge Graph

Free

Feature Highlights

@ Fulsta
@ sto
& Community Support, no S

Get Stardog Free

Everything you need for a PoC or
development environment

$99/month
Everything in Free, plus

@ sto

50M edges

Get Stardog Essentials

Enterprise

Full production environment tailored to
the needs of your company.

Custom

Everything in Essentials, plus

@ unii
[}
[

Contact Us

Copyright © 2023 Accenture. All rights reserved.
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Connecting to Knowledge Graph endpoints
later on

A STARDOG

The environment you just created will

Welcome to Stardog Cloud

be automatically selected for you as v sueeone e fesdoacJo s o ey sy
your Knowledge Graph Endpoint. Your

eventual additional endpoints
connected to through Stardog Cloud will

i STARDOG DESIGNER @ STARDOG EXPLORER o
also be available @ ‘ D sTARDOG STUDIO

This interface can connect to any

machine your web browser can reach
Manage endpoints Nodes 196,030

(it is a web client connecting directly to
the server, no data transits via
Stardog’s infrastructure)

> Copyright © 2023 Accenture. All rights reserved. 16



Stardog tooling

STARDOG STUDIO

@ STARDOG DESIGNER STARDOG EXPLORER

A no-code, visual environmentto  An intuitive interface to visually A complete IDE to program your

model, map, and publish data for  prowse and query your Knowledge Graph
your Knowledge Graph Knowledge Graph

i STARDOG Py S ofe
% STARDOG DESIGNER (&) STARDOG EXPLORER

€360 profile

> Copyright © 2023 Accenture. All rights reserved. 17



Get started in Designer

e e n | k European Soccer Database | - X | @ Stardog Cloud X @ sStardog Designer x  +

The first thing to do is create a project Y Coo oo

New Project

> Copyright © 2023 Accenture. All rights reserved. 18



Designer interface

This is the interface of designer. It is T —————— o
organized around two key parts: i sTaR0os |
e The model, or ontology, which .
expressed how the data is integrated -
e The dataset mapping which map the
raw data to triples according to the
model

Tutorial Model Mapping | settings

We’'ll now do several things:
e Add concepts
e Add relations
e Add attributes
e Add rules
e Map the raw data

> Copyright © 2023 Accenture. All rights reserved. 19



Adding
concepts

Copyright © 2023 Accenture. All rights reserved.



Let’s return to the data

We can use Kaggle to conveniently
explore the concepts in the data

The exercise here consists in going
from columns to concepts and figure
out what the data is about

Il

(im} k European Soccer Database | X = @ Stardog Cloud X | @ Stardog Designer X |

C @ &

Create
@ Home
@  Competitions
f@ Datasets
<> Code
[E Discussions
= Leamn
v More
E Your Work
v RE
]
@
f\
€ DataAnaly
® Thet: y loyal, tr

View Active Events

ps://www.kaggle.com,

Q. sea

European Soccer Database

DataCard Code (1549) Discussion (115)

v View more

Business Sports Games Video Games Football Europe

Country (11 rows)

Detail Compact Column

#id = Aname =
1 1
total values que val
1 Belgium
172 England
476 F ce
780 many
\\\\\ Italy
13274 Netherl.
22 Poland
17642
19694 1
21518
245!

No more data to show

-~ 4088 New Notebook & Download (34 MB) ]

Data Explorer
& Version

Summary
» 0 1file

» [0 199 columns

Copyright © 2023 Accenture. All rights reserved.
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Figuring out the concepts in the data

Below is an example of a result. We assume that league information will not be relevant for the
use-case and therefore skip mapping it into the fabric.

Country

League

Match

Player
Player_Attributes
Team

Team_Attributes

Name of the countries

List of leagues a particular country can be in

Competition details with list of players involved and outcomes
Demographics data about the players

Key statistics about the players

Name of the teams

Key statistics about the teams

Country

Match, Team, Player
Player

Player

Team

Team

Copyright © 2023 Accenture. All rights reserved. 22



Adding classes

Classes can be added with the button
“circle+”

There are options for a concept
hierarchy which we will not use

Create Class

Class Name
New Class
Description
Parent Classes Child Classes

Relationships

Relationship Name Direction
O Oee
Attributes
Attribute Name Data Type Rule

Copyright © 2023 Accenture. All rights reserved.
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End result

% STARDOG DESIGNER

According to the table defined earlier Tutora | coos || evor | [
we need to create a total of 4 concepts rje-me e

- Match

« Country

« Team

- Player +

Q Search models...
i

> Copyright © 2023 Accenture. All rights reserved. 24



Adding
relationships




Returning to the definition of the concepts

Relationships are defined in the
interface used to create the concepts

The objective is to describe the relation e, ——
between nodes in semantically [

meaningful way -

Class Detail

AttributeName ~ Data Type

Most often the domain (source node)
and range (target node) are not :
specified as part of the edge label :

> Copyright © 2023 Accenture. All rights reserved. 26



End result

We are now very close to our ontology!

The last thing missing is some
attributes about the players

7 STARDOG DESIGNER

Tutorial Model Mapping Settings Export m
Project Resources + ¢ = o 2 Rules
Q Search resources
Player plays for

away player home team

Models +

home player away team

Q Ssearch models...

takes place in

Copyright © 2023 Accenture. All rights reserved. 27



Adding concept
attributes




w STARDOG DESIGNER

An attribute is something that applies to

an instance of a node but does not — l AL # e

reflect a relation to another node. It's

still a triple in the graph nonetheless! Player plays folll
rating

Typically, those attributes (also called
“properties” sometimes) are the likes of el "
e Date of birth, etc -
e Age, duration, etc
e Rank, rating, score, etc

Q Search models... home player

Attributes have a data type. They can
be a string, an integer, a timestamp, etc

>

Attributes are configured next to relations

Class Detail

rrrrrr

Descri ption
Parent Classes Child Classes
Relations hips
Relat hip Nam Direct
O e [dee
y play [] e o«
home play ] & o«
lays f o [ e
Attributes
Attribute Nam Data Type Rul
g flo Create

Copyright © 2023 Accenture. All rights reserved.
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Is this a relation or an attribute?

It depends...

Web page

Theme

VS

Web page

has theme

has parent theme

relates to

30



Adding rules




Reasoning rules

i STARDOG DESIGNER

We add a reasoning rule to deduce the o seunes | [ oo | [N
“plays for” instances from other edges e tpe-ee e
based on a IF / THEN pattern.
plays for
This allows for focusing on expressing Fating
core factual data in the graph, and let
Stardog figure out the rest. sody player home team

home player away team

Q Search models...

takes place in

> Copyright © 2023 Accenture. All rights reserved. 32



Definition of the rules

Each rules consists in a set of triples to
match as a condition, and another set
of triples to create as an outcome

The rules are not executed when they
are created. As we will observe later,
they are instead use to re-write
incoming queries (and are then
consumed backwards to their definition)

® MO | © stardogCloud
<« C ® @) https://cloud.stardog.com/u/0/desig

Stardog Designer

Copyright © 2023 Accenture. All rights reserved.
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Checking that everything is fine

The end result is two rules expressing
“plays for” for both the away and home
team context

eeeeeeeeeeeeee

>>>>>>>
pppppppppppppppppppp

> Copyright © 2023 Accenture. All rights reserved. 34



Publishing the
ontology




Export to Stardog

e e n | ® stardog Cloud X @ Stardog Designer X 0 Stardog Studio war

All the work done in Designer can now <o %" 0T R
be eXported to the server Publish Project .

o}

Server and Database
Stardog Server

® Stardog Free
christophe, ture.ct ol fcedc52.stardog.cloud:5820

Database

& Tutorial v

Add Namespace @

Prefix Tutorial

RIQ@ tag:stardog:designer:Tutorial:

Download zipped project when publishing Cancel m

> Copyright © 2023 Accenture. All rights reserved. 36



Looking at the work done in Studio

® DO | © stardogCloud X | @ stardog Designer X 0 stardog Studio x  +

If we switch to Studio we can see how BRERE = i usis s

Models for Tutorial S default ~

many triples were created so far and

D

see them in the text editor of the e
ontology R

label "Match"

esigner: Ty

label "P1

r:Tutori

er:Tutorial

https://sc g: dog:designer:Tutorial:model:Team

tardog:d
label *
https://s

chema. org/rangeIncludes

desigr
label "home team" ;

g/rangeInclude

SHACL

christophe.gueret@accenture.com@https://sd-0fcedc52.stardog.cloud:5820 Server Version: 8.2.1

Copyright © 2023 Accenture. All rights reserved. 37



Adding some
data



Download data

@ | ©) rawlinks-kgc23.github.iofindes X |+

Go to: L

O 8 == ntosile

Search or jump to...

kgc23.github.io

Pullrequests Issues Codespaces Marketplace Explore

w5 © & @ ¥ lin

L IS

& raw2links-kgc23 / raw2links-kgc23.github.io  public

https://raw2links-kgc23.qithub.io/

<> Code

© Issues 11 Pullrequests (® Actions [ Projects

¥ main ~ ¥ 1branch © 0 tags

M wiki @ Security

’ cgueret Imported data from private repo

github/workflows

And download: o i
' © .gitignore
README.md
§ _configyml
H @D dataset.zip
d ata S et " Z I p @D export_from_designer.zip
= filter_dataset.ipynb
[0 graph_content.csv.gz
Cn  index.md
= make_predictions.ipynb
README.md

Create jekyll-gh-pages.ym!
Imported data from private repo
Imported data from private repo
Create README.md

Update _config.yml

Imported data from private repo
Imported data from private repo
Imported data from private repo
Imported data from private repo
Imported data from private repo

Imported data from private repo

raw2links-kgc23.github.io

Homepage of the tutorial

) © 2023 6itru, Inc Terms Privacy

Security Status Docs

[~ Insights

<% EditPins v

i3 Settings

Go to file

Add file ~ <> Code ~

+ 45cabab 2 minutes ago 15 commits

14 hours ago
33 minutes ago
2 minutes ago

14 hours ago

10 hours ago
33 minutes ago
33 minutes ago
33 minutes ago
33 minutes ago
33 minutes ago

33 minutes ago

4

Contact GitHub Pricing AP Training

Copyright © 2023 Accenture. All rights reserved.

®Unwatch 1 ~ % Fok 0~

About e
Homepage of the tutorial

0 Readme
¥ O stars
® 1 watching
¥ Oforks

Report repository

Releases

No releases published
Create a new release

Packages

No packages published
Publish your first package

Environments 1

%7 github-pages (Active)

Languages

® Jupyter Notebook 100.0%

Blog About

Yr star 0
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https://raw2links-kgc23.github.io/

Upload data

Upload 5 CSVs

« Country.csv

« Match.csv

« Player_Attributes.csv
- Player.csv

« Team.csv

File Upload

(]

New Virtual Graph

o

Stardog Cloud
7 5820

i STARDOG DESIGNER

Tutorial Model Mapping Settings | | Export m
Project Resources + € < 5 3 Rules
Q search resource:
ccccc . D
irycsy

MMMMM Team

plays for
pppppp

Player_Attributes

jayer
17\

away player  home team

D N
away team

Player
takes place in D

home player

Copyright © 2023 Accenture. All rights reserved. 40



Map data

e Mapping data can be done in

Tutorial

variety of ways through Designer

Project Resources + ¢ < 2 Rules

O | n th e canvas Q search resources...

Country

Country.csv
7
'
Match

9 Team
Team mapping

Match.csv e
Player

Player.csv

Player_Attributes

Player_Attributes
Models away player home team

Q Search models...

home player

Match
away team

Player
takes place in D

Country @

Copyright © 2023 Accenture. All rights reserved. 41



Map data

@ STARDOG DESIGNER

e Mapping data can be done in
. . Tutorial Model Mapping Settings | | Export mﬁﬁ'
variety of ways through Designer

s X Q  New Mapping Edit Attributes A Suggest Mapping Score Action
Country Type: CSV

o In the canvas ) R

Primary Identifier €
v Country

o Through suggestions —_— S

v Relationships
Team mapping

Source Class
o<« takes place in

> Copyright © 2023 Accenture. All rights reserved. 42



Map data

e Mapping data can be done in
variety of ways through Designer
o Inthe canvas
o Through suggestions

Don’t forget to also map your
relationships!

Match - Match
Edit Attributes
Match

v Relationships

e-> away player

e-> away team

e-> home player

e home team

e-> takes placein

Match
Type: CSV

Target Class

Player

Target Class

Team

Target Class

Player

Target Class

Team

Target Class

Country

A Suggest Mapping

Define Target Identifier in

O New mapping

Existing mapping

away_player_id X

Preview: 33863

Define Target Identifier in

o New mapping

<>

) Existing mapping

away_team_id X

Preview: 8472

Define Target Identifier in

O New mapping

<>

) Existing mapping

home_player_id X

Preview: 31013

Define Target Identifier in

home_player_id X

Preview: 31013

Define Target Identifier in

O New mapping

O New mapping

<>

) Existing mapping

<>

) Existing mapping

country_id X

Preview: 1729

<>

Copyright © 2023 Accenture. All rights reserved.
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Settings Export m

STARDOG DESIGNER
Model Mapping

2 Rules

Tutorial
Project Resources + ¢ = )
Q Search resources...
Country ”, ~~\\
- ~
Country.csv R /, M' tch > NS
-, / W o
-, ] \ ~
’, 7/ NN ~
Re ;! AR bt
Match Match - Match ’ I A Match - Match
Ve / ] SN NG
’ 4 ] N ~ ~
Match.csv Pg ’,’ ', \\ Ny \\\
~ ’ \ Match - Match
Player_Attributed ’ Matcb - Match ] \ ~o \\
! 4 . 1 \ ~ N
Player Player_Attributes - Play... // 7 I \ N \\ P
. Te
\\\ L 4 'l \\ SS ~o Tearr: mapping o™
Player.csv - \ ~
Match - Match Match - Match ~
1 \
lave f
+ plays tor <
Player_Attributes 1
I
1
Models + 1
4 1
R4 away player ] home team
Q Search models... Playe; wiPlager "
A\
4 1
4 home player Vi awaly team \\
\
Player takes place in
~ = "Country - Country. _ _ -
Country

Copyright © 2023 Accenture. All rights reserved. 44



Playing with the
graph




Explore the data in Explorer

® ® [ | @ stardogCloud X | @ Stardog Explorer x |+

We can visualize the ontology and € G 0O Montsotrwtmmms s TR

() STARDOG EXPLORER

explore from there

away_player
plays_for
home_player

> Copyright © 2023 Accenture. All rights reserved. 46



Nodes properties

Clicking on a node gives access to a
panel showing all the ingoing and
outgoing edges for it

If the node is a concept we find a list of
instances for it and the rest of the
ontology predicates

e e n \ ® Stardog Cloud

https://cloud.stardog.com/u/0fexplorer/#/graph?db=Tutorial&card=tag%3Astardog%3Adesigner%3ATutorial%3Amodel%3APlayer

vl

Copyright © 2023 Accenture. All rights reserved.



Example of instance of Match

A match connects to two sets of 11
players as expected, as well as two
teams (one home, one away)

This kind of manual validation could be
automated using SHACL shapes but we
will not get into that during this tutorial

Player
(11)

=
™
/ Player

away_team (1 1 )

Copyright © 2023 Accenture. All rights reserved.

48



More advanced queries

® ® [ | @ stardogCloud X | @ stardog Explorer x |+

I Xplorer aI |OWS for I I Iore adval Iced < C @ ©  https://cloud.stardog.com/u/0/explorer/#/graph?db=Tutorial&advancedQuery=eJy1kEtPwzAQhP_LnmMpryapb6itOFEKIBtC1dq7KYYOCX4AFcp_xynigrhQCfliyzs7MO8HVLJ1ZUhBEgkQ... A Y§ & @ | ¢= @ -

investigations via the visual query e *
builder y "I

®
@® AND a
® ORr

Expand graph results @D Clear m

> Copyright © 2023 Accenture. All rights reserved. 49



Switching to Studio

We can go to Studio to query the data Ry —

DATABASES

dio/#/databases hd 9 L ™ ¥ n e & & =

& Tutorial Database status: Online
Q

= Namespaces Properties GraphQL Schemas
& catalog

8 Tutorial Running Queries: 0
utorial

Triple Count: ~56K
No queries currently executing.

Label Predicates for IRIs in Search and Visualizations

These predicates will be used in the left-to-right order presented to find a label for each IRI.
This setting is part of your Studio User Preferences; it is not stored on the Stardog Server.

rdfs:label X% <http://purl.org/dc/elements/1.1/title> X

Other Actions

© Optimize © Load Data & Remove Data @ Export Database i Drop Database

+ Create Database

christophe.gueret@accenture.com@https://sd-0fcedc52.stardog.cloud:5820 Server Version: 8.2.2

> Copyright © 2023 Accenture. All rights reserved. 50



Simple query

| ® stardog Cloud X 0 Stardog Studio x @@ stardog Explorer | 4R

< C @A ) https://cloud.stardog.com/u/0/studio/#/

A simple SPARQL query is a good start
to see the kind of triple we have in the 2 T pe————
database

I savetoFile ~ J| Store Query

SELECT ?s {?s ?p 70} LIMIT 10

All Databases ~

© RuntoFile [ Text &} Charts 10 Results, 370 ms

s

Tutorial:model
Tutorial:data:Country

p
https://schema.org/datePublished
https://schema.org/datePublished

o

2023-01-24T18:01:21.909Z
2023-01-24T18:01:21.909Z

https://schema.org/datePublished 2023-01-24T18:01:21.909Z
2023-01-24T18:01:21.909Z
2023-01-24T18:01:21.909Z
2023-01-24T18:01:21.909Z
Tutorial:model:Player

https://schema.org/datePublished
https://schema.org/datePublished

:Player_Attributes https://schema.org/datePublished

Tutorial:model:away_player https:/fschema.org/rangelncludes

Tutorial:model:away_team https:/fschema.org/rangelncludes Tutorial:model:Team

Tutorial:model:home_player https:/fschema.org/rangelncludes Tutorial:model:Player

Tutorial:model:home_team https:/fschema.org/rangelncludes Tutorial:model:Team

(4]

christophe.gueret@accenture.com@https://sd-0fcedc52.stardog.cloud:5820 Server Version: 8. SPARQL
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Reasoning as query rewrite

® [ | ® stardogCloud X 0 stardog Studio X @ Stardog Designer X | > Project/Research & Developr X | +

Showing the query plan provides a view -« .

QUERIES D untitled-1 ®

into what is happening under the hood N L R r—————
for the rules we created in Designer SRS ST

" % @ | = B -

s://cloud.stardog.com/u/0

All Databases v

© savetoFile [ Text |t} Visual 758 ms
1 # reused

From local named
Slice(offset=0, limit=1000) [#1.0K]

Their content is not executed to create Sl

— Union [#77K]
+— MergeJoin(?s) [#39K]

*~ Scan[PSOC] (7kjrczsae, <ta
J

- 11 ” |+ Scan(POSC](?s, rdf:type, <tag:stardog:designer:Tutorial:model:Player>) [#21K]
e triples of the art. Instea g
- ] 0 | ~ HashJoin(?0) [#19K]
11 | +— NaryJoin(?kjrczsae) [#19K]
11 11 | | + Scan[POSC](7kjrczsae, rdf:type, <tag:stardog:designer:Tutorial:model:Match>) [#1.8K]
these and the “IF” part are used to I e ot
|
| *~ Scan[P0SC] (70, rdf:type, <tai
. . . . t— MergeJmn(?s) [#39K]
7 + Scan[P0SC] (?s, rdf:type, <tag:stardog:designer:Tutorial:model:Player>) [#21K]
rewrite the query into the combination W
— HashJoin(?0) [#19K]
+— NaryJoin(?etdtiayg) [#19K]
| + Scan[POSC](7etdtiayg, rdf:type, <tag:stardog:designer:Tutorial:model:Match>) [#1.8K]

ngm .
|+ Scan[PSOC] (?etdtiayg, <tag:stardog:designer:Tutorial:model:home_team>, 70) [#1.8K]
| - Scan[Psoc](7etdtiayg, <tag:stardog:designer:Tutorial:model:home_player>, ?s) [#19K]

*~ Scan[POSC] (70, rdf:type, <tag:stardog:designer:Tutorial:model:Team>) [#298]

(4]

christophe.gueret@accenture.com@https://sd-Ofcedc52.stardog.cloud:5820 Server Version: 8.2.1 SPARQL
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Extractin
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Figure out a target ontology

We need to design a graph optimised from machine learning

Right now Ampligraph would not know
how to use the rating as an attribute.

We define a re-write of the graph with
the following changes:
e Turn the rating attributes into
resources
e Bucket the rating into ranges

takes_place_in
plays_for

We also simply the relation “team”

match_team
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Extract triples as is

The easiest is the triples we extract as
is. One way to do this is to construct a
set of triples and filter them on the
predicates we want to keep

CONSTRUCT {?s ?p ?0}
WHERE {

?s ?7p 70

VALUES ?p {Tutorial:model:takes_place_in Tutorial:model:plays_for}

Copyright © 2023 Accenture. All rights reserved.
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Simplify a relationship

We construct a set of triples based on CONSTRUCT {?s ?p 70}

the ones we target, the trick is to WHERE {

change the predicate before it is BIND (Tutorial:model:match_team AS ?p)
returned ?s 7r 70

VALUES ?r {Tutorial:model:away_team Tutorial:model:home_team}
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Turn a literal into a node

Simply using a cast to a URI we can
turn a literal into a URI

It's important here not to forget to prefix
the value with a distinct string (the
range of the predicate is generally a
good option) in order to avoid collisions

CONSTRUCT {?s ?p ?0}
WHERE {
BIND (Tutorial:model:rating AS ?p)
25 2p ’r
BIND (URI(CONCAT("rating_",STR(?r))) AS 70)
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Adding buckets

Ampligraph has no notion of values for
rating so the node rating_1 will be as
similar as rating_2 as it is to rating_80

To help the machine learning machinery
we create buckets to group values by
some proximity criteria

In other contexts predicates like
skos:broader can be used with the
same aim

CONSTRUCT {?s ?p ?0}
WHERE {
?player Tutorial:model:rating ?r
BIND (URI(CONCAT("rating_",STR(?r))) AS 7?s)
BIND (Tutorial:model:rating_bucket AS 7?p)
BIND ((INTEGER(FLOAT(?r) / 10.0)) AS ?r_bucket)
BIND (URI(CONCAT("bucket_",STR(?r_bucket))) AS ?0)
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Merge it all back together

The last step of the construction of the
graph is to merge all those extractions
together as one query. “UNION" is the
perfect keyword to achieve that

In order to export the graph as a CSV
file, which we will input into Ampligraph,
we replace the “CONSTRUCT” by a
‘SELECT”

SELECT DISTINCT ?s ?p 70

{

{
?s ?7p 70
VALUES ?p {Tutorial:model:takes_place_in Tutorial:model:plays_for}
}
UNION {
BIND (Tutorial:model:match_team AS ?7p)
?s ?r ?0
VALUES ?r {Tutorial:model:away_team Tutorial:model:home_team}
}

UNION {

BIND (Tutorial:model:rating AS ?p)

?7s ?7p ?r

BIND (URI(CONCAT("rating_",STR(?r))) AS ?0)
s
UNION {

?player Tutorial:model:rating ?r

BIND (URI(CONCAT("rating_",STR(?r))) AS ?s)
BIND (

BIND ((INTEGER(FLOAT(?r) / 10.0)) AS ?r_bucket)
BIND (URI(CONCAT("bucket_",STR(?r_bucket))) AS ?0)

Tutorial:model:rating_bucket AS ?p)
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Running
predictions




Getting started

Open a Jupyter notebook somewhere ssscapture
(Google Colab, local machine, ...) and Ipip install ampligraph
Import pandas as well as Ampligraph tmport pandas as pd

import ampligraph
You can verify that all went fine by printing out the version number.

print(ampligraph.__version__)
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Load the data

Load the data we just exported from
Stardog

PS: we apply here a distinct split
export/save/load) but it could also be
possible to instead use PyStardog to
directly connect to Stardog from the
notebook and run the SPARQL query
from it

df =
df.head( )

ene @ | ©) stardog-union/pystardog: Pythc X | +

Search or jump to.

Pull requests

O 8 52 httpsi/github.com/stardog-union/pystardog

Issues Codespaces Marketplace Explore

pd.read_csv("graph_content.csv.gz").dropna()

B %

& stardog-union / pystardog  Pubiic

< Code (© Issues 12 11 Pullrequests ® Actions [ Projects @ Security L Insights

P main v ¥ 1branch ©19tags

@ scardena Release 0.15.0 (#146)

m &

L =R N

circleci
dockerfiles
docs
examples
notebooks
stardog
test
dockerignore
env
gitignore
readthedocs.yam!
LICENSE
README.md
docker-compose.clusteryml
docker-compose.single-node.yml
ideas.txt
requirements.txt
setup.cfg

setup.py

Gotofile

Reverts __init_file for imports
Updates stardog test dockerfile (#145)

Fixes documentation

Formats all source. Forces black to be used in the tests
add a Jupyter notebook with an interactive tutorial (#30)
Updates stardog test dockerfile (#145)

Updates stardog test dockerfile (#145)

Adds datasource and some server api calls (#42)
Updates stardog test dockerfile (#145)

Force Resource Existence when Creating Handle

Fixes documentation

prepare to upload to PyPI (#18)

update readme.md

Updates stardog test dockerfile (#145)

Updates stardog test dockerfile (#145)

First draft of API (#1)

Removes distutils warning message

Release 0.15.0 (#146)

Adds style and lint checks

OWach 27~ || Y Fok 15 v fr Sar 25 |~

Add file - About

cks ago 101 comits
4 months ago
2 weeks ago
jast year

st year
4years ago

2 weeks ago
2 weeks ago
2 years ago

2 weeks ago
& months ago
st year

5 years ago
Iast month

2 weeks ago
2 weeks ago
5 years ago
5 months ago
2 weeks ago

4 months ado

Python bindings for the Stardog
Knowledge Graph platform

@ stardog.com

Readme

View license

us}

L

26 stars
@ 27 watching
: 3

15 forks

Report repository

Releases 4

© 05,0 (Latest)
2 weeks ago

+3 releases

Packages

No packages published

Contributors 15

bol Y- L)
060

+ 4 contributors
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Preparing a training dataset

In a common ML pattern, we first from ampligraph.evaluation import train_test_split_no_unseen
prepare a train and validation set to test_size = int(df.shape[0]*0.10)
train the ML and validate If Something X_train, X_valid = train_test_split_no_unseen(np.array(df),

test_size=test_si
has actually been learnt est_size=stest_size)

print('Train set size: ', X_train.shape)
print('Test set size: ', X_valid.shape)
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Compile and train the model

The KGE models available in
Ampligraph are defined as a
combination of three blocks:

e Aregularizer

e Aloss function

e An optimizer

For each of them there are several

option available, the code proposed
here proposes a set experimentally
found to work well for this tutorial

from ampligraph.latent_features import ScoringBasedEmbeddingModel
from ampligraph.latent_features.regularizers import get as
get_regularizer

from ampligraph.latent_features.loss_functions import get as get_loss
import tensorflow as tf

# create the model
model = ScoringBasedEmbeddingModel(k=300, eta=20,
scoring_type='ComplEx', seed=0)

# create regularizer, loss function and optimizer
reg = get_reqularizer('LP', hyperparams={'p':3, 'lambda':1le-3})
loss = get_loss('pairwise', hyperparams={'margin':5})

optim = tf.keras.optimizers.Adam(learning_rate = le-4)

# compile the model

model.compile(loss=loss, optimizer=optim,
entity_relation_regularizer=req)
model.fit(X_train, batch_size=5000, epochs=500)
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Validate the model

Once the model is trained we can
validate its learning using some
common metrics

The learning goal is for the model to be
able to make the difference between a
fact in the graph and a fact that is not in
the graph:
e MR(R) looks at the predictive
performance between the two
e Hits@N is “if we generate N triples
at random, what is the percentage
of them which are in the graph?”

from ampligraph.evaluation import mr_score, mrr_score, hits_at_n_score
ranks = model.evaluate(X_valid,
batch_si1ze=5000,
use_filter={'train': X_train, 'test': X _valid},
verbose=True)
print('MR:', mr_score(ranks))
print('MRR:', mrr_score(ranks))
print('Hits@l:', hits_at_n_score(ranks, 1))
print('Hits@3:', hits_at_n_score(ranks, 3))
print('Hits@10:', hits_at_n_score(ranks, 10))
print('Hits@100:', hits_at_n_score(ranks, 100))

MR: 445.92871287128713

MRR: 0.22918282737102727
Hits@l: ©0.18663366336633663
Hits@3: 0.22574257425742575
Hits@1@: 0.32425742574257427
Hits@100: 0.5272277227722773
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Creating the triples to test

Using the set of players and the set of
teams we can create all the triples to
test

Every single of those triple is an
hypothesis: an edge we think may
make sense and of which the Al model
will assess the likelihood

players = set(df[df['s'].str.contains('Player:')]J['s"'].values) | \
set(df[df['o'].str.contains('Player:')]['o'].values)
teams = set(df[df['s'].str.contains('Team:"')]['s"'].values) | \
set(df[df['o'].str.contains('Team:"')]['0"'].values)
print( 'Number of players: ', len(players))
print( 'Number of teams: ', len(teams))

pairs = []
for player in players:
for team in teams:
pairs.append([player,
'tag:stardog:designer:Tutorial:model:plays_for', team])
df_to_test = pd.DataFrame(pairs, columns=['s', 'p', '0'])
df _to_test.head()
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Getting the resuit

Now that the set of hypothesis is ready
we need to remove all the links that are
already in the graph (unless we want to
check that they indeed rank high) and
ask for the prediction scores

The scores are not calibrated so they
have to absolute meaning and can be
only used to rank the list

df_to_test = pd.merge(df_to_test, df, indicator=True, how='outer')\
.query('_merge=="1left_only""').drop('_merge', axis=1)

scores = model.predict(np.array(df_to_test))

df _to_test['scores'] = scores
df_to_test.sort_values(by='scores', ascending=False)
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Adding labels




Adding some labels

URIs are not very intuitive nor
convenient to ready and they are not
expected to be so

To make the results more user friendly
we first need to connect to Stardog

"database": "YOUR DATABASE (e.g. Tutorial)",

"endpoint": "YOUR ENDPOINT (e.g. https://sd-
0fcedc52.stardog.cloud:5820)",

"username": "YOUR USERNAME (e.g. christophe.gueret@accenture.com)",

"password": "YOUR PASSWORD (e.g. PasswOrd)",

connection_details = json.load(open('connection_details.json'))
conn = stardog.Connection(**connection_details)
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Get the labels

Once connected it is possible to extract
with a SPARQL query all the labels
matching the URIs

query =
SELECT ?identifier ?label FROM stardog:context:all WHERE {
?identifier rdfs:label ?label .

}

csv_results = conn.select(query, content_type='text/csv')

df _labels =
pd.read_csv(io.BytesIO(csv_results)).set_index('identifier"')
labels = df_labels.to_dict()['label’]

print ('Loaded {} labels'.format(len(labels)))

df_to_test.replace(labels)
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Outline

Objective:

Answer questions you
may still have and
share your insights

3 Closing and Q&A (15 min)
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Share your results!

oo e @ | ) rawzlinks-kgc23.githubiofindes X |+ o

Use different random seeds and share <o 0 & - s e s o sucs unas-
them among yourselves and with us!

Search or jump to, Pull requests Issues Codespaces Marketplace Explore

& raw2links-kgc23 / raw2links-kgc23.github.io  public <X EditPins v ©Unwatch 1 v | ¥ Fok 0 v {7 Star 0~

<> Code ( Issues 11 Pullrequests () Actions [ Projects [ Wiki @ Security |~ Insights 3 Settings

. . . .
All the content of this tutorial is on github so s = o ’
g Homepage of the tutorial
§ coueret imported data from private repo v ascasab 53 minutes ago < 15 commits
. 00 Readme
you can fork the repository, propose PR P
4 4 T 1 watchin,
© gitattributes Imported data from private repo Thourago | O Twatching
% 0forks
@ .gitignore Imported data from private repo 53 minutes ago
Report repository
.
@ README.md Create README.md 15 hours ago
7 _configyml Update _config.ym! 11 hours ago Releasig
D dataset.zip Imported data from private repo 1 hour ago No releases published
Create a new release
@D export_from_designer.zip Imported data from private repo 1 hour ago
2 filter_dataset.ipynb Imported data from private repo 1 hour ago
Packages
[ graph_content.csv.gz Imported data from private repo 1 hour ago
No packages published
oo index.md Imported data from private repo 1 hour ago Publish your first package
2 make_predictions.ipynb Imported data from private repo 1 hour ago
Environments 1
README.md 7

% github-pages (Active)

raw2links-kgc23.github.io

Languages

Homepage of the tutorial
® Jupyter Notebook 100.0%

O © 2023 GitHub, Inc. Terms Privacy Security Status Docs Contact GitHub Pricing APl Training Blog About
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Why not test some Knowledge Kits?

eoe @ | O stardog Cloud x P v

To explore further the capabilities of coo

O B = https://cloud.stardog.com/kits

w L @ N n ¢ & & =

Stardog and get inspiration for more
use-cases, you can have a go at the
many Knowledge Kits available via
the menu in “Learn Stardog”

A STARDOG

Knowledge Kits

Demos, tutorials, data sets, and data models built to speed up your Knowledge Graph journey.

Demos

Learn Stardog basics by browsing industry-related and pop culture Knowledge Graphs.

[l Star Wars Demo

A space opera demo based on events that happened
long ago in a galaxy far, far away.

© Superheroes Demo

A small demo using Superheroes and their
Superpowers

Tutorials

A~ Healthcare Demo

A healthcare demo that includes a small synthetic data
set.

¥ Flight Planning Demo

An aviation focused dataset and flight planning demo

A~ Experimental Protocol Demo

A small kit representing an experimental protocol from
bio-protocol.org and a non-experimental clinical
protocol from atlas-medical as RDF.

=7 InsurTech Risk 360 Use Case Demo

An InsurTech knowledge graph serving an underwriting
use case and others

Load more

Master specific Knowledge Graph concepts, from SPARQL to Machine Learning

€ SPARQL Tutorial

Learn SPARQL exploring a small music-focused
dataset of artists and albums

® Inference Engine Tutorial

Learn how to use the Inference Engine with a small
music-focused dataset of artists and albums

‘© PATH Query Tutorial

Use PATH queries to find all 6 degrees of Kevin Bacon
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Learn Stardog

All Subjects v Q

TJ Insurance Risk and Underwriting Demo

A demo about insurance underwriting risk and
exposure; see if you can find 'Acme Hardware'.

% €360 Use Case Demo

A demo about customers of a retail business, their
purchases and interactions.

® Similarity Search Tutorial

Learn to use Similarity Search on a movies themed
dataset.
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To infinity and beyond!

As you may have noticed,
recent developments in the field
of Large Language Models
(LLMs) is rocketing Al
capabilities into new horizons

Stardog recently introduced
Voicebox to make what we just
did in Designer even easier to
do. And that is only the
beginning so stay tuned for
more features to come ;-)

Solutions Resources Company

Stardog Voicebox Makes Building Data
Models Dead Simple

Get the latest in your inbox

As you might have heard, Stardog is applying Large Language Models (LLMs)
to enterprise knowledge graph technology. So what does this actually mean?
Let’s check out an example. We've started by applying LLMs, in a technology we
call Stardog Voicebox, initially to Stardog Designer. Designer is our no-code,
visual environment for data engineers and analysts to connect, map, model, and
publish data, and since it’s available in Stardog Cloud it’s the logical place to
start.

v
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