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6. Advanced Knowledge Graph Applications / 6.1 The Graph in Knowledge Graphs i ®8®@

Knowledge Graph Recap —
User Generated |
® A Graph consisting of concepts, classes, properties, relationships, » g
and entity descriptions @: =
Based on formal knowledge representations (RDF(S), OWL) L ®o 9
Data can be open (e.g. DBpedia, WikiData), 8@ ‘ / 9,
private (e.g. supply chain data), or closed (e.g. product models) :ég@@ S5
Data can be original, derived, or aggregated g: 5
We distinguish )
o instance data (ground truth), 5 '
o schema data (vocabularies, ontologies) ”
o metadata (e.g. provenance, versioning, licensing)
e Taxonomies are used to categorize entities
® Links exist between internal and external data
® Including mappings to data stored in other systems and databases
® Fully compliant to FAIR Data principles

Knowledge Graphs 2020, Prof. Dr. Harald Sack & Dr. Mehwish Alam, FIZ Karlsruhe - Leibniz Institute for Information INfrastructul meuswesm e

Slide from Knowledge Graphs course by prof. Harald Sack & Mehwish Alam (openHPI, 2020).


https://open.hpi.de/courses/knowledgegraphs2020

THE GRAPHS | crophs are everywhere




WEB SEARCH

"Things not strings" paradigm, analogous to

semantic search

Approach promoted by
The Google Knowledge Graph

It uses https://schema.org/
API compliant with JSON-LD (APl introduction)

It is used to generate the rankings of the most notable entities
that match certain criteria

It is used to fill info in knowledge panel

Now, used also by other major search engines,
e.g., Microsoft Bing (Bing Entity Search API)
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Marie Skiodowska-Curie was a French-Polish
physicist and chemist famous for her pioneering
research on radioactivity. She was the first person
honored with two Nobel Prizes—in physics and
chemistry. Wi

Born: November 7, 1867, Warsaw

Died: July 4, 1934, Sancellemoz

Spouse: Pierre Curie (m. 1895-1906)

Children: Iréne Joliot-Curie, Eve Curie
Discovered: Radium, Polonium

Education: Ecole Supérieure de Physique et de
Chimie Industrielles de la Ville de Paris,
University of Paris

People also search for

Albert Plerre Curie  Emest
Einstein Rutherford Pasteur

John Dalton



http://ushttps:/schema.org/
https://developers.google.com/knowledge-graph
https://www.microsoft.com/en-us/bing/apis/bing-entity-search-api
https://blog.google/products/search/introducing-knowledge-graph-things-not/

THE OPEN GRAPH PROTOCOL

https: //ogp.me/ Now, used also by the Google, and many other (for
graphs and links preview)

Created by Facebook in 2010
Required: og:type, og:title, og:image, og:url
When you want to add likes to a social network you (unique ID for the graph!)
need clean information (page category, title,
canonical URL, image)
Parsing is difficult — it is better to create simple
schemes Try it yourself!

One simple scheme is better than many! (see below) Source of data:
https: //www.imdb.com /title /10082971 /

The whole model is based on RDF Schema.

Check the data available in the source:
The canonical machine representation is in RDFa. https: //www.opengraph.xyz /
JSON-LD and Microdata are also supportted.

<html xmins:og="http://opengraphprotacot org/schema/” MRSt O Nt ir/4Purl-0rg OC e rmS/ I AS I FOaF=" D/ NS COM/FOaF /b1 ">
<head>

<title>The Rock (1996)</title>

<meta property=" title" content="The Rock" />

<meta progerty=Yoaitype" content="movie" />

@ink rel-"caroniggl" hr’e:}"'\ttp://nww.in'db.ccm/t'.ﬂe/ttOll?S%/' Ve
m"m"@ﬁ?d content="http://ia.media-imdb.cem/images/rock.jpg" />

</head>

Ihtnl> Source: Facebook (2010), The Open Graph Protocol Design Decisions.


https://ogp.me/
https://www.imdb.com/title/tt0082971/
https://www.opengraph.xyz/
https://www.scribd.com/doc/30715288/The-Open-Graph-Protocol-Design-Decisions

SCHEMA.ORG

Founded by Google, Microsoft, Yahoo and Yandex
(in 2011)

Inspired by FOAF, OpenCyc and others

Shared vocabulary for structured data on the
Internet

Thing is the most generic type

The whole model is based on RDF Schema.

The canonical machine representation is in RDFa.
JSON-LD and Microdata are also supportted.

Try it yourself!

Movie schema: https://schema.org/Movie

Source of data (one of many movie databases):
https: //www.imdb.com /title /110082971 /

Check the data available in the source:
https: //validator.schema.org /2hl=en-GB

Search results:
https: //www.google.com/search2q=Raiders+of+the

+Lost+Ark


https://schema.org/
https://schema.org/Thing
https://schema.org/Movie
https://www.imdb.com/title/tt0082971/
https://validator.schema.org/?hl=en-GB
https://www.google.com/search?q=Raiders+of+the+Lost+Ark
https://www.google.com/search?q=Raiders+of+the+Lost+Ark

SOCIAL NETWORKS

O  Facebook:

o graph describing users, celebrities,
places, movies

O to connect people, understand their
interests and provide recommendations

O LinkedIn:
O users, jobs, skills, etc.

o for targetted advertising, advanced
search and recommendations for
jobs-people matches
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Source: LinkedIn (2016), Building The LinkedIn Knowledge Graph.


https://engineering.linkedin.com/blog/2016/10/building-the-linkedin-knowledge-graph

COMMERCE

PRODUCT KNOWLEDGE GRAPH

TAXONOMY
Grocery
Enterprise knowledge graphs are used b
P ge grap Y Snacks Drinks
companies concerned with selling or renting
Snacks Drinks
goods and services
Pretzels
Amazonl! p—.
. USER LOGS
Goals: to enable more advanced semantic search and to
improve product recommendations Prod. 2

AutoKnow: a suite of techniques for automatically augmenting CATALOGUE

product knowledge graphs with both structured data and data mm

extracted from free-form text sources (see the image)
Product 1 Snacks Cherry N Chocolate Choc Gold

Product2 Candy ? ?
SYNONYM
Product3 Candy Choc. Gold

Source: Amazon (2020), Building product graphs avtomatically.


https://www.amazon.science/blog/building-product-graphs-automatically

....................................................................................

c 0 M M E R c E soeee T 09:41 @ 93 100 %ED+ color matéerial
{ Home (2) RCE SORO ) Manage

pically roplies instantly

compartments, and straps in type of item
abundance.

@ -
=

Take everything you need with pockets, in ever
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o eBay!

o Graph with product descriptions
and shopping behaviour patterns

o Goal: to power ShopBot
— conversational agent

$79.99 - Coach Messenger /Computer
r Bag Brown Leather

shopbot.ebay.com
View item

More in Pre-Owned
@ s

= Type a message...

Source: eBay (2017), i



https://www.ebayinc.com/stories/news/cracking-the-code-on-conversational-commerce/

COMMERCE

Airbnb!
Places, events, experiences, efc.

Used to recommend atractions
available in the neighbourhood
of a particular home for rent
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Source: Spencer Chang (2018),

Experiences in your neighborhood,
Mission District

Mexican bakeries, Chinese take out spots, artisanal donut shops,
ramen restaurants, and lively bars all near Dolores Park
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https://medium.com/airbnb-engineering/scaling-knowledge-access-and-retrieval-at-airbnb-665b6ba21e95

COMMERCE

Uber!

Graph focused on food
and restaurants

Goal: offer semantic search

and recommendations for people
who do not know exactly what
they want to eat

Query Expansion (see the figure):
“Tan Tan Noodle” expands to
three queries that further retrieve
a set of relevant restaurant

subCategoryOf

Japanese

countryOfOrigin

subCategoryOf subCategoryOf

subCategoryOf

Source: Uber (2018),

Context 1 Context 2 Context 2
Queries: Spicy food Tanfan Noodle Little Sbechuan Chinese
Restaurants: s Hunan Moodle House :‘{ Szechuan 15 - Chelsea : Jian Bing Man - Flatiron /!
Related query results
Expanded queries
Szechuan 15 - Chelsea
Little Szechuan La Vie En Szechuan - Flatiron
Original query Dim sum palace
Tan Tan Chinese / Kung Fu Kitchen - 610 8th A
N n=
Noodle ix\\ax_ ung Fu Ve
Jian Bing Man - Flatiron
Spicy Food Hunan Neodle House

Chongging Xiao Mian



https://eng.uber.com/uber-eats-query-understanding/

THE TECHNOLOGY  ave cigraphs e sames




NOSQL
(NOT ONLY SQL)

SQL

Relational

Analytical (OLAP)
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https://www.ithinkupc.com/es/blog/sql-nosql-newsql-que-son-historia-y-eleccion

6. Advanced Knowledge Graph Applications / 6.1 The Graph in Knowledge Graphs i ®8®@

Knowledge Graph Recap —
User Generated |
® A Graph consisting of concepts, classes, properties, relationships, » g
and entity descriptions @: =
Based on formal knowledge representations (RDF(S), OWL) L ®o 9
Data can be open (e.g. DBpedia, WikiData), 8@ ‘ / 9,
private (e.g. supply chain data), or closed (e.g. product models) :ég@@ S5
Data can be original, derived, or aggregated g: 5
We distinguish )
o instance data (ground truth), 5 '
o schema data (vocabularies, ontologies) ”
o metadata (e.g. provenance, versioning, licensing)
e Taxonomies are used to categorize entities
® Links exist between internal and external data
® Including mappings to data stored in other systems and databases
® Fully compliant to FAIR Data principles

Knowledge Graphs 2020, Prof. Dr. Harald Sack & Dr. Mehwish Alam, FIZ Karlsruhe - Leibniz Institute for Information INfrastructul meuswesm e

Slide from Knowledge Graphs course by prof. Harald Sack & Mehwish Alam (openHPI, 2020).


https://open.hpi.de/courses/knowledgegraphs2020

DOES EVERYONE
USE THE RDF
STANDARD?




DOES EVERYONE
USE THE RDF | No!
STANDARD?



James (1992): "A knowledge graph is a kind of semantic
network... One of the essential differences between
knowledge graphs and semantic networks is the explicit
choice of only a few types of relations”

Zhang (2002): "A new method of knowledge
representation, [which] belongs to the category of
semantic networks. In principle, the composition of a

TH ERE IS knowledge graph is including concept (tokens and types)
and relationship (binary and multivariate relation)"
N O SI N G I-E Singhal (Google, 2012): "A graph that understands real-

D E F I N ITI 0 N world entities and their relationships to one another:

things, not strings”

Ehrlinger and WéB (2016): "A knowledge graph acquires
and integrates information into an ontology and applies a
reasoner to derive new knowledge"

Columbia University (2019): "An organized and curated
set of facts that provide support for models to understand
the world"

Source: Mike Bergman (2019), A Common Sense View of Knowledge Graphs.



https://www.mkbergman.com/2244/a-common-sense-view-of-knowledge-graphs/

A specific language or data model, such as RDF,
concept graphs, or OWL, is not required

No specific schema or formal logic is required

WH AT TH EY Types or type classification are not required

Neither instances, nor attributes, nor concepts, nor

A RE N OT specific relations are required, but one or two is

A specific scope, broad or narrow, is not required

Statements in the knowledge graph need not be
‘triples’, but they do need to be some form of
knowledge assertion

Source: Mike Bergman (2019), A Common Sense View of Knowledge Graphs.


https://www.mkbergman.com/2244/a-common-sense-view-of-knowledge-graphs/

M 0 D E LS How do knowledge graphs
look like?




DIRECTED EDGE-LABELLED GRAPHS

Open Market Food Truck

A

;

Base for RDF
end name type ype name

L) . . \ / . \
Nodes (entities) and edges (binary relations) start type Food Festival type
venue \fyp venue venue

To extend the knowledge graph: e\ X Ry
add new edges (qnd nodes) (I-Drinks Festival) (Soton'"nayor) (Piscina ?Iimpica)

city city city

Y

Incomplete knowledge: flight Y
. . . Santiago 2/’— bus \;{ Vifa del Mar '<bus>
simply omit a particular edge \ /

flight

Fig. 1. Directed-edge labelled graph describing events and their venues.

Source: A. Hogan et al. (2022), Knowledge Graphs, ACM Computing Surveys, 54(4), pp. 1-37.


https://doi.org/10.1145/3447772

HETEROGENEOUS GRAPHS

A.k.a. heterogeneous information networks

Nodes and edges have types (as a part of the
model itself; typically exactly one type)

A

type type type

_4-borders__
borders b : s s
capital A' Pert (Santlago 2 Clt)a—capltal->(Ch|Ie : Country) (Peru : Country)
borders=% “borders¥
(a) Del graph (b) Heterogeneous graph

Fig. 2. Data about capitals and countries in a del graph and a heterogeneous graph.

Source: A. Hogan et al. (2022), Knowledge Graphs, ACM Computing Surveys, 54(4), pp. 1-37.


https://doi.org/10.1145/3447772

PROPERTY GRAPHS

Labels and property-value pairs can be
associated with nodes and edges

Not yet standardised
(available in popular graph databases

but particular implementations may differ)

More intuitive representation, but requires more
intricate query languages, formal semantics and

inductive techniques

from to

(—33.4\5) (—;0‘66) \ (—18.18) (—"70.33)

mode company

lat long lat long
(Fiight)  (LATAM)
t
i mode company ty;)e

) ity

\4

(a) Del graph

LA380 : flight
(Santiago : Capital Cit}D company— LATAM (Arica : Port City)

[ dat= —g3.45 T ~ —— lat = —18.48

4
1
I long = —70.66 La28) s flisht | long = -70.33 ,

Smmm——- | company = ATAM Y N m - m

(b) Property graph

Source: A. Hogan et al. (2022), Knowledge Graphs, ACM Computing Surveys, 54(4), pp. 1-37.


https://doi.org/10.1145/3447772

< TopQuadrant~Property Graph vs RDF Knowledge Graph

Property Graph Knowledge Graph

IDs are internal to a graph database, user has no control IDs are global - URIs, meant to be under users control to
enable combining different graphs

over them.
Properties are literal values. They are fundamentally C.anomcal strfxcture. Every.thmg ” stor.e das nodt.es sl
: ; : links connecting them. A literal value is a node like any
different from nodes and relationships. : L .
other. Property is any link —to a resource or a literal.

Slide 14

@ Copynght 2020 TopQuadrant Inc.

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

<+ TopQuadrant~ Property Graph vs RDF Knowledge Graph

Property Graph Knowledge Graph

IDs are internal to a graph database, user has no IDs are global = URIs, meant to be under user’s control to
control over them. enable combining different graphs.

Properties are literal values. They are fundamentally Canonical structure. Everything is stored as nodes and
different from nodes and relationships. links connecting them. A literal value is a node like any

other. Property is any link - to a resource or a literal.

Schema (semantics of data) is not a part of the graph. Rich schemas, including rules are a part of the graph.

@ Copynght 2020 TopQuadrant Inc. Slide 19

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

@ Copynght 2020 To de 15

< TopQuadrant® “Schema” as part of a Knowledge Graph
), -
)

ex:directed kidata:
= )
rdftype

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

< TopQuadrant* “Schema” as part of a Knowledge Graph

wuudnta
0462 177
schoma AdministrativeArea
“The Post

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

" TopQuadrant® Property Graph vs RDF Knowledge Graph

Property Graph Knowledge Graph

IDs are internal to a graph database, user has no control  IDs are global — URIs, meant to be under user’s control to
over them. enable combining different graphs.

Properties are literal values. They are fundamentally Canonical structure. Everything is stored as nodes and links
different from nodes and relationships. connecting them. A literal value is a node like any other.

Property is any link - to a resource or a literal.

Schema (semantics of data) is not a part of the graph. Rich schemas, including rules are a part of the graph.

Each relationship (link or arch) uniquely identifies “node IDs of properties (links) are re-used. Thus, they do not

- link = node” combination. Relationships can be uniquely identify a “node - link - node” combination that

annotated with additional facts, but properties can’t be. usesit. There is a way to give these triples identity. Any
triple can be annotated with additional facts.

@ Copynght 2020 TopQuadrant Inc. Slide 22

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

* TopQuadrant-F FOPErty Graph vs RDF Knowledge Graph

Property Graph Knowledge Graph

IDs are internal to a graph database, user has no control IDs are global — URIs, meant to be under user’s control to

over them. enable combining different graphs.

Properties are literal values. They are fundamentally Canonical structure. Everything is stored as nodes and links

different from nodes and relationships. connecting them. A literal value is a node like any other.
Property is any link - to a resource or a literal.

Schema (semantics of data) is not a part of the graph. Rich schemas, including rules are a part of the graph.

Each relationship (link or arch) uniquely identifies “node - IDs of properties (links) are re-used. Thus, they do not uniquely

link — node” combination. Relationships can be annotated identify a “node — link - node” combination that usesit. There is

with additional facts, but properties can’t be. a way to give these triples identity. Any triple can be annotated

with additional facts.

Changes in the graph design require restructure/re-load of Graphs can evolve and changes in the design can often be
the data and changes to all impacted queries. done with minimal impact on existing data and queries.

Product-specific query languages, variants of Cypher, Query standard — SPARQL. Increasingly, GraphQL support. In
increasingly, GraphQL support, introspection not integrated EDG: introspection and auto-generation of GraphQL Schemas.

@ Copynght 2020 TopQuadrant Inc. Side 30

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

@ Copynght 2020 TopQuadrant Inc. Siide 23

TopQuadrant= P rOPerty Graphs:
How to add information to a “property” value

“Name” White Plalnq ‘ label: Location
“Population” 58811 J label: City
“Name” White Plains : :
Popuaon 4 — e
(58811, 56853) :

Can we say what year is the population for?

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

@ Copynght 2020 TopQuadrant Inc. Slide 24

4 TopQuadrant™ Property Graphs:
How to add information to a “property” value

Can’t be done. Must turn a “property” into a relationship

“Name” White Plains
4__

label: Location
label: City

/ -
> e

type: POPULATION SIZE

type: POPULATION SIZ

N

// M
l/ — ) .
( ' ; -
-V “Size” 56853 .
sl iy ¢ e g 20! Population “Year” 2010 <_®_>
“Year” 2018 J

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

* TopQuadrant-F TOPErty Graph vs RDF Knowledge Graph

Property Graph Knowledge Graph

IDs are internal to a graph database, user has no control IDs are global — URIs, meant to be under user’s control to
over them. enable combining different graphs.

Properties are literal values. They are fundamentally Canonical structure. Everything is stored as nodes and links
different from nodes and relationships. connecting them. A literal value is a node like any other.

Property is any link - to a resource or a literal.

Schema (semantics of data) is not a part of the graph. Rich schemas, including rules are a part of the graph.

Each relationship (link or arch) uniquely identifies “node — IDs of properties (links) are re-used. Thus, they do not uniquely

link — node” combination. Relationships can be annotated identify a “node — link - node” combination that uses it. There is
with additional facts, but properties can’t be. a way to give these triples identity. Any triple can be annotated

with additional facts.

Changes in the graph design require restructure/re-load of  Graphs can evolve organically. Changes in the design can often

the data and changes to all impacted queries. be accomplished with minimal impact on existing data and
queries.
Product-specific query languages, variants of Cypher, Query standard — SPARQL. Increasingly, GraphQL support. In

increasingly, GraphQL support, introspection not integrated EDG: introspection and auto-generation of GraphQL Schemas.

Standard serializations supported by all products -
No standard serialization for export. RDF/XML, Turtle, N3 and JSON-LD formats.

Slide from Knowledge Graphs vs. Property Graphs talk by Irene Polikoff from TopQuadrant (2020).


https://www.slideshare.net/Dataversity/slides-knowledge-graphs-vs-property-graphs

RDF 1.2 (A.K.A. RDF*)

() — a0 (a5
A . _.

valid from  value valid from  singleton

subject predicate object P Y » X
. G%j from—-{(1956) ..1956 ..Arica ..1956 (flight)
Properties on edges for RDF
(a) RDF Reification (b) n-ary Relations (c) Singleton properties

Reduces the mismatch between Linked Data
(based on RDF) and Property Graphs

Fig. 9. Three representations of temporal context on an edge in a directed-edge labelled graph.

Useful, e.g., for representing temporal context

(Smiago: gt i) s - (956)

(a) Named graph (b) Property graph (c) RDF*

[f'ight*]
y 2o =~

'elLvalid from+{ 1956 ; valid from = 1956
Lay

1
________ -

(when the particular property was true)

Still under deVelOPmen'f b)’ the communif)’; Fig. 10. Three higher-arity representations of temporal context on an edge.
for more details see the dedicated page (RDF*)
and current working drafts of the RDF 1.2 spec

' ' == L am=
G: (ED16 EID17 EID18 Q: (Santiago |-flight#~ ?aty/‘q—cny—l\?eventl‘
- 2 £

city city city
{[123, 130]} {[276, 279]} {[150, 152]} 2city context

o Y Q(G):
- flight : flight ;
Arica <, 125].%200‘365” Santiago e 120],%220. 365} Punta Arenas Arica  {[123, 125], [276, 279]}

Fig. 11. Example query on a temporally annotated graph.

Source: A. Hogan et al. (2022), Knowledge Graphs, ACM Computing Surveys, 54(4), pp. 1-37.


https://w3c.github.io/rdf-star/
https://w3c.github.io/rdf-primer/spec/
https://doi.org/10.1145/3447772

QUERY LANGUAGES | roomcoes v




Give me control of a database query language,
and | care not who makes its engine

-- George Anadiotis

Source: G. Anadiotis (2018), Back to



https://www.zdnet.com/article/back-to-the-future-does-graph-database-success-hang-on-query-language/

EVOLUTION OF GRAPH QUERY LANGUAGES

(s00) () (o)

GUL

(2018), An Introduction to Graph Data Management in: Graph Data Management, pp. 1-32, Springer.

nd C. Gutierrez

e: R. Angles a

Sourc


https://doi.org/10.1007/978-3-319-96193-4_1

GRAPH QUERY LANGUAGES

Directed Edge-Labelled Graphs Property Graphs

SPARQL (for RDF) Gremlin (for Apache TinkerPop)

Cypher (by Neo4j) — openCypher (since 201 5)

GQL (Graph Query Language) -- ISO standard
published in 2024!

Universal?

GraphQL (for APIs, instead of REST)


https://graphql.org/
https://tinkerpop.apache.org/
https://opencypher.org/
https://www.gqlstandards.org/
https://www.gqlstandards.org/

GREMLIN

For Apache TinkerPop (Graph Computing

Framework)

Groovy/Java-based; native support also for
other languages: C#, JS, Python, ...

Graph traversal language

Sequence of steps on the data stream:
(a) map-step (objects — stream transformation)
(b) filter-step (remove objects from the stream)

(c) sideEffect-step (compute statistics)

// What are the names of Gremlin's friends' friends?

g.V().has("name","gremlin"). //get the vertex with name "gremlin"
out("knows").
out("knows").

values("name"

//traverse to the people that Gremlin knows
//traverse to the people those people know
//get those people's names

In SPARQL?

// What are the names of the projects created by two friends?
g.V().match(
as("a").out("knows").as("b"), //there exists some "a" who knows "b"
as("a").out("created").as("c"), //there exists some "a" who created "c"
as("b").out("created").as("c"), //there exists some "b" who created "c"
as("c").in("created").count().is(2) //the "c" was created by 2 people

).select("c").by("name") //get the name of all matching "c" projects

In SPARQL?


https://tinkerpop.apache.org/

CYPHER

Developed for Neo4j, but now driven by
the community (openCypher)

Remote execution by Cypher REST API

Docs: https://neo4j.com/developer /cypher/

Syntax based on ASCII art

//node

(variable:Label {propertyKey: 'propertyValue'})
//relationship

-[variable:RELATIONSHIP_TYPE]->

//Cypher pattern
(nodel:LabelA)-[rell:RELATIONSHIP_TYPE]->
(node2:LabelB)

Keywords:

MATCH search pattern (WHERE in SPARQL)
WHERE additional constraints (FILTER in SPARQL)
RETURN something (SELECT in SPARQL)

Relationship
|

MATCH (:Person { name:"Dan"}) -[:LOVES]-> ( whom ) RETURN

1 | |
LABEL PROPERTY VARIABLE

In SPARQL?


https://neo4j.com/developer/cypher/

GQL (GRAPH QUERY

L ANGUAGE)

One language to rule them all
(i.e., an ISO standard similar to

SQL for relational databases)

Work started in 2019. Standard
published in 04.2024

Cypher as a starting point!

For more details, see:
https: //www.gqlstandards.org/

- Create, Read, Update, Delete (CRUD) =~ '

- Create, Read, Update, Delete

Academia __a— - Complex path expressions
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Source: ELWG (2019), Existing Languages.

lamed graphs
Complex path expressions



https://www.gqlstandards.org/
https://www.gqlstandards.org/existing-languages

GRAPHQL

https: //graphql.org/

It is not a database language!
It is a communication pattern for APIs (as
an alternative to REST)

Single endpoint for all requests (instead of
multiple endpoints in REST)

It is agnostic to the data source: it may
be knowledge graph, relational database, ...

Support for (almost?) all programming languages

If you want to know more, there is an interesting

tutorial on programmableweb.com

If you want to play with the Countries, see the

repo and the playground

// Define the schema of an API (full schema available here)
type Country {

code: ID! //required field indicated by !
name: String! //built-in type
continent: Continent! //type defined elsewhere in the schema

capital: String

currency: String

languages: [Language!]! //one-to-many relationship
states: [State!]!

}
// Query for Poland-related values // Response
{ {
//type country; "data": {
//instance(s) with specified code "country": {
country(code: "PL") { "name": "Poland",
name "native": "Polska",
native "capital”: "Warsaw",
capital "currency": "PLN",
currency "languages": [
languages { //as Language is {
code //a type, you have to "code": "pl",
name //select the fields "name": "Polish"
} }
} ]
} }


https://graphql.org/
https://www.programmableweb.com/api-university/guide-to-graphql-understanding-building-and-using-graphql-apis
https://www.programmableweb.com/api-university/guide-to-graphql-understanding-building-and-using-graphql-apis
https://github.com/trevorblades/countries
https://github.com/trevorblades/countries
https://countries.trevorblades.com/
https://github.com/trevorblades/countries/blob/main/schema.graphqls

HANDS-ON SESSION




CYPHER

Try it yourself with The Movie Graph!

https: //console.neo4j.io/ (1 small graph for free)

https: //sandbox.nec4j.com/ (3-10 days projects)

To start the demo (create the graph and get the

tutorial with sample queries):

:play movie-graph

Select any 5 nodes

Select any 5 relations

Select subject, predicate and object for 5 triples
Find one Person

Find Person named 'Tom Hanks'

Find movies in which Tom Hanks acted

Find co-actors of Tom Hanks

Find the path between the Tom Hanks and Meg Ryan

Find title and release date of movies in which Tom Hanks acted
(see Q6)

Sort the movies (from Q9?) by release date (descending order)
Select only movies released in the 1990s (from Q10)

Count these movies (from Q11)!


https://console.neo4j.io/
https://sandbox.neo4j.com/

THANK YOU FOR
YOUR ATTENTION!

GEIST Research Group: hitps: //geist.re /

Krzysztof Kutt: https: / /krzysztof.kutt.pl/

This work is licensed under a Creative Commons

Attribution-ShareAlike 4.0 International License.

KEEP
CALM
ASK
QUESTIONS!

keep-calm.net


https://geist.re/
https://krzysztof.kutt.pl/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
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