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THE GRAPHS Graphs are everywhere



WEB SEARCH

o "Things not strings" paradigm, analogous to 

semantic search

o Approach promoted by

The Google Knowledge Graph

o It uses https://schema.org/

o API compliant with JSON-LD (API introduction)

o It is used to generate the rankings of the most notable entities 

that match certain criteria

o It is used to fill info in knowledge panel

o Now, used also by other major search engines, 

e.g., Microsoft Bing (Bing Entity Search API)

Source: Google (2012), Introducing the Knowledge Graph: things, not strings.

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

o https://ogp.me/

o Created by Facebook in 2010

o When you want to add likes to a social network you 
need clean information (page category, title, 
canonical URL, image)
Parsing is difficult – it is better to create simple 
schemes

o One simple scheme is better than many! (see below)

o The whole model is based on RDF Schema.

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

o Now, used also by the Google, and many other (for 
graphs and links preview)

o Required: og:type, og:title, og:image, og:url 
(unique ID for the graph!)

Try it yourself!

o Source of data:

https://www.imdb.com/title/tt0082971/

o Check the data available in the source:
https://www.opengraph.xyz/

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

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

o Inspired by FOAF, OpenCyc and others

o Shared vocabulary for structured data on the 
Internet

o Thing is the most generic type

o The whole model is based on RDF Schema.

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

Try it yourself!

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

o Source of data (one of many movie databases):
https://www.imdb.com/title/tt0082971/

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

o Search results:

https://www.google.com/search?q=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

Source: LinkedIn (2016), Building The LinkedIn Knowledge Graph.

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


COMMERCE

o Enterprise knowledge graphs are used by 

companies concerned with selling or renting 

goods and services

o Amazon!

o Goals: to enable more advanced semantic search and to 
improve product recommendations

o AutoKnow: a suite of techniques for automatically augmenting 

product knowledge graphs with both structured data and data 
extracted from free-form text sources (see the image)

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

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


COMMERCE

o eBay!

o Graph with product descriptions
and shopping behaviour patterns

o Goal: to power ShopBot 
– conversational agent

Source: eBay (2017), Cracking the Code on Conversational Commerce.

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


COMMERCE

o Airbnb!

o Places, events, experiences, etc.

o Used to recommend atractions

available in the neighbourhood
of a particular home for rent

Source: Spencer Chang (2018), Scaling Knowledge Access and Retrieval at Airbnb.

https://medium.com/airbnb-engineering/scaling-knowledge-access-and-retrieval-at-airbnb-665b6ba21e95


COMMERCE

o Uber!

o Graph focused on food
and restaurants

o Goal: offer semantic search
and recommendations for people
who do not know exactly what

they want to eat

o Query Expansion (see the figure):
“Tan Tan Noodle” expands to
three queries that further retrieve

a set of relevant restaurant

Source: Uber (2018), Food Discovery with Uber Eats: Building a Query Understanding Engine.

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


THE TECHNOLOGY Are all graphs the same?



NOSQL
(NOT ONLY SQL)

Image from SQL, NoSQL, NewSQL. Qué son, historia y elección.

https://www.ithinkupc.com/es/blog/sql-nosql-newsql-que-son-historia-y-eleccion
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DOES EVERYONE 
USE THE RDF 
STANDARD?



DOES EVERYONE 
USE THE RDF 
STANDARD?

No!



THERE IS
NO SINGLE 

DEFINITION

o 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"

o Zhang (2002): "A new method of knowledge 
representation, [which] belongs to the category of 

semantic networks. In principle, the composition of a 

knowledge graph is including concept (tokens and types) 
and relationship (binary and multivariate relation)"

o Singhal (Google, 2012): "A graph that understands real-
world entities and their relationships to one another: 

things, not strings"

o Ehrlinger and Wöß (2016): "A knowledge graph acquires 

and integrates information into an ontology and applies a 

reasoner to derive new knowledge"

o 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/


WHAT THEY
ARE NOT

o A specific language or data model, such as RDF, 

concept graphs, or OWL, is not required

o No specific schema or formal logic is required

o Types or type classification are not required

o Neither instances, nor attributes, nor concepts, nor 

specific relations are required, but one or two is

o A specific scope, broad or narrow, is not required

o 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/


MODELS How do knowledge graphs 

look like?



DIRECTED EDGE-LABELLED GRAPHS

o Base for RDF

o Nodes (entities) and edges (binary relations)

o To extend the knowledge graph:

add new edges (and nodes)

o Incomplete knowledge:

simply omit a particular edge

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

https://doi.org/10.1145/3447772


HETEROGENEOUS GRAPHS

o A.k.a. heterogeneous information networks

o Nodes and edges have types (as a part of the 

model itself; typically exactly one type)

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

https://doi.org/10.1145/3447772


PROPERTY GRAPHS

o Labels and property-value pairs can be 

associated with nodes and edges

o Not yet standardised

(available in popular graph databases

but particular implementations may differ)

o More intuitive representation, but requires more 

intricate query languages, formal semantics and 

inductive techniques

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

https://doi.org/10.1145/3447772
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RDF 1.2 (A.K.A. RDF*)

o Properties on edges for RDF

o Reduces the mismatch between Linked Data 

(based on RDF) and Property Graphs

o Useful, e.g., for representing temporal context 

(when the particular property was true)

o Still under development by the community;

for more details see the dedicated page (RDF*) 

and current working drafts of the RDF 1.2 spec

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 Knowledge is there 

to be extracted



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

-- George Anadiotis

Source: G. Anadiotis (2018), Back to the future: Does graph database success hang on query language?.

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


EVOLUTION OF GRAPH QUERY LANGUAGES

Source: R. Angles and C. Gutierrez (2018), An Introduction to Graph Data Management in: Graph Data Management, pp. 1-32, Springer.

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


GRAPH QUERY LANGUAGES

Directed Edge-Labelled Graphs

o SPARQL (for RDF)

Property Graphs

Universal?

o GraphQL (for APIs, instead of REST)

o Gremlin (for Apache TinkerPop)

o Cypher (by Neo4j) → openCypher (since 2015)

o GQL (Graph Query Language) -- ISO standard 

published in 2024!

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


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

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

 out("knows").   //traverse to the people that Gremlin knows

 out("knows").   //traverse to the people those people know

 values("name")   //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?

o For Apache TinkerPop (Graph Computing 

Framework)

o Groovy/Java-based; native support also for 

other languages: C#, JS, Python, …

o Graph traversal language

o 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)

https://tinkerpop.apache.org/


CYPHER

o Developed for Neo4j, but now driven by 

the community (openCypher)

o Remote execution by Cypher REST API

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

o Syntax based on ASCII art
//node

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

-[variable:RELATIONSHIP_TYPE]->

//Cypher pattern
(node1:LabelA)-[rel1:RELATIONSHIP_TYPE]->

(node2:LabelB)

o Keywords:
MATCH search pattern     (WHERE  in SPARQL)

WHERE additional constraints (FILTER in SPARQL)

RETURN something       (SELECT in SPARQL)

In SPARQL?

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


GQL (GRAPH QUERY 
LANGUAGE)

o One language to rule them all 

(i.e., an ISO standard similar to 

SQL for relational databases)

o Work started in 2019. Standard 

published in 04.2024

o Cypher as a starting point!

o For more details, see:

https://www.gqlstandards.org/

Source: ELWG (2019), Existing Languages.

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


GRAPHQL

// Query for Poland-related values

{

 //type country;

 //instance(s) with specified code

 country(code: "PL") {

 name

 native

 capital

 currency

 languages { //as Language is

   code    //a type, you have to

 name    //select the fields

 }

 }

}

o https://graphql.org/

o It is not a database language!

It is a communication pattern for APIs (as 

an alternative to REST)

o Single endpoint for all requests (instead of 

multiple endpoints in REST)

o It is agnostic to the data source: it may 

be knowledge graph, relational database, …

o Support for (almost?) all programming languages

o If you want to know more, there is an interesting 

tutorial on programmableweb.com

o 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!]!

}

// Response

{

 "data": {

 "country": {

 "name": "Poland",

 "native": "Polska",

 "capital": "Warsaw",

 "currency": "PLN",

 "languages": [

 {

 "code": "pl",

 "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 Try it yourself to find out 

if you love or hate it!



CYPHER

Try it yourself with The Movie Graph!

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

o https://sandbox.neo4j.com/ (3-10 days projects)

To start the demo (create the graph and get the 

tutorial with sample queries):

:play movie-graph

1. Select any 5 nodes

2. Select any 5 relations

3. Select subject, predicate and object for 5 triples

4. Find one Person

5. Find Person named 'Tom Hanks'

6. Find movies in which Tom Hanks acted

7. Find co-actors of Tom Hanks

8. Find the path between the Tom Hanks and Meg Ryan

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

10. Sort the movies (from Q9) by release date (descending order)

11. Select only movies released in the 1990s (from Q10)

12. Count these movies (from Q11)!

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


THANK YOU FOR 
YOUR ATTENTION!

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

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

This work is licensed under a Creative Commons 

Attribution-ShareAlike 4.0 International License.

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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