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The world of Semantics and RDF

• Tim Berners-Lee in 1994: only humans can read 

the context on the web, computers can’t. We 

need a meta data language that gives meaning 

to objects on the web. 

• Invented RDF to add Semantics to objects.



RDF at the core is simple

[1] Use IRIs as a universal identifier mechanism 

[2] Describe any type  of (meta) data as triples 

<subject> <predicate> <object>

subjects* and predicates are always IRIs

objects can be IRIs or any XSD datatype

[3] Add meaning to data by a self-describing logic called OWL

* ok, ok, subjects can also be blank nodes



NTRIPLES format for computers

• There is a person born in 1958 with first name “Jans” and last name “Aasman” who lives in 

a place with the name “Moraga”  (pop 16000) that is part of state “California (pop 34 M)



TURTLE for humans



Make it slightly more interesting

Jans has two places, is married to 
Sophia. Jans pays taxes to California 

and USA and they have a son in 
Stockton, New Jersey







Visual SPARQL: find two people that lives in two places in 
California where one person also pays taxes in California 



Generated SPARQL



And a tiny ontology in OWL



Is Jans a Mammal

• And now we can reason too



Does Jans have Children?



Semantic Technology Standards



Where is RDF Used

• Nearly every Fortune 500 company is building SKOS 

taxonomies

• In Linked Open Data for public data and enterprise data

• Nearly every Fortune 500 company is building Knowledge 

Graphs



RDF for taxonomies and ontologies

• All Fortune 500 companies are now building taxonomies, 

almost all of them RDF based
• To improve search over documents

• To improve NLP processes

• To harmonize documents, databases, and processes

• To build knowledge graphs

• Most taxonomies and  ontologies are meant to be cross-

enterprise and therefore mostly open source

• Two examples:



RDF based open source taxonomies and ontologies:
Healthcare and Life Sciences are furthest ahead



20 banks worked together to get a 
Financial Industry Business Ontology



Linked Open Data (public)

• (semi) public (meta) data available in various RDF formats or 

even fully formed Knowledge Graphs



Linked Open Data (enterprise)

• Create enterprise digital asset catalogs to get a handle on 

your data lakes



It started in the Semantic Web Community



Linked Open 
Knowledge

2022



Federated queries over Linked Data

• What is the median income of the area where Barack Obama was born?
• DPBedia to find Birthplace -> GeonamesID

• GeoNames database to find other GeonamesIDs within 10 miles

• Census to find median income for GeonamesIDs



Using service calls in SPARQL



Knowledge Graphs on the rise

• Line one



All the big ones in the US heavily investing in it

• Good luck trying to find a definition on the web that is not ideology or 

vendor based or very application specific



Data Silos        Trapped Knowledge

• Enterprises lack a single source of truth on their customers and their data
• Data scientists are expensive and waste 90% of their time on prep
• Current solutions (ETL, Data Lakes, MDM, Neo4J) exacerbate the Silo problem
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• Knowledge Graphs: 
• Silo removal
• KGs make Artificial Intelligence truly Intelligent
• Basis for Enterprise Data Fabrics

• LinkedIn, ebay, Uber, Airbnb, Apple, Google, etc. are 
building Knowledge Graphs



Graph Market will grow from $1.9 billion in 
2021 to $5.1 billion by 2026, CAGR of 22.5%

• https://www.marketsandmarkets.com/PressReleases/graph-database.asp
• Gartner-Top Strategic Technology Trends for 2022:Data FabricCONFIDENTIAL – Do not copy or redistribute

Gartner Client inquiry interest in data fabric 
in 2021 is approx. 900% of that in 2019

https://www.marketsandmarkets.com/PressReleases/graph-database.asp


Graph > Knowledge Graph > Data Fabric

CONFIDENTIAL – Do not copy or redistribute https://siliconangle.com/2022/01/09/analyst-predictions-2022-future-data-management/



Knowledge 
Graphs are 
the Key to 
Data Fabrics

•KGs can bridge all data and metadata "Silos" for seamless data integration and management

Connectible: 

•Express any data and metadata: this is important as new data sources get added to the fabric and 
new metadata is collected

Flexible:

•Offer the most complete, open and flexible APIs

Integratable:

•Capture semantically rich models to assist with the understanding of data and metadata

Expressive:

•Make it easy to incrementally evolve a data fabric

Composable:

•Based on Standards

Future Proof:

•Integrate rules-based reasoning and machine learning: KGs provide the semantics layer that adds 
additional context and meaning enabling better and more informed analytics and AI/MLI

Intelligent:

CONFIDENTIAL – Do not copy or redistribute



An example open source knowledge graph for 
Long Covid Research

UMLS

350 K
Clinical 
Trials

Pubmed
Covid 
related

Electronic
Medical

Records**
VAERS*

*   Adverse vaccine reactions 
** Synthea



Used by Long Covid Researchers



Medical Records



Medical Records
UMLS



Medical Records
UMLS

Clinical Trials



Medical Records
UMLS

Clinical Trials

CORS19



Medical Records
UMLS

Clinical Trials

VAERS

CORS19



Now onto JSON-LD

• Knowledge Graphs are getting popular very fast but 

developers a little bit scared to learn the W3C Semantic 

Stack. 



How do you make it easy as MongoDB to

• Add data to a knowledge graph

• Retrieve data from a knowledge graph

• Validate your data



Solution: JSON-LD

• JSON-LD will help you add, retrieve, validate, and delete 

objects to a Knowledge Graph as easy as MongoDB



First about JSON: it somehow won

• Messaging: 

• the lingua franca for messaging and data exchange

• Configuration: 

• JSON is replacing XML for configuration of nearly 

anything

• Document and key/value store: 

• JSON is the main data format stored in Document Stores 

(Couchbase, Mongo, etc…)



JSON – the good

• Simple standard: 
• Json.org spec is 5 pages, XML spec on W3C = 60 pages J

• only a few datatypes and with arrays!

• you can make your own complex data types if you want

• Easy to read and parse by humans and machines

• Easy to store in document stores

• Easy to program: support in every programming language



When JSON runs into trouble

• In a hospital setting you might have > 1000 JSON types that 

stream between various sources and knowledge graphs 

• All objects need to be persisted in a data lake but I don’t 

want to create silos of document stores

• If I look at any random JSON object I have to find from the 

code to see what it means

• There are graphs in the data but how do I point from one 

object to the other in a standardized way?



We need our JSON to have Semantics

• Every JSON object needs an Identity that other objects can 

point to

• Every JSON object needs a Type

• Every Type has an ontology (schema) that describes
• The attributes and datatypes

• Links to other types of objects

• Version information, links to processes and apps that use it

• And a standard Validation Language



JSON-LD = 100 % JSON +

• Add basic schema support to JSON: (but SHACL more complete)

• Add semantics to JSON objects: what does this attribute mean

• Designed to link JSON objects together

• Enables joins and graph search in document stores



Learn from JSON-LD.ORG



It is everywhere: let’s look at this product



Search for @context in the source 



JSON alone would lead to confusion, JSON-LD and 
SCHEMA.ORG to the rescue

NO Meaning

WITH Meaning



Massive e-commerce ontology – schema.org



Demo JSON-LD in Python

• Based on crunch base data from early 2000 till 2014
• Core objects: Investments, acquisitions, investors, companies

• For developers: how can you implement basic CRUD with AllegroGraph 

JSONLD

• You can add and retrieve Python dictionaries directly

• Like many other document databases

• Objects are indexed with triples but can also be stored as blobs

• You can retrieve parts of objects in a SPARQL queries

• And you can retrieve as dictionaries.



Conclusion: JSON-LD and SHACL 
for Knowledge Graphs

• Make life easier for User Experience and Application 

Developers that need to work with Knowledge Graphs.

• JSON-LD hides complexity of semantics and graphs

• SHACL easy way to validate new data.



Thank you


