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FHIR is defined using FHIR

http://www.hl7.org/FHIR/structuredefinition.html 
www.hl7.org/FHIR/StructureDefinition/patient/ 
http://hl7.org/fhir/StructureDefinition/structuredefinition/

http://www.hl7.org/FHIR/structuredefinition.html
http://www.hl7.org/FHIR/StructureDefinition/patient/
http://hl7.org/fhir/StructureDefinition/structuredefinition/
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Turtles all the way down….

http://prosperouswaydown.com/wp-content/uploads/2013/11/Fig2.jpg

http://prosperouswaydown.com/wp-content/uploads/2013/11/Fig2.jpg
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… but not all turtles are created equal

http://www.pxleyes.com/images/users/a/anatole/298/fullsize/4a51dc3b8760b.jpg

http://www.pxleyes.com/images/users/a/anatole/298/fullsize/4a51dc3b8760b.jpg
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FHIR “turtles” - five six different languages

• StructureDefinition & friends — core model 
• Extension — tag/value 
• Constraint — FhirPath 
• “Slicing” —  
• Value Sets 
• Terminology Property Language



6

Some things that FHIR isn’t

• A solution to healthcare interoperability 
• A standard (yet) 
• Resource Oriented Architecture (ROA) 
• A tool for representing / standardizing clinical 
semantics (CIMI in particular)
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FHIR is not a standard (yet)



FHIR Normative Ballot
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FHIR is not Resource-Oriented Architecture
That's the Resource-Oriented Architecture. It's just four 
concepts:
 1. Resources
 1. Their names (URIs)
 1. Their representa7ons
 1. The links between them 

and four proper:es:
 1. Addressability
 2. Statelessness
 3. Connectedness
 4. A uniform interface

http://my.safaribooksonline.com/9780596529260/restclients

“A web service is connected to the extent that 
you can put the service in different states just 
by following links and filling out forms”

http://my.safaribooksonline.com/9780596529260/restclients


FHIR is not the solution to 
clinical semantics

FHIR is focused in implementors.   
• Communities can use FHIR to develop specifications 

for how clinical information is represented.   
• FHIR does not provide tooling for representing the 

meaning of said information 
• FHIR’s target audience is NOT clinicians (!)



Part 2

The Resource Description 
Framework (RDF) 

•Triples, URI’s and BNodes 

•RDF Catalogs



Resource Description Framework (RDF)
• “Standard model for data 

interchange on the Web.” 
• “Facilitates data merging 

even if the underlying 
schemas differ.” 

• URI based linking structure 
in the form of a directed, 
labeled graph.

https://www.w3.org/2001/sw/wiki/RDF



RDF – Informal Graph Model

https://www.w3.org/TR/rdf11-primer/



RDF Components
URI (IRI) 
• <Bob>: http://corporation.org/employee#BobGleeson 

• <is a>: http://www.w3.org/1999/02/22-rdf-syntax-ns#type 

• <is born on>: http://schema.org/birthDate 

• <Person>: http://xmlns.com/foaf/1.0/Person 

Literal 
• String - “Bob” 

• String + Language -  “avalanche”@en 

• Typed String - “1990-07-14”^^xsd:date  

              “42”^^xsd:integer

http://corporation.org/employee%23BobGleeson
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://schema.org/birthDate
http://xmlns.com/foaf/1.0/Person


RDF Triples
Subject  Predicate Object 
• Subject: URI or Blank Node 

• Predicate: URI 

• Object: URI or Literal or Blank Node 
Subject (URI):  
http://corporation.org/employee#BobGleeson  

Predicate (URI): 
http://www.w3.org/1999/02/22-rdf-syntax-ns#type  

Object (URI): 
http://xmlns.com/foaf/1.0/Person

http://corporation.org/employee%23BobGleeson
http://corporation.org/employee%23BobGleeson
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://xmlns.com/foaf/1.0/Person
http://xmlns.com/foaf/1.0/Person
http://xmlns.com/foaf/1.0/Person


RDF Triples
Subject  Predicate Object 
Subject (URI):  
http://corporation.org/employee#BobGleeson  

Predicate (URI): 
http://schema.org/birthDate 

Object (Literal): 
“1990-07-04”^^<http://www.w3.org/2001/
XMLSchema#date>

http://corporation.org/employee%23BobGleeson
http://corporation.org/employee%23BobGleeson
http://schema.org/birthDate


RDF Triples – Blank Nodes (BNodes)
• Blank – unnamed  
• NOT a URI 

• “The last house on the hill” 
• “The person who hit me” 
• “An item in the background 

of the painting, ‘The Mona 
Lisa’”



RDF Triples – Blank Nodes (BNodes)
Subject (URI):  
http://dbpedia.org/resource/Mona_Lisa 
Predicate (URI): 
http://purl.org/net/lio#shows 
Object (BNode): 
_:abc17 

Subject (BNode):  
_:abc17 
Predicate (URI): 
http://www.w3.org/1999/02/22-rdf-syntax-ns#type 
Object (URI): 
http://dbpedia.org/resource/Cypress

http://dbpedia.org/resource/Mona_Lisa
http://purl.org/net/lio%23shows
http://purl.org/net/lio%23shows
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://dbpedia.org/resource/Cypress


RDF Turtle Notation
• Terse RDF Triple Language” 

• One of several possible 
formats for representing RDF 

• Others include: 
• RDF XML 
• RDF Ntriples 
• JSON-LD 
• …

NTriples

RDF XML

JSON-LD



RDF Turtle Notation
subject predicate object . 

subject predicate1 object1 ; 

              predicate1 object2 ; 

  … 

              predicateN objectN . 

subject predicate object1 , 

                                 object2 , 

                                     … 

                                 objectN .

subject predicate object . 

subject predicate1 object1 . 
subject predicate2 object2 . 
  … 
subject predicateN objectN . 

subject predicate object1 . 
subject predicate object2 . 
  … 
subject predicate objectN .

EquivalentNotation



RDF Turtle Notation - Prefixes
@prefix ex: <http://example.org/some/really/long/path#> . 

@prefix fhir: <http://hl7.org/fhir/> . 

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> . 

@prefix : <http://example.org/some/really/long/path#> . 

ex:Jim rdf:type fhir:Patient . 

:Jim      a         fhir:Patient .
<http://example.org/some/really/long/path#Jim> 
<http://www.w3.org/1999/02/22-rdf-syntax-ns#type> 
<http://hl7.org/fhir/Patient> .

http://example.org/some/really/long/path
http://hl7.org/fhir/
http://www.w3.org/1999/02/22-rdf-syntax-ns
http://example.org/some/really/long/path
http://example.org/some/really/long/path%23Jim
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://www.w3.org/1999/02/22-rdf-syntax-ns%23type
http://hl7.org/fhir/Patient


RDF Turtle Notation – Blank Nodes
subject predicate1 [ 
    predicate2 object2 ; 
    predicate3 object 3 
] . 
subject predicate4 [ 
    predicate5 “abc” ] .

subject predicate1 _:a1 . 
_:a1 predicate2 object2 ; 
         predicate3 object3 . 

Subject prediate4 _:b1 . 
_:b1 predicate5 “abc” .



RDF – The Good News
Minimal Structure 
• No rules 

• Anyone can say anything anywhere (AAA) 

2 ½ Data Types 
• IRI 

• Literal   
• More like a “data type” – second language embedded 

within 
• “text”^^<URI for type>. 
• “text”@<language> . 

• Blank Node 
• NO Identity (!)



RDF – The Bad News
Minimal Structure 
• No rules 

• Anyone can say Anything Anywhere 

URI’s 
• Anyone can create them 

• RDF is strictly a syntax until agreement can 
be reached on the use and meaning of 
IRI’s



Outline 
(continued)

The Resource Description 
Framework (RDF) 

•Triples, URI’s and BNodes


•RDF Catalogs



(some) RDF Catalogs
• Resource Description Format – rdf:type, rdf:Resource 
• RDF Schema – rdfs:domain, rdfs:range, rdfs:subClassOf 
• Web Object Language (OWL) – 
• owl:Restriction, owl:someValueFrom 
• Dublin Core (dc, dcterms) 
• Simple Knowledge Organization System (skos) 
• Friend of a Friend (foaf) 
• dbPedia 
• … 
• schema.org

http://schema.org


How do it know?



What you see…



What the search engine 
sees



schema.org 
RDF Catalog

http://schema.org


How do it know?



What you see



What the search engine 
sees



Healthcare and schema.org

http://schema.org
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FHIR, RDF and the Semantic Web 

•The FHIR RDF Specification 

•Why RDF and FHIR



FHIR and RDF
• First released in STU3 
• Maturity Level: 2 
• Ballot status: Trial Use 
• Components 

• FHIR ! RDF  RDF!FHIR 
• StructureDefinition ! Shape 

Expressions (ShEx) 
• StructureDefinition ! FHIR 

Resource Catalog



RDF in FHIR

R4 Examples Available in RDF 
Turtle



Comparison JSON and RDF

RDFJSON



FHIR Data Types

Requirement:  RDF Rendering must be fully “round-
trippable”: 

              FHIR SD —> FHIR RDF —> FHIR SD 

Which is why: 

instead of:



Preserving Extensibility

Boolean, like all FHIR elements, is 
extensible.  Processing for: 

and: 

should be the same.



RDF “Round Trippability”

JSON Identify Document Root

Preserve List Order



RDF Rendering Extensions – Concept URIs

<http://snomed.info/id/394914008> JSON
RDF

http://snomed.info/id/394914008
http://snomed.info/id/394914008


RDF Rendering Extensions – Resource Types

Construct the actual URIResource Type



Ontology Header

Requirement:  import FHIR URI Catalog 
• No ‘import in RDF’ – have to use OWL 
• owl:imports requires owl:Ontology 
• ‘f201.ttl’ vs. ‘f201’ – reasoners don’t 

cope well with something that is both 
a fhir:DiagnosticReport and an 
owl:Ontology (ontology describes 
report, not IS the report)

Stay tuned: 
• Looking at http://hl7.org/

fhir/DiagnosticReport/owl/
f201 as an alternative

http://hl7.org/fhir/DiagnosticReport/owl/f201
http://hl7.org/fhir/DiagnosticReport/owl/f201
http://hl7.org/fhir/DiagnosticReport/owl/f201


Accessing FHIR RDF
• Mime Types 

• ‘text/turtle’ 
• (Discussing others) 

• Format 
• _format= 

• ttl 
• turtle 
• text/ 
• text/turtle



Accessing FHIR RDF

Supporting servers 
• STU3 (http://hl7.org/fhir/) 

• Doesn’t recognize format or mime types – have to 
access physical file 

• http://hl7.org/fhir/Patient/f201 " NO 
• http://hl7.org/fhir/patient-example-f201-roel.ttl 

• Latest Build (http://build.fhir.org/) 
• Same as STU3 

• FHIR Test Server (http://test.fhir.org/
Patient) 

• http://test.fhir.org/r3/Patient/f201?_format=text/turtle 
• Accept: text/turtle;q=0.9, …

> curl  http://test.fhir.org/r3/Patient/204?_format=text/
turtle 
@prefix fhir: <http://hl7.org/fhir/> . 
@prefix owl: <http://www.w3.org/2002/07/owl#> . 
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> . 
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> . 

<http://test.fhir.org/r3/Patient/204>  a fhir:Patient  ; 
   fhir:nodeRole fhir:treeRoot  ; 
   fhir:Resource.id  [  fhir:value "204"^^xsd:string ]   ; 
   fhir:Resource.meta  [ 
     fhir:Meta.versionId  [  fhir:value "1"^^xsd:string ]   ; 
     fhir:Meta.lastUpdated  [  fhir:value 
"2017-09-26T21:59:49Z"^^xsd:dateTime ] 
  ]   ; 
   fhir:DomainResource.text  [

http://hl7.org/fhir/
http://hl7.org/fhir/Patient/f201
http://build.fhir.org/
http://test.fhir.org/r3/Patient/f201?_format=text/turtle
http://test.fhir.org/r3/Patient/f201?_format=text/turtle


Accessing FHIR RDF – JSON to RDF

FHIR JSON to RDF Convertor 
• Python3  
• Command line and library 

• Used in i2FHIRb2 



FHIR Structure Vocabulary
• Sometimes referred to as the “FHIR 

Ontology”… 

• http://hl7.org/fhir/fhir.ttl 

• Direct representation of FHIR 
StructureDefinition information 

• (Very) proper subset 

• Purpose is (or includes): 
• Define the classes and predicates 

used in the FHIR RDF representation

http://hl7.org/fhir/fhir.ttl


FHIR Structure Vocabulary

ISSUE
Short term solution: 
Keep a local copy of http://hl7.org/fhir/w5.ttl

Protégé



FHIR Structure Vocabulary in Protégé

https://github.com/BD2KOnFHIR/BLENDINGFHIRandRDF/tree/
master/yosemite_talk



Shape Expressions (ShEx) - RDF “Schema”
• “Schema” because “RDF 

Schema” is also used for 
something else 

• Called Shape Expressions 
(ShEx) 
• Good for almost as many puns 

as “FHIR” … 
• … but you have to be very 

careful



ShEx Schemas available for all R4 resources



ShEx Conformance checking

http://rawgit.com/shexSpec/shex.js/master/doc/shex-simple.html?examples=https://
raw.githubusercontent.com/BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json

http://shaclex.herokuapp.com/validate?examples=https://raw.githubusercontent.com/
BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json 

http://shaclex.herokuapp.com/validate?examples=https://raw.githubusercontent.com/BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json
http://shaclex.herokuapp.com/validate?examples=https://raw.githubusercontent.com/BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json
http://shaclex.herokuapp.com/validate?examples=https://raw.githubusercontent.com/BD2KOnFHIR/FHIRDevDays2017/master/shex_examples.json


FHIR and RDF -- Summary
• FHIR R4 specification includes RDF representational format 

• RDF is available on some FHIR servers 
• Python JSON to RDF conversion tool is available 

• FHIR RDF specification includes FHIR Structure Vocabulary 
• A public, standard catalog of URI’s for FHIR resources 
• Potentially the “Dublin Core” for healthcare? 

• Shape Expression (ShEx) schemas are available for FHIR Resources 
• Today: basic RDF validation 
• Near future: will include slicing, constraints and other enhancements
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FHIR, RDF and the Semantic Web 

•The FHIR RDF Specification


•Why RDF and FHIR
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FHIR RDF is not Resource-Oriented 
Architecture
That's the Resource-Oriented Architecture. It's just four 
concepts:
 1. Resources
 1. Their names (URIs)
 1. Their representa7ons
 1. The links between them 

and four proper:es:
 1. Addressability
 2. Statelessness
 3. Connectedness
 4. A uniform interface

http://my.safaribooksonline.com/9780596529260/restclients

“A web service is connected to the extent that 
you can put the service in different states just 
by following links and filling out forms”

http://my.safaribooksonline.com/9780596529260/restclients
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FHIR “turtles” - five six different languages
• StructureDefinition & friends — core model 
• Extension — tag/value 
• Constraint — FhirPath 
• “Slicing” —  
• Value Sets 
• Terminology Properties

RDF + ShEx (can) reduce these to a single idiom



FHIR Structure Vocabulary 
(fhir.ttl)



FHIR Structure Vocabulary 
(fhir.ttl)

PotentialUse Cases
• Provenance for FHIR Narrative Text
• HTML FHIR Interchange Format
• Markup for personal device measurements
• Mapping for HL& Continuity of Care (CCD) and 

other data formats
• Markup for blogs and other Personal Health 

Records (PHR)
• Linking Medical Knowledge / Data / Products



60

WHY FHIR RDF

http://www.healthintersections.com.au/?p=2514

!!!

http://www.healthintersections.com.au/?p=2514
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FHIR Structure Vocabulary (FSV) in i2b2
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I2b2 Client Query with Literal Model



Result
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HOW FHIR RDF is 
generated today

• Clone https://github.com/HL7/fhir


• cd fhir





… time elapses …

https://github.com/HL7/fhir


How HL7 FHIR is Generated



What is happening
fhir/source/account:



What is happening
Core Parser

HTML Rendering

StructureDefinition 
Instance

Account.profile.xml

Account.profile.json

Account.profile.ttl

StructureDefinition  
Serializations

XML Example

JSON Example

Representations

Account.xsd

Account.sch

Account.shex

Model  
Representations

account.java



FHIR Representation 
Formats 

XML

JSON
NDJSON

RDF
Turtle

…

JSONaccount.java
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