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Interoperability has many Dimensions 

Interoperability also 

has many challenges 

for Software Systems 
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Introductions 
Me - Ralph Hodgson 

 Co-founder and CTO of TopQuadrant, Inc., a US-headquartered 
company that specializes in semantic solutions, consulting, 
training, and platforms; 

 NASA QUDT Ontologies and Handbook Lead 

 EPIM Lead Semantic Applications Architect and Ontology Modeler 

TopQuadrant 

 Started in in the US in 2001 

 Innovator of SPARQL-based technologies: 
SPARQL Inferencing Notation (SPIN), 
SPARQLMotion, SPARQL Web Pages (SWP), 
SPARQL Web Applications (SWA) 

 Vendor of: 
 Semantic Technology Solutions,  
 TopBraid Products,  
 TopBraid Platform,  
 IDE Tools,  
 Training and Consulting 

http://www.topquadrant.com/technology/sparql-rules-spin/
http://www.topquadrant.com/technology/sparqlmotion/
http://www.topquadrant.com/technology/sparql-web-pages-swp/
http://www.topquadrant.com/technology/swa-sparql-web-applications/
http://www.topquadrant.com/products/topbraid-enterprise-vocabulary-net/
http://www.topquadrant.com/products/topbraid-live
http://www.topquadrant.com/tools/IDE-topbraid-composer-maestro-edition/
http://www.topquadrant.com/products/topbraid-insight/
http://www.topquadrant.com/training/
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Two Meanings of Interoperabilty 

 Interoperable information: 
– The ability of two or more systems or components to exchange 

information and to use the information that has been exchanged. 
[IEEE] 

 Interoperable components: 
– "interoperable" means to be functionally equivalent or 

interchangeable components of the system or process in which they 
are used. [IETF RFC 2026, section 4.1.2] 



February 14 -16, 2006 

What can go wrong with Data drives the 
requirements for Semantic Interoperability 

Failure Mode Cause 

Data Type Different primitive or abstract types for same information 

Naming and 
Coding 

Synonyms/antonyms have different text labels. Enumerations 
have different coding schemes 

Aggregation: 
Structure and -
Cardinality 

Different notions about relationships among concepts in 
similar data sets. Collections or constraints modeled 
differently for same information 

Generalization Different abstractions to model same domain 

Value 
Representation 

Different choices about what to made explicit 

Impedance 
Mismatch 

Fundamentally different data representations 

Naming Synonyms/antonyms exist in same/similar concept instance 
values 

Scaling and Units Different units of measures - incompatible scales 

Confounding Similar concepts with different definitions 

Domain Fundamental incompatibilities in domains 
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Model-
Based 
Linked 
Data 

The Linked Data World (circa-2009) 
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There are a number of ways of using 
Ontologies for Interoperability 
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Semantic Interoperability with the 
TopBraid Technology Stack 
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TopBraid EVN: Viewing and editing 

Switching between reference data (terms) 

and schema (classes, properties) editing 

Each item has an 

audit trail 
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Achieving UI component interoperability 
through TopBraid SWA (SPARQL Web 
Applications) 



© 2014 TopQuadrant Inc.                          Slide 12 

Illustrative Enterprise Customers 

Digital Media Life Sciences Other 

http://www.lockheedmartin.com/wms
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These companies are using TopBraid to: 

Mayo Clinic: “re-integrate and enhance access to knowledge 
across research, education and clinical practice” 
 

 Syngenta: “help scientists to develop insights into research 
data using databases and information sources – both internal 
and external” 
 

 EPIM: “establish a standards-based knowledge platform for 
data exchange –receiving, validating, storing, analyzing and 
transmitting reports” 
 

 OTPP: “enable data to be searched without a PhD in SQL”  
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Went Live 5 January 2014 with over 5.6 

million page views per day!  

Case Study #1: Mayo Clinic 

Enhance Value of Mayo’s 
Knowledge  
Initiative: Knowledge Content 
Management System (KCMS)  
 
Enhanced Search 
Taxonomy management 
Run-time terminology services 

Interoperability through terminologies for content and data 

aggregation, meta-data management and governance 
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Conceptual Architecture 

TopBraid EVN 
(single server) 

Terminology 
governance and 
content tagging 

 
 

(multiple 
servers) 

Serving 
production  

terminologies 
in real time 

for enhancing 
search and 

content 
enrichment. 
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EVN enables service-based interoperability 
using template SPARQL queries 

 TopBraid EVN ships with over 30 template services.  

 Customers implement their own services based on SPARQL templates. 
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 Many disconnected and diverse 

data sources 

 Need to gain insights by 

aggregating, aligning and 

exploring data as if it were from 

one data source 

Interoperability through model-driven mappings and a unified 

way of interpreting data from different data sources 

Case Study #2: Syngenta 
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TopBraid Insight provides a layer of connection 
and meaning  to the user and insulates them 
from the tedious mechanics of data access. 

Sample 
Test 

Results 

Documents/IP 

Physical 
Data 

Warehouse 

Any source 

Real time, 

on-demand 

datamarts 

SIDER Chembl Chebi DrugBank 



© 2014 TopQuadrant Inc.                          Slide 19 

Drug 

hasTarget 

Target 

hasPathway 

Disease 

improvedBy 

Pathway 

includes 

Protein Gene 

codedBy 

With TopBraid Insight, interoperability means 
that data sources with different schemas to 
participate in queries that are written using a 
unified model representation 

• Multiple queries may be involved by exploring links 

• Federated data sources are often relational 

• some may be SPARQL endpoints and other sources 
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Case Study #3: EPIM – the Norwegian 
E & P Information Management 
Association 

Interoperability through semantic transformation of XML data 

translated to instances of ISO15926 ontologies and alignment 

with NPD Facts, government registry of the exploration and 

production operators on the Norwegian continental shelf. 
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EPIM’s Vision for Oil & Gas Solutions 

 Build a shared suite of knowledge based-applications using 
Semantic technology and industry-standard domain concepts 
– i.e. a Semantic Ecosystem for the Oil and Gas Industry on the Norwegian 

Continental Shelf 

EnvironmentHub ReportingHub LogisticsHub 
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EPIM ReportingHub (ERH) Architecture – 
in production for nearly two years now 

Operators 

on the NCS 

Authorities 

License Partners 

DDR 

MPR 

DPR 

DDR 

MPR 

Semantic 

Processing 

Semantic 

Reporting 
Semantic 

Analytics 15926 

ISO 15926 Inside 
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Interoperability by Co-existing in the 
XML World 
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EPIM Environment Hub (EEH) 
Reporting of emissions and contaminants to sea and air 

Interoperability through semantic transformation of XML data 

translated to instances of ISO15926 ontologies and alignment 

with NPD Facts, government registry of the exploration and 

production operators on the Norwegian continental shelf. 
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Interoperability Using Transformations 
based on “Magic Graphs” 

Integration Model 

Interface Model 

FYG_1 FYG_2 FYG_n 

CG_1 CG_2 CG_3 

ISO-15926 4D 

Ontologies 

Simple View 

Ontologies for 

UI, reporting 

and analytics 

SPIN-Based 
Transformer 

<urn:x-magic: 

TheSchemaMapGraph: 

TheFieldYearSubGraph: 

TheTargetSchema> 

Uses 

“Magic Graphs” 

SPARQL 

Query-View-

Transformation 
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Transforming is controlled by a 
SPARQLMotion Web Service (1 of 2) 

SPARQL Views: Lifting the ISO 15926 Data Graphs into 

the Interface Model Representation. 

“Lift” the Integration 
Model using  SPIN 

transforms 

Bulk Load the 
transformed triples 

Iterate over all official 
field-year graphs  

Use of W3C 
Provenance Ontology 

for traceability 
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Transforming is controlled by a 
SPARQLMotion Web Service (2 of 2) 

SPARQL Views: Lifting the ISO 15926 Data Graphs into 

the Interface Model Representation. 

 Total triples in the Integration Model (ISO-15926 

Ontologies): ~ 4,000,000 

 Total triples in the Interface Model: ~400,000 
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EPIM Logistics Hub (ELH) 
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Concluding Remarks 

The focus given was addressing the data variety 
and veracity challenges in interoperability 

Interoperability has different solution types 

Model-driven applications exploit the real power 
of semantic web technologies for interoperability 
 SPARQL is more than a query language 

 Customers use SPARQL and Semantic Web 
Technologies for rules, constraint checking, 
transformations, dataflow orchestration, user 
interfaces, authorization checking, … 
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Other Relevant Work (1) 

http://tinyurl.com/om9u6o5 

htttp://qudt.org 
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Other Relevant Work (2) 

http://www.scribd.com/doc/174434077/SEMTECH2011E-NIEM-

Ontologies-and-Vocabularies-TopQuadrant 
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Other Relevant Work (3) 

http://www.scribd.com/doc/29565138/The-

Netherlands-MoJ-and-TQ-Presentation-at-EDW2010 
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 rhodgson AT topquadrant.com 

 Twitter @ralphtq, @topquadrant 

 www.scribd.com/ralphtq 

 www.linkedmodel.org  

Thank You 

mailto:irene@topquadrant.com
http://www.scribd.com/ralphtq
http://www.linkedmodel.org

