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Lecture 19 – Interoperability

Open Data Management & the Cloud
(Data Science & Scientific Computing / UniTS – DMG)
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Interoperability

Interoperability is a characteristic of a product or system, whose 
interfaces are completely understood, to work with other products or 
systems, at present or in the future, in either implementation or 
access, without any restrictions.

It requires open standards by definition

A dominant (non open) standard means compatibility or de-facto standard

Open standards can be reached by post-facto solutions
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Compatibility

Power plugs

Serial bus, ps/2, usb 
cables

Power adapters
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De-facto standard

Biometric passport information
Contactless smart card

Stores information in a shared/agreed format

Allows data validation

Not an open standard

Portable Document Format

Freely usable

Non-modifiable standard
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(Open) Interoperability

Service Oriented Architecture (SOA)

Network, Service description
WSDL, SOAP, ReST

Virtual Research Environment (VRE)

Domain driven

Standards organization attached
Government can be open itself
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Syntactic Interoperability

Where two or more systems are able to communicate and exchange 
data. It allows different software components to cooperate, even if the 
interface and the programming language are different.

Syntactic interoperability refers to the packaging and transmission 
mechanisms for data.

It involves a common data format and common protocol to structure any 
data so that the manner of processing the information will be interpretable 
from the structure. 

It also allows detection of syntactic errors, thus allowing receiving 
systems to request resending of any message that appears to be garbled 
or incomplete. 

Syntactic interoperability is a prerequisite for semantic interoperability. 

No semantic communication is possible if the syntax is garbled or unable 
to represent the data.
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Syntactic Interoperability (example)
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Semantic Interoperability

The ability of computer systems to exchange data with unambiguous, shared meaning.

Is a requirement to enable machine computable logic, inferencing, knowledge discovery, 
and data federation between information systems.

Semantic interoperability is therefore concerned not just with the packaging of data 
(syntax), but the simultaneous transmission of the meaning with the data (semantics). 

This is accomplished by adding data about the data (metadata)

Linking each data element to a controlled, shared vocabulary. 

The meaning of the data is transmitted with the data itself, in one self-describing "information 
package" that is independent of any information system. 

It is this shared vocabulary, and its associated links to an ontology, which provides the 
foundation and capability of machine interpretation, inference, and logic.

The current internet standard for document markup is XML, which uses "< >" as a data 
delimiter. The data delimiters convey no meaning to the data other than to structure the 
data. 

Without a data dictionary to translate the contents of the delimiters, the data remains 
meaningless.

The data exchanged between two or more systems is understandable to each system.
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Semantic Interoperability (example)
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Cross-domain Interoperability

Cross-domain interoperability refers to the ability of systems and 
organizations to interact and exchange information (inter-operate) 
among different areas, markets, industries, countries or communities 
of interest (domains). 

It means seamless communication and activity, despite reliance on 
different technical environments or frameworks.

An example of cross-domain interoperability is the exchange of critical 
information in a disaster situation:

all responding organizations can effectively communicate and coordinate 
their actions to meet their mission objectives. 

Syntactic/Semantic distinction applies as well.
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Cross-domain Interoperability

Bridging domain gaps needs coordination.

Organizations exist at various levels to build these bridging solutions.

Domain boundaries exist at different levels

Distinction of domain WRT sub-domain
Astrophysics

Solar Physics

Galactic/Extragalactic domains

Radio/Optical/High-Energy/Particle Astrophysics

Physics

Economy

Health

Agriculture
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Cross-domain Interoperability

RDA – BagIt solution

Syntactic interoperability driven by a flexible general exchange format
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Conceptual Interoperability

Interoperability is a broad term in information technology

“Levels of Conceptual Interoperability Model” (LCIM)

0 No Interoperability
• standalone systems

1 Technical Interoperability
• protocol exists for exchanging data (e.g. at hardware/system level)

2 Syntactic Interoperability
• common data format is applied

3 Semantic Interoperability
• meaning of the data is shared

4 Pragmatic Interoperability
• common methods and procedures

5 Dynamic Interoperability
• understand system state changes

6 Conceptual Interoperability
• fully specified, but implementation independent model
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FA – I – R Interoperability

I1. (meta)data use a formal, accessible, shared, and broadly applicable 
language for knowledge representation.
I2. (meta)data use vocabularies that follow FAIR principles
I3. (meta)data include qualified references to other (meta)data

Metadata
Vocabularies
Annotations
Identifiers
Protocols



15/2319 – InteroperabilityODM&C

Ontologies & Logical Models

The purpose of an ontology is to model the business.

It is independent from the computer systems.

Its purpose is to use formal logic and common terms to describe the business, in a way 
that both humans and machines can understand.

Ontologies use (e.g.) OWL axioms to describe classes and properties that are shared 
across multiple lines of business so concepts can be defined by their relationships, 
making them extensible to increasing levels of detail as required. 

Good ontologies are ‘fractal’ in nature, meaning that the common abstractions create an 
organizing structure that easily expands to accommodate the complex information 
management requirements of the business. 

The purpose of a logical model is to describe the structure of the data required for 
a particular application or service. 

Typically a logical model shows all the entities, relationships and attributes required for a 
proposed application. 

It only includes data relevant to the particular application in question. 

Ideally logical models are derived from the ontology which ensures consistent meaning 
and naming across future information systems.
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Ontologies & Knowledge Bases

An ontology is a formal explicit description of concepts in a domain of discourse
Classes

sometimes called concepts

Slots of each concept describing various features and attributes of the concept
sometimes called roles or properties

Facets or restrictions on slots
sometimes called role restrictions 

An ontology together with a set of individual instances of classes constitutes a knowledge 
base. 

There is a fine line where the ontology ends and the knowledge base begins.

https://protege.stanford.edu/publications/ontology_development/ontology101-noy-mcguinn
ess.html
 

https://protege.stanford.edu/publications/ontology_development/ontology101-noy-mcguinness.html
https://protege.stanford.edu/publications/ontology_development/ontology101-noy-mcguinness.html
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Ontology & Knowledge Base (example)

used

endedAtTime

wasAssociatedWith
actedOnBehalfOf

wasGeneratedBy

wasAttributedTo

wasDerivedFrom

wasInformedBy

Activity

Entity

Agent

xsd:dateTime

startedAtTime

xsd:dateTime
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Vocabularies

On the Semantic Web, vocabularies define the concepts and relationships (also referred to 
as “terms”) used to describe and represent an area of concern.

In the driest sense, a "vocabulary" is a context-less list of terms, with no defined 
interrelationships. "Ontology" is meatier, implying the presence of interrelationships, axioms, 
classes, etc. 

Vocabularies are used to classify the terms that can be used in a particular application, 
characterize possible relationships, and define possible constraints on using those terms. 

Vocabularies can be very complex (with several thousands of terms) or very simple (describing one 
or two concepts only).

There is no clear division between what is referred to as “vocabularies” and “ontologies”. 
The trend is to use the word “ontology” for more complex, and possibly quite formal collection of 
terms, whereas “vocabulary” is used when such strict formalism is not necessarily used or only in a 
very loose sense. 

Vocabularies are the basic building blocks for inference techniques on the Semantic Web.

The fundamental difference between an ontology and a controlled vocabulary is the level of 
abstraction and relationships among concept. 

A formal ontology is a controlled vocabulary expressed in an ontology representation language. 

This language has a grammar for using vocabulary terms to express something meaningful within a specified 
domain of interest. 



19/2319 – InteroperabilityODM&C

Vocabularies examples
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VRE for Astrophysics: IVOA
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IVOA: Interoperable (1)

example
Obs. Core Data Model

spatial

temporal

spectral

dataset access
identifier

Unified
Content
Descriptor
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IVOA: Interoperable (2)

Unified Content Descriptors

Broad terms
Units

standardized
Data Model link/identifiers

“utype”(s)
Vocabularies

General

Domain specific

Recommendation driven

ucd=”pos.eq.ra;meta.main”

unit=”m.s**-1”
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Interoperability (example)

Vizier

http://vizier.u-strasbg.fr/viz-bin/VizieR  

catalogue search by UCD

Column descriptions

Datalink semantics in the response

GAVO (TOPCAT → TAP → ObsTAP example)
SAMP (interoperations)

Registry

Content Level (TOPCAT RegTAP)
Usage reflected in vocabulary update

Cfr.: 
http://ivoa.net/rdf/voresource/content_level/2016-08-17/content_level.html 

http://vizier.u-strasbg.fr/viz-bin/VizieR
http://ivoa.net/rdf/voresource/content_level/2016-08-17/content_level.html
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