Interoperability Issues


Definition

“The ability of two or more systems or components to exchange information and to use the information that has been exchanged” (IEEE definition)

From this definition it follows that in order to achieve interoperability between two entities (producer, consumer) two conditions must be satisfied: 

(i) the two entities must be able to exchange “meaningful” information objects

(ii) the consumer entity must be able to use the exchanged information in order to perform a set of tasks that depend on the utilization of this information.


Main Issues


Heterogeneity of the exchanged information objects

	Syntactic heterogeneity
	Structural heterogeneity
	Semantic heterogeneity

When these three types of heterogeneity are resolved (syntactic/structural/semantic interoperability) we have a meaningful exchange of information objects. However, this does not guarantee that “real” interoperability between the two entities has been achieved as this implies the ability of the consumer entity to use the exchanged information objects in order to perform a set of tasks.
In general, the meaningful exchange of information objects and therefore syntactic, structural and semantic interoperability is a necessary but not sufficient condition for achieving interoperability.

Inconsistency between the use of the information object as intended by the producer entity and the intended exploitation of this object by the consumer entity.
(Mismatching between producer information resources and consumer needs)

Possible causes for inability to achieve interoperability between producer and consumer entities are:

	Data-incomplete mismatching
	Quality mismatching

In order to make interoperable two entities the exchanged information must be complemented with some “descriptive” information, such as contextual, provenance/lineage, quality, security, privacy, etc. information which gives additional meaning. The descriptive information should be modeled by purpose-oriented descriptive data models /metadata models.
The use of purpose-oriented descriptive data models is of paramount importance to achieve operational interoperability.
The type of descriptive information to be provided by the producer entity depends very much on the requirements imposed by the consumer entity’s tasks. For example, if the consumer entity wants to perform a data analysis task on the imported information then quality information is of paramount importance; without such information the task of data analysis cannot be performed.


Approaches

The main concept enabling the “meaningful” exchange of information objects is mediation. This concept has been used to cope with many dimensions of heterogeneity spanning data language syntaxes, information object models and semantics. The mediation concept is implemented by a mediator, which is a software device that supports a mediation schema capturing user requirements, and an intermediation function between this schema and the distributed information sources.

A key feature which characterizes a mediation process is the kind of intermediation function implemented by a mediator. There are four main functions: 

Mapping 
Matching 
Integration 
Consistency Checking

Automated mediation basically focuses on matching the producer entity information resources to the consumer entity needs. It relies on:

Adequate modeling of structural, formatting, and encoding constraints of the producer entity information resources

Adequate modeling of the consumer entity needs

Domain-specific Ontologies

Formally defined transfer and message exchange protocols

The definition of a matching relationship between the producer information resources and the consumer models


Types of Interoperability

Sometimes the interoperability between two entities can be characterized by the type of actions the consumer entity is enabled to perform on the exchanged information.
For example, in a scenario of interoperable cross-national or cross-institutional Science Data Centers the data policies (data acquisition, data access, data use, data management, charges for access, etc.) adopted by different Data Centers must be compatible. In this case we talk about “policy interoperability”.


		Temporal interoperability (data preservation)
		Secure interoperability
		Functional interoperability
		Behavioral interoperability
		Policy interoperability
		………………………………


Concluding Remarks

If the producer entity of an information object is willing to export/publish it, its possible uses by the potential consumer entities must be carefully taken into account and it must be endowed with appropriate descriptive information. Appropriate purpose-oriented information models /metadata models to describe the descriptive information must be chosen and used. If a multi-use of an information object is expected it could be necessary to associate different descriptive models/metadata models with it.
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