Ontologies and Extensibility
Motivation
An ontology in PLCS is essentially a system of definition. Any system of definitions is built for a particular purpose, or to suit a particular organization, and two different purposes or organizations will come up with a different set of definitions. This creates a world in which there are multiple incompatible definitions floating round.

There are two simple and simplistic approaches to this problem. One is to simply hold each different world in a separate reference data library, and select the required library. While this ensures that each exchange within a single world is well defined, it prevents exchanges between worlds.

The second is to hold all definitions in a single world, and accept that there are incompatible definitions. Understanding of a DEX is then given by then intersection of the reference data used in the DEX with that of the world reading the DEX. The problem here is that the resulting set of data may no longer be simply connected - it may have holes in or be separated into apparently unrelated chunks.

This runs counter to the desire to build an integrated support environment, in which a single environment can encompass every exchange. However, the two approaches above have failed to use the power of ontologies to reason about definitions. This note looks at defining ontologies with a view to minimising the mismatch between worlds.

Ontology Alignment
Ontology alignment starts with two separate ontologies, and, in effect, compares them term by term, and, where they exist, creating mappings between terms that correspond. Given this mapping, implementers have a choice of limiting their exchanges to data where an ontology mapping exists, or realigning the worlds so that they can use a single, common ontology.

The subject of ontology alignment is extensively researched, and, although there are supporting tools, the conclusion to date is that it is primary a manual process.

This note is not about aligning existing ontologies, rather it is about building a common, outer layer ontology, which is the basis for exchange, but is extensible (specialisable) for particular worlds.

Ontologies by Extension
An existing ontology may be extended by adding new definitions to the ontology. If this is done by subclassification of an existing definition, then partial ontology, consisting of everything but the new definitions, remains unchanged. This means that a system based on the original ontology can read information from the extended ontology, and deduce that the new elements are instances of existing categories. For example:

System A classifies aircraft as {fixed-wing, rotary-wing}. System B extends the classification of rotary-wing to include the subclasses {helicopter, autogyro}. When system A receives data from system B, any instance of helicopter must be converted to its parent class rotary-wing - this loss of information is not important to system A. Conversely, when system B receives data from system A, it must either accept that the data is incomplete with regards to its own classification system, or it must find a way of obtaining the additional information.

There are two points to note here. Firstly, if systems A and B are to be made fully compatible, the incompatibilities in the ontologies may be automatically deduced, and so this part of the work directly costed. Secondly, by using ontologies, there is no need to manually map the data in one system to that of another, although it would be necessary for people to agree the information losses involved were acceptable.

In PLCS, it can be expected that there will be many extensions to the basic ontology defined in the capabilities and DEX's. The problem therefore is to define the principle used in this ontology, to ensure that it can be extended in ways that can take advantage of the properties of ontologies.

Basic Principles
Reference data items are used in two ways: as category identification, and for classification within a category. The use of these terms is essentially arbitrary, and so the specific meanings for this note are given below.

For the purposes of this note, classification will be defined in the following way:

A classification is a division of a single concept into separate subclasses (which may themselves be further classified). A good classification is a partition of the concept, that is, every occurrence of the concept can be classified, and no occurrence can have two different classifications. Further, there should also be a clear (complete and unambiguous) decision criterion for the classification.

For example, consider the use of the colours of a rainbow as a classification of colour. It is not complete (it does not contain black or white), it is not unambiguous (where quite is the distinction between indigo and violet) and it has no unambiguous decision criterion (ask someone who is red/green colour blind).

Conversely, the UK military security classification system {unclassified, restricted, confidential, secret} covers all possibilities (a document may only be one of these classifications), is a partition (a document as a whole cannot have two classification (though different pages may be classified differently)), and generally there is a clear decision criterion as to the classification that should be applied. This example also points to the need to have a clear definition of what the terms mean, since security classification terms have different meanings in different cultures.

The term category is used here to mean one of an open ended set of concepts. For example, there are many categories of property such as cost-property, physical-property, functional-property etc. It may be possible that some categorisations are simply incomplete classifications, however it may be that our categories arise from choosing to speak about various different things in the same terms. For example, there is no natural relationship between a cost property and a physical property other than the fact it is convenient to represent both as properties. Trying to force everything to be a classification, rather than a categorization, is, for the moment, an academic exercise (of which there are several instances) and will not be pursued.

Practical Implications of Classification
If a classification is a partition of a category, then the addition of a new class or the deletion of an old class will mean that the classification is no longer well defined. Conversely, the desire to add an new class or delete an existing one indicates that a different set of classification criteria are being used, and what is proposed is a different classification from the existing one. Two such classification schemes cannot safely be combined, although they can co-exist.

Conversely, two classifications which have different classification criteria may accidentally produce classes with the same set of names. There may or may not be a mapping between the two. This is illustrated by figure 1 below
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In the figure, a population is classified according to size, and both systems have the same classes {very small, small, medium, large, very large}, however the extents of the classes differ. Although every very small is classification B is also very small in classification A, the reverse is not true.

The proposal for classification is therefore to not directly classify a category, but to create an abstract class which is then broken into subclasses. This means that if an alternative classification is required, then this is also instantiated though a second abstract classification associated to the category.

In terms of Protégé, everything is simply a class, which will here be identified as a "p-class". The p-classes of security classification, say, will not then restricted, confidential, etc, but UK-mil with subclassification p-classes ukm-restricted, ukm-confidential, etc. This allows alternate security classifications to be distinguished, say under abstract classes US-mil, UK-commerce, etc.
The documentation for the abstract p-class should also indicate the basis of classification criteria, with the actual criteria for each subclass being found with that class.

Alternate classifications of the same category should be noted as such.

Categorizations
 The distinction made here is that a set of categories carries with it no implication that the categories are related, that the set of categories covers everything that can be said, or that the categories are disjoint or mutually exclusive. Any relationship between categories would need to be made explicitly.

As a consequence, a set of categories can be added to, or have members deleted without implication for any of the other categories. Conversely, if System A sends System B a category it has never seen before, there is nothing that System B could deduce about the category. 

In a general sense, the set of categories is an arbitrary, undefined space. Within PLCS, the practice of associating the category with the entity or attribute which it categorizes effectively provides a local categorization space. In theory, the categories and the classifications they contain could be applied to multiple entitles. The only problem here is that a relationship between two categories may be true only in the context of a single entity.

Summary
An arbitrary distinction has been made in which a classification is a partition of a concept space, and a category is just a concept with no particular relation to its peer concepts.

The proposal is:

a) Each entity has associated a set of categories, represented by p-classes

b) A classification of a category is done by creating an abstract p-class which is a subclass of the category p-class, and identifies the classification system to be used.

c) Individual classifications are then subclasses (p-classes) of the abstract p-class.

