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Introduction

This short document distils key concepts from ISO19101, ISO19103, and ISO19109 and provides a cookbook for use by the Metafor team (and others) in terms of how to proceed from conceptual (information) modelling through to practical useable schema governing (numerical) model descriptions.
Conceptual Modelling 

From wikipedia:

In computer science and related disciplines, metamodeling is the construction of a collection of "concepts" (things, terms, etc.) within a certain domain. A model is an abstraction of phenomena in the real world; a metamodel is yet another abstraction, highlighting properties of the model itself. A model conforms to its metamodel in the way that a computer program conforms to the grammar of the programming language in which it is written.

The authoritative resource for this activity is section 7.4 of ISO19101. The following figure is adapted from Figure 4 of that document to clarify roles of different parts of the information modelling and implementation paradigm.
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A universe of discourse is a selected piece of the real world that a community wish to describe in a model. The universe of discourse may include not only features such as models, grids, codes etc, but also their attributes, their functions and the relationships that exist among such features. A universe of discourse is described in a conceptual model. The conceptual schema is a rigorous description of a conceptual model for some universe of discourse. It is built with a conceptual schema language, itself is based upon a conceptual formalism. The conceptual formalism provides the rules, constraints, inheritance mechanisms, events, functions, processes and other elements that make up a conceptual schema language.

A conceptual schema language is a formal language parsable by a computer or a human being that contains all linguistic constructs necessary to formulate a conceptual schema and to manipulate its content.  

A conceptual schema that defines how a universe of discourse shall be described as data is called an application schema.

Ideally, the conceptual schema language is constrained well enough for an application schema to be generated by automatic tools.

Clearly, in the move from conceptual schema to application schema, the difference between projects comes down to how much there is to be gained from harmonised views of the world. The EU INSPIRE project put it like this:
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An Introduction to the General Feature Model
An introduction to Observations and Measurements

Dictionary of Terms
1. application schema: conceptual schema for data required by one or more applications 
2. conceptual model: Model that defines concepts of a universe of discourse 
3. conceptual schema: formal description of a conceptual model 
4. feature: abstraction of real world phenomena (nb: A feature may occur as a type or an instance. Feature type or feature instance should be used when only one is meant.)
5. feature association: relationship between features 
6. feature attribute: characteristic of a feature (ITSELF A FEATURE)

7. feature operation:  operation that every instance of a feature type may perform (aka affordance).  Feature operations provide a basis for feature type definition.

8. data type: specification of a value domain with operations allowed on values in this domain (NB:         Data types include primitive predefined types and user-definable types.)

9. domain: well-defined set (NBl Domains are used to define the domain set and range set of attributes, operators and functions).

10. value domain: set of accepted values

We also need some UML terminology (incidentally, there is a nice introduction to this in ISO19103), but for now, the key ones for cooperative working are:

11. constraint: semantic condition or restriction

12. metamodel: model that defines the language for expressing a model

13. package: general purpose mechanism for organizing elements into groups  (nb: packages may be nested within other packages. Both model elements and diagrams may appear in a package.). Note that a <<leaf>> is a package with only definitions and no sub-packages.
14. realization: relationship between a specification and its implementation, shown using <<realize>> stereotype on an association (An indication of the inheritance of behaviour without the inheritance of structure.)

15. refinement: relationship that represents a fuller specification of something that has already been specified at a certain level of detail
16. specification: declarative description of what something is or does (Contrast: implementation.)
17. stereotype: new type of modelling element that extends the semantics of the metamodel (mb:  Stereotypes must be based on certain existing types or classes in the metamodel. Stereotypes may extend the semantics, but not the structure of pre-existing types and classes. Certain stereotypes are predefined in the UML, others may be user defined. Stereotypes are one of three extensibility mechanisms in UML. The others are constraints and tagged values.) Stereotypes are essential in the creation of code generators for UML models. Generally speaking, stereotypes act as flags to language compilers to determine how to create implementation models from the abstract.
18. tagged value: explicit definition of a property as a name-value pair (nb: In a tagged value, the name is referred as the tag. Certain tags are predefined in the UML; others may be user defined.) 

19. type: stereotype of class that is used to specify a domain of instances (objects) together with the operations applicable to the objects (nb: A type may have attributes and associations.)

20. primitive type: A class definition where the actual representation will be supported by appropriate primitive types in a platform, implementation environment or encoding.
Implementation Rules
ISO19103 plus Annex-E to ISO19136 provides rules for UML encoding to support UML-to-GML application schema. While we may not be interested in GML per se, the rules include useful guidance for developing automated codes.  Note that those rules have been used to develop at least two functioning codes for converting compliant UML to GML application schema (i.e. XML-Schema documents), and I’m told, at least one producing RDF-Schema. See also the Hollow World application schema template and information
, as well as the INSPIRE methodology for the development of data specifications
.

See also ISO19118 for actual XML encodings for the UML.
What follows is a slightly generalised and shortened version of Annex E with minor modifications to highlight Metafor requirements.

Documentation Issues: 

21. For the diagrams, readability concerns shall be taken into account. Font size shall be no smaller than 8 pt after diagram scale is taken into account (a 12 pt font at 90% is 12*0.9 = 10.8 pt). 

22. Each package shall have a lass diagram for the entire package (without any associations, operations or attributes shown).

23. Each class shall have a context diagram (all of its associations, operation signatures and attributes shown).

24. Each class shall have a definition describing its intended meaning or semantics. Each operation, attribute and elation shall have a textual description in the text near its context diagram. Note that closely related classes an share a context diagram as long as the combined diagram is neither overly cluttered nor difficult to read. For each class defined the set of attributes defined with this class, together with the sets of attributes of classes that are reachable directly or indirectly via associations, shall be sufficient to fully support the implementation of each operation defined for this particular class.

General Rules

25. Use of multiple inheritance should be avoided both because it tends to increase model complexity and because it could result in ad hoc code generator complexity. But if we really need to, we can follow the guidance in ISO19118:
a. The procedure for copying the attributes/associations is to start with the left (first in xmi?) supertype and copy its attributes and associations, then continue with the next supertype to the right until the rightmost supertype is reached. The subtype's attributes are added last. A conflict occurs if a supertype or subtype defines an attribute or association with the same name as previously copied. In case of a name conflict the latter attribute or association shall take precedence and replace the previously copied one.

26. All associations shall have cardinalities defined for both association ends (if not defined, then it is assumed to be 1). At least one role name shall be defined. If only one role name is defined, the other will by default be inv_rolename. 
27. If an association is navigable in a particular direction, the model shall supply a “role name” that is appropriate for the role of the target object in relation to the source object. Thus in a 2-way association, two role names will be supplied. The default role name is “the<target class name>” in which the target class is referenced from the source class (this is the default name in many UML tools). 

28. Relationships involving more than two classes should be avoided in order to reduce complexity. 

(BNL: What does this mean, particularly in the context of Association Classes and the potential role of RDF?)
29. An association with role names can be viewed as similar to defining attributes for the two classes involved, with the additional constraint that updates and deletions are consistently handled for both sides. For one-way associations, it thus becomes equivalent to an attribute definition. A role thus serves as a pseudo-attribute.

30. The recommendation for the 19100 series of standards is to use the association notation for classes and interfaces, and to use attribute notation for data types.

General:
31. Documentation of elements in the UML model shall be stored in tagged values “documentation”.

Application Schema:

32. Each application schema should be represented by a package with the stereotype <<application Schema>>. The package shall own all UML model elements to be mapped to object types in the output schema. The UML model shall be complete and not contain external references unless these are modelled explicitly as dependencies at the package level. (See Figure 78 of ISO19136).

Packages:

33. An XML namespace shall be associated with each package, via tagged values: xmlNamespace and xmlNamespaceAbbreviation. 

34. Versioning, if appropriate, should be specified in tagged value “version”.

Classes:

35. All class names within the same package shall be unique.
36. Noting that Metafor is required to be INSPIRE compatible, it is probably worth exploiting the ISO19109 General Feature Model and the OGC observations and measurements specifications. What about the INSPIRE implementation rules?What implications do these have? 
37. UML stereotypes should be used to give guidance to automatic code generators. In particular:
a. Feature types shall be modelled as UML classes with stereotype <<FeatureType>>. For our purposes, although ISO Feature Types can be anything in the real world, we can limit ourselves to using this stereotype for anything with geospatial characteristics.

b. Object types shall be modelled as UML classes with stereotype <<ObjectType>>. Object types are types where the instances have an identity, but which are not feature types. Examples include reference systems, geometries etc. (In metafor we will probably specialise away from the use of ObjectType for other “special” classes).

c. Abstract object of feature types may have the stereotype <<Abstract>>, but in all cases abstract classes should set the isAbstract property of the class to true.

d. Abstract types (as opposed to ObjectTypes and FeatureTypes) shall be modelled as UML classes with stereotype <<Interface>> or <<Type>>.
e. Note that the <<Union>> and <<BasicType>> stereotypes appear in the ISO19100 harmonised model, and will need to be supported by code generators, but should be avoided in user developed conceptual models.

f. Note that any additional stereotypes which appear in the conceptual model will need to be supported by code generator tooling, so stereotype proliferation should be avoided.

g. Classes without stereotypes will be treated as ObjectTypes.

38.  Data types shall be modelled as UML classes with stereotype <<DataType>>.

39. All subtypes of abstract types shall be stereotyped from the following: FeatureType, ObjectType, DataType. (Not sure what this means for interfaces …) 
40. Enumerations and codelists should use the <<Enumeration>> and <<CodeList>> stereotypes respectively. (Recall the distinction is that a codelist is an extensible enumeration).
41. UML classes of the ISO19100 harmonized model may be subclassed within packages, but the redefinition of properties is not allowed, only the extension of these classes (i.e. additional properties).
42. Generalisation and specialisation relationships should only appear between classes with the same stereotype unless the parent is an abstract class.
Attributes:
43. An initial value may be specified for attributes with a number string or enumeration type.

44. An attribute with a type that is a feature or object type is treated like an association navigable only towards the association end of the target type.

45. Every UML attribute of an enumeration or codelist class hall have a name. The type information is left empty. No multiplicity, ordering or initial value information shall be attached to the attribute. An initial value may be specified to document a code for the code list value. If it omitted, the value (i.e. the attribute name) is used as the code.

Associations and association ends
46. Every UML association shall be an association with exactly two association ends. Both association ends shall connect to a feature or data type and shall have no stereotype or the stereotype <<association>> (or the whole association will be ignored).

47. If an association end is navigable it shall be marked as such and shall have a name. An association end with no name shall be ignored, even if it is marked as navigable.

48. If the multiplicity of an association end is not 0..*, the multiplicity shall be given explicity.

49. The aggregation kind shall be specified explicity if it is not “none”.

50. If the target class of an association end is a data type, the aggregation kind shall be “composition”.
Basic Types
Here things get a bit woolly, with not much light in ISO19103 nor Annex E.  Some are obvious:

51. The following basic types  are well defined in ISO19118 (which provides canonical XML encodings): Character, CharacterString, Integer, Real, Decimal, Number, Vector, Boolean, Sign, and Fraction.

52. The situation with units of measure is more complex. We could follow ISO19118 (which recommends the POSC (Petrotechnical Open Standards Consortium) Units of Measure XML schema definition.

53. ISO19103 defines a set of names: GenericName, LocalName, ScopedName. I understand that these are trying to define names within a namespace, but I don’t really understand the UML. See also: http://jira.codehaus.org/browse/GEO-71
54. Note the existence of Sets, Bags and Sequences as collection types (the first two differ by not having duplicates, and the last differs by the concept of order). Note that arrays and lists are examples of sequences.
55. Note also explicit support for dictionaries, enumerations and codelists. The difference between an enumeration and codelist comes down to expected extensibility <<CodeList>> can be used to describe a more open enumeration. <<CodeList>> is a flexible enumeration that uses string values through a binding of the Dictionary type key and return values as string types; e.g. Dictionary (String, String). Code lists are useful for expressing a long list of potential values. If the elements of the list are completely known, an enumeration shall be used; if the only likely values of the elements are known, a code list shall be used. 
Naming Conventions

56. For attributes and operation names, association roles, and parameters capitalize only the first letter of each word after the first word that is combined in a name. Capitalize the first letter of the first word for each name of a class, package, type-specification and association names. (Example: computePartialDerivatives (not computepartialderivatives or COMPUTEPARTIALDERIVATIVES. Example (Class): CoordinateTransformation (not coordinateTransformation).

Issues

In this section we should list problems with the standards and/or the definitions listed above along with the metafor work around.  (That is, it’s fine to list problems, but we should list solutions as well).

57. The Date Type in ISO19103 is far too limited for us. The solution will be to use a new date type that will arise from commissioned work by Simon Cox as part of the NDG MSI (available in FY08/09). This means we wont be using any variants on xs:date, unless as an attribute where it is possible.
� � HYPERLINK "https://www.seegrid.csiro.au/twiki/bin/view/AppSchemas/HollowWorld" ��https://www.seegrid.csiro.au/twiki/bin/view/AppSchemas/HollowWorld� (viewed 14 August, 2008).


� � HYPERLINK "http://www.ec-gis.org/inspire/reports/ImplementingRules/inspireDataspecD2_6v2.0.pdf" ��http://www.ec-gis.org/inspire/reports/ImplementingRules/inspireDataspecD2_6v2.0.pdf� (viewed 14 August, 2008).





�Do I really understand what a <<type>> is, and how it differs from a <<primitive_type>>?





