UML for Conceptual Modeling

This document briefly describes the subset of UML that we are using to represent the Curator database conceptual model.  Our goal is to use only the needed aspects of UML to represent a conceptual data model such that the notation does not become a barrier or involve a significant learning curve.  Instead, we hope that members of the Curator team will be able to quickly become comfortable with the notation and then focus completely on the concepts relevant to climate modeling and datasets.  Nonetheless, we provide this document to answer any questions about the semantics behind the selected notation.

For clarity, we will use the following example diagram to explain the notation.
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Class – a class (concept, entity) is represented by the name of the class surrounded by a rectangle.  In the example, the classes are school, department, student, and course.  An italicized class name indicates that the class is abstract.  Abstract classes are only partially defined and will not be instantiated.  Abstract classes may be fully defined by subclasses (which in turn may be instantiated).  
Abstract Class – an abstract class is a class that will never be instantiated.  Typically, an abstract class will define an interface, but leave the details of implementation up to its subclasses.  In the example, student is an abstract class as indicated by the italicized class name.  All instances of student will either be a graduate or an undergraduate. 

Attribute – classes may have attributes which describe properties common to all of the instances.  A class may have any number of attributes, including zero.  Attributes appear within the class rectangle directly below the class name.  The attributes of the example class school are name and address.  

Association – an association is a relationship between two classes.  Currently, we are only using binary associations involving exactly two classes.  An association is indicated by drawing a line between two class rectangles.  Associations are often named to describe the meaning of the relationship.  In the example, student and course are associated by the attends association.

Multiplicity – when two classes participate in an association, we specify how many instances of each class may participate in the association.  Example multiplicities include one (1), zero (0), zero or one (0..1), one or more (1..*), or many (*).  A multiplicity stated at one end of the association means that for each instance of a class at the opposite end, there must be the stated number of related instances at the near end.  For example, the multiplicity of 1 on the school side of the has relationship indicates that each department is related to exactly one school.  This means, for example, that a department may not be spread across multiple schools.  In the reverse direction, the 1..* on the department side indicates that a school is made up of at least one department.

Composition – a composition relationship indicates that a class is made up of multiple parts (a “whole/part” relationship).  This is indicated in the diagram by an association line with a filled or unfilled diamond at the end of the class on the “whole” side of the composition.  A filled diamond indicates that the parts are non-shared and may only participate in one composition.  This is the relationship between school and department in the example.  An unfilled diamond indicates a shared aggregation such that the parts may participate in multiple aggregations.  This is the relationship between school and student.  A student may be a member of multiple schools, or put another way, multiple schools may share the same students.


Stereotypes – sometimes we annotate certain elements in the diagram with a stereotype that further describes the element.  Stereotypes are terms enclosed inside double angle brackets (<< >>).  For example, in the student class, the <<Unique>> stereotype on the SSN attribute indicates that the SSN is unique across all instances of that class (i.e., no two instances share the same value for the attribute SSN).

Generalization – often times one class is a more specific version of another class (i.e., an “is-a” relationship).  In this case we show specialization (or inheritance) and generalization using a hollow arrow pointing from the more specific to the more general class.  For example, the classes graduate and undergraduate are both specific types (subclasses) of student.  Furthermore, the attributes SSN, name, and age are inherited by the two subclasses.

Tagged values – these provide a mechanism of keeping provenance data about models as they are developed.  A tagged value consists of a named tag (e.g., author) and the value associated with the tag.  This metadata is meant to describe the model itself, not class instances (i.e., these are not the same as class attributes, which apply to instances).  In the diagram, tagged values are placed in between curly braces. For example, the class undergraduate has two tagged values author and source.  The entire diagram itself may also have tagged values as shown in the example.


This metamodel is based off of the UML static structure (or class) diagram.  Our approach pulls strongly from the UML profile for data modeling designed by Scott W. Ambler (http://www.agiledata.org/essays/umlDataModelingProfile.html).

For a more in depth explanation of UML, see the following resources:

Grady Booch, James Rumbaugh, and Ivar Jacobson.  The Unified Modeling Language User Guide.  Addison Wesley, 1999.

Martin Fowler.  UML Distilled: A Brief Guide to the Standard Object Modeling Language, 3rd Edition.  Addison Wesley Professional, 2003.

The formal UML specification maintained by the Object Management Group (OMG) may be found at: http://www.omg.org/cgi-bin/doc?formal/01-09-67.
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