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Abstract

Dynamic object roles constitute a promising conceptual modeling notion, which can be applied to express in a straightforward manner some real situations when an entity during its life can acquire and lose various roles without changing its identity. The paper focuses on the problem of introducing dynamic object roles into the UML (Unified Modeling Language) class diagram, which is used to present object-oriented data models. The rationale for introducing dynamic object roles, including solving the problems concerning multiple, repeating, and multiple-aspect inheritance, is discussed in the context of the current UML data model. The discussion is illustrated with examples.
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1. Introduction

The Unified Modeling Language (UML; [UML01]) is becoming a widely used tool for conceptual modeling and systems design. In spite of its advantages, UML as probably every tool offers opportunities for improvement. Such opportunities are subjective to some degree, because what is “natural improvement” for someone, does not have to be perceived in this way by others. Nevertheless, discussions concerning the refinement of UML are necessary, because they make it possible to create a critical mass of ideas and remedies, which is essential for the success of the language.

The discussions on refining UML have existed since the advent of the standard and resulted in a large number of publications. Some of them concern UML’s general aspects, others concern its particular elements, including the class diagram. We focus, with this paper, on the promising concept of dynamic object roles. The term “role” has several specific kinds of meaning in software engineering and databases. “Dynamic object roles” that we deal with (do not confuse them e.g. with Object Role Modeling (ORM) presented in [Hal99]), can facilitate modeling situations in which an entity acquires and loses various roles during its lifetime without changing its identity. This seemingly simple feature has several interesting properties and proves to be especially useful for expressing complex problem domains. 

Despite the concept’s advantages, there are some researchers who consider its applications not sufficiently wide to justify the extra complexity implied by it to conceptual modeling frameworks. In particular, it has not been introduced into UML, because it is “a valuable modeling concept that can be mapped into associations” [RJB99, p. 54] and „the use of multiple classification or dynamic classification affects the dynamic execution semantics of the language, but is not usually apparent from a static model” [UML01, p. 3-87]. Although we understand the motivation of this decision, we disagree with the conclusion.

On the other hand, some researchers propose to represent dynamic object roles informally through the already existing notions of the conceptual modeling by using design patterns [GHJ+95], which have been popularized in the context of object-orientation. The design pattern decorator [GHJ+95] is considered in [Fow97] a good mapping of dynamic roles. The decorator pattern allows one to insert additional functionality to a class without subclassing. 

We argue that this attitude to the concept of dynamic roles should be revised and that the complexity of many real-life problems requires special tools supporting the systems analyst.

The rest of the paper is organized as follows. Section 2 presents the most important characteristics of the dynamic object roles concept. In Section 3 we discuss our proposal of introducing the concept into the UML class diagram. Section 4 brings the advantages of the dynamic roles concept. Section 5 summarizes our discussion.

2. Dynamic Roles
The general idea of dynamic object roles is to assume that every real or abstract entity during its life can acquire and lose a lot of the same or different kinds of roles without changing its identity. Roles appear during the life of an object, they can exist simultaneously, and they can disappear at any moment. For example, a certain person can be a father (for their children), a child (for their parents), an inferior (for his/her boss), a boss (for his/her inferiors), a patient (for his/her doctor) etc at the same time or during different periods of time. In our opinion, it is more precise to say that a person “becomes” a father (acquires a father role) than to say that a father “is a” person. In practice, the difference between both of these formulas implies the kind of generalization used: dynamic (between objects at run time) or static (between classes at compile time).

The concept of dynamic object roles assumes that an object (a so-called “owner-object”) can be associated with other objects (so-called “role-objects” or in short “roles”), which model its roles; roles are treated as objects with some additional special features. The most important of those features are: a role-object cannot exist without its owner-object; deleting an owner-object implies deleting all of its roles; roles can exist simultaneously and independently. As an object, a role can have its own additional attributes, methods etc. Moreover, roles can be further specialized through subroles (i.e. they can possess their own roles), sub-subroles etc; for example, the specialization of an Employee role can be a Boss role. To model such situations the methodologies suggest using composition, because the removal semantics of objects with roles is very similar to the removal semantics of composition. Although the approach achieves the goal, it obviously misuses the concept of composition, which normally is applied to model the “whole-part” situations. Such an approach implicitly assumes that e.g. a Student is a part of a Person similarly as a Processor is a part of a Computer.

Two roles can possess attributes, methods etc with the same names, and this does not lead to any conflict. Moreover, relationships (associations) between objects can connect not only objects with objects, but also objects with role-objects and role-objects with other role-objects. For example, studies_at relationships connecting Student roles with University objects. 

The classical concepts of object-orientation, such as object identity, polymorphism, object migration, overriding etc can be smoothly incorporated into the model with dynamic roles, which does not lead to the anomalies and limitations of multiple, repeating (with more than one role with the same name) or multiple-aspect inheritance etc. Some details can be found in [JHP+02].
3. Dynamic Roles and UML
Although UML does not support dynamic object roles, the standard includes some notions related to them. One of them is dynamic classification defined as “a semantic variation of generalization in which an object may change its classifier” ([UML01], p. B-8). The concept of dynamic object roles emerges from the dynamic classification problem, which per se is a powerful tool for conceptual modeling. Moreover, to some degree dynamic classification can be regarded as a conceptual framework for the idea of dynamic roles. However, the standard treats the concept superficially; in particular, it does not specify how to apply it and when, and offers no notation for expressing it on the class diagram. 

Another relevant concept is a collaboration role that “defines a role to be played by an Instance within a Collaboration” ([UML01], p. 3-125). It is similar to the concept of dynamic roles presented in Section 2, but focuses on dynamic aspects of an object’s life. In our opinion, dynamic roles should be incorporated first into the static view diagram (i.e. the class diagram), and only then into those of the other UML diagrams that are affected by this incorporation. 

In this section we discuss our proposal of how dynamic roles can be introduced into the UML class diagram. Due to space limit we do not deal with the influence that this has on other UML diagrams. Besides, for the static aspect of dynamic roles the class diagram is the most important one, and the appropriate modification of the other diagrams, for instance the collaboration and sequence models, is rather straightforward.

In our discussion we will make use of the dynamic classification example diagram presented in [FS97]; see Fig. 1 (note the user-defined stereotype «dynamic»). The model applies dynamic classification for a person’s job in order to express that a person can change its job from one to another. Note that a serious disadvantage of this diagram is that a person can have only one job at a time; this is illustrated in Fig. 2 – a man has exactly one Salesman role, which means that at the present time he is working as a salesman.
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Fig. 1. An example of dynamic classification in [FS97]
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Fig. 2. A man has one role

A problem domain can frequently be more complex, for example, a person can have several different jobs simultaneously. It is presented in Fig. 3 – a man is an engineer, a salesman, and a manager at the same time. To model such a situation, we can modify the diagram in Fig. 1 by adding an-overlapping constraint to the specialization hierarchy with the Job aspect; see Fig. 4. (The situation when we want to consider for an entity both its current and its past roles is similar to the situation when past roles are neglected. The only difference is that a role needs a special flag to determine whether it is current or past. With this in mind, without loss of generality we will consider only current roles in our discussion.)
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Fig. 3. A man has at most one role of a given type
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Fig. 4. A class diagram modeling the situation from Fig. 3 through an overlapping-constraint

Sometimes even the above situation (illustrating multiple inheritance) can be more complicated, when a person needs to have several jobs of the same kind simultaneously (the case of repeating inheritance). For example, the man modeled in Fig. 5 as a Male object works not only as an engineer, but has also two positions as a salesman, and three positions as a manager. Note that this cannot be expressed even with overlapping dynamic classification. Instead, some kind of association (the best solution is composition) has to be used; see Fig. 6 where the specialization hierarchy with the Job aspect has been replaced with composition. The fact that a person can possess several roles of the same type is modeled through the “many” multiplicity items on the constituent ends of the composition. 

However, this approach has a very serious disadvantage from the viewpoint of conceptual modeling: the specialization/generalization semantics between the Person class and its subclasses (Manager, Engineer, and Salesman) has been lost. To express this semantics back on the diagram, one has to define for instance constraints for the composition. It is evident that this requires additional effort and may be error-prone. Moreover, it forbids to apply the powerful and useful concept of generalization, which is one of the most significant tools of the object-oriented data model.
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Fig. 5. A man has several roles of the same type
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Fig. 6. A class diagram modeling the situation from Fig. 5 through composition

In order to be able to express dynamic object roles on the UML class diagram, we propose to introduce a new kind of relationship – the RoleOf relationship – along with a new graphical element drawn as a path with a white-and-black diamond. The white top triangle (derived from the generalization notation) expresses the existence of (dynamic) generalization, while the black bottom triangle emphasizes the fact that a role cannot exist without its owner-object and cannot be shared (similarly as in composition). The white-and-black diamond is placed on the end of a path attached to the class whose instances are the owners of roles.

For the RoleOf relationship, UML multiplicity items can be defined in the following fashion:

· Because a role cannot be shared between different objects (in other words, a role has exactly one owner-object), the multiplicity for the diamond end is always 1 (it is default) and does not have to be specified.

· The multiplicity for the other (i.e. role) end specifies how many roles being the instances of the same class a given owner-object can potentially possess.

Fig. 7 presents a class diagram for our example problem – the information about possessing a position is modeled through the Manager, Engineer, and Salesman classes whose instances are roles of Person objects. The multiplicity items specify that a person can have an arbitrary number of positions of these kinds.
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Fig. 7. A class diagram modeling the situation from Fig. 5 through dynamic object roles

Note that the main difference between the model from Fig. 7 and the model from Fig. 6 is not in the syntax (that is, in the graphical representation; in fact, they are very similar visually), but in the semantics. Applying the role concept in Fig. 7 has important consequences. Although in both of the models instances of the Manager, Engineer, and Salesman classes cannot exist by themselves (without the whole part or their owner-objects), from the model in Fig. 7 we know directly that they are roles, to which the entire ideology of dynamic object roles presented in Section 2 applies. In particular, for the model in Fig. 7 the properties of Person objects are dynamically inherited by their Manager, Engineer, and Salesman roles; for the model in Fig. 6 it has to be simulated by the programmer through additional code.

We want to emphasize that this feature can be fully understood if one looks at dynamic roles not only from the analyst’s viewpoint, but also from the programmer’s point of view. Then one can see why the concept has potential to significantly reduce the gap between conceptual modeling and coding. If dynamic roles are supported both in conceptual modeling and in programming, the programmer can directly code a class diagram into a programming language’s statements. Without any additional programming effort, he/she achieves the whole functionality of roles, identified by analysts. However, if a programming language does not support this concept, then programmers have to code this functionality by themselves. It may not be straightforward, especially for complicated models, which can involve various features:

· A class can be a subclass (the static specialization relationship) and simultaneously can model roles (the RoleOf relationship). In Fig. 8 the Manager class, which models roles of Person, is a subclass of Employee; in other words, a person can be a manager – a kind of employee.

· Classes of roles can be used to structure hierarchies of RoleOf relationship paths similarly as in the classical object models classes of objects can be used to structure hierarchies of static specialization. This approach is especially useful if in our example a person could also play roles other than Manager, Engineer, and Salesman; for instance, if a person could be a student. Conceptually, being a student is different from being a manager, an engineer, a salesman etc. In order to include this information into the model, we define in Fig. 9 a special class Employee, which is at the same level of abstraction as the Student class, and groups the classes of Salesman, Engineer, Manager etc roles. There is no restriction on how deep a RoleOf relationship hierarchy can be. In particular, instances of the classes Salesman, Engineer etc can have their own roles.

· For the RoleOf relationship various constraints can be defined. The xor-constraint in Fig. 9 specifies that a person as an employee can be either a salesman or an engineer.
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Fig. 8. A diagram in which one role is involved in static specialization and the RoleOf relationship

Let’s consider one more example to extend our discussion and to illustrate the fact that the static specialization relationship and the RoleOf relationship can be freely combined even in the same hierarchy. The diagram in Fig. 10 presents a model, in which we have assumed that a person is involved in a conference only either as a conference attendee (someone who pays a conference fee and attends the conference; the ConferenceAttendee class), a member of the conference’s steering committee (the SteeringCommitteeMember class), or a member of the conference’s program committee (the ProgramCommitteeMember class). Because conceptually being a conference committee member is different from being a conference attendee, a special class ConferenceCommitteeMember has been introduced to group the roles concerning committee membership. Static specialization has been applied to this class to express the fact that, according to our assumption, a conference committee member belongs either to the steering committee or to the program committee. If someone wants to take part in the process of reviewing the papers submitted to the conference (the Referee class), according to our model he/she has to be a member of the program committee.
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Fig. 9. An example of the RoleOf relationship between roles with an xor-constraint

Both a conference attendee and a conference committee member can present papers at the conference; in other words, they can be speakers. This is represented through the Speaker class, which models roles both for attendees and committee members. In this case we apply the RoleOf relationship twice: from Speaker to ConferenceAttendee and from Speaker to ConferenceCommitteeMember.  Note that because by definition roles cannot be shared by different objects, no xor-constraint is necessary for these two relationships (it is default).

It is interesting to learn why these two RoleOf relationships, albeit applied together, do not imply the problems of multiple inheritance (e.g. name conflicts). To this end, let’s analyze how dynamic inheritance works in this case: a Speaker role is being attached to its ConferenceAttendee owner-object or to its ConferenceCommitteeMember owner-object dynamically (that is, at run time). Thus this role is dynamically inheriting the properties of the object, to which it has been attached. For instance, if it has been attached to a ConferenceAttendee object, then it is inheriting its properties (and not inheriting any properties of any ConferenceCommitteeMember). In consequence, RoleOf does not mix the properties of the two conceptually different entities.

[image: image10.wmf]Person

Conference

Attendee

Conference

Committee

Member

0..1

0..1

Speaker

Steering

Committee

Member

{

xor

}

Program

Committee

Member

*

*

Referee

0..1

. . .


Fig. 10. A class diagram involving static specialization and the RoleOf relationship in one hierarchy

Finally, we want to apply the concept of dynamic object roles for multiple-aspect inheritance. Let’s consider one more time the diagram from Fig. 1 and let’s replace the specialization for the Sex aspect with specialization for a Hobby aspect (i.e. a person can be a soccer fan, a basketball fan etc). With dynamic roles, we can remove the static specialization for both of the aspects. We have already discussed how to use dynamic roles instead of the static specialization for the Job aspect; the other aspect (i.e. Hobby) can be transformed similarly, as presented in Fig. 11. Note that in this case the type of the objects created for this class diagram is Person – the information about a person’s hobby is stored as a role (Fig. 12).
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Fig. 11. A diagram with multiple RoleOf relationships instead of multiple-aspect static inheritance
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Fig. 12. A person with a SoccerFan role

4. Dynamic Roles - Advantages

Our discussion shows that the notion of dynamic object roles is a powerful tool of conceptual modeling and, in comparison to the classical object models (those not supporting the notion), does not lead to the anomalies and limitations of the “traditional” kinds of inheritance, that is, multiple, repeating or multiple-aspect inheritance:

· Multiple inheritance – A class inherits from two or more classes. In the model with roles no name conflicts occur. Because roles are encapsulated entities, there are no name conflicts even if the super classes have different properties with the same name.

· Repeating inheritance – An object can have two or more roles with the same name. For instance, a person can be an employee in two or more companies, with different positions and salaries. Such a feature cannot be expressed with the traditional inheritance or multiple inheritance concepts.

· Multiple-aspect inheritance – A class is specialized for several aspects. For example, a person can be specialized: (1) for their sex (male, female), and (2) for their job (a salesman, an engineer, a manager etc). Modeling tools, such as UML, cover this feature, but it is rather neglected in the object-oriented programming and database models. One-aspect inheritance is a limited conceptual modeling framework and as a rule leads to multiple inheritance. Dynamic roles do not imply such problems.

A conceptual clarity of modeling with dynamic roles could facilitate practically each phase of the system life cycle, in particular analysis, design, and implementation. Some inconsistencies usually appear during transitions from one phase to another may not occur, because objects with dynamic roles can be seamlessly refined from conceptual beings up to implemented data structures. In consequence, if supported at the analysis, design, and implementation phases (if in particular supported by modeling notations and query/programming languages), the concept of dynamic object roles can significantly reduce the gap between conceptual modeling and coding.

5. Summary

In the paper we have discussed the concept of dynamic object roles and proposed to introduce it into the UML class diagram, which is an important tool of conceptual modeling. To this end, we have defined a new relationship called RoleOf that can be used to express the fact that instances of some class are roles of instances of other classes. This relationship is presented as a new special graphical element.

In our discussion we have shown that the concept of dynamic object roles has potential to become a powerful modeling tool and bridge the gap between perception, analysis, design, and programming. Its main advantage is the ability to model complex real-life situations in a natural manner, which otherwise would have to be expressed through some lower-level mechanisms as associations and constraints. Moreover, due to its features, the concept does not lead to the problems of multiple, repeating, and multiple-aspect inheritance. Therefore, dynamic roles could significantly support modelers in their work.
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