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1 Introduction

Aspect-oriented programming (AOP) is reaching maturity after almost a decade
of research [9, 1, 7, 8, 10, 2]. The term AOP has been used in [6] to denote “the
space of programmatic mechanisms for expressing crosscutting concerns”, in-
cluding Kiczales et al. work as well as related work (adaptive programming,
composition filters, subject-oriented programming and multi-dimensional sep-
aration of concerns). We use the term aspect-oriented modeling to denote the
space of modeling elements for specifying crosscutting concerns at a higher level
of abstraction. Aspect-oriented modeling (AOM) should be built upon a concep-
tual framework that we refer to as the aspect model [4]. We adopt a terminology
for AOP based on the core concepts presented in [8] as the main representa-
tives for modeling elements: component (base element), aspect (crosscutting
element), join point, crosscutting, and weaving.

It is quite natural to investigate UML’s suitability as a modeling language for
supporting Aspect-Oriented Modeling. First, UML [3] is acquainted to be the
industry-standard modeling language for specifying, visualizing, constructing,
and documenting the artifacts of software systems for the software engineering
community. Second, UML is a general purpose modeling language to be usable in
a wide range of application domains. As such, it includes a rich set of modeling
techniques for analysis and design as well as structural and behavioral modeling,
organized into several complementary views, expressed as diagrams, to model
a system. Third, UML is an extensible modeling language to facilitate domain-
specific modeling. As such, there is a set of built-in extension mechanisms to
extend or customize the UML for a specific domain or process.

AOP represents a paradigm shift in terms of programming rationale and,
consequently, in terms of high-level modeling. This way, any extension required
on a modeling language to support aspects and crosscutting corresponds to the
definition of a new language, with additional syntax, semantics and pragmatics;
therefore, we are talking about not subsets of UML-related families of languages,
but rather, supersets. In this context, using built-in extension mechanisms pro-
vided by the UML (such as stereotypes, tag values and constraints) to support
AOM is rather a compromise solution to support the transition from pure OO
models to OO models combined with aspect models (the paradigm shift), than
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Figure 1: Backbone.

a conceptually sound solution. For us, the inviting challenge is the extension of
the UML metamodel to cope with AOM.

In the next section, we present a flavor of the extensions to the UML meta-
model that we have been working on.

2 Structural Modeling

Figure 1 shows the backbone we provide for structural modeling.

2.1 Base Elements

BaseElement describes modeling elements that may participate in a Crosscut-
ting relationship with one or more elements of type CrosscuttingElement.

2.2 Crosscutting Elements

CrosscuttingElement describes modeling elements that may participate in a
Crosscutting relationship with one or more elements of type BaseElement (Fig-
ure 2).
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Figure 2: CrosscuttingElement.

Figure 3: Crosscutting Relationship.

2.3 Crosscutting Relationship

Crosscutting is a relationship that denotes a new extension mechanism for com-
bining incremental descriptions of structure and behavior localized in Crosscut-
tingElement into a BaseElement.

In the metamodel, the Crosscutting relationship is a directed relationship,
from a CrosscuttingElement to one or more base elements, with a list of ac-
tual parameters that indicate points in the base elements where the additional
structure and behavior will be combined (Figure 3).

Some rules of well-formedness defined are:

1. The number of base elements must be equal to the number of crosscutting
interfaces of the aspect.

2. The number of arguments in each set of top-level arguments must be equal
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Figure 4: Aspect, CrosscuttingInterface, CrosscuttingFeature.

to the number of formal parameters of each crosscutting interfaces.

3. A Crosscutting has one extension and at least one base.

2.4 Aspects

Aspects are defined as parameterized model elements. Aspects comprise a set of
local features and a set of crosscutting interfaces. A crosscutting interface mod-
els join points and crosscutting features defined over these join points. Aspectis
a kind of Classifier that describes attributes and operations (CrosscuttingFea-
ture) to be combined to other modeling elements (BaseElement), through some
weaving mechanism, denoted by the Crosscutting relationship. An aspect has
a set of interactions (Interaction), to describe interactions among instances and
aspect instances. Figure 4 shows the metaclasses that describe aspects.

2.5 Crosscutting Interfaces

A crosscutting interface models an archetypical representation of a set of cross-
cut objects under the aspect’s perspective (Figure 4). A crosscutting interface
models interface-level, static join points and the crosscutting interface opera-
tions model crosscutting operations over these join points.

Each crosscutting interface describes the minimal set of properties required
to the classes whose state and behavior are supposed to be extended by aspect’s
structure and behavior. A crosscutting interface specifies:
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• a set of attributes and operations that the aspect introduces in the base
classes.

• a set of signatures of class methods expected to be used by the aspect

• a set of aspect operations expected to refine class methods. The pronoun
base denotes the crosscut base object.

A crosscutting interface isolates the part of an object that is relevant to
an aspect from the rest of the object. Instances from different classes can be
extended by the same aspect, as long as they provide operations expected by
one of the aspect’s crosscutting interfaces.

2.6 Crosscutting Feature

A crosscutting feature is a model element that describes a feature to be com-
bined to one or more base elements. Each crosscutting feature has attributes
that define an ExtensionKind (add, refine, override) and a CrosscuttingKind
(before, after, around). Features that refine or override base operations also
have interaction patterns associated (refine-before, refine-after, refine-around,
override). Interaction patterns comprise behavioral modeling and are not pre-
sented here.

Aspect operations that refine or override are specified as parameterized el-
ements, i.e., they contain one or more unbound parameters that represent op-
eration name and signature. A base operation may be explicitly invoked inside
the aspect operation’s body using the pronoun base.

3 Final Remarks

There are similarities between our work and the Composition Patterns approach
[5]. The composition patterns model evolved from the concepts found in subject-
oriented programming [7] and composition is based on merge semantics; our as-
pect model has evolved from the core concepts of AOP [8] (we are very concerned
about characterizing aspects as first-class entities and expressing the relation-
ships among aspects and components, and also interacting aspects, under the
base-aspect dichotomy perspective).

Ongoing work includes extensions to the metamodel to express structural re-
lationships among aspects (precedence, aspect interaction, etc.) and behavioral
modeling (aspect instances, join points, interactions).
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