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ABSTRACT
Developers must often deal with concerns that crosscut a
program’s structure. Understanding the crosscutting struc-
ture may help a developer understand and work with the
concern. Current tools for presenting crosscutting structure
suffer either from graphical complexity or a mismatch be-
tween the presentation and the underlying program struc-
ture. We introduce a concern presentation approach that
overcomes these problems through a combination of auto-
matic abstraction and interactive features that enable a de-
veloper to investigate relevant details. We sketch how the
ActiveAspect tool we are developing implements this ap-
proach for presenting the crosscutting structure described
by aspects in AspectJ.

1. INTRODUCTION
Many concerns that a developer must understand and

manage at the code level involve crosscutting structure. For
example, many modification tasks involve changing code
spread across multiple classes and methods [15, 16]. Several
approaches exist to help a developer identify the crosscut-
ting structure relevant to a concern [4, 5, 8, 10, 13, 17].

Approaches to present crosscutting structure use one of
two techniques: tree views or structure diagrams. Tree views
use screen space effectively but are not well suited to present-
ing structure with multiple, often non-hierarchical, kinds of
relations. Existing structure diagrams (e.g., UML class dia-
grams) can intuitively present such structural patterns but
often exhibit substantial graphical complexity.

Existing tools that use these approaches are further lim-
ited by using a static display of information. A fixed subset
of the program structure is presented and cannot be easily
adjusted to meet the developer’s requirements, often result-
ing either in information overload or a lack of needed detail.

To overcome these problems, we are investigating a struc-
ture diagram presentation approach that combines auto-
matic the abstraction of structure with user interaction.
The automatic abstraction enables important structure to
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be highlighted while avoiding unnecessary graphical com-
plexity. The user interaction features allow developers to in-
vestigate details as required in the context of the presented
structure. The diagrams can also be expanded automati-
cally to show additional context associated with a concern.

There are several ways to obtain a subset of the program
structure belonging to a concern. Currently, we focus on the
presentation of crosscutting concerns as captured by aspects
in AspectJ [1]. However, we believe our approach generalizes
to present concerns described in other ways, for example, as
a concern graph [16].

We are developing the ActiveAspect tool as a preliminary
implementation of our approach. ActiveAspect is imple-
mented as a plug-in for Eclipse [3] that presents the cross-
cutting structure of an aspect when requested by the devel-
oper.

In the next section we review existing techniques for pre-
senting crosscutting program structures and discuss their
limitations. In section 3 we describe our approach to pre-
senting concerns defined by AspectJ aspects. We conclude
in section 4.

2. EXISTING PRESENTATIONS
Most of the current approaches for showing crosscutting

structure are based either on tree displays or graphical node-
link structure diagrams.

2.1 Tree Views
Several tools use tree views to present crosscutting con-

cerns [4, 5, 8, 13]. These views display program elements
according to a hierarchical relationship and are rooted at
an element of interest. Child elements can be displayed as
required by expanding nodes along an arbitrary path of the
tree.

A representative example of the tree view approach is
found in the AspectJ Development Tools (AJDT) [4]. AJDT
is a plug-in for the Eclipse environment that provides devel-
opers with information about the crosscutting relationships
associated with AspectJ aspects. This information is pre-
sented primarily using a number of aspect-aware tree views
such as an outline view, inheritance hierarchy, call hierarchy,
and package explorer1.

1AJDT also provides gutter annotations that show local
crosscutting information for a particular program element as
well as the Aspect Visualizer, which provides a SeeSoft [11]
view indicating the extent to which source files are affected
by an aspect.



Using tree views to present concerns has several draw-
backs. Since each tree presents a single hierarchical rela-
tionship, it can be necessary to view multiple trees to inves-
tigate all relevant relationships for a program element. The
developer must manually find a program element of interest
in several potentially stacked tree views and synthesize the
information provided in each. This task is further compli-
cated by the need to mentally disentangle program elements
relevant to the concern from all other elements that are also
shown in the tree views2.

Another important drawback that is common to all tree-
based concern presentations is the mismatch between the
structure of the tree view and the underlying program struc-
ture it represents. In general, trees are hierarchies of a single
relationship type. They are therefore best suited to present-
ing a single program relationship that is strictly hierarchical,
such as inheritance. However, the structure of a concern is
not hierarchical, but rather a directed graph of program ele-
ments and relationships that may be cyclic. This mismatch
between presentation structure and program structure re-
quires the developer to mentally perform the mapping from
display structure to actual program structure. Furthermore,
structural patterns involving multiple relationship types be-
come virtually impossible to detect. These limitations of
tree views impose a cognitive load on the developer that
increases the time and effort required to understand a con-
cern and raises the likelihood that relevant information will
be overlooked.

2.2 Static Structure Diagrams
For the purpose of this discussion we broadly define static

structure diagrams as node-link diagrams where the nodes
are program elements such as methods and classes and the
links are program relationships such as method invocations
or inheritance. We further specify that the program infor-
mation in the static structure diagram is known at compile
time. This definition includes but is not limited to UML
class diagrams.

Static structure diagrams improve on tree-based presenta-
tions because they show directly the structure of a concern.
Structural patterns can be identified easily and multiple re-
lationship types can be accommodated. This allows devel-
opers to explore a concern by looking at a single view.

There are several tools that can be used to produce a
static structure diagram of a concern [2, 6, 7, 9]. Unfortu-
nately, these diagrams typically suffer from excessive graph-
ical complexity when used to present crosscutting structures
that influence many parts of a system. In this case the result
is a diagram that is cluttered with nodes and relationships,
making it difficult for the developer to determine which part
of the structure is relevant for their current task.

Several aspect-oriented modeling approaches have been
proposed that are designed specifically for modeling cross-
cutting concerns captured by aspects. These approaches can
be broadly categorized as examples of two high-level strate-
gies: aspect classifier and aspect binding.

In the first strategy, a new classifier is introduced to rep-
resent aspects in a manner similar to how a class is modeled
in UML [17, 18]. This classifier, stereotyped as an aspect,
is used to encapsulate crosscutting behavior. These aspect

2The Mylar tool [14] for Eclipse that is currently under de-
velopment has the potential to mitigate this problem by only
showing items with a high degree-of-interest function value.

classifiers are then associated with the program elements
they affect by drawing lines connecting them.

A disadvantage of this approach is that the crosscutting
concerns often affect a high number of entities in the model.
To display this situation, it is necessary to draw many line
connections from aspects to the entities they influence. This
results in the same graphical complexity problems exhibited
by existing structure diagramming tools.

The second aspect modeling strategy is to describe cross-
cutting behavior separately from the base design [10, 12].
A binding mechanism is then used to associate crosscutting
behavior with entities in the base program. For example,
Clarke and Walker [10] use class diagrams and sequence di-
agrams in UML templates to encapsulate crosscutting be-
havior. Parameters to the template and binding statements
are then used to associate this behavior with the base design
elements.

An advantage of the binding approach is that it achieves a
clean separation of crosscutting concerns. However, this sep-
aration can make it difficult to quickly understand the influ-
ence of a crosscutting concern. Parsing the bind statements
and searching for the base elements and corresponding cross-
cutting behavior is difficult for the developer; increasing the
time required to understand the concern and the possibility
that important information will be overlooked.

3. ActiveAspect
Our concern presentation approach uses a concept we call

active models to retain the benefits of existing structure di-
agrams while avoiding excessive complexity. Active models
are created automatically from a description of the crosscut-
ting structure of interest when requested by a developer. Ac-
tive models use a variety of user-interaction and automated
features to enable a developer to explore the crosscutting
structure in a view.

To investigate the active model concept, we are developing
ActiveAspect, an Eclipse plug-in that presents crosscutting
structure described in an AspectJ aspect. A developer in-
vokes ActiveAspect on a particular aspect using a context
menu in the IDE. This action creates an active model and
displays a graphical representation of the model in a view.
The presented structure diagram notation is similar in ap-
pearance to a UML class diagram, although the semantics
may differ.

Active models are produced as a result of three opera-
tions. The projection operation produces an initial model
by selecting the important crosscutting program structure
influenced by the aspect of interest. The abstraction op-
eration is then applied to reduce the complexity of large
concerns. Finally, developers may repeatedly invoke the ex-
pansion operation to insert additional detail or context as
required for comprehension of the concern.

3.1 Projection
ActiveAspect uses declarations in aspect source files to

select the important parts of the crosscutting structure to
form the initial content of an active model. The aspect it-
self is an important part of the concern, as are the scattered
program entities it directly influences. The particular aspect
members considered during this initial projection are those
that are directly involved in applying changes to the base
program. Thus, the structure associated with the effects of
advice, inter-type declarations, and declare parents state-



Figure 1: A diagram of an active model showing the crosscutting structure of a concern as projected from a
Billing aspect in the telecommunications example program distributed with AspectJ.

Figure 2: This diagram shows the model presented in Figure 1 after expansion. The diagram now shows
several additional method calls from the Billing aspect. The Timer class has also been added.

ments are included in the initial model.
The active model resulting from this concern projection

stage will typically hide some crosscutting relationships to
reduce graphical clutter. The presence of such relationships
are indicated using icons. Hovering the mouse over these
icons causes the hidden relationships to appear. Figure 1
shows an example of an active model as the user hovers over
an icon that indicates the presence of crosscutting.

3.2 Expansion
The initial active model provides an overview of a concern

structure. Often, though, additional context is needed. For
example, a developer may need to know the callers of an
advised or introduced method. Calls made from an advice
body may also be useful for understanding a concern.

The developer may not always know what additional pro-
gram elements and relationships are most important in the
current context. ActiveAspect automatically expands the
concern structure to show additional related structure when
requested by the developer, saving the developer from is-
suing many individual queries. The structure is expanded
incrementally by invoking the expand operation until the
desired level of detail is reached. The elements added to the
model during an expansion are those that have the high-
est potential importance to the developer. The potential
importance is computed as a function of the element or re-
lationship type and other characteristics such as the parent
type or number of associated relationships. Figure 2 dis-
plays the concern from Figure 1 after it has been expanded
to show additional calls and references.



Figure 3: A diagram of an active model of a profil-
ing aspect where many program elements have been
abstracted.

3.3 Abstraction and Examples
Concerns may involve many program elements and rela-

tionships. For example, consider a performance profiling
concern that counts the number of times each method in
a program is called. A complete diagram of such a con-
cern would include all methods in the system. For any non-
trivial program, the resulting diagram would be excessively
cluttered with classes and methods.

However, the inclusion of all of these methods and clas-
sifiers in a structure presentation model is not required for
understanding the concern. Therefore, we apply automatic
abstraction techniques to aggregate the classifiers, members,
and relationships to control the complexity of the diagram.
To ensure the aggregation is comprehensible, we retain a
small number of concrete examples in the produced dia-
gram. These concrete examples are displayed along with the
abstracted entities that represent all other similar instances
of the concrete element.

Figure 3 shows a diagram of an active model of a profil-
ing concern that involves many methods and classes. The
abstracted view shows several classes in a package that are
part of the concern. Three concrete examples of methods
affected by the concern are shown. The remaining classes
and methods involved have been abstracted.

4. CONCLUSION
Existing approaches for presenting crosscutting concerns

either do not adequately display cyclic structures with mul-
tiple relationship types, or suffer from excessive graphical
complexity. To overcome these problems, we are investigat-
ing the active model approach which provides the directness
of the structure diagram approach while avoiding excessive
graphical complexity through automated abstraction and fo-
cused user interaction. ActiveAspect is a preliminary im-
plementation of our approach that presents the crosscutting
structure described by AspectJ aspects. We are currently
tuning ActiveAspect’s heuristics and user interaction so that
it can be used to evaluate the effectiveness of active models.
Our goal is to enable developers to be able to cost-effectively
understand and work with crosscutting program structure.
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