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ABSTRACT

A simple join point model supports crosscutting among different
perspectives of a model, including class diagrams, sequence
diagrams, advice, inter-type declarations and role-bindings.

A simple weaver works to coordinate the crosscutting structure
across the model elements. Coordination involves resolving the
separate crosscutting structures to find all interactions between
join points. This woven structure is represented as a simple
extension to the UML meta-model, which makes it easily
accessible to the modeling environment and other tools.
Simple and uniform access to the woven structure enables
aggregate analysis and reasoning about the crosscutting in the
model. This can range from simple visual hyperlinks between
crosscutting model elements to more elaborate structures such as
net sequence diagrams. The woven structure can also be opened
to direct queries from the user, to aid in model development.

1. INTRODUCTION

UML provides support for modeling a system from various
different perspectives [17]. Some of these perspectives have a
hierarchical relationship to each other, such as package and class
diagrams. Others have a crosscutting relationship, including
sequence and class diagrams [8], and collaboration and class
diagrams [23].

There have also been proposals to extend UML with newer
crosscutting modeling constructs such as advice, inter-type
declarations and role binding [25], [10], [26], [2]. [21].

Our work aims to support crosscutting modeling relationships by
adding a simple uniform join point model* (JPM) to the core of
UML. This JPM supports existing class/sequence diagram
crosscutting, as well as simple UML extensions for inter-type
declarations, advice and role binding. So rather than using
modeling to support AOP, we are using aspects to enhance
modeling.

Weaving in our system consists of collecting the crosscutting at
each model element. Our design provides access to the explicit
crosscutting structure in the form of a list of elements that
crosscut any given element. A variety of tools can use the explicit
crosscutting  structure our weaver collects to present the
information to the modeler; but issues of user interface and ideal
presentation to the modeler are beyond the scope of this paper.

! In the context of this paper, the term join point model can cause
confusion with the models written using the modeling language.
The join point model is really a meta-model construct. To help
avoid confusion we use the JPM abbreviation throughout the

paper.

The contributions of this work are to show that (i) the crosscutting
structure of several traditional modeling relationships, as well as
newer aspect modeling relationships can be supported by a
uniform JPM, (ii) weaving these elements together to make the
crosscutting structure explicit is straightforward, (iii) the
combination of (i) and (ii) makes it easy for modeling tool
implementers and end-modelers to access, analyze and display
crosscutting relationships of interest.

2. ARCHITECTURE

Our system has three parts. First, we extend a subset of the UML
meta-model with a simple JPM. Second, we extend a subset of the
UML modeling language with advice, inter-type declarations and
role bindings. Finally, we provide a weaver to process our
extensions. Taken together, these three allow native support for
both existing and new kinds of crosscutting model elements. The
existing crosscutting can be seen between class and sequence
diagrams, multiple sequence diagrams, or class and collaboration
diagrams. The new crosscutting comes from advice, inter-type
declarations [11] and role bindings [14].

A model in our system consists of model elements written using
one of three sub-languages: class diagrams with inter-type
declarations and advice, sequence diagrams, and role bindings.

Class Diagrams. We currently support class and interface
elements with generalization (inheritance), each of which can also
have attributes (fields) and operations (methods). We do not
currently support collaborations, dependencies, aggregation,
realizations, etc., due to the fact that our work is only in its early
stages. We allow methods and fields to be intertype declarations
(ITDs) in that they can be defined in one class, but actually define
a member of another class.

Sequence Diagrams. A sequence consists of a series of method
calls, each of which in turn leads to a (possibly empty) sequence
which models the execution of the method in that sequence
diagram. We represent the focus of control of each object as the
sub-sequence associated with a call.

Advice declarations are an extension to UML and consist of a
pointcut and a body. The body is currently just a string. The
pointcut is an AspectJ-style pointcut that can match simple
patterns. An advice declares that join points matched by the
pointcut are advised (by the string). And advice can be either
before or after type.

Role bindings are an extension to UML and specify the binding of
a class to a role or of a class-method to a role-method. Roles and
role-methods are modeled by ordinary classes and methods. Note
that the binding of roles is not the same as the standard concept of
binding in UML, where binding refers to the creation of an
element from a template [5].
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Figure 1: Shape Example with the Observer pattern

2.1 EXAMPLE

The example we use in this paper is shown in Figure 1. It is an
adaptation of the familiar AspectJ figures/shapes example [11],
[12]. Two simple model fragments are shown, each of which
consists of a class and a sequence diagram. One models the main
functionality of Point and Line shapes. The other models the
Observer design pattern. In addition, advice can be written to
advise, for example, the change operations (the execution of set*
and moveBy methods in Shape, Point, and Line). We have
omitted the exact syntax of the advice from the figure as it is not
essential to the following discussion.

2.2 THE JPM

A JPM can be described in terms of the nature of the join points, a
means of identifying join points, and a means of affecting
semantics at join points [13]. The discussion below uses this
ontology.

2.2.1 JOIN POINTS
The join points of our JPM are declarations in the model.

From class diagrams the join points are class, method, and field
declarations, as well as any inter-type declarations and advice.

From sequence diagrams the join points are sequence and method
call declarations. We do not yet include method return or method
call reception join points.

Each role binding declaration is a join point.

Because our join points are all declarations, we will often refer to
a join point as a declaration.

2.2.2 MEANS OF IDENTIFYING JOIN POINTS

Our system supports several mechanisms for identifying join
points. All constructs that include a declaration signature of some
form are essentially considered as identifying join points. For
example, a method call declaration in a sequence diagram

identifies method declarations with the same signature. Similarly
method declarations identify method calls and sequences with
matching signatures.

Advice declarations include a pointcut construct similar to that in
Aspect]. We support several primitive pointcuts, including: call,
sequence, method, field, class, advice, each of which retrieves the
corresponding method element. We also support pointcuts such as
within, cflow and cflowbelow which correspond in meaning to the
pointcuts with the same name in AspectJ.

Note that in our model a method declaration and a method call
declaration are both considered join points. So, when their
signatures match, we end up with two join points that crosscut
each other, rather than two model elements that crosscut at a
single join point.

2.2.3 SEMANTIC EFFECT AT JOIN POINTS

In our JPM, semantic effect simply means that two model
elements crosscut each other, and during weaving this fact is
recorded for easy retrieval during analysis. Thus, each join point
now contains all information relevant to its structure and
behavior. The semantics of each model element is defined by that
element.

2.3 THE WOVEN MODEL

The weaving process takes the model elements, and computes the
crosscutting among them. We use a simple meta-model for this
woven structure. For each join point the weaver records a list of
all other join points it crosscuts, we call this the crosscut by list of
a join point. The woven model can then be output in any format,
depending on the view desired by the user.

For example, a method in a class diagram will have on its
crosscut by list all sequence or call declarations with a matching
method signature. Also on the crosscut by list will be any advice
declarations with a pointcut that matches the join point.
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Figure 2: The corresponding internal representation of model elements in the left part of the figure is shown on the right.

In our approach crosscutting is treated symmetrically. The
crosscut by list of a sequence declaration includes the method
declaration it crosscuts and vice versa. Our model has multiple
join points in cases where a different model might have one. For
example, the right side of Figure 2 shows the crosscut by list of
the setX method declaration, which includes the join points
corresponding to a call to setX and the corresponding execution
sequence.

A distinction should be made between the internal and external
representations of the crosscutting information. Figure 2 (left
side) shows the external representation, in standard UML format,
which would be seen by the user. On the contrary, Figure 2 (right
side) shows an internal representation, which is used by the
weaver. As can be seen, the correspondence between these two
representations is what would make it easy for a tool to use the
internal representation used by the weaver to create the UML
picture that is more familiar to the user. Figure 3 shows a more
precise description of our changes to the meta-model.

We believe that this simple and uniform model will support easy
extension. When new crosscutting modeling language constructs
are added, no complex changes are required to the woven meta-
model. The woven model can also be queried, with each of the
queries being defined by a pointcut expression and returning a
subset of elements whose join points match the pointcut.

2.4 THE WEAVING PROCESS

One issue we are working on has to do with semantic
dependencies between different kinds of model elements.

For example, should advice be able to be defined in terms of the
effect of a role binding? In concrete terms, should advice on
Subject.change be applicable to Point.setX given the role binding
in our example? We believe it clearly should. We also believe that
advice should be able to depend on ITDs.

But if role binding needs to be able to depend on the effect of
ITDs, then we may have to adopt a fixed-point approach in our
weaver. So far, we have been unable to come up with a
convincing example that would require this change. One issue we

hope to get feedback on at the workshop is which approach we
should adopt.

Initially, we are using a simple ordered approach as follows:

1) Role binding. In this step, all the role bindings used in the
model are processed. These relationships are stored in a way that
affects later operation and property lookup (through inheritance).
In addition, each of the role bindings is added to the crosscut by
list of both elements participating in the binding, and vice versa.

2) Inter-type declarations. New structural elements are introduced
in the model as specified by inter-type declarations. These
relationships are stored in a way that affects later operation and
property lookup (through inheritance). The inter-type declaration
elements themselves are also added pair-wise to the crosscut by
lists of participating elements, and vice versa.

3) Sequence diagrams. Crosscutting relationships between
elements of a class and sequence diagram, or two sequence
diagrams, are captured in this step. The crosscutting elements are
added to crosscut by lists pair-wise. For example, if a method and
a method call share the same signature, the method call will be
added to the method’s crosscut by list, and vice versa. This is
shown in Figure 2.

4) Advice. For each advice, all the join points matching its
pointcut are added to the advice’s crosscut by list, and vice versa.

The addition of support for new kinds of crosscutting to the model
will require a new phase of processing if the elements aren’t
recognized by any of the above steps. In addition, the position of
the new step in the ordering will also have to be determined.
However, none of the original steps will need to be modified to
accommodate this change.

After the whole process is complete, the woven structure contains
information about all the crosscutting that is present in the model
and supported by our prototype. In this fashion, the woven model
can be used by other tools, which then have uniform easy access
to the crosscutting information that has now been made explicit.
The correspondence between the internal and external
representations is discussed in Section 2.3, and supports this view
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Figure 3: Extended class diagram meta-model.

of the model. Since XML [29] is becoming a standard for model
interchange between tools, we expect that many modeling tool
can be modified to present this information in the desired format.

3. EVALUATION

The hypothesis we set out to test was that the addition of a simple
JPM to UML could provide uniform support for modeling
crosscutting concerns, that this would simplify display and
analysis of existing crosscutting structure in UML, and make the
addition of new kinds of crosscutting elements easier. In this
section we use the example of Section 2.1 to assess the degree to
which our current system supports the initial hypothesis.

Our system provides a simple way of dealing with existing

crosscutting in UML models. All kinds of crosscutting are treated

uniformly, ensuring that all the existing crosscutting elements are

captured in the same framework. The underlying JPM simplifies

display operations and reasoning about the model. One might

want the IDE to mark declarations that have advice. The

following method implements the underlying test based on our

model:

boolean hasAdvice(Decl decl) {

for (Decl otherDecl: decl.getCrosscutByList())

if (decl instanceof Advice)

return true;
return false;

}

In terms of the weaver, for each such display/query operation, a
single visitor needs to be written that would check the appropriate
conditions. Since all the existing elements are classified in terms
of their structure and crosscut by lists, no changes need to be
made to the representation of elements, or the part of the weaver
that builds up the crosscut by lists.

The second claim we made is that the addition of new kinds of
crosscutting modeling constructs is easy. Advice is not built in to
UML, and in our implementation, the work required to add advice
is modest. A new model element to represent advice must be

defined, that inherits from JoinPoint. A new phase must also be
added to the weaver, that implements advice (Section 2.4 step 4).
The implementation of pointcut matching is somewhat involved,
but all of that is well decoupled from the core meta-model and
weaver. So it would have been little work for a tool developer,
using our framework, to add advice if we had not already added
it.

It is also easy to add support for different patterns, as
demonstrated in the example with the Observer pattern and role
bindings. In contrast to XDE [7], patterns are base model
elements, not meta-level elements.

We argue that the implicit weaving of the behavior and structural
features together is a strength of our system. Other proposals [22]
require the user to specify which elements they want woven
together, allowing them to say which subset of structure or
behavior they wish to see. We expand on this by having the
weaving happen automatically, and then, in the simplest
approach, having the user select the elements they are interested
in, displaying the crosscutting effects from the rest of the model.
In addition, we intend to include the ability to select only a subset
of model elements and show the crosscutting relationships strictly
between those elements. The main idea is that all the crosscutting
structure is already present in all the elements in our woven
model, and by selecting the different views the user can choose to
display either part or all of that information. This is in contrast to
approaches where the crosscutting information has to be collected
for each weave independently [6], or even specified individually
for each crosscutting relationship [25]. The main advantage we
see to this is scalability, where the addition of new elements to the
model will not force major changes to how crosscutting
relationships between the elements are handled.

4. IMPLEMENTATION

We have developed a prototype implementation of our tool based
on the Eclipse Modeling Framework (EMF) version 2.0.0 [3],
which allows for creation and display of class and sequence
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diagrams. We extended the EMF implementation of the UML
meta-model with join points, inter-type-declarations, role
bindings and advice. We also implemented a simple weaver.

To provide information about crosscutting structure, we took
advantage of an EMF feature whereby it displays textual
properties of every meta-object. Our weaver not only computes
crosscut by lists for declarations, it also computes a textual
summary of that crosscut by list. EMF automatically displays that
summary, which lets us see whether declarations are advised,
participate in role bindings, appear in sequence diagrams, etc.? It
should be noted that the work discussed here is only a prototype,
and thus we do not currently make it widely available.

Discussion of performance and other aspects of implementation
are beyond the scope of this workshop paper.

5. RELATED WORK

There have been a number of proposals for extending UML to
allow for design with aspects, and a number of them relate more
or less directly to our work. Work on tool support for crosscutting
and model composition can also be found.

The closest to our work is probably Katara, who proposes
building a refinement hierarchy for a class or sequence diagram
[15]. Each concern is viewed as a collection of superposition steps
that define it. The authors use the term aspect to refer to these
concerns. All additional functionality crosscuts the starting model,
so each is an aspect, even though it is part of the core
functionality of the final model. It is possible to merge sequence
diagrams to see the composed behavior of a number of sequences.

Prehofer’s” work [19] addresses the merging of state chart
diagrams in much the same way as we treat sequence diagrams.
Just like Katara he proposes a mechanism to expand more abstract
diagrams by substituting the more concrete sub-diagram into the
larger one for each concern.

Stein et al. [24] take the ideas developed by the previous two
authors further, by introducing weaving as a concept in the
extended meta-model of UML. They reproduce in UML the idea
of weaving in Aspect). As a result, sequence diagrams that
crosscut each other can be merged to display the final expected
behavior. The modeler has to specify the crosscutting elements by
means of a weaving instruction that specifies the bindings. By
contrast, in our system the developer only needs to specify the
role bindings, and then the structural and crosscutting
relationships between elements are established automatically. In
addition, weaving of sequence diagrams implies splitting apart
and later composing the sequences with the new elements, at each
of the join points that are affected. In this scenario, the set of calls
in a sequence may need to be totally ordered to properly complete
the weaving.

Kande argues that aspects need to be first-class elements in UML
[10] . This is contrary to the approach taken by the above works,
which is that aspects can be introduced by using UML’s extension
mechanisms such as stereotypes [9], [17]. Kande’s approach,
however, is an indication of the fact that others have successfully

2 |deally, EMF would just display the contents of the crosscut by
list itself, but version 2.0.0 does not allow us to do that easily.

argued for the approach of introducing aspects from the bottom-
up, instead of building on top of the existing framework. He
argues that the standard UML models, when composed with the
aspect model, do not leave the separate concerns well
modularized — the elements in the design model are coupled more
than they would be coupled in the code. In addition, the model
does not communicate the ability to plug and un-plug aspects
from the core functionality depending on the semantics desired.
The main reason is that since UML doesn’t define the concept of
weaving, the well-separated concerns in the AO program end up
being scattered throughout the design model. Thus, a model
element that encapsulates the role of the aspect as well as models
the interactions between all crosscutting objects may be needed.

One important difference between the approaches surveyed and
our work is that we make weaving implicit, or automatic, and
allow the modeler to select which view to take on the woven
structure.

Pawlak presents a notation for designing AO programs [20].
Aspect-classes are a new element, that contains regular methods
and aspect methods, which extend the semantics of base classes.
The pointcuts are represented as pointcut relations, which link
aspect-methods to points in the base class.

Lions also notes the restrictions that arise when using stereotypes
and profiles to extend UML, and proposes introducing AOP into a
lower level through the use of meta-modeling [16]. The argument
is that given a meta-model, it is relatively easy to provide support
in a tool for models created based on the meta-model. Since we
are essentially changing the meta-model for UML by introducing
a number of new AO elements into the standard model, it is
helpful to know that the question of tool support has been
considered by others. We believe that the ability to provide
modeling tool support for a changed meta-model, coupled with
the ease of combination of model elements and their relationships
with our tool and meta-model, support our view that extending the
UML model to include AO concepts should be done from the
bottom-up.

Straw et al. look into composing primary and aspect class
diagrams [4]. They note that during analysis of the composed
model, conflicts and undesirable emergent properties can be
identified post-composition. However, the proposed composition
directives require the developer to be aware of the interplay and
potential conflicts in the model, instead of helping them discover
that information through analysis of crosscutting and other
relationships in an existing model.

Stein and Hanenberg propose using UML collaborations to
specify the details of crosscutting in a given decomposition, either
structural or behavioral [28]. The reason for using collaborations
is that the authors view UML collaborations as inherently
crosscutting elements, since they are not guaranteed to describe
the model elements in full. The crosscut and crosscutting elements
can be specified independently, as can the composition strategy
and the join points. Like some of the above approaches, the
modeler is required to explicitly state all the crosscutting
relationships and points while designing the system.

Ossher and Tarr present HyperJ [18], a tool which supports multi-
dimensional separation of concerns [27]. The main idea is that a
program can be decomposed in any number of ways. HyperJ is a
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tool that allows the developer to use this concept by allowing
“identification, encapsulation and integration of multiple
dimensions of concern”. They suggest that their approach could
be used at any stage of the software development life cycle, but
do not describe an implementation of the approach for modeling.

Finally, ThemeUML [1] is a tool that provides support for aspects
throughout the lifecycle, from identifying them in requirements to
modeling them using a design language. This approach requires
explicit identification and binding of aspects by the modeler,
although it allows nice continuity from requirements
identification through to modeling.

6. SUMMARY

We propose bottom-up support for aspects in UML, by adding a
simple JPM to the UML meta-model. This is in contrast to
proposals based on stereotypes. We feel that our approach
simplifies implementation of tool support for working with
crosscutting structure, addition of new kinds of crosscutting
structure, and also makes models of crosscutting structure more
declarative and scalable.
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